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Cost Accounting 

Studying cost accounting is one of the best business investments a student can make. Suc- 
cess in any organization—from the smallest store to the largest multinational corporation— 
requires the use of cost accounting concepts and practices. Cost accounting provides key 
data to managers for decision making, planning and controlling, costing products and 
services, and even managing customer relationships. The advance of new technologies in 
analytics in the areas to collect, store, manipulate, analyze, and visualize data make the 
work all the more exciting and valuable. 

This text focuses on how cost accounting helps managers make better decisions, as 
cost accountants are integral members of an organization’s decision-making team. In 
order to emphasize this prominence in decision making, we focus on basic concepts, anal- 
yses, uses, and procedures instead of on procedures alone. It is important to recognize 
cost accounting as a managerial tool for business strategy and implementation. We also 
prepare students for the rewards and challenges they will face in professional cost account- 
ing today and tomorrow. For example, we emphasize the development of analytical skills 
and tools, such as Excel©, to leverage available information technology, an evolving 
approach to sustainability, and the values and behaviours that make cost accountants 
effective in the workplace. 

New to This Edition 
Analytics! 

A modern organization is rich with possibilities and tools that can be deployed for greater 
understanding of the organization’s data and the insights it can provide. Understanding 
the data of an organization has always been core to management accounting. As new 
technologies emerge and expand an organization’s ability to process information and the 
cost to store data and use analytical tools decreases, cost accountants can provide even 
more value to an organization. 

Chapter 12 is a new chapter focused on analytics and the tools needed to under- 
stand concepts such as analytic programming, big data, probabilistic analysis, and artifi- 
cial intelligence. This chapter is not a degree in data science. It does teach a powerful set 
of data-science tools relevant to the cost and management accountant to help them con- 
tinue to add value and evolve with modern organizations. 

In-chapter coverage of analytics has been expanded, including a new Analytics 
Insights box to enhance focus on certain tasks of data analysis that help identify how cost 
accountants can use new technology (including artificial intelligence) to expand the reach 
and impact of the profession. 

New problems have been written for Appendix 11B: Using Solver and more moved 
online for practice. These problems will provide students with an opportunity to use cost 
accounting skills and solver technology to determine optimal business solutions. 

Power BI Appendix 

Power BI is analytics tool that is providing organizations with opportunities to effectively 
review their past performance results and make improved business decisions going for- 
ward. In MyLab Accounting (Appendix B), you have an opportunity to develop your own 
set of Power BI skills by working through a short, easy to follow (including multiple 
screenshots) set of instructions that will show you how to convert your raw data to a 
table, clean and improve your data, organize your data into appropriate groupings, build 
relationship models, and create amazing visual presentations. 

Preface 
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A thorough text-wide check of all end-of-chapter questions, exercises, problems, and 
cases, along with their solutions, has been undertaken. This exercise ensures all Learning 
Objectives are appropriately covered in assessment material with varying levels of difficulty. 

Hallmark Features of Cost Accounting 

Global issues. Businesses today integrate into an increasingly global ecosystem, including 
supply chains, product markets, and the market for managerial talent, and have become 
more international in their outlook. To illustrate this, we incorporate global consider- 
ations into many of the chapters. For example, the challenges of budgeting in multi- 
national companies, issues in evaluating the performance of divisions located in different 
countries, and the importance of transfer pricing in minimizing the tax burden faced by 
multinational companies are discussions (with new examples) of management accounting 
applications in companies drawn from international settings. 

Sustainability. This edition places significant emphasis on sustainability as one of 
the critical managerial challenges of the coming decades. Many managers are promoting 
the development and implementation of strategies to achieve long-term financial, social, 
and environmental performance as key imperatives. We highlight this early in the text and 
maintain the focus through chapter “Sustainability in Action” examples that show the 
impact of effective cost accounting and decision making in organizations today. 

Innovation. We discuss the role of accounting concepts and systems in fostering and 
supporting innovation and entrepreneurial activities in firms. In particular, we discuss the 
challenges posed by recognizing R&D costs as period expenses even though the benefits 
of innovation accrue in later periods. We describe how companies budget for innovation 
expenses and develop measures to monitor success of the innovation efforts delinked from 
operational performance in the current period. The importance of nonfinancial measures 
when making decisions about innovation is also presented. 

Learning objectives are the important concepts covered in each chapter. Expressed 
in everyday language, these are also aligned with the new CPA Competency Map to ensure 
the most coverage possible. Learning objectives are mapped throughout the chapter, end- 
of-chapter material, MyLab Accounting, and instructor resources. 

Opening vignettes. Each chapter opens with a vignette on a real company situation. 
The vignettes engage the reader in a business situation or dilemma, illustrating why and 
how the concepts in the chapter are relevant in business. 

CPA competencies. We have increased the focus on covering the competencies 
outlined in the CPA Competency Map and Knowledge Supplement. Each chapter includes 
a list of professional competencies and levels covered in that chapter. These features will 
allow students and faculty interested in CPA designation to become familiar with the 
Competency Map and the material covered in the text. 

Excel exhibits give students a glimpse into the real-world presentation of accounting, 
financial statements, and schedules designed to mimic how they would look in Excel. 

Feature boxes. Found in every chapter are Concepts in Action boxes that cover real- 
world cost accounting issues across a variety of industries, including defense contracting, 
entertainment, manufacturing, retailing, and sports. The Sustainability in Action boxes 
show how cost accountants in real-world situations use sustainability strategies to gain 
competitive advantage for their organizations. We also include new Analytics in Action 
boxes to develop areas of focus for analytic analysis for management accountants. 

Decision points appear at the end of each chapter in a question-and-answer format 
summarizing the chapter’s learning objectives. Each point presents a key question, and the 
guidelines are the answer to that question. 

Practice and Assessment 

m Try It! interactive questions are found throughout the chapter and provide students 
the opportunity to apply the concept they just learned. Solutions to Try It! questions 
are provided at the end of the chapter. Select Try It! questions are also available on 
MyLab for extra practice. 
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m Pulling It All Together is a problem for self-study appearing at the end of each chap- 
ter. A fully worked solution is provided directly after it. This helps students check 
their understanding of chapter topics. 

m Terms to Learn provide accounting terms discussed in that chapter, along with a 
page reference in the chapter where a student can find its definition. Definitions are 
also provided in the Glossary. 

Assignment Material 

This includes Short-Answer Questions, Exercises, Problems, Collaborative Learning 
Cases, and Mini-Cases. 

m Short-answer questions test students’ understanding of single topics. 
m Exercises, Problems, and Cases provide multitopic questions. All are tagged with the 

learning objective(s) being tested, and select exercises are also available in MyLab 
Accounting, 

m= Insome cases, Excel templates are available for an exercise, and these, too, are indi- 
€ cated by an icon. 

m Problems also include Check figures to allow students to see their progress at a set 
point during their completion, 

MyLab Accounting 

MyLab Accounting is a teaching and learning platform that empowers instructors to reach 
every student. By combining trusted author content with course-specific digital tools— 
including Try-It videos, Accounting Simplified videos, Excel Graders, Dynamic Study 
Modules, Data Analytics Projects, mini-cases, and end-of-part cases—MyLab personalizes 
the learning experience and improves results for each student. 

Excel Graders 

Using proven, field-tested technology, auto-graded Excel Projects let you seamlessly integrate 
Microsoft Excel content into your course without having to manually grade spreadsheets. 
Students have the opportunity to practise important accounting skills in Microsoft Excel, 
helping them to master key concepts and gain proficiency with Excel. Students simply down- 
load a spreadsheet, work on an accounting problem in Excel, and then upload that file back 
into MyLab Accounting, where they receive reports on their work that provide personal- 
ized, detailed feedback to pinpoint where they went wrong on any step of the problem. 

Dynamic Study Modules 

New! Chapter-specific Dynamic Study Modules help students study effectively on their 
own by continuously assessing their activity and performance in real time. Here’s how it 
works: Students complete a set of questions with a unique answer format that also asks 
them to indicate their confidence level. Questions repeat until the student can answer 
them all correctly and confidently. Dynamic Study Modules explain the concept using 
materials from the text. These are available as graded assignments and are accessible on 
smartphones, tablets, and computers. 

Data Analytics Projects 

Data Analytics Projects offer students hands-on practice in mining, analyzing, and report- 
ing on data. Each project contains a list of requirements, a dataset from a real company, 
and instructions for using Power BI. Using Power BI, students learn how to extract and 
examine key information about a company related to its products, operations, and con- 
sumer buying habits. With this experience and knowledge, students make smarter busi- 
ness decisions and are better prepared for the workforce. 

Learning Catalytics 

Learning Catalytics helps you generate class discussion, customize your lecture, and pro- 
mote peer-to-peer learning with real-time analytics. As a student response tool, Learning 
Catalytics uses students’ smartphones, tablets, or laptops to engage them in more interac- 
tive tasks and thinking. 
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Enhanced Pearson eText 

Enhanced Pearson eText gives learners access to their textbook anytime, anywhere, and on 
any device. In addition to search features, notetaking, highlighting, and bookmarking, your 
Pearson eText offers interactive and sharing features, such as glossary flashcards. Instructors 
can share comments or highlights, and students can add their own to create a community 
of learners within any class. 

Instructor Resources 

The following resources are available for instructors in MyLab Accounting. 

w Instructor’s Solutions Manual. The solutions manual provides instructors with a 
complete set of solutions to all the end-of-chapter material in this text. 

= Computerized Test Bank. Pearson’s computerized test banks allow instructors to 
filter and select questions to create quizzes, tests, or homework. The more than 
2,000 exercises and problems can be filtered by difficulty, taxonomy, Learning 
Objectives, and CPA competencies. These questions are also available in Microsoft 
Word format. Instructors can revise questions or add their own. 

m PowerPoint Presentations. These presentations offer helpful graphics that illustrate 
key figures and concepts form the text, chapter outlines, and examples. 

mw Image Library. The exhibits and photos from the text are available in .jpeg format, 
for use in customizing your own course material or presentations. 

allow students to use Excel. Exercises and problems in the chapter that have a tem- 
plate online are identified by an icon. 

€ m Excel Templates. Excel templates for selected end-of-chapter exercises and problems 
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COS T ACCOUNTING FUNDAMENTALS 

Learning Objectives 
@ Explain how management 

accounting data are essential to 
the process of rational 

operating and strategic 

decision making. 

@ Explain how business functions 
help management accountants 

organize accounting information. 

® Identify the five steps of 
decision making and the role of 
relevant accounting 

information. 

© Describe key guidelines 
management accountants 

follow and roles they assume to 

support management 

decisions. 

@ Distinguish among corporate 
governance, professional codes 
of conduct, ethics, and 

corporate social responsibility. 

CPA Competencies* 
This chapter covers material 
outlined in Section 3: 

Management Accounting of the 
CPA Competency Map. The 

Learning Objectives in this chapter 

have been aligned with the CPA 
Competency Map to ensure the 

best coverage possible. 

3.1.1 Evaluates management 

information requirements 

3.1.2 Documents and assesses 

business processes, systems, and 

data requirements and recommends 

improvements to meet information 

needs 

3.1.3 Identifies ethical and privacy 

issues related to information 

technology and its use 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada, 

; 

The Accountant’s Vital Role 

in Decision Making 

AppleTV+ Points to Profits Regardless 
of Revenues 
Can selling less of something at a discount be more profitable than selling it at a pre- 

mium price? Apple developed a pricing structure for the Apple TV+ system that is 

comparatively cheap when compared to Amazon Prime and Netflix. In addition, it is 

possible to get a year of free service simply by purchasing an Apple product. 

Apple is expected to see over 100 million Apple TV+ subscribers in its first year 

through promotional memberships and its discounted pricing model. Despite all these 
discounts, Apple still sees Apple TV+ as driving profits at the company. Keeping cus- 
tomers in the Apple ‘ecosystem’ increases the likelihood that customers will buy music 

and applications from Apple, more Apple equipment, that they will be consistent, loyal, 

and profitable Apple customers. The question isn’t how much a customer pays for 

Apple TV+, it is how much customers spend with Apple as a whole. 

By studying cost accounting, you will learn how successful managers and 

accountants run their businesses and prepare yourself for leadership roles in the firms 

you work for. Many large companies, including Nike and the Toronto Maple Leafs, 
have senior executives with accounting backgrounds. 

Sources: Julia Alexander, 2019, “Apple TV Plus is basically free because Apple’s end game is replicating Amazon 
Prime,” The Verge, November 1 (https://www.theverge.com/2019/11/1/20942474/apple-ty-plus-amazon-prime-video 
-price-bundle-music-arcade-news-services). Kif Leswing. 2019. “Apple T'V+ will rack up over 100 million subscribers 
in its first year, Barclays predicts,” CNBC, October 17 (https://www.cnbe.com/2019/10/17/apple-ty-will-have 
-100-million-subscribers-in-first-year.html). 
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2 Chapter 1 The Accountant's Vital Role in Decision Making 

LO® 
Explain how management 

accounting data are 

essential to the process of 

rational operating and 
strategic decision making. 

———— oo 

Accounting Systems: Financial and 
Management Accounting 

Accounting systems are used to record economic events and transactions, such as sales and 
materials purchases, and process the data into information helpful to managers, sales rep- 
resentatives, production supervisors, and others. Processing any economic transaction 
means collecting, categorizing, summarizing, and analyzing. For example, costs are col- 
lected by category, such as materials, labour, and shipping. These costs are then summa- 
rized to determine a firm’s total costs by month, quarter, or year. Accountants analyze the 
results and together with managers evaluate the organization (e.g., cost and revenue 
changes from one period to the next). Accounting systems also provide the information 
found in a firm’s statement of comprehensive income, statement of financial position, 
statement of cash flows, and performance reports, such as the cost of serving customers or 
running an advertising campaign. Managers use this information to make decisions about 
the activities, businesses, or functional areas they oversee. For example, a report that 
shows an increase in sales of laptops and iPads at an Apple store may prompt Apple to 
hire more salespeople at that location. Understanding accounting information is essential 
for managers in doing their jobs. 

Costs and other data are part of the management information system (MIS). The MIS 
database stores information in a way that allows sales, distribution, and production man- 
agers to access the information they need. Many companies build their own comprehen- 
sive database, called an enterprise resource planning (ERP) system. The ERP software 
integrates data and provides managers with reports that highlight the interdependence of 
different business activities. 

Cost accounting measures and reports financial and nonfinancial information related 
to the costs of acquiring and using resources. Cost accounting reports show how costs 
accumulate as corporations use resources to produce and sell their products and services. 
Costs are recovered when customers purchase products and services. Cost management 
includes the activities of identifying, reporting, and analyzing all costs of operations. 
Management decisions range from the quantity and quality of materials used to whether 
to shut down an entire company. As part of cost management, managers often deliber- 
ately incur additional costs in the short run—for example, in advertising and product 
modifications—to enhance revenues and profits in the long run. 

Financial accounting focuses on reporting to external parties such as investors, gov- 
ernment agencies, banks, and suppliers. The goal is to present fairly to external parties 
how the business activities during a specific time period affected the economic health of a 
company. This is called economic substance, which is the financial outcome of all the 
different types of business transactions that happened. Financial accountants report finan- 
cial outcomes based on generally accepted accounting principles (GAAP) and standards.’ 
Reports formatted in a way similar to statements of financial position, statements of com- 
prehensive income, and statements of cash flows are common to both management 
accounting and financial accounting. 

Management accounting measures, analyzes, and reports financial and nonfinancial 

information to internal managers. The goal is to use past performance to predict the 
future. The internal reports should plainly inform managers of the financial results of 
actual operations. The reports should also show how activities can be changed to affect 
and improve what will happen in the future. Management accountants reorganize and 
analyze financial and nonfinancial data using rigorous methods. The rigour of manage- 
ment accounting methods is intended to support managers in their efforts to decide on 
changes that will improve future financial success. The distinction between management 
accounting and cost accounting is not clear-cut, and we often use these terms interchange- 
ably in the text. 

Exhibit 1-1 summarizes the major differences between management accounting and 
financial accounting. Note, however, that reports such as statements of financial position, 

' Generally accepted accounting principles (i.e., GAAP) is a generic term referring to the practices and rules of accounting con- 
sistent with laws and regulations, In Canada, depending on the nature of the organization, GAAP refers to either International 
Financial Reporting Standards (IFRS) or Accounting Standards for Private Enterprises (ASPE). 



Purpose of information 

Primary users 

Focus and emphasis 

Rules of measurement 

and reporting 

Time span and types of 

reports 

Behavioural 

implications 

Management Accounting 

To help managers make decisions 

to fulfill an organization’s goals 

Managers of the organization 

Future-oriented 

Internal measures and reports do 

not have to follow IFRS/ASPE but 
are based on cost-benefit analysis 

Varies from hourly information to 

15 to 20 years, with financial and 
nonfinancial reports on products, 

departments, territories, and 

strategies 

Designed to influence the 

behaviour of managers and other 

employees 

Accounting Systems: Financial and Management Accounting 

Financial Accounting 

To communicate the organization's 

financial position to investors, banks, 

regulators, and other outside parties 

External users such as investors, banks, 

regulators, and suppliers 

Past-oriented 

Financial statements must be prepared 

in accordance with IFRS/ASPE and be 

attested to by independent auditors 

Annual and quarterly financial reports, 
primarily on the company as a whole, 

and presented as consolidated financial 

statements 

Primarily reports economic events but 

also influences behaviour because 

managers’ compensation is often based 

on reported financial results 

statements of comprehensive income, and statements of cash flows are common to both 
management accounting and financial accounting. 

Business operations are complex sets of activities, and to maximize profit, consider- 
able information, analysis, and decision making are required in advance of actual action. 
Nevertheless, once a plan is implemented, most operations run with little intervention 
from managers. Operating decisions are needed when exceptions arise, such as when sup- 
plies of a raw material fail to be delivered, workers go on strike, or machines break down. 
Decisions are needed when there are real alternatives that managers can choose from to 
deal with operating problems. Without high-quality information, business could not be 
conducted. 

Strategic Decisions and Management Accounting 

Strategy specifies how an organization matches its own capabilities with the opportunities 
in the marketplace. One of two strategies is available: cost leadership or value leadership 
by means of product (service) differentiation.” Companies such as LG generate growth 
and profits by providing the right combination of generic product features—quality and 
low price (cost leadership). Companies such as Apple generate growth and profits by offer- 
ing unique, innovative products or services (value leadership). Customers who believe the 
features are valuable will pay a higher price for this type of product. Both LG and Apple 
understand that their customers are willing to spend their scarce resources on products 
where there is a value-added component—whether that’s low price or innovation (or 
both). Pursuing the most appropriate strategy sustains competitive advantage for each 

type of company. 
Deciding between these strategies is a critical part of what managers do. Management 

accountants work closely with managers in formulating strategy by providing informa- 
tion and helping them answer questions such as the following: 

a Who are our most important customers, and how do we deliver value to them? 

a What substitute products exist in the marketplace, and how do we attract customers 
to purchase our product instead of others? 

> Michael Porter (Harvard University) presented strategy as an interplay of internal and external factors. He distinguished the 
two generic strategies of differentiation and cost leadership. 

Earisee Major 
Differences Between 

Management Accounting 

and Financial Accounting 



LOo@ 
Explain how business 

functions help management 

accountants organize 

accounting information. 
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a What are we particularly competent at doing? Innovating? Applying technology? 
Production? Multiple factors such as price, quality, and timely delivery drive the custom- 
er’s perception of value. How do we decide to create that value in an affordable way? 

a Will adequate cash be available to fund the strategy? If not, how can we acquire these 
additional funds? 

The best-designed strategies and the best-developed capabilities are of no value unless 
they are executed well. In the next section, we describe a common framework within 
which managers take action to create value for their customers and how management 
accountants help them do it. 

Value-Chain and Supply-Chain Analysis 
and Key Success Factors 

Customers demand more than a low price from companies. They expect a useful, quality 
product or service delivered in a timely way. These factors influence how customers expe- 
rience their consumption of a product or service and assess its value-in-use. The more 
positive their experience, the higher is their perceived value added. 

Value-Chain Analysis 

The value chain is the sequence of business functions in which customer usefulness is 
added to products or services. The flow of costs incurred in a corporation can be classified 
into the value-adding activities of research and development (R&D), design, production, 
marketing, distribution, and customer service. From innovation through to verifying cus- 
tomer satisfaction, these costs accumulate and cannot be recovered, plus some reasonable 

profit, unless customers are willing to pay. 
Exhibit 1-2 illustrates these functions using Apple’s iPhone division as an example. 

The business functions are coordinated to make sure that the money being spent on R&D, for 
example, will provide features of a product that will satisfy customers and for which they 
will pay. Cost, quality, and the speed with which new products are developed require team- 
work among managers across the business functions, For example, it may be worthwhile to 
increase spending on product design if it saves more on costs related to customer service. 

1, Research and development (R&D)—Generating and experimenting with ideas related 
to new products, services, or processes. At Apple, this function includes research on 
backup systems to ensure reliable access to its communications system. 

2. Design of products, services, or processes—Detailed planning and engineering of 
products, services, or processes. Design at Apple includes determining the number of 
component parts in a smartphone model and the effect of alternative product designs 
on quality and manufacturing costs. 

3, Production—Acquiring, coordinating, and assembling resources to produce a prod- 
uct or deliver a service. Production of an iPhone includes the acquisition and assem- 
bly of the electronic parts, the handset, and the packaging used for shipping. 

The Value Chain of Business Functions and Costs 
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4, Marketing—Promoting and selling products or services to customers or prospective 
customers. Apple markets its iPhones through the internet, trade shows, and adver- 
tisements in newspapers and magazines. 

5. Distribution—Delivering products or services to customers. Apple distribution sys- 
tems to deliver iPhones include shipping globally to mobile telecommunications pro- 
viders, governments, retail outlets, and direct sales via the internet. 

6. Customer service—Providing after-sale support to customers. Apple provides cus- 
tomers both telephone and online help to set up and troubleshoot its smartphones. 

Supply-Chain Analysis 

Supply-chain analysis is one way companies can implement strategy, cut costs, and create 
value. The term supply chain describes the flow of goods, services, and information from 
their initial sources to the delivery of products and services to consumers, regardless of 
whether those activities occur in one or more organizations. Consider Apple. Many com- 
panies play a role in bringing its iPhone products to consumers. Exhibit 1-3 presents an 
overview of Apple’s supply chain with various global suppliers. 

Cost management emphasizes integrating and coordinating activities across all compa- 
nies in the supply chain, as well as across each business function in an individual company’s 
value chain, to reduce costs. For example, Apple arranges for 
frequent delivery of small quantities of expensive materials like | Qystomer relationshio management (CRM) refers to a strategy 
microchips directly to the production floor of its assembling that Integrates people and technology across all business 
companies around the world. This strategy reduces materi- | functions and enhances relationships with customers, 
als-handling costs from inventories held inside the factory. suppliers, and other stakeholders. 

Key Success Factors (KSF) 

Customers continue to demand that companies use the value chain and supply chain to 
deliver ever-improving levels of performance. Key success factors (KSF) ate those activities 
that are essential to successful corporate performance and include the following: 

s Cost and efficiency—Companies such as IKEA set a target price and operating profit 
for a product first. Then, working together, managers and management accountants 
achieve the target cost by minimizing necessary activities and tasks in all value-chain 
business functions, from R&D through to customer service. 

= Quality—Customers expect high levels of quality. Total quality management (TQM) 
directs attention toward simultaneously improving all operations throughout the 
value chain to deliver products and services that exceed customer expectations. TQM 
includes the following: 

s Designing products or services to meet the needs and wants of customerts. 
w Producing products with zero (or minimal) defects and waste. 
« Maintaining low inventories. 

s Time—Every value-chain activity takes time. The increasing pace of technological 
innovation has led to the need for companies to bring new products out faster because 
of shorter product life cycles. Customer response time continues to increase in impor- 
tance. Companies compete to meet or exceed customers’ expectations of responsive- 
ness in production, delivery, and after-sale service. 

« Innovation—Constant flows of innovative products in response to customer demand 
result in ongoing growth and success. Management accountants help managers eval- 
uate alternative investment decisions and R&D decisions. 

Supply Chain for Apple 
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SUSTAINABILITY 
IN Veg gfe) 

The interest in sustainability appears to be intensifying 
among companies. General Electric, Poland Springs 
(a bottled-water manufacturer), and Hewlett-Packard are 
among the many companies incorporating sustainability 
into their decision making. Sustainability is important to 
these companies for several reasons: 

s More and more investors care about sustainability. 
These investors make investment decisions based on 
a company’s financial, social, and environmental 
performance and raise questions about sustainability 
at shareholder meetings. 

Companies that emphasize sustainability find that 
sustainability goals attract and inspire employees. 

Customers prefer the products of companies with 
good sustainability records and boycott companies 
with poor sustainability records. 

Society and activist nongovernmental organizations, 
in particular, monitor the sustainability performance 
of firms and take legal action against those that 

Management Accounting Beyond 

_ the Numbers 

violate environmental laws. Countries with 
fast-growing economies, such as China and India, are 
now either requiring or encouraging companies to 

develop and report on their sustainability initiatives. 

Management accountants help managers track the 
key success factors of their firms as well as those of 
their competitors. Competitive information serves as a 

benchmark managers use to continuously improve their 
operations. Examples of continuous improvement include 
WestJet’s efforts to increase the number of its flights that 
arrive on time, eBay’s efforts to improve the access its _ 
customers have to online auctions, and Lowe’s efforts to 
continuously reduce the cost of its home-improvement 
products. Sometimes, more fundamental changes and 
innovations in operations, such as redesigning a manu- 

facturing process to reduce costs, may be necessary. To 
successfully implement their strategies, firms have to do 
more than analyze their value chains and supply chains 
and execute key success factors. They also have to have 
good decision-making processes. 

Management accountants help managers track and compare a company’s perfor- 
mance on key success factors relative to their competitors. Tracking what is happening in 
other companies serves as a benchmark and alerts managers to the changes in the industry. 
The goal is for a company to continuously improve its critical operations—for example, 
on-time arrival for WestJet, customer access for online auctions at eBay, and cost reduc- 

tion at Lowe’s. Sometimes more fundamental changes in operations—such as redesigning 
a manufacturing process to reduce costs—may be necessary. 

Strategy requires careful analyses of information and a decision about the most appro- 
priate alternative to assure long-term success. However, successful strategy implementation 
requires more than value-chain and supply-chain analysis and execution of key success 
factors. Central to success is a rigorous decision-making process. Managers can use a well- 
known framework to assist them in improving the quality of their decisions. The frame- 
work encourages objective analyses of evidence in a logical and disciplined process. 

_ Financial Analytics 
in the C-Suite 

ANALYTICS 
INSIGHTS 

Innovation in the c-suite is a necessity, not a luxury. The advancement of communication 
and information technology has increased the collection, management, and communica- 
tion of financial and operational data efficiency to the point that it is changing the way 
finance offices work. However, according to an HSBC survey, only 57% of respondents 
had strategies to understand how to innovate beyond simple reporting in the finance 
office. The need to develop human resource talent in areas that cross the boundary 
between financial expertise and data and information fluency is critical to the success of 
modern firms. The survey shows that finance offices are building Analytics and Innova- 
tion teams focused on using these new resources to bring the best benefit to firms. 

Sources: HSBC Bank. 2019. “Why CFOs Need to Take Control of Innovation Now,” CFO.com, November 1 
(https://www.cfo.com/sponsored/why-cfos-need-to-take-control-of-innovation-now/). 
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Decision Making, Planning, and Control: 
The Five-Step Decision-Making Process 

We will apply and explain the five-step decision-making process using Best News, a fic- 
Li 

tional national newspaper, as an example. The five-step process is a robust and versatile me momee 
framework within which to decide the best way to address a wide variety of operating and ehely De tye eps 

Bea ateaes decision making and the 
strategic challenges. i ; role of relevant accounting 

A key challenge for Nicole Simpson, the manager of Best News, was to increase reve- _| information. 
nues. To achieve this goal, Nicole worked through the five-step decision-making process. 

1. Identify the problem and uncertainties Nicole’s MIS reported a steady 
decline in revenue, and Nicole and her team agreed that they must increase revenue 
without a disproportionate increase in costs. 

2. Obtain information Decisions cannot be reasonably made without relevant and 
teliable information to help managers understand the uncertainties. Nicole asked her 
marketing manager to talk to some representative readers to gauge how they might 
react to an increase in the newspaper’s selling price. She asked her advertising sales 
manager to talk to current and potential advertisers to get a better understanding of 
the advertising market. She also reviewed the effect that past price increases had on 
readership. Ramon Sandoval, the management accountant at Best News, provided 
information about past increases or decreases in advertising rates and the subsequent 
changes in advertising revenues. He also collected and Note 
analyzed information on advertising rates charged by 
competing media outlets, including other newspapers. 

3. Make predictions about the future On the basis of the information she 
obtained, Nicole can improve her predictions about the future. Her analysis of the 
marketing information indicates that readers would be quite upset if she increased 
prices. One result would be a significant drop in readership volume, which would 
make Nicole’s problem worse, not better. But in contrast, after analyzing the informa- 
tion on advertising rates, it is clear Nicole would not lose any advertisers nor would 
the pages of advertising space sold decrease if she increased the rates. Ramon’s infor- 
mation indicated a likely market-wide increase in all media advertising rates. None of 
Nicole’s predictions aré certain, but she is confident enough to decide to raise adver- 
tising rates and not subscription prices. 

4. Decide on one of the available alternatives Nicole communicated her 
decision to the sales department to increase advertising rates to $5,200 per page start- 
ing March 1, 2021—a 4% increase. 

Steps 1 through 4 can be considered planning. Planning is a purposeful analysis 
of information to select and rank in importance the goals of an organization. Rigor- 
ous analyses are how managers make reasonable predictions about the best alterna- 
tive set of actions to take to achieve goals. Management accountants are partners in 
these planning activities because they can explain and interpret financial and non- 
financial information to team members. Together, the team identifies activities that 
create value and the key success factors. 

The most important planning tool is a budget. A budget is the quantitative 
expression of management’s proposed plan of action; it is an aid to coordinating what 
must be done and when to implement a successful plan. 

5. Implement the decision, evaluate performance, and learn Manag- 
ers at Best News take actions to implement the budget. Management accountants col- 
lect information to follow through on how actual performance compares to planned or 
budgeted performance (also referred to as scorekeeping). The comparison of actual per- 
formance to budgeted performance is the control or post-decision role of information. 

When exercising control, managers compare actual and targeted nonfinancial mea- 
sures as well as financial measures and take corrective actions. Performance measures tell 
managers if subunits are performing as predicted. Rewards linked to achievement moti- 
vate managers, and rewards are both intrinsic (self-satisfaction for a job well done) and 
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Perfor- 
mance Report of 

Advertising Revenues 
at Best News for 

March 2021 

Eee How 
Accounting Aids 
Decision Making, 

Planning, and Control 
at Best News 

Average rate per page $5,080 $5,200 
Advertising revenues 

Difference: Difference as a 
Actual Budgeted (Actual Result — Percentage of 

Result Amount Budgeted Amount) Budgeted Amount 

(1) (2) (3) = (1) — (2) (4) = (3) + (2) 

Advertising pages sold 760 pages 800 pages 40 pages Unfavourable 5.0% Unfavourable 

$120 Unfavourable 

$299,200 Unfavourable 

2.3% Unfavourable 

$3,860,800 $4,160,000 7.2% Unfavourable 

extrinsic (salary, bonuses, and promotions). A budget serves as both a control and a plan- 
ning tool since it is a comparison benchmark against actual performance. 

Consider performance evaluation at Best News. During March 2021, the newspaper 
sold advertising, issued invoices, and received payments that were all recorded in the 
accounting system. Exhibit 1-4 shows Best News’s performance report of advertising rev- 
enues for March 2021. This report indicates that 760 pages of advertising (40 pages fewer 
than the budgeted 800 pages) were sold. The average rate per page was $5,080, compared 
with the budgeted $5,200 rate, yielding actual advertising revenues of $3,860,800. 
The actual advertising revenues were $299,200 less than the budgeted $4,160,000. The 
performance report in Exhibit 1-4 spurs investigation and learning. 

The data in this performance report would prompt the management accountant to 
raise several questions about the implementation of the plan. This is not about laying 
blame but rather is an opportunity to ask questions and learn. 

Management accountants might consider questions such as the following: 

u Is the strategy of differentiating Best News from other newspapers attracting more 
readers? 

s In implementing the new advertising rates, did the marketing and sales department 
make sufficient efforts to convince advertisers that, even with the higher rate of 
$5,200 per page, advertising in Best News was a good buy? 

u Why was the actual average rate per page $5,080 instead of the budgeted rate of $5,200? 

= Did some sales representatives offer rate discounts? 

a Did economic conditions cause the decline in advertising revenues? 

Management Decision 
Framework 

I rons? 

Management 
Accounting MIS 

Pima haya e 

ew : Budgets Financial _ 1. Identify and achieve E ° Predicted ad pages sold, i lata: 

_ consensus on the problem ——® volume of lines sold, rates a 
and uncertainties oT plan 

_ 2. Obtain reliable, relevant 
___ information for analysis 

3. Predict the future; 
specify desired outcomes 

per page, and revenue 

Learn 

. Obtain feedback on 

. Decide upon and “ 
implement one alternative 

° e.g., Implement a 4% 
increase in advertising 
rates 

performance and adjust 
the decision or the 
implementation 
as needed 

‘Accounting MIs 

¢ Source documents 
(invoices, payments), 
volumes sold, rates 

e Recording in general 
and subsidiary ledgers 

_ Performance Reports 
¢ Compare actual to | 
predicted (budgeted) © 

-<a—_— ad pages sold, average 
‘rate per page, revenue 

Recording actual 
transactions and 
classifying them 
in the appropriate 
accounting records 

Reporting realized 
outcomes in 
financial statement 
format to compare 
them to budgeted 
results 
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a Did technological changes create alternative business processes or models, making 
previous ones less effective? 

a Are revenues falling because editorial and production standards have declined? 

Answers to these questions could prompt the newspaper’s publisher to take subse- 
quent actions, including, for example, adding more sales personnel or making changes in 
editorial policy. Good implementation requires the marketing, editorial, and production 
departments to work together and coordinate their actions and develop action plans. 

The left side of Exhibit 1-5 provides an overview of the decision-making processes at 
Best News. The right side of the exhibit highlights how the management accounting sys- 
tem aids in decision making. 

Action plans often include targets for market share, quality, new product develop- 
ment, and employee satisfaction, but managers should understand that plans must be 
flexible because the future and outcomes are always uncertain. Unforeseeable outcomes 
often arise, and flexibility ensures that managers can seize unforeseen opportunities and 
remedy unforeseen threats to success. The plan is not a guarantee of any outcome. 

Key Management Accounting Guidelines 
and Organization Structure 

Three guidelines help management accountants provide the most value to their companies 
in strategic and operational decision making: 

= Use a cost-benefit approach. 

» Recognize both behavioural and technical considerations. 

= Use different costs for different purposes. 

Cost-Benefit Approach 

The cost-benefit approach (risk/return, downside risk/upside potential) is used to make 
resource allocations such that the expected benefits exceed the expected costs. 
The cost-benefit approach should be used to make resource-allocation decisions, such as 
whether to purchase a new software package or hire a new employee. This approach 
requires explicit comparisons of the financial costs and benefits of different alternatives. 
Often good ideas provide too little upside potential or benefit for the predicted costs that 
will be incurred. At other times the upside potential may be quite high, but the downside 
risk of failure is also quite high. When forecasting costs and benefits, managers should 
take uncertainty into consideration when they combine the two factors of risk and return 
in calculating the benefits. 

Behavioural and Technical Considerations 

Consider the human (or behavioural) side of why budgeting is used. Behavioural 
considerations motivate managers and other employees to try to achieve the goals of the 
organization. Budgets improve decisions within an organization because of better collab- 
oration, planning, and motivation. The technical considerations help managers make wise 
economic decisions. Technical data (e.g., costs in various value-chain categories) in an 
appropriate format (e.g., actual results versus budgeted amounts) and at the preferred 
frequency (e.g., weekly versus monthly) improve the quality of information upon which 
managers make decisions. 

Both accountants and managers should always remember that management is not 
confined exclusively to technical matters. Management is primarily a human activity that 
should focus on how to help individuals do their jobs better—for example, by helping 
managers distinguish activities that add value from those that do not. When workers 
underperform, behavioural considerations suggest that managers should personally dis- 
cuss with workers ways to improve performance and not just send them a report high- 
lighting their underperformance. 

LOO 
Describe key guidelines 
management accountants 

follow and roles they 

assume to support 

management decisions. 

9 
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Different Costs for Different Purposes 

There are different costs for different purposes—one size does not fit all. A cost concept used 
for external reporting may not be appropriate for internal, routine reporting to managers. 

Consider the advertising costs associated with Apple’s launch of a major new product. 
The product is expected to have a useful life of two years or more. For external reporting 
to shareholders, television advertising costs for this product are fully expensed in the 
statement of comprehensive income in the year they are incurred. This is required by 
IFRS/ASPE for external reporting. In contrast, for internal purposes of evaluating man- 
agement performance, the television advertising costs could be capitalized and then amor- 
tized or written off as expenses over the product’s life cycle. Apple could capitalize these 
advertising costs if it believes doing so results in a more accurate and fairer measure of the 
performance of the managers who launched the new product. 

Corporate Structure and Governance: ACCOUNLEDID. 

Ethics, and Social Responsibility 

Most organizations distinguish between line and staff management. Line management is 
directly responsible for completing or attaining operating goals. These are the core activi- 
ties that produce the good or service ready for sale. Line managers can hold positions such 
as production engineers or software architects. By contrast, staff management is indirectly 
responsible for achieving organizational goals through activities that support the organi- 
zation. This may include management accountants, human resources managers, and infor- 
mation technology staff who provide advice and assistance to line management. 
Organizations deploy teams that include both line and staff management so that all inputs 
into a decision are available simultaneously. As a result, the traditional distinctions 
between line and staff have become less clear-cut than they were a decade ago. 

The Chief Financial Officer (CFO) 

The chief financial officer (CFO)—also called the finance director—is the senior officer 
empowered to oversee the financial operations of an organization. In Canada, the CFO is 
legally and personally responsible for the quality of financial information publicly reported. 
Responsibilities encompass the following six areas: 

s Controllership—Includes providing legal assurance of a high-quality internal control 
system. Controllers of companies with shares listed on a stock exchange are legally 
responsible for the design of this system to ensure that bribery, fraud, malfeasance, 
and misappropriation of assets are reasonably unlikely. 

w Audit—Ensures internal and external audits are conducted as per the direction of the 
audit committee. 

a Treasury—Includes short- and long-term financing and investments, banking, cash 
management, foreign exchange, and derivatives management. 

« Taxation—Includes reporting and managing income taxes, sales taxes, and domestic 
and international tax planning. 

w Risk management—Includes analysis, evaluation, and minimization of external risks 
over which management has no control and internal risks over which management 
has control. 

a Investor relations—Includes responding to and interacting with shareholders. 

The controller is responsible for the quality of the information supplied from the 
accounting department. The controller’s line authority extends only over his or her own 
department. But controllers, through their professional expertise and experience, exercise 
a broader scope of corporate control. They produce reports and analyses of relevant data 
that influence and impel management toward improving each step of their decision making. 
Examples of the functions of the controller’s office include financial planning and budget- 
ing, inventory, management of the general ledger, managing accounts payable and receivable, 
and overseeing subsidiary reporting. 



Corporate Governance 

Corporate governance comprises activities undertaken to ensure legal compliance and see 

that accountants fulfill their fiduciary responsibilities. Exhibit 1-6 shows a legally compli- 
ant, generic corporate governance structure for a corporation listed on a stock exchange. 
The board of directors (BOD) is responsible for holding the chief executive officer (CEO), 
chief financial officer (CFO), and chief operating officer (COO) accountable for the qual- 
ity of financial information and organizational outcomes. Legislation now permits people 
injured as a result of poor corporate governance to conduct lawsuits against alleged per- 
petrators, which includes not only the corporation but also these executives personally. 

The board of directors is led by a chairperson, and its members must be independent 
from the CEO, COO, and CFO to ensure no conflict of interest. The CEO is legally 
accountable to the board. The COO is accountable to the CEO for all operating results. 
In addition to these formal relationships, informal relationships also exist among people 
throughout the organization. Examples include friendships (professional or personal) 
among managers and the personal preferences of senior managers for the types of manag- 
ers they choose to rely on in decision making. 

Professional Ethics 

At no time has the focus on ethical conduct been sharper than it is today. Corporate scan- 
dals at Arthur Andersen (a public accounting firm), Countrywide Financial (a home mort- 
gage company), Enron (an oil and gas company), Lehman Brothers (an investment bank), 
Olympus (the Japanese optical equipment company), and Bernie Madoff Investment Secu- 
rities have seriously eroded the public’s confidence in corporations. All employees in a 

C2cCEeECw Legal Corporate Governance and Accountability Structure 
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Scull mere Guidelines 

for Ethical Behaviour 

company must comply with the organization’s—and more broadly, society’s—expectations 
of ethical standards. 

Ethics are the foundation of a well-functioning economy. When ethics are weak, sup- 
pliers might bribe executives to win supply contracts rather than invest in improving qual- 
ity or lowering costs. Because customers then have very little confidence in the quality of 
products produced, they can become reluctant to buy them, causing markets to fail. Costs 
are higher because of higher prices paid to suppliers and fewer products being produced. 
Investors are unsure about the integrity of financial reports, affecting their ability to make 
investment decisions, resulting in a reluctance to invest and misallocation of resources. 
The scandals at Ahold (an international supermarket operator), Tyco International (a 
diversified global manufacturing company), and others make clear that value is quickly 
destroyed by unethical behaviour. 

Institutional Support 

Accountants have special ethical obligations, given that they are responsible for the integ- 
rity of the financial information provided to internal and external parties. In Canada, Bill 
198C was passed in 2002 in response to a series of large international corporate scandals. 
In the United States, a parallel legislation (the Sarbanes-Oxley Act) was passed in 2002. 
Similar legislation was enacted in other countries around the world. These laws focus on 
improving internal control, corporate governance, monitoring of managers, and financial 
and nonfinancial disclosure practices of public corporations. The regulations impose 
tough ethical standards and criminal penalties on managers and accountants who don’t 
meet those standards. The regulations also delineate a process for employees to report 
violations or illegal and unethical acts (these employees are called whistleblowers). 

Professional accounting organizations, which represent management accountants in 
many countries, offer programs certifying that those who have completed them have man- 
agement accounting and financial management technical knowledge and expertise. These 
organizations also advocate high ethical standards. The Chartered Professional Accoun- 
tants of Canada (CPA Canada) provides guidelines for codes of conduct for all individuals 
who hold the CPA designation. CPA Canada works with provincial accounting bodies, 
which are responsible for the regulation of the accounting profession in their respective 
provinces. This includes the development, maintenance, and enforcement of a code of ethics 
for chartered professional accountants (CPAs). CPA Canada and the provincial affiliates 

provide guidance on ethical behaviour (see Exhibit 1-7), which, alongside provincial codes 
of conduct, is meant to foster important qualities such as integrity, leadership, and trust. 

Accountants should first follow their company’s established policies for reporting 
unethical behaviour. if the conflict is not resolved through the company’s procedures, the 
management accountant should consider the following steps: 

e Discuss the possible unethical situation with a supervisor (unless the supervisor is 
involved in the unethical situation). If so, notify the supervisor at the next higher 

Guideline Evidence © Example 

Adherence to rules of Compilation of allowed and No ownership interest in an audit 

professional conduct ~ disallowed behaviours client 

Enabling competencies Adherence to laws and profession- Having the requisite knowledge to 
al standards for knowledge and perform certain tasks 
behaviour 

Assessing the situation Recognition of ethical issues that may Planning and identifying possible 
arise in work to be performed conflicts of interest 

Integrative analysis Anticipation of issues and identifica- | Scrutinizing ethical constraints 

tion of possible alternatives to determine the best way forward 

Conclude/advise and A clear and transparent decision Provide guidance on ethical con- 
communicate based on the ethical analysis siderations of a situation 

Source: Inspired by CPA. 



managerial level. If the immediate supervisor involved is the CEO, notify the audit 
committee or board of directors. 

» Discuss the unethical situation with an objective advisor. 

= Consult an attorney regarding legal obligations and rights. 

Typical Ethical Challenges 

Ethical issues can confront management accountants in many ways. Here are two 
examples: 

u Case A: A management accountant knows that reporting a loss for a software divi- 
sion will result in yet another “rightsizing initiative” (a gentler term for “layoffs”). 
He has concerns about the commercial potential of a software product for which 
development costs are currently being capitalized as an asset rather than being shown 
as an expense for internal reporting purposes. The division manager argues that 
showing development costs as an asset is justified because the new product will gen- 
erate profits. However, the division manager presents little evidence to support his 
argument. The last two products from this division have been unsuccessful. The man- 
agement accountant has many friends in the division and wants to avoid a personal 
confrontation with the division manager. 

m Case B: A packaging supplier, bidding for a new contract, offers the management 
accountant of a purchasing company an all-expenses-paid weekend to Edmonton 
during the Grey Cup. The supplier does not mention the new contract when giving 
the offer. The accountant is not a personal friend of the supplier. She knows cost 
issues are critical in approving the new contract and is concerned that the supplier 
will ask for details about bids by competing packaging companies. 

In each case, the management accountant is faced with an ethical dilemma. Case A 
involves competence, credibility, and integrity, whereas Case B involves confidentiality 
and integrity. 

Ethical issues are not clear-cut. The management accountant in Case A should request 
that the division manager provide credible evidence that the new product is commercially 
viable. If the manager does not provide such evidence, expensing development costs in the 
current period is appropriate. 

In Case B the supplier may have no intention of raising issues associated with the bid. 
But the appearance of a conflict of interest such as this is sufficient for many companies to 
prohibit employees from accepting “favours” from suppliers. The accountant in Case B 
should discuss the invitation with her immediate supervisor. If the visit is approved, the 
supplier should be informed that the invitation has been officially approved subject to her 
following corporate policy (which includes the confidentiality of information). 

Worldwide, professional accounting organizations issue statements about profes- 
sional ethics, However, small differences exist and it is the responsibility of CPAs to know 
the professional code of the jurisdiction in which they work. In the United Kingdom, the 
Chartered Institute of Management Accountants (CIMA) identifies the four principles of 
competency, confidentiality, integrity, and objectivity. The Institute of Management 
Accountants of the United States goes further and provides guidance on how to resolve 
ethical conflict. 

Corporate Social Responsibility (CSR) 

Corporate social responsibility (CSR) is the voluntary integration of social and environ- 
mental concerns into business decisions.* One example is the proactive development of 
effective social programs that educate and improve the health, safety, and security of workers. 
Globally active companies have adopted guidelines to measure and achieve CSR goals on 
a global level, such as fair trade. Many multinational corporations refuse to do business 
with suppliers who endanger their workers or families. Consumers refuse to purchase 

31, Silberhorn and R.C, Warren. 2007. Defining Corporate Social Responsibility. European Business Review. pp. 352-372. 
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products such as blood diamonds because the proceeds from their sale finance war. Some 
give away new health products that cure local diseases, while others pay for infrastructure 
such as roads to improve access for local people to new markets for their work. The overall 
goal is sustainable management of increasingly scarce or degraded resources. 

A number of CSR approaches and initiatives have developed formal approaches. The 
triple bottom line (TBL) is a term originally coined in 1994 by a British management 
consultant, John Elkington, and consists of three Ps: profit, people, and planet.’ The pur- 
pose of the TBL approach is to draw management’s focus not only to financial prosperity 
but also to areas of environmental stewardship and protection, as well as the contribution 
the organization makes to the communities in which it operates and society in general. 
Exhibit 1-8 depicts Elkington’s conception of three strategic goals interacting with one 
another; he argued that a TBL approach would promote growth and innovation in orga- 
nizations. For example, a company that works hard to protect the environment may 
develop new and innovative production processes, which will in turn lead to greater profits. 
Additionally, by contributing to society in any number of ways (e.g., charitable donations 
to schools), corporations will be better preparing individuals to join the workforce as 
creative contributors to the marketplace. 

Generally speaking, a TBL organization benefits many stakeholders. By pushing suc- 
cess upstream, a portion of revenues and success make their way back to the original 
producer of raw material from the final point of sale in the value chain. For instance, if a 
coffee shop such as Tim Hortons were attempting to be a TBL company, it might buy fair 
trade coffee so as to provide the most benefit to the supplier stakeholder, rather than 
exploiting coffee producers in the developing world. And, while TBL organizations strive 
to maximize value creation in financial terms, they would not do so at the expense of the 
environment of the community in which they live. 

Sustainability Accounting 

Sustainability accounting focuses on reporting both financial and nonfinancial informa- 
tion on activities that impact society, the environment, and the financial (or economic) 
aspects of an organization’s performance to an organization’s stakeholders. This is an 
important area for management and cost accounting as its emphasis is on information and 
accounting used for internal decision making and strategy development. 

The Global Reporting Initiative (GRI) is a non-profit organization established to 
develop guidelines so that “reporting on economic, environmental and social performance 
by all organizations is as routine and comparable as financial reporting.”* The GRI has 
developed and supports several frameworks; however, the most common form of sustain- 
ability accounting is the TBL, shown in Exhibit 1-9. The trend to sustainability in report- 
ing has emphasized value creation as well as risk mitigation in financial reports and 
management discussion and analysis of organizations. 

4 The Triple Bottom Line. The Economist, November 17, 2009. 
* GRI Reporting in Government Agencies, © 2010 GRI (http://www.globalreporting.org). 
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Economic bottom line Revenue and margin growth 

Resource and capital efficiency 
Shareholder return 
Risk management 

Social bottom line Benefits to stakeholders 
Community outreach and community benefit 
Ethical business practices including employment diversity 
and good labour relations 
Effective health and safety practices 

Environmental bottom line Clean land, water, and air 

Emission reduction 

Resource-use efficiency 
Sustainable business practices 

There are currently no statutory requirements for organizations to produce sustain- 

ability reports, However, in efforts to improve credibility and the perception of ethical 
management practices, many organizations such as the GRI, Organisation for Economic 
Co-operation and Development (OECD), and United Nations Commission on Sustain- 

able Development (UNCSD) are cooperating to develop policy frameworks to improve 
adoption of sustainable reporting practices. 

Alternative Reporting 

Organizations also seek alternative forms of reporting based on their goals and strategies. 
For example, cooperatives are significant participants in many large economies. Some of 
the largest cooperatives in North America include Desjardins, Nationwide, Ocean Spray, 
and Land-o-Lakes.-Cooperatives are organized around fulfilling a particular need or 
around a community and are owned and managed by the people who use their services or 
those who work at the cooperative. In addition to fulfilling financial objectives, coopera- 
tives follow, seek to fulfill, and report on the seven cooperative principles. Generally, these 
principles reflect their commitment to the society in which they operate (which includes 
environmental concern). The cooperative principles are outlined in Exhibit 1-10. 

LSS OD DT 

. Voluntary and Open Membership Cooperatives are voluntary organizations, open to all people able 
to use their services and willing to accept the responsibilities of membership, without gender, social, 

racial, political, or religious discrimination. 
. Democratic Member Control Cooperatives are democratic organizations controlled by their 
members—those who buy the goods or use the services of the cooperative—who actively participate 

in setting policies and making decisions. 

, Members’ Economic Participation Members contribute equally to, and democratically control, the 
capital of the cooperative. This benefits members in proportion to the business they conduct with the 

cooperative rather than to the capital invested. 
. Autonomy and Independence Cooperatives are autonomous, self-help organizations controlled by 
their members. If the co-op enters into agreements with other organizations or raises capital from 

external sources, it does so based on terms that ensure democratic control by the members and 
maintain the cooperative’s autonomy. 

. Education, Training, and Information Cooperatives provide education and training for members, 
elected representatives, managers, and employees so they can contribute effectively to the develop- 

ment of their cooperative. Members also inform the general public about the nature and benefits of 
cooperatives. 
Cooperation Among Cooperatives Cooperatives serve their members most effectively and strengthen 
the cooperative movement by working together through local, national, regional, and international 

structures. 
Concern for Community While focusing on member needs, cooperatives work for the sustainable 
development of communities through policies and programs accepted by the members. 

Source: The Co-operative Principles from 2012 International Year of Cooperative. Copyright © 2012. The Co-operative 
Principles are a product of the International Cooperative Alliance, Reprinted with permission. 
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Required 
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(Try to solve this problem before examining the solution that follows.) 

Problem 

The Campbell Soup Company incurs the following costs: 

a. 

b. 
Purchase of tomatoes by the canning plant for Campbell’s tomato soup products. 
Materials purchased for redesigning Mr. Christie biscuit containers to make biscuits 
stay fresh longer. 

. Payment to Bates, the advertising agency for the Healthy Request line of soup 
products. 

. Salaries of food technologists researching feasibility of a Prego pizza sauce that has 
zero calories. 

. Payment to Sobeys for shelf space to display Campbell’s food products. 

. Cost of a toll-free telephone line used for customer inquiries about possible taste 
problems with Campbell’s soups. 

. Cost of gloves used by line operators on the Swanson Fiesta breakfast food produc- 
tion line. 

. Cost of hand-held computers used by Campbell Soup Company delivery staff serving 
major supermarket accounts. 

. Identify two costs incurred most likely as a result of strategic decisions. 

. Classify each cost item (a) to (h) into a component of the value chain shown in 
Exhibit 1-2. 

. How would the treatment of (c) by a financial accountant differ from that by a man- 
agement accountant? 

. How could Campbell Soup Company use corporate social responsibility to brand its 
products? 

Solution 

1; 

ph 

Costs incurred for materials for redesign in (b) are likely the result of a strategic deci- 
sion, as are those from (d). 
The items should be classified as: 

. Production 

. Design of products, services, or processes 

. Marketing 

. Research and development 

. Marketing 

. Customer service 

. Production 

. Distribution Dao wronkan op 

. Advertising is an expense: a cost that financial accountants must record during the 
period it is incurred: For internal purposes of management evaluation, advertising 
costs are likely based on a strategic decision and would be capitalized by management 
accountants producing a performance report. 

. A strategy of corporate social responsibility would link the attributes of a product to 
the core values of the customers to whom the product is sold. Campbell’s could adver- 
tise the wholesome method in which raw materials were produced (e.g., chicken for 
soup) or its use of organic vegetables. The strategy will only be effective, however, if 
it is true. 
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The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives 

1. What information does cost 

accounting provide? 

2. How do companies add 
value? 

3. What role does relevant 
accounting information play 
in the five steps of decision 
making? 

4. What guidelines do manage- 
ment accountants use? 

5. Of what importance for 
management accountants 

are corporate governance, 
codes of conduct, and 

ethics? 

Guidelines 

Cost accounting measures, analyzes, and reports financial and nonfinancial 
information related to the cost of acquiring or using resources in an organiza- 

tion. Cost accounting provides information for both management and financial 
accounting. Management accountants contribute to both operating and strategic 
decisions by providing information about the sources of competitive advantage. 

Companies add value through R&D; design of products, services, or processes; 
production; marketing; distribution; and customer service. Managers in all busi- 
ness functions of the value chain use management accounting information about 
the value chain. Customers expect companies to deliver performance through 
cost, efficiency, quality, timeliness, and innovation. 

Planning is undertaken prior to action while control is an evaluation of how well 
plans have been implemented. Different reports and presentations of the same 
information are used to identify a problem, gather additional relevant informa- 
tion, predict the future, decide among alternatives, implement the decision, and 
evaluate results. This information identifies and is used to respond to strategic 
and operating problems. 

Three guidelines that help management accountants increase their value to man- 
agers are (a) employ a cost-benefit approach, (b) recognize behavioural as well as 
technical considerations, and (c) identify different costs for different purposes. 
Management accounting is an integral part of the controller’s function in an 
organization. In most organizations, the controller reports to the chief financial 
officer, who is a key member of the top management team. 

Management accountants must comply with all legislation, civil and criminal. 
This is a profession that must also comply with well-publicized codes of conduct 
and ethics. Laws are enforced by the relevant jurisdiction, but professional codes 
are enforced by the profession itself. Management accountants have ethical 
responsibilities that are related to competence, confidentiality, integrity, and 
objectivity. 

Terms to Learn 

Each chapter includes this section. Like all technical terms, accounting terms have precise meanings. Learn the defi- 
nitions of new terms when you initially encounter them. The meaning of each of the following terms is given in this 
chapter and in the Glossary at the end of this book. 

behavioural considerations (p. 9) 

board of directors (BOD) (p. 11) 

budget (p. 7) 

chief executive officer (CEO) (p. 11) 

chief financial officer (CFO) (p. 10) 

chief operating officer 

(COO) (p. 11) 

control (p. 7) 

controller (p. 10) design of products, services, or 

corporate governance (p. 11) processes (p. 4) 

corporate social responsibility distribution (p. 5) 

(CSR) (p. 13) downside risk (p. 9) 

cost accounting (p. 2) economic substance (p. 2) 

cost-benefit approach (p. 9) enterprise resource planning (ERP) 

cost management (p. 2) system (p. 2) 

customer service (p. 5) financial accounting (p. 2) 
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key success factors (KSF) (p. 5) marketing (p. 5) supply chain (p. 5) 

line management (p. 10) planning (p. 7) : technical considerations (p. 9) 

management accountants (p. 2) production (p. 4) total quality management (TQM) (p. 5) 

management accounting (p. 2) research and development (R&D) (p.4) triple bottom line (TBL) (p. 14) 

management information system staff management (p. 10) upside potential (p. 9) 

(MIS) (p. 2) strategy (p. 3) value chain (p. 4) 

| Assignment Material 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

1-1 How does management accounting differ from financial accounting? 

1-2 “Management accounting should not fit the straitjacket of financial accounting.” Explain and give an 
example. 

1-3 How can management accountants help formulate strategy? 

1-4 Describe the business functions in the value chain. 

1-5 Explain the term supply chain and its importance to cost management. 

1-6 “Management accounting deals only with costs.” Do you agree? 

1-7 How can management accountants help improve quality and achieve timely product deliveries? 

1-8 Describe the five-step decision-making process. 

1-9 Distinguish planning decisions from control decisions. 

1-10 What three guidelines help management accountants provide the most value to managers? 

1-11 “Knowledge of technical issues such as computer technology are necessary but not sufficient to 
becoming a successful accountant.” Do you agree? Why? 

1-12 As a new controller, reply ta this comment by a plant manager: “As | see it, our accountants may be 

needed to keep records for shareholders and the Canada Revenue Agency—but | don’t want them 
sticking their noses in my day-to-day operations. | do the best | know how. No pencil-pushing bean 

counter knows enough about my responsibilities to be of any use to me.” 

1-13 What steps should a management accountant take if established written policies provide insufficient 
guidance on how to handle an ethical conflict? 

Exercises 

1-14 Terminology. A number of terms are listed below: 

timely " Management accounting 
ethical guidelines cost-benefit 
technical control 
value chain reliable 
corporate social responsibility strategy 

Required 

Select the terms from the above list to complete the following sentences. 

1. Management of activities, businesses, or functional areas, which managers oversee and coordinate 
within the organization, requires and information. 

2. The considerations help managers make wise economic decisions by providing them with 

the desired information in an appropriate format and at the preferred frequency. 



comprises taking actions that implement the planning decisions, deciding how to evaluate 

performance, and providing feedback to learn how to improve future decisions. 

Many professional accounting organizations issue to help their members reason through an 

appropriate response to an ethical issue. 

measures, analyzes, and reports financial and nonfinancial information to internal managers 

who use it to choose, communicate, and implement strategy and operational changes. 

The approach should be used to make resource-allocation decisions. Resources should be 

spent if the expected benefits to the company exceed the expected costs. 

specifies how an organization matches its own capabilities with the opportunities in the 

marketplace to accomplish its objectives. 

is the sequence of business functions in which customer usefulness is added to products or 

services. 

is the voluntary integration by companies of social and environmental concerns into their 

business operation. 

1-15 Cost, management, and financial accounting. Financial accountants use estimates of finan- 
cial value differently than either cost or management accountants. 

Required 

1. 
2. 

Identify two differences in use. 
Identify a similarity among accountants. 

1-16 Strategy. Strategy usually includes some formal processes. 

Required 

1. 
2. 

How can managers choose between different strategies? 

How is strategy different from an operating decision? 

1-17 Value chain and classification of costs, fast food restaurant. Burger King, a hamburger fast 

food restaurant, incurs the following costs: 

1. Cost of oil for the deep fryer 
2. Wages of the counter help who give customers the food they order 

3, Cost of the costume for the King on the Burger King television commercials 

4, Cost of children’s toys given away free with kids’ meals 

5. Cost of the posters indicating the special “two cheeseburgers for $2” 
6. Costs of frozen onion rings and French fries 

7. Salaries of the food specialists who create new sandwiches for the restaurant chain 

8. Cost of “to-go” bags 

Required 

Classify each of the cost items (1-8) as one of the business functions of the value chain shown in 
Exhibit 1-2. 

1-18 Value chain and customer expectations. A Canadian biopharmaceutical company incurs the 

following costs: 

1. 
2. 
3. 

7, 
8. 

Cost of redesigning blister packs to make drug containers more tamper-proof 

Cost of videos sent to doctors to promote sales of a new drug 

Cost of a toll-free telephone line used for customer inquiries about usage, side effects of drugs, and 

soon 
Equipment purchased by a scientist to conduct experiments on drugs awaiting approval by the 

government 
Payment to actors in an infomercial to be shown on television promoting Visudyne, a new treatment for 

age-related progressive blindness 

Labour costs of workers in the packaging area of a production facility 

Bonus paid to a salesperson for exceeding monthly sales quota 
Cost of the Purolator courier services to deliver drugs to hospitals 

Required 

Classify each of the cost items (1-8) as one of the business functions of the value chain shown in 

Exhibit 1-2. 

1-19 Planning and control decisions. Conner Company makes and sells brooms and mops. It takes the 

following actions, not necessarily in the order given below. 

Assignment Material 
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LO® 

LO® 

LO® 

Required 

For each action (1-5 below), state whether itis a planning decision or a control decision. 

1. Conner asks its marketing team to consider ways to get back market share from its newest competitor, 
Swiffer. 

2. Conner calculates market share after introducing its newest product. 
3. Conner compares costs it actually incurred with costs it expected to incur for the production of the 

new product. 

4. Conner’s design team proposes a new product to compete directly with the Swiffer. 
5. Conner estimates the costs it will incur to sell 30,000 units of the new product in the first quarter of the 

next fiscal year. 

1-20 Five-step decision-making role of relevant accounting information. Honel Foods makes 
frozen dinners that it sells through grocery stores. Typical products include turkey dinners, pot roast, fried 
chicken, and meatloaf. The managers at Honel have recently introduced a line of frozen chicken pies. They 
take the following actions with regard to this decision. 

Required 

Classify each action (1-7 below) as a step in the five-step decision-making process (identify the problem 

and uncertainties; obtain information; make predictions about the future; decide on one of the available 
alternatives; implement the decision, evaluate performance, and learn). The actions below are not listed in 

the order they are performed. 

1. Honel performs a taste test at the local shopping mall to see if consumers like the taste of its proposed 

new chicken pie product. 

2, Honel sales managers estimate they will sell more meat pies in their northern sales territory than in 
their southern sales territory. 

Honel managers discuss the possibility of introducing a new product. 

Honel managers compare actual costs of making chicken pies with their budgeted costs. 

Costs for making chicken pies are budgeted. 
Honel decides to make chicken pies. 

7. The purchasing manager calls a supplier to check the prices of chicken. 
For © 

1-21 Five-step decision-making process, service firm. Brite Exteriors is a firm that provides house 
painting services. Robert Brite, the owner, is trying to find new ways to increase revenues. Mr. Brite per- 
forms the following actions, notin the order listed. 

Required 

Classify each action below according to its step in the five-step decision-making process (identify the prob- 
lem and uncertainties; obtain information; make predictions about the future; decide on one of the available 
altarnatives; implement the decision, evaluate performance, and learn). 

1. Mr. Brite calls Home Depot to ask the price of paint sprayers. 
2. Mr. Brite discusses with his employees the possibility of growing revenues of the firm. 

3. One of Mr. Brite’s project managers suggests that using paint sprayers instead of hand painting will 
increase productivity and thus revenues. 

4, The workers who are not familiar with paint sprayers take more time to finish a job than they did when 

painting by hand. 

5. Mr. Brite compares the expected cost of buying sprayers to the expected cost of hiring more workers 
who paint by hand, and estimates profits from both alternatives. 

6. The project scheduling manager confirms that demand for house painting services has increased. 
7, Mr. Brite decides to buy the paint sprayers rather than hire additional painters. 

Problems 

1-22 Strategic decisions and management accounting. A series of independent situations in which 
a firm is about to make a strategic decision follow. 

Decisions 

a. Yello Phones is about to decide whether to launch production and sale of a cell phone with stan- 
dard features. 

b. Soft Solutions is trying to decide whether to produce and sell a new home computer software pack- 
age that includes the ability to interface with a sewing machine and a vacuum cleaner. There is no 

such software currently on the market. 

c. Dot Cosmetics has been asked to provide a “store brand” lip gloss that will be sold at discount retail stores. 
d. Buy More Meats is entertaining the idea of developing a special line of gourmet bologna made with 

sun-dried tomatoes, pine nuts, and artichoke hearts. 



Required 

1. For each decision, state whether the company is following a low price or a differentiated product 
strategy. 

2. For each decision, discuss what information the management accountant can provide about the 
source of competitive advantage for these firms. 

1-23 Planning and control decisions. SoftMoc is a shoe retailing company. The majority of its sales are 
made at its own stores. These stores are often located in shopping malls or in the downtown shopping dis- 
tricts of cities. A small but increasing percentage of sales are made via its internet shopping division. 

The following five reports were recently prepared by the management accounting group at SoftMoc: 

a. Annual financial statements included in the annual report sent to its shareholders 

b. Weekly report to the vice-president of operations for each SoftMoc store—includes revenue, gross 
margin, and operating costs 

c. Report to insurance company on losses SoftMoc suffered at its new Toronto store resulting from a 
storm 

d. Weekly report to a new supplier on the sales of that supplier's products both through the SoftMoc 
stores and by the internet division 

e. Study for vice-president of new business development of the expected revenue and expected costs 
of the SoftMoc internet division selling foot-health products (arch supports, heel inserts, etc.) as 
well as shoes 

Required 

For each report, identify how a manager would use it to make both a planning decision and a control deci- 
sion (either at SoftMoc or another company). 

1-24 Management accountants’ guidelines and roles in a company. Stephen Bergstrom is the 

new corporate controller of a multinational company that has just overhauled its organizational structure. 

The company is now decentralized. Each division is under an operating vice-president who, within wide 

limits, has responsibility and authority to run the division like a separate company. 

Bergstrom has a number of bright staff members. One of them, Bob Garrett, is in charge of a newly 
created performance analysis staff. Garrett and staff members prepare monthly division performance 

reports for the company president. These reports are division statements of comprehensive income, 
showing budgeted performance and actual results, and they are accompanied by detailed written expla- 

nations and appraisals of variances. In the past, each of Garrett's staff members was responsible for 
analyzing one division; each consulted with division line and staff executives and became generally 

acquainted with the division’s operations. 
After a few months, Bill Whisler, vice-president in charge of Division C, stormed into the controller's 

office. The gist of his complaint follows: 
“Your staff is trying to take over part of my responsibility. They come in, snoop around, ask hundreds 

of questions, and take up plenty of our time. It’s up to me, not you and your detectives, to analyze and 
explain my division’s performance to central headquarters. If you don’t stop trying to grab my responsibil- 
ity, I'll raise the whole issue with the president.” 

Required 

1. What events or relationships may have led to Whisler’s outburst? 

2. As Bergstrom, how would you answer Whisler's contentions? 
3. What alternative actions can Bergstrom take to improve future relationships? 

1-25 Professional ethics and end-of-year actions. Janet Taylor is the new division controller of the 

snack-foods division of Gourmet Foods. Gourmet Foods has reported a minimum 15% growth in annual earn- 
ings for each of the past five years. The snack-foods division has reported annual earnings growth of more 
than 20% each year in this same period. During the current year, the economy went into a recession. The 

corporate controller estimates a 10% annual earnings growth rate for Gourmet Foods this year. One month 
before the December 31 fiscal year-end of the current year, Taylor estimates the snack-foods division will 

report an annual earnings growth of only 8%. Warren Ryan, the snack-foods division president, is not happy, 
but he notes that “the end-of-year actions” still need to be taken. 

Taylor makes some inquiries and is able to compile the following list of end-of-year actions that were 

more or less accepted by the previous division controller: 

a. Deferring December's routine monthly maintenance on packaging equipment by an independent 
contractor until January of next year. 

b. Extending the close of the current fiscal year beyond December 31 so that some sales of next year 
are included in the current year. 

c. Altering dates of shipping documents of next January's sales to record them as sales in December 

of the current year. 

Assignment Material 
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d. Giving salespeople a double bonus to exceed December sales targets. 

e. Deferring the current period’s advertising by reducing the number of television spots run in 

December and running more than planned in January of next year. 

f. Deferring the current period's reported advertising costs by having Gourmet Foods’s outside adver- 

tising agency delay billing December advertisements until January of next year or by having the 

agency alter invoices to conceal the December date. 
g. Persuading carriers to accept merchandise for shipment in December of the current year although 

they normally would not have done so. 

Required 

1. Why might the snack-foods division president want to take these end-of-year actions? 

2. The division controller is deeply troubled. Classify each of the end-of-year actions (a) to (g) as accept- 

able or unacceptable. 

3. What should Taylor do if Ryan suggests that these end-of-year actions are taken in every division of 

Gourmet Foods and that she will greatly harm the snack-foods division if she does not cooperate and 

paint the rosiest picture possible of the division's results? 

1-26 Professional ethics and earnings management. Harvest Day Corporation is a publishing com- 

pany that produces trade magazines. The company’s shareholders are awaiting the announcement of 

Harvest Day's earnings for the fiscal year, which ends on December 31. Market analysts have predicted 

earnings to be around $1.34 per share. The CEO of Harvest Day expects earnings to be only $1.20 per share 

and knows this will cause the price of the stock to drop. The CEO suggests the following ideas to various 

managers to try to increase reported earnings by the end of the fiscal year: 

a. Delaying recording of cancelled subscriptions for December until January. 

b. Waiting until the new fiscal year to update the software on office computers. 

c. Recognizing unearned subscription revenue (cash received in advance for magazines that will be 

sent in the future) as revenue when received in the current month (just before fiscal year-end) 
instead of booking it as a liability. 

. Delaying recording purchases of office supplies on account until after year-end. 

. Booking advertising revenues that relate to January in December. 

Waiting until after fiscal year-end to do building repairs. 

. Switching from declining-balance to straight-line depreciation to reduce depreciation expense in 

the current year. 
eg ~o 2. 

Required 

1. Why would Harvest Day Corporation’s CEO want to “manage” earnings? 

2. Which of the items in (a) to (g) above are acceptable to Harvest Day's controller? Which are 
unacceptable? 

3. What should the controller do about the CEO's suggestions? What should the controller do if the CEO 

refuses to change the suggestions? 

1-27 Professional ethics and corporate governance. Janet Segato is division controller and Tom 

Maloney is division manager of the Sports Shoe Company. Segato has line responsibility to Maloney, but she 

also has staff responsibility to the company controller. 

Maloney is under severe pressure to achieve budgeted division income for the year. He has asked 

Segato to book $240,000 of sales on December 31. The customers’ orders are firm, but the shoes are still in 

the production process. They will be shipped on or about January 4. Maloney said to Segato, “The key 

event is getting the sales order, not shipping the shoes. You should support me, not obstruct my reaching 

division goals.” 

Required 

1. Describe Segato’s ethical responsibilities. 

2. What should Segato do if Maloney gives her a direct order to book the sales? 

1-28 Professional ethics and corporate governance. Jorge Michaels is the Winnipeg-based control- 

ler of Sxsw Foods, a rapidly growing manufacturer and marketer of Mexican food products. Michaels is 
currently considering the purchase of a new cost management package for use by each of its six manufac- 

turing plants and its many marketing personnel. Four major competing products are being considered by 

Michaels. 

Horizon 1-2-3 is an aggressive software developer. It views Sxsw as a target of opportunity. Every six 

months, Horizon has a three-day users’ conference in a Caribbean location. Each conference has sub- 

Stantial time left aside for “rest and recreation.” Horizon offers Michaels an all-expenses-paid visit to the 

upcoming conference in Cancun, Mexico. Michaels accepts the offer, believing that it will be very useful 

to talk to other users of Horizon software. He is especially looking forward to the visit as he has close rel- 
atives in the Cancun area. 



Before leaving, Michaels receives a visit from the president of Sxsw. She shows him an anonymous 

letter sent to her. It argues that Horizon is receiving unfair favourable treatment in the Sxsw software 

decision-making process. The letter specifically mentions Michaels’s upcoming “all-expenses-paid trip to 
Cancun during Winnipeg’s deep winter.” Michaels is deeply offended. He says he has made no decision 

and believes he is very capable of making a software choice on the merits of each product. Sxsw currently 
does not have a formal written code of ethics. 

Required 

1. Do you think Michaels faces an ethical problem regarding his forthcoming visit to the Horizon users’ 
group meeting? Explain, 

2. Should Sxsw allow executives to attend users’ meetings while negotiating with other vendors about a 
purchase decision? Explain. If yes, what conditions on attending should apply? 

3. Would you recommend that Sxsw develop its own code of ethics to handle situations such as this one? 
What are the pros and cons of having such a written code? 

Collaborative Learning Case 

1-29 Global company, ethical challenges. In June 2021, the government of Vartan invited bids for the 
construction of a cellular telephone network. ZenTel, an experienced communications company, was eager 
to enter the growing field of cellular telephone networks in countries with poor infrastructures for land lines. 

If ZenTel won a few of these early contracts, it would be sought after for its field experience and expertise. 
After careful analysis, it prepared a detailed bid for the Communications Ministry of Vartan, building in only 
half of its usual profit margin and providing a contractual guarantee that the project would be completed in 

two years or less. The multimillion-dollar bid was submitted before the deadline, and ZenTel received notifi- 

cation that it had reached the Vartan government. Then, despite repeated faxes, emails, and phone calls to 
the ministry, there was no news on the bids or the project from the Vartan government. 

Steve Cheng, VP of Global Operations for ZenTel, contacted the Canadian commercial attaché in 

Vartan, who told him that his best chance was to go to Vartan and try to meet the deputy minister of com- 
munications in person. Cheng prepared thoroughly for the trip, rereading the proposal and making sure 
that he understood the details. 

At the commercial attaché’s office in Vartan’s capital, Cheng waited nervously for the deputy minister 
and his assistant. Cheng had come to Vartan with a clear negotiating strategy to try to win the bid. Soon 

the deputy minister and his staff arrived, introductions were made, and pleasantries were exchanged. The 

deputy minister asked a few questions about ZenTel and the bid and then excused himself, leaving his 
assistant to talk to Cheng. After clearly indicating that many other compelling bids had been made by firms 

from around the world, the assistant said, “Mr. Cheng, | guarantee that ZenTel’s bid will be accepted if you 

pay a $1 million commission. Of course, your excellent proposal doesn’t have to be altered in any way.” It 

was clear to Cheng that the “commission” was, in fact, a bribe. Tactfully, he pointed out that Canadian 
laws and ZenTel’s corporate policy prohibited such a payment. The assistant wished him a good day and a 

pleasant flight home and left. 

Required 

1. As a shareholder in ZenTel, would you prefer that ZenTel executives agree to the payment of the 

“commission”? 
2. When Cheng described his experience to his friend Hank Shorn, who managed international business 

development for another company, Hank said that his own “personal philosophy” was to make such 
payments if they were typical in the local culture. Do you agree with Hank’s point of view? Explain. 

3. Why would ZenTel have a corporate policy against such payments? 
4. What should Steve Cheng do next? 

Assignment Material 
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Learning Objectives 
@ Identify and distinguish 

between two manufacturing 

cost classification systems: 

direct and indirect, prime and 

conversion. 

@ Differentiate fixed from variable 

cost behaviour, and explain the 

relationship of cost behaviour 

to direct and indirect cost 

classifications. 

@ Interpret unitized fixed costs 
appropriately when making 

cost management decisions. 

@ Apply cost information to 

produce a IFRS/ASPE- 

compliant statement of 

comprehensive income 

showing proper cost of goods 

sold and a statement of 

financial position showing 

proper inventory valuation. 

@ Explain cost identification, 
classification, and management 

systems and their use within 

the decision framework. 

CPA Competencies* 
This chapter covers material 

outlined in Section 3: 
Management Accounting of the 

CPA Competency Map. The 

Learning Objectives in this chapter 

have been aligned with the CPA 

Competency Map to ensure the 
best coverage possible. 

3.3.1 Evaluates cost classifications 

and costing methods for 

management of ongoing operations 

3.3.2 Evaluates and applies cost 

management techniques appropriate 

for specific costing decisions 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada. 
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SEARS 

High Fixed Costs and the Implications 
for Production 
In 2017, Sears Canada announced it had filed for bankruptcy, a liquidation process 

that took more than a year, ending in 2018. Its high fixed costs—costs that did not 

decrease as the number of products sold declined—crippled the company. Sears 

Canada, a unit of Sears (US), was hardly the only retailer that had struggled since the 

financial crisis of 2008. The company noted that in the decade since the financial 

crisis, buying patterns changed and expensive investments in what were former high- 

profile locations (e.g., successful shopping malls) no longer came with guarantees of 

steady sales. While buying patterns changed, the company continued to make 

investments in real estate without paying much attention to the new dynamic. 
As the story of Sears and Sears Canada illustrates, managers must understand 

and closely manage their firms’ costs. Organizations as varied as the United Way, the 

Mayo Clinic, and Sony generate reports containing a variety of cost concepts and 
terms managers need to understand to effectively run their businesses. This chapter 

discusses these cost concepts and terms, which are the basis of accounting 

information used for internal and external reporting. 

Source: Chris Isidore. 2017. “Sears Canada files for bankruptcy,” CNN Money, June 22 (https://money.cnn 
.com/2017/06/22/news/companies/sears-canada-bankruptcy/index.html). 



Costs and Cost Terminology 

Costs and Cost Terminology 

Accountants define a cost as a resource sacrificed or forgone to achieve a specific objective. 
A cost (such as direct materials or advertising) is usually measured as the monetary amount 
that must be paid to acquire goods or services. An actual cost is the cost incurred (a his- 
torical or past cost), as distinguished from a budgeted cost, which is a predicted or fore- 
casted cost (a future cost). 

Answering the question “What does it cost?” requires knowing what “it” is and what 
problem the cost information will be applied to. “It” is anything for which a measure- 
ment of costs is desired. Next, managers have to decide if the budgeted cost of a cost 
object or the actual cost or both are desired. Managers often need both when making 
decisions, since actual or past costs help managers predict future costs in a budget. 

A typical cost management information system has two stages: cost accumulation and 
cost assignment. Cost accumulation is the collection (accumulation) of actual cost data in 
an organized way. Management accountants refer to accumulated costs as cost pools. This 
is not to be confused with what financial accountants collect in general ledger accounts, 
though on first glance they appear the same. Cost pools can include costs from different 
transactions, whereas costs accumulated in the general ledger are for similar transactions 
only. A cost pool, for example, could include all the material and labour costs for a cost 
object. At its Woodstock plant, Toyota accumulates actual costs in categories such as raw 
materials, different types of labour, equipment use, and supervision (see Exhibit 2-1). 

Cost assignment systematically links a pool of actual costs to a distinct cost object. 
For example, managers and management accountants assign accumulated costs to differ- 
ent models of cars (the cost object). Toyota managers use this cost information to help 
them determine the selling price for that particular model. They also use the information 
to motivate and influence employees by rewarding actions they take that reduce costs. 

Some costs, such as material costs, are easier to assign to a cost object than others, 
such as supervision costs. One reason is that some costs pay for resources shared in com- 

pleting many diverse cost objects. Assigning cost pools common to diverse cost objects is 
not as easy as assigning a cost pool used exclusively to complete a distinct cost object. 

Commonly Used Classifications of Manufacturing Costs 

Three terms commonly used when describing manufacturing costs are direct material 
costs, direct manufacturing labour costs, and indirect manufacturing costs. 

1. Direct material costs (DM) are the acquisition costs of all materials that eventually 
become part of the cost object (work-in-process and then finished goods) and can be 
traced to the cost object in an economically feasible way. Acquisition costs of direct 
materials include freight-in (inward delivery) charges, sales taxes, and customs duties. 
Examples of direct material costs are the steel and tires used to make the Toyota 
RAV4, and the computer chips used to make smartphones. 

2. Direct manufacturing labour costs (DML) include the compensation of all manufac- 
turing labour that can be traced to the cost object (work-in-process and then finished 
goods) in an economically feasible way. Examples include wages and fringe benefits 
paid to machine operators and assembly-line workers who convert direct materials 
purchased into finished goods. 

Cost Object Illustration 

Product A Toyota RAV4 sports activity vehicle 

Service Telephone hotline providing information and assistance to Toyota dealers 

Project R&D project on enhancing the DVD system in Toyota cars 

Customer Herb Chambers Motors, a Toyota dealer that purchases a broad range of 
Toyota vehicles 

Activity Setting up machines for production or maintaining production equipment 

Department Environmental, Health, and Safety Department 
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3. Indirect manufacturing costs, also referred to as manufacturing overhead costs 
(MOH) or factory overhead costs, are all manufacturing costs that are related to the 
cost object (work-in-process and then finished goods) but cannot be traced to a cost 
object in an economically feasible way. Examples include depreciation, maintenance 
supplies, and supervisors’ salaries in a specific plant. We use indirect manufacturing 
costs and manufacturing overhead costs interchangeably. 

Direct Costs and Indirect Costs 

We now describe how costs are classified as direct or indirect and the methods used to 
assign these costs to cost objects. 

« Direct costs of a cost object are related to the distinct cost object and can be traced to 
it. For example, the cost of tires can be readily accumulated from invoices, payments, 
and requisitions from inventory. These documents provide a “paper trail” of costs 
that can be traced directly to a car model—for example, the Toyota RAV4. The accu- 
mulated cost of tires for the Toyota RAV4 is an example of a direct materials (DM) 
cost. Toyota can also electronically trace any individual worker’s time spent working 
on the RAV4 through time sheets. This is an example of a direct manufacturing 
labour (DML) cost. Through its management information system (MIS), Toyota can 
trace sales commission costs for the RAV4. This is an example of a non-manufactur- 
ing direct labour (DL) cost. 

w Indirect costs of a cost object are necessary but cannot be traced to a specific cost 
object in a cost-effective way because the benefits from use of the resources are shared 
among diverse cost objects. The cost of shated resources is common to many cost 
objects, but often the sharing is unequal. Cost allocation is the method used to divide 
up an indirect cost pool unequally and assign costs to diverse cost objects. Indirect 
costs may be either manufacturing or non-manufacturing costs. 

= Typical indirect manufacturing costs are often referred to as manufacturing overhead 
(MOH). Collectively, these indirect costs can represent a far larger proportion of total 
production costs than total direct costs; some examples of typical MOH costs are 

Indirect Materials Indirect Manufacturing Overhead 

Indirect supplies Security (labour and supplies) 

Indirect materials Cleaning supplies, fittings, and fasteners 

Indirect Labour 

All labour fringe benefits Quality control (labour, equipment, supplies) 

Rework of output Maintenance in the plant (labour, supplies) 

Overtime All statutory fringe benefits (CPP, El) 

Idle time Plant lease or plant amortization 

Equipment lease or equipment depreciation 

Non-manufacturing costs are incurred either before production begins or after pro- 
duction ends. Costs incurred prior to production are often called upstream costs, and 
those incurred after production are called downstream costs. Because a company can only 
be profitable if it recovers its full costs, non-manufacturing costs must be either traced or 
allocated to cost objects. Salaries for engineers who invent and design a new product are 
an example of an upstream indirect non-manufacturing cost; sales commission is an 
example of a downstream direct non-manufacturing cost. 

To summarize, cost assignment is a general term that encompasses both (1) tracing 
direct costs to a distinct cost object and (2) allocating indirect costs among diverse cost 
objects. Exhibit 2-2 depicts upstream, production, and downstream direct and indirect 
costs with both forms of cost assignment: cost tracing and cost allocation. 

Each company determines how to accumulate, trace, allocate, and assign all its costs. 
Exhibit 2-2 illustrates one possible way to assign direct and indirect costs in the value 
chain using one model Toyota RAV4 as the distinct cost object. The items listed in each 
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EE Cost Assignment of Upstream, Production, and Downstream Business Function Costs 

| 
Upstream Downstream 

\\ Distribution — 

Indirect cost, Direct costs Direct costs for Indirect cost, Indirect cost, Direct costs for RAV4, 
allocate for RAV4, trace RAV4, trace allocate allocate trace 

Indirect costs, for Indirect costs, for Indirect costs, for all 
all design, allocate all production, customer service, 

allocate allocate 

business function would be very different if the cost object were the customer-service 
department or the activity of developing a special Toyota promotion event at the Montreal 
Grand Prix Formula One Race. 

Factors Affecting Direct/Indirect Cost Classifications 

Distinguishing direct from indirect costs is not straightforward. Situations differ. Balanc- 
ing several factors that influence cost classification requires professional judgment: 

w Selection of the distinct cost object. Whether a cost pool is classified as direct or indi- 
rect will change depending on the cost object. For example, a Toyota assembly-line 
supervisor’s salary can be accumulated in the direct cost pool for the assembly depart- 
ment. This is a distinct cost object that benefits exclusively from the costs of the work 
done by the supervisor. But if the assembly line produces different models of Toyota 
vehicles, and some models require more attention than others, then the benefits of the 
assembly-line supervisor’s salary are shared among the various models. More than 
one model means the cost objects are diverse. The costs cannot be traced but must be 
allocated. 

w The materiality or significance of the cost in question. The smaller the cost, the less 
likely it is economically feasible to trace that cost to a particular cost object. The cost 
of the colour of dye added to each plastic interior piece in a Toyota is insignificant— 
less than a fraction of $0.01—and it costs more than this to trace the dye cost to a 
distinct model. It is cost effective to accumulate all costs of dye into one MOH 
account. Models benefiting significantly more (less) from this common resource will 
be assigned more (less) cost from the MOH cost pool. For financial accountants, 
material refers to the level of materiality, usually a difference of between 5% and 
10% of the total dollar value of the cost pool. 

s Available information-gathering technology. Integrated cost information systems 
access cost data electronically through bar codes and radio frequency identification. 
At Toyota, component parts such as the different computer chips for its on-board 
computers are identified and can be scanned at every point in the production process. 
Software makes this cost data accessible to any authorized user in accounts receiv- 
able, R&¢D, customer service, or production. 

s Design of operations. It’s easier to classify and accumulate direct cost pools when one 
facility is used exclusively for a specific cost object, such as a specific product, model, 
activity, or customer. 

Prime Costs and Conversion Costs 

Two terms describe cost classifications in the production function of the value chain: 
prime costs and conversion costs. Cost classification as prime or conversion requires pro- 
fessional judgment because these are not mutually exclusive categories in all situations. 
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Prime costs are defined as direct manufacturing costs (DM, DML) but are not always 
classified according to the definition. If the Toyota RAV4 plant accumulated $240,000 in 
DM and $260,000 in DML in one month, according to the definition prime costs would 
total $500,000. However, prime costs are assigned using an average cost per input used over 
a specific time period. The average cost, also called a unit cost, is calculated by dividing the 
total prime cost pool by physical units consumed. Cost assignment splits the prime cost pools 
between units fully complete and those remaining in work-in-process (WIP) inventory. 

Prime costs = Direct material costs + Direct manufacturing labour costs 

= $240,000 + $260,000 = $500,000 

Conversion costs are all manufacturing costs other than direct materials costs required 
to convert direct materials into finished goods.! For example, in a two-part costing sys- 
tem, if the Toyota RAV4 plant incurred an additional $550,000 monthly in total MOH 
costs, then total monthly conversion costs would be $810,000 ($260,000 DML + 
$550,000 total MOH = $810,000). 

Direct manufacturing + Manufacturing 
= $260,000 + $550,000 = $810,000 

labour costs overhead costs 
Conversion costs = 

Cost-Behaviour Patterns: 
Variable Costs and Fixed Costs 

Accounting systems record and accumulate costs of inputs acquired to complete business 
functions in the value chain over a specific time period. Some total costs change with the 
quantity of inputs purchased and used to complete outputs. These are variable costs. Other 
costs remain constant regardless of the quantity of outputs produced within a specified 
relevant range, or band of normal activity level or volume in which there is a specific relation- 
ship between the level of activity or volume and the cost in question. These are fixed costs. 

Variable Costs 

A variable cost (VC) changes in proportion to changes in the related level of total activity 
or volume within a relevant range, because the cost per unit is constant. Relevant range 
means that between a minimum and a maximum number of units the cost per unit does 
not change. 

For example, at the Toyota Woodstock plant, the relevant range is from 1 to 100 
steering wheels. The steering wheel includes all the windshield wiper and Bluetooth con- 
trols, directional signals, and audio-visual controllers. Within this range, each steering 
wheel installed will cost $250 and the total variable cost will equal the variable cost per 
unit multiplied by the quantity of steering wheels purchased and installed. 

Number of RAV4s Variable Cost per Total Variable Cost 
Produced Steering Wheel of Steering Wheels 

(1) (2) (3) = (1) x (2) 

A $250 Son 250 

1,000 250 250,000 

3,000 250 750,000 

Fixed Costs 

In contrast, a fixed cost is constant within a relevant range of finished outputs produced. 
Assume the relevant range at Woodstock is 0 to 100 vehicles. No matter how many 

' Generally accepted accounting principles (GAAP) guide all financial accounting classifications and reporting to external par- 
ties. For Canadian companies listed on a stock exchange, financial disclosure at year-end must be IFRS-GAAP compliant. 
While standards may differ among countries (the United States does not use IFRS), GAAP remain unchanged. 
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: : EES) Cost 
Monthly Fixed Cost Behaviour for the RAV4 Behaviour of Monthly 

Volume of RAV4s Total FC Fixed Cost perRAV4 ‘Fixed Costs 
Produced (2) (3) (4) = (3) + (2) 

Fixed MOH $550,000 0 $550,000 $550,0002 

10 550,000 55,000 

20 550,000 27,500 

30 550,000 18,333 

40 550,000 13,750 

50 550,000 11,000 

60 550,000 9,167 

70 550,000 7,857 

80 550,000 6,875 

90 550,000 6,111 

100 550,000 5,500 

Fixed Cost Behaviour Per Unit Fixed Cost Behaviour 
600,000 600,000 

500,000 500,000 

400,000 400,000 

2 2 
= 300,000 = 300,000 + 
fe) i) 
(=) Q 

200,000 . 200,000 +- 

100,000 100,000 —- 

0 0 
0.10. 20: 3040-50 460): 70. -805- 90. 100 O=- 105-207-530) 40 .'50><60.-270)) 80: 90> 100 

Volume of RAV4s per Month Volume of RAV4s per Month 

Toyota RAV4s are produced in one month to a maximum of 100, the fixed cost will 
remain unchanged. For simplicity, assume the total monthly fixed MOH of the Woodstock 
plant is $550,000, listed in column (3) of Exhibit 2-3. The monthly fixed cost remains 

unchanged regardless of the volume of vehicles produced, listed in column (2), from 0 to 
100 per month. If managers at Woodstock needed to meet demand of 150 vehicles, then 
fixed cost would increase because this quantity of output exceeds the relevant range or 
capacity of the plant. Toyota would have to expand the size of the plant, purchase addi- 
tional equipment, hire more salaried staff, and so on. 

The vehicle per unit fixed cost is calculated as monthly fixed cost divided by the 
quantity of vehicles produced in the month, as listed in column (4). The per unit fixed cost 
decreases as the number of vehicles assembled increases. 

Exhibit 2-4 illustrates the effect on total manufacturing costs when the monthly vol- 
ume of RAV4s produced changes. This is an example of a mixed cost. A mixed costs pool 
comprises both variable and fixed costs. The sloped line originates at $550,000 when 
0 vehicles are produced because even if no Toyota RAV4s are produced in a month, the 
plant will still cost $550,000. 

2 The calculations and graph in this example demonstrate that even at zero production, fixed costs must still be paid. However, 
averaging across zero units is mathematically undefined; therefore, this line begins at 1 unit. 
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(e223 Cost Behaviour of Monthly Mixed Costs 

& 

Monthly Fixed Cost Total Cost and Total Cost 
Monthly Variable Cost Behaviour Behaviour per Unit 

Cost Volume Total Cost 
Information | of RAV4s Total VC FC per Total Cost per RAV4 
Per Unit Produced (3) TotalFC = RAV4(5) (6) (7) 

(1) (2) = (1) x (2)* (4) = (4) + (2) = (3)+(4) = (6) + (2) 

DM VC per steering wheel $ 2,400 0 $ 0 $550,000 $550,000 $ 550,000 $550,000 

DML VC per RAV4 2,600 10 150,000 550,000 55,000 700,000 70,000 

Indirect total VC per RAV4 __ 10,000 20 300,000 550,000 27,500 850,000 42,500 

Unit VC, direct and indirect 15,000 30 450,000 550,000 18,333 1,000,000 33,333 

40 600,000 550,000 13,750 1,150,000 28,750 

Fixed MOH 550,000 50 750,000 550,000 11,000 1,300,000 26,000 

60 900,000 550,000 9,167 1,450,000 24,167 

70 1,050,000 550,000 7,857 1,600,000 22,857 

80 1,200,000 550,000 6,875 1,750,000 21,875 

90 1,350,000 550,000 6,111 1,900,000 21,111 

100 1,500,000 550,000 5,500 2,050,000 20,500 

*This formula applies only to the $15,000 in the row “Unit VC, direct and indirect.” 

Total Manufacturing Cost 

2500000 ->———— 

2,000,000 +- 

1,500,000 —- 

Dollars 1,000,000 - 

500,000 

0 
Q35109 207.30. 40-50 60-70 280) 90e 2100 

Volume of RAV4s per Month 

Pepsi Corporation uses trucks to transport bottles from the warehouse to different 
retail outlets. This problem focuses on the cost of operating a truck. Gasoline costs 
are $0.15 per km driven. Insurance costs are $6,000 per year. Calculate the total 
costs and the cost per kilometre for gasoline and insurance if the truck is driven 
(a) 20,000 km per year or (b) 30,000 km per year. 

Cost Drivers 

A cost driver is a variable, such as the level of activity or volume, that causally affects costs 
over a given time span. For direct costs there is a readily measured cause-and-effect rela- 
tionship between the change in either the level of activity (hours of DML) or volume (kilo- 
grams of DM used) and a change in the total costs. For other production costs, such as the 
cost of plant security, which benefits all distinct cost objects, the measure of benefit may 
be the computer space required to store surveillance records of distinct areas in the plant. 
The larger the storage space, the higher the assumed benefit for the distinct cost object. 
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NXP \Ra@gtexse Analytics in the 
Welt eye §6Medical Field 

Artificial intelligence (AI) is being used to manage costs in healthcare. Decreasing patient 
stays and estimating re-admissions are targeted ways to help medical staff. AI can deter- 
mine which individual patients can shorten their stays or lessen the likelihood of 
re-admission based on patterns in patient admission and discharge history. Analytics 
allow healthcare professionals to learn from past mistakes and successes in order to bet- 
ter health outcomes and minimize costs. Decreases can be seen in administrative costs, 
both fixed (e.g., hospital supplies) and variable (e.g., treatment specific protocols). This 
can have a further benefit in allowing (re)allocation of resources to more efficient and 
effective healthcare delivery. 

The cost driver of a variable cost is the level of activity or volume whose change 
causes proportionate changes in the variable cost. For example, the number of vehicles 
assembled is the cost driver of the total cost of steering wheels. If setup workers are paid 
an hourly wage, the number of setup-hours is the cost driver of total (variable) setup costs. 

Costs that are fixed in the short run have no cost driver in the short run but may have 
a cost driver in the long run. Consider the costs of testing, say, 0.1% of the colour printers 
produced at a Hewlett-Packard plant. These costs consist of equipment and staff costs of 
the testing department that are difficult to change and, hence, are fixed in the short run 
with respect to changes in the volume of production, In this case, volume of production is 
not a cost driver of testing costs in the short run. In the long run, however, Hewlett-Packard 
will increase or decrease the testing department’s equipment and staff to the levels needed 
to support future production volumes. In the long run, volume of production is a cost 
driver of testing costs. Costing systems that identify the cost of each activity such as testing, 
design, or setup are called activity-based costing systems. 

Total Costs and Unit Costs 

The preceding section concentrated on the behaviour patterns of total costs in relation to 
activity or volume levels. We now consider unit costs. 

Unit Costs 

Generally, the decision maker should think in terms of relevant costs rather than unit 
costs. In many decision contexts, however, calculating a unit cost is essential. Consider the 
booking agent who has to make the decision to book Britney Spears to play at the Rogers 
Centre. She estimates the cost of the event to be $4,000,000. This knowledge is helpful for 

the decision, but it is not enough. 
Before a decision can be reached, the booking agent also must predict the number of 

people who will attend. She computes the unit cost of the event by dividing the total cost 
($4,000,000) by the expected number of people who will attend. If 50,000 people attend, 
the unit cost is $80 (= $4,000,000 + 50,000) per person; if 20,000 attend, the unit cost 
increases to $200 (= $4,000,000 + 20,000). 

Unless the total cost is “unitized” (i.e., averaged with respect to the level of activity or 
volume), the $4,000,000 cost is difficult to interpret. The unit cost combines the total cost 
and the number of people in a handy, communicative way. 

Consider the manager of the New Brunswick plant of Acadian Products: Assume the 
$40,000,000 in costs in 2021 consists of $10,000,000 of fixed costs and $30,000,000 of 

variable costs (at $60 variable cost per speaker system produced). Suppose the total fixed 
cost and the variable cost per speaker system in 2022 are expected to be unchanged from 
2021, The budgeted costs for 2022 at different production levels, calculated on the basis 
of total variable costs, total fixed costs, and total costs, are as follows: 

LO® 
Interpret unitized fixed 

costs appropriately when 

making cost management 
decisions. 
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Variable Cost Total Total 
Units Produced per Unit Variable Costs _—Fixed Costs Total Costs Unit Cost 

(1) (2) (3) = (1) x (2) (4) (5) = (3) + (4) (6) = (5) + (1) 

100,000 $60 $ 6,000,000 $ 10,000,000 $ 16,000,000 $ 160.00 

200,000 60 12,000,000 10,000,000 22,000,000 110.00 

500,000 60 30,000,000 10,000,000 40,000,000 80.00 

800,000 60 48,000,000 10,000,000 58,000,000 72.50 

1,000,000 60 60,000,000 10,000,000 70,000,000 70.00 

A plant manager who uses the 2021 unit cost of $80 per unit will underestimate 
actual total costs if 2022 output is below the 2021 level of 500,000 units. If actual volume 
is 200,000 units because of, say, the presence of a new competitor, actual costs would be 
$22,000,000. The unit cost of $80 X 200,000 units equals $16,000,000, which underesti- 
mates the actual total costs by $6,000,000 (= $22,000,000 — $16,000,000). The unit cost 
of $80 applies only when 500,000 units are produced. 

An overreliance on unit cost in this situation could lead to insufficient cash being 
available to pay costs if volume declines to 200,000 units. As the table indicates, for mak- 
ing this decision, managers should think in terms of total variable costs, total fixed costs, 
and total costs rather than unit cost. As a general rule, first calculate total costs, then 
compute a unit cost, if it is needed for a particular decision. 

Uae) \:ii@amae How Enterprise Carshare Reduces 
_ Business Transportation Costs IND Nea ge) \. 

Carshare, founded by Kevin McLaughlin in 1998, operates Car sharing allows companies to convert the fixed costs 
across Canada. It offers a car-sharing service to its members of owning a company car to variable costs of using a car. If 
and non-members as a pay-on-demand model for periods as business slows or a car isn’t required to visit a client, Carshare 
short as one hour and as long as one year. Members reserve customers are not saddled with the fixed costs of car own- 
vehicles online or by phone, then retrieve the vehicle, swipe ership. Carshare’s fleet is about 10% hybrid cars, and the 
an electronic card over a sensor that unlocks the vehicle, and company claims its service takes 10 cars off the road for every 
drive away. Rates begin at $12/hour (or 41¢/km) plus a one- Carshare vehicle. 
time fee of $35 (to pay for insurance and credit checks) for 
non-members. Members pay a $500 membership bond (which Source: CarShare Atlantic. https://www.carshareatlantic.ca/plans 

is refundable) and rates of $5.95/hour or 17¢ / km. The cars jfoubects pion: plais-andssates! 
are picked up from and returned to specified locations. 

LO® 
Apply cost information to 
produce a IFRS/ASPE- 

compliant statement of 

comprehensive income 

showing proper cost of 

goods sold and a statement 

of financial position showing 

proper inventory valuation. 

Cost of Goods Sold and the Statement 
of Comprehensive Income 

IFRS/ASPE rules on inventory and cost of goods sold (COGS) for Canadian companies 
trading on the Toronto Stock Exchange (TSX) are identical whether finished goods are pro- 
duced in Canada, the United States, or Europe. For the Toyota RAV4, the COGS is assigned 
by multiplying the total costs of production by the volume of RAV4s produced and sold. 
To simplify, assume that the beginning inventory is zero and the manufacturing costs do not 
change month by month. Next month, the Woodstock plant produces 50 RAV4s. This 
would mean the Cost of Goods Manufactured would be the total Cost of Goods Available 
for Sale, as shown in Exhibit 2-5. The per unit total cost as shown on the next page is 
$26,000. If all 50 vehicles are sold, then the COGS will be $1,300,000 and there will be no 
inventory of finished goods at the start of the next month. By contrast, Exhibit 2-5 shows 
there were 30 vehicles sold, which results in a Cost of Goods Sold (COGS) of $780,000 

($26,000 X 30 vehicles), resulting in an Ending Finished Goods Inventory of $520,000. 
The per unit total manufacturing cost depends on the volume of RAV4s produced; 

therefore, both COGS and cost of goods manufactured (COGM) will vary with the vol- 
ume manufactured each month. 
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2 GAGS GEISLER S ODT LE SIRO SES SIE III DES TN STIS IIL IETS) 

Finished Goods Inventory 

Beginning Balance 

RAV4s Produced 1,300 

| 

780 Sold 

Ending Balance FG 

Total manufacturing costs _ $1,300,000 

Number of units manufactured —-50 units 
= $26,000 per unit 

If 30 units are sold at a price of $37,143 each, and 20 units remain in finished goods 
ending inventory, the per unit cost helps the financial accountant report several important 
pieces of information. 

Exhibit 2-5 details how the total cost of goods available for sale (COGAS) is allocated 
to the COGS, which is matched to all items sold and reported on the statement of compre- 
hensive income; and the remaining amount (in this case, $520,000), which will be desig- 
nated as ending finished goods inventory and reported on the statement of financial 
position. Exhibit 2-6 then details how the COGS is used to create a statement of compre- 
hensive income for the sale of RAV4s for the month. 

Exhibit 2-7 depicts the flow of transactions through the statement of comprehensive 
income of Tech1. 

Inventory Valuation and the Statement 
of Financial Position 

There are three economic sectors in which businesses operate: 

1. Manufacturing-sector companies purchase materials and components and convert 
them into various finished goods. Examples are automotive companies, cell phone 
producers, food-processing companies, and textile companies (e.g., BlackBerry, 
Maple Leaf, Gildan Activewear). 

2. Merchandising-sector companies purchase and then sell tangible products without 
changing their basic form. This sector includes companies engaged in retailing, distri- 
bution, or wholesaling (e.g., Indigo Books, Gildan, Canadian Diamonds). 

3. Service-sector companies provide services (intangible products)—for example, legal advice 
or audits—to their customers. Examples are law firms, accounting firms, banks, mutual 
fund companies, insurance companies, transportation companies, advertising agencies, 
radio and television stations, internet service providers, travel agencies, and brokerage 
firms (e.g., Tory’s, Bank of Montreal, Via Rail, Cossette, The Globe and Mail, Cogeco). 

If no finished goods are sold, then all manufacturing costs are costs of goods available 
for sale. Because the costs have yet to be recovered and generate revenue for the producer, 
the costs remain in inventory and thus all production costs are also called inventoriable 
costs. Inventoriable costs are considered assets, and methods of classification are defined by 
IFRS/ASPE. They are assets because future benefits will be realized when they are sold. Since 
service-sector companies provide intangible products, they will have no inventoriable costs. 

When finished goods are sold, their costs move out of cost of goods available for sale 
and into cost of goods sold (COGS). Nonproduction costs, either upstream or down- 
stream of production, are called period costs (or operating expenses). Not all of the three 
business sectors generate inventoriable costs. 

(eis! Finished 

Goods Ending Inventory 

Valuation, COGM, 

and COGS for RAV4s 
(in $ thousands) 
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i> dalleliarticy Statement 

of Comprehensive Income 
for One Month 

Revenue a: $1,114,290 

Operating expenses 

Total operating expenses 305,000 

Operating income 29,290 

Interest 5,500 

Earnings before tax 23,790 

Tax @ 40% 9,516 

Net income 14,274 

Types of Inventory 

In this section, we describe the different types of inventory that companies hold and some 
commonly used classifications of manufacturing costs. Manufacturing-sector companies 
purchase both raw materials and finished components, then convert them into finished 
goods. These companies typically have the following three types of inventory: 

1. Direct materials inventory (DM) consists of materials in stock and awaiting use in the 
manufacturing process, such as computer chips and components needed to manufac- 
ture smartphones, ~ 

2. Work-in-process inventory (WIP) consists of goods partially worked on but not yet 
completed, such as smartphones at various stages of completion in the manufacturing 
process. Also called work in progress. 

3. Finished goods inventory (FG) consists of the completed goods that have not been 
sold yet, such as complete smartphones. 

In contrast, merchandising-sector companies purchase finished goods and then sell 
them without any further conversion to a different form. They hold only finished goods 
inventory, referred to as merchandise inventory. Service-sector companies provide only 
services, which are intangible and cannot be held in inventory. They have no equivalent to 
either cost of sales or cost of goods sold. 
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Flow of Revenue and Costs for a Manufacturing-Sector Company—Tech1 
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Statement of Financial Position 

Beg. inv., $11,000 

Statement of Comprehensive Income 

STEP 1: 
Direct rin 

Direct pete : bot 

Material p=» Se i 
eproiiees $76,000 
73,000 

2 Beg. inv., $6,000 STEP 3: Beg. inv., $22,000 Sect 

~ Cost of 

g 8 End. inv., $8,000 Geads 

g Direct factured — 
= 

i Manufacturing > 
Labour, $9,000 

Manufacturing —————————_ 
Overhead costs : 

$104,000 

$20,000 

Total End. inv., $7,000 Bee seo ere 
Manataciiiing stein Te a $102,000 
osts Incurre 

in 2020 deduct 
$105,000 

Equals Operating Income 

$32,000 

Inventoriable Costs 

Inventoriable costs are all costs of a product that are considered as assets on the statement 
of financial position when they are incurred. Inventoriable costs become cost of goods sold 
on the statement of comprehensive income when the product is sold. The cost of goods 
sold includes all three of the manufacturing costs (direct materials, direct manufacturing 
labour, and MOH) incurred to produce the goods that are sold. Inventoriable costs arise 
only for companies in the manufacturing sector. 

For merchandising-sector companies like The Brick, inventoriable costs are usually 
called cost of sales (COS). COS includes purchasing costs of the goods (that are eventu- 
ally sold), incoming freight, insurance, and handling costs. The goods will undergo no 
further conversion. Service-sector companies provide something that can be experienced, 
an intangible, which cannot be inventoried. They do not incur any inventoriable costs of 
production or purchase. Typical costs classified as direct/indirect and variable/fixed for 
the distinct bank service of mortgage lending would be as follows: 

Classification of a Cost for Distinct Cost Object Mortgage Loans 

Direct Indirect 

Variable Costs Appraisal fees to value property Internet service costs to 
= 

3 cS transmit documents 
erties 

7 = £ Fixed Costs Mortgage division supervisor's salary Sponsorship cost of annual 
j=] 

. 

Sac charity events 

Period Costs 

Period costs are all costs in the statement of comprehensive income other than cost of 
goods sold. They are also referred to as upstream and downstream costs, non-manufacturing 
costs, operating expenses,.and noninventoriable costs. Because there is not sufficient 

Period 

Costs 

$70,000 
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evidence to conclude that any future benefit will arise from incurring these costs, they are 
not considered an asset. Under GAAP, period costs are expensed when incurred. 

For merchandising-sector companies, period costs in the statement of comprehensive 
income are all costs excluded from COS. Examples of these period costs are labour costs 
of sales floor personnel, advertising, distribution, and customer-service costs. For service- 
sector companies, all costs on the statement of comprehensive income are period costs, 

because there are neither inventories nor inventoriable costs for these companies. Interest 
and tax are not operating expenses. They are financing and regulatory costs. They are 
reported as deductions below the total operating income line. 

Illustrating the Flow of Inventoriable Costs: 

A Manufacturing-Sector Example 

We can follow the flow of inventoriable costs through the statement of comprehensive 
income of a manufacturing company. Exhibit 2-8 shows the GAAP-compliant, audited 
statement of comprehensive income for Tech1, a technology company. As described 
earlier, inventoriable costs flow through the statement of financial position accounts 
as direct materials are converted through work-in-process inventory, where labour 
and manufacturing overhead are added, and finished goods inventory before entering 
cost of goods sold in the statement of comprehensive income. This completes all the 
production transactions required to identify, accumulate, and assign costs of goods 
manufactured, 

Assuming all costs are given for Tech1, the cost assignment to inventory and COGS is 
described in steps 1 to 4 shown in Exhibit 2-8. The costs to produce finished goods 
(COGM) are recovered when finished goods are sold and identified as cost of goods sold 
(COGS) on the statement of comprehensive income. Unsold finished goods inventory is 
reported on the statement of financial position as one component of total manufacturing 
inventory. 

Step 1: Cost of direct materials used Note how the costs never disappear in 
Exhibit 2-8 but flow through inventories until they are recovered when finished goods are 
sold, The correct terminology is transferred in when costs accumulate in an account, and 
transferred out when costs flow from one account into another. 

Beginning DM inventory value for this year is $11,000. This year’s direct material 
purchases, $73,000, “fill up” the DM inventory as cost of DM available for use. As DM 
is used, the cost of $76,000 “empties out” inventory, leaving a DM ending inventory 
value of $8,000 that becomes the beginning inventory value for the next year, as illus- 
trated at the top of Exhibit 2-8. 

Beginning inventory of direct materials, January 1 $11,000 

+ Purchases of direct materials 73,000 

— Ending inventory of direct materials, December 31 8,000 

= Direct materials used $76,000 

Step 2: Total manufacturing costs incurred Total manufacturing costs 
refers to all of Tech1’s direct material, labour, and manufacturing overhead costs incurred 
during conversion this year, Some costs remain in WIP for those goods that were not fully 
converted to finished foods (FG). 

(i) Direct materials used (shaded blue in Exhibit 2-8) $ 76,000 

(ii) Direct manufacturing labour (shaded blue in Exhibit 2-8) 9,000 

(ili) Manufacturing overhead costs (shaded blue in Exhibit 2-8) 20,000 

Total manufacturing costs incurred $105,000 
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Eenie-2] Tech1 Statement of Comprehensive Income 
SB I ET TL LL TES INS ET LITLE SE SITS EE EDIE LETS ED TSI SLINGS LENGE LOE DDE EELS SE IE LIE EL OE EES EIN ELLE ISI EES 

A Gis CREs meee D 
4 |PANEL A: COST OF GOODS MANUFACTURED (COGM) 

2 Tech1 

[.3.. Schedule of Cost of Goods Manufactured* 

4 For the Year Ended December 31 (in $ thousands) 

5 |Direct materials: 

6 | Beginning inventory January 1 ae $11,000 
| 7 | Purchases of direct materials 73,000 

SUAS. g | Cost of direct materials available for use 84,000 
Ending inventory December 31 _ (8,000) 

10 | irect materials used $ 76,000 
,000 | 

STEP 2 

STEP 3 

25 

26 _|PANEL B: STATEMENT OF COMPREHENSIVE INCOME 

27 Tech1 

28 Statement of Comprehensive Income 

For the Year Ended December 31 (in $ thousands) 

Revenue eee : $210,000 
Pos cl coodssc es 
Beginning finished goodsinventor Ze eae CIN ee OE 

~ Cost of goods manufactured (COGM: see PanelA) _—i|_ 104,000 |< | | 
STEP 4 ——— 

| __ 126,000 

18,000) 

Gross margi 

4 0 

| 41 [Operating income $ 32,000 Be 

42 

* Note: This schedule can become a Schedule of Cost of Goods Manufactured and Sold simply by including the beginning 
and ending finished goods inventory figures in the supporting schedule rather than in the body of the statement of 

comprehensive income. 
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Step 3: Cost of goods manufactured COGHM refers to the cost of all goods 
completely converted from raw materials to finished goods during the year and trans- 
ferred out to finished goods inventory. Beginning WIP inventory value of $6,000 and 
total manufacturing costs of $105,000 incurred this year “fill up” the WIP inventory box. 
Some of the manufacturing costs incurred remain in WIP as the ending work-in-process 
inventory value of $7,000. This becomes the beginning inventory value for the next year, 
and the COGM this year of $104,000 “empties out” the WIP inventory value, while “fill- 
ing up” the finished goods inventory value. 

Beginning work-in-process inventory, January 1 $ 6,000 

+ Total manufacturing costs incurred 105,000 

=Total manufacturing costs to account for 111,000 

— Ending work-in-process inventory, December 31 7,000 

= Cost of goods manufactured $104,000 

Steps 2 and 3 are combined in the illustration of the flow of costs in Exhibit 2-8 
because in combination they lead to the correct value for inventoriable cost assignment to 
either finished goods or WIP inventory. 

Step 4: Cost of goods sold The COGS is the cost of only the finished goods 
inventory that has been sold to customers during the current year. The beginning inven- 
tory value of finished goods of $22,000 reports unsold inventory from last year. Adding 
the COGM this year of $104,000 “fills up” the finished goods inventory box. These two 
accumulated costs are the cost of goods available for sale (COGAS) of $126,000. 

Subtracting the COGS for this year of $108,000 “empties out” the finished goods inventory 
value to leave unsold goods of $18,000. COGS matches this year’s revenues. Tech1’s 
COGS and ending inventory values are: 

Beginning inventory of finished goods, January 1 $ 22,000 

+ Cost of goods manufactured 104,000 

— Ending inventory of finished goods, December 31 18,000 

= Cost of goods sold $108,000 

Newcomers to cost accounting often assume that indirect costs such as utilities, tele- 
phone, and depreciation are always costs of the period in which they are incurred. This is 
not true. The classification depends on the business function where the costs were 
incurred. If they are incurred specifically in production, then they comprise MOH and, 
according to GAAP, are inventoriable. When incurred in other non-manufacturing busi- 
ness functions, they are period costs (expenses). 

Interest expense is incurred during a specific time period, but it is a financing, not an 
operating, cost. The value-chain business functions exclude finance decisions. Finance 

Diana Corporation provides the following information for 2020. 

Beginning inventory of direct materials, 1/1/2020 $12,000 

Purchases of direct materials in 2020 $85,000 

Ending inventory of direct materials 12/31/2020 $7,000 

Direct manufacturing labour costs in 2020 $30,000 

Manufacturing overhead costs in 2020 $40,000 

Calculate the total manufacturing costs incurred in 2020. 
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decisions are closely coordinated with strategic and operating decisions, including pro- 
duction. Similarly, tax expense is not an operating expense despite being a period cost. 
It is a regulatory cost of doing business in any country. 

Inventoriable Costs and Period Costs 

for a Merchandising Company 

Inventoriable costs and period costs flow through the statement of comprehensive income 
at a merchandising company similarly to the way costs flow at a manufacturing company. 
At a merchandising company, however, the flow of costs is much simpler to understand 
and track because the only inventory is finished goods. Purchased goods are held as mer- 
chandise inventory, the cost of which is shown as an asset in the statement of financial 
position. As the goods are sold, their costs are shown in the statement of comprehensive 
income as cost of sales. 

A merchandising-sector company also has a variety of period costs, such as market- 
ing, distribution, and customer-service costs. In the statement of comprehensive income, 
period costs are deducted from revenues without ever having been included as part of 
inventory. In Exhibit 2-9, the top half distinguishes between inventoriable costs and 
period costs for a retailer or wholesaler who buys goods for resale. The bottom half dis- 
tinguishes inventoriable and period costs for a manufacturer. 

Merchandising Compared to Manufacturing Ledgers and Statement of Comprehensive Income Terminology 

Merchandising Company (Retailer or Wholesaler) 

SEZ STATEMENT OF STATEMENT OF 
LEDGER TRANSACTIONS FINANCIAL POSITION COMPREHENSIVE INCOME 

: Revenue 
Inventoriable Costs Coane salen (COS) 

Merchandise Merchandise wer), S685 
FG inventory (beginning balance) Inventory FG Sale pecan fe ventory BS 
+ Purchases - Sales a EndinginvantonyeG 
= Cost of goods available = Merchandise g A 

for sale (COGAS) FG ending balance inventory Gross margin (gross profit) 
Operating expenses (period costs) 

Operating income 

Manufacturing Company 

STATEMENT OF STATEMENT OF 
LEDGER TRANSACTIONS FINANCIAL POSITION COMPREHENSIVE INCOME 

Revenue 

Operating expenses (period costs) 

Operating income 
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Loe 
Explain cost identification, 

classification, and 

management systems and 

their use within the 

decision framework. 

Measuring and Classifying Costs 
Requires Judgment 

Measuring costs requires judgment because costs can be defined and classified in alterna- 
tive ways. Different companies and even different subunits within the same company may 
define and classify the same costs differently. Definition and classification of costs depends 
on the decision that needs to be made, the cost object, and the company. We illustrate this 
point with respect to labour cost measurement. 

Measuring Labour Costs 

Although manufacturing labour cost classifications vary among companies, most compa- 
nies have the following categories: 

» Direct labour costs that can be traced to individual products 

= Overhead 

w Indirect labour compensation for 

a Factory office staff 
a Factory security 

a Rework labour (time spent by direct labourers correcting software errors) 

= Overtime premium paid to software programmers (explained next) 

« Idle time (explained next) 

= Managers’, department heads’, and supervisors’ salaries 

w Payroll fringe costs—for example, healthcare premiums and pension costs 

Note how indirect labour costs are commonly divided into many subclassifications— 
for example, office staff and idle time—to retain information on different categories of 
indirect labour. Note also that managers’ salaries usually are not classified as indirect labour 
costs. Instead, the compensation of supervisors, department heads, and all others who are 
regarded as management is placed in a separate classification of labour-related overhead. 

Overtime Premium and Idle Time 

The purpose of classifying costs in detail is to associate an individual cost with a specific 
cause or reason for why it was incurred. Two classes of indirect labour—overtime premium 
and idle time—need special mention. Overtime premium is the wage rate paid to workers 
(for both direct labour and indirect labour) in excess of their straight-time wage rates. 

Overtime premium is usually considered to be a part of indirect costs or overhead. 
Consider the example of George Flexner, a junior software programmer who writes software for 
multiple products. He is paid $20 per hour for straight-time and $30 per hour (time and a half) 
for overtime. His overtime premium is $10 per overtime hour. If he worked 44 hours, includ- 
ing 4 overtime hours, in one week, his gross compensation would be classified as follows: 

Direct programming labour: 44 hours X $20 per hour $880 

Overtime premium: 4 hours x $10 per hour 40 

Total compensation for 44 hours $920 

In this example, overtime premium is generally not considered a direct cost because 
the particular job that George worked on during the overtime hours is a matter of chance. 
For example, assume that George worked on two products for 5 hours each on a specific 
workday of 10 hours, including 2 overtime hours. 

Should the product George worked on during hours 9 and 10 be assigned the over- 
time premium? Or should the premium be prorated over both products? Prorating the 
overtime premium does not “penalize”—add to the cost of—a particular product solely 
because it happened to be worked on during the overtime hours. Instead, the overtime 
premium is considered to be attributable to the heavy overall volume of work. Its cost is 
regarded as part of overhead, which is borne by both products. 
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Sometimes overtime is not random. For example, a launch deadline for a particular 
product may clearly be the sole source of overtime. In such instances, the overtime pre- 
mium is regarded as a direct cost of that product. 

Another subclassification of indirect labour is the idle time of both direct and indirect 
labour. Idle time is wages paid for unproductive time caused by lack of orders, machine or 
computer breakdowns, work delays, poor scheduling, and the like. For example, if George 
had no work for 3 hours during that week while waiting to receive code from another 
colleague, George’s earnings would be classified as follows: 

Direct programming labour: 41 hours x $20/hour = $820 

Idle time (overhead): 3 hours x $20/hour = 60 

Overtime premium (overhead): 4 hours X $10/hour = 40 

Total earnings for 44 hours = $920 

Clearly, the idle time is not related to a particular product, nor, as we have already 
discussed, is the overtime premium. Both overtime premium and idle time are considered 
overhead costs. 

Decision Framework and Flexibility of Costing Methods 

Many cost terms found in practice have ambiguous meanings. Consider the term product 
cost. A product cost is the sum of the costs assigned to a product to make a specific deci- 
sion. Different decisions often require different measures of product cost, as the brackets 
on the value chain in Exhibit 2-10 show: 

Use the five-step decision-making process to classify costs depending on the decision 
to be made. IFRS/ASPE limits flexibility in cost classification for external reporting pur- 
poses. For internal management decisions, management accountants can provide a cus- 
tomized costing method. This flexibility allows for faithful representation of the economic 
reality of any business by reporting relevant costs in an orderly way. 

1. Identify the problem and uncertainties. Decisions to comply with IFRS/ASPE for 
external reporting differ from those to determine eligibility for government reim- 
bursement or to determine the most profitable product mix. Costing depends on the 
problem to be solved. 

2. Obtain information. Identify and classify direct and indirect costs to match the decision 
that must be made. These data are usually available in the company’s MIS, and the higher 
the data quality, its faithful representation, detail, and timeliness, the more reliable and 
relevant the information will be. Managers also gather information about the economy, 
customers, competitors, and prices of substitute products from external sources. 

IFRS/ASPE- : 
compliant | 

inventoriable  ! 
costs included 

in COGS k 

Eligible costs for government 
agency reimbursement 

t 
1 
' 
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Product costs for product pricing and product-mix decisions 

Different 
Product Costs for Different 

Purposes 
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1. Business function 

a. Research and development 
b. Design of products, services, or processes 

c. Production 

d. Marketing 

e. Distribution 

f. Customer service 

Different Cost Classification Systems 

3. Behaviour pattern in relation to the level of 

activity or volume 

a, Variable cost 
b. Fixed cost 

4, Aggregate or average 

a. Total cost 

b. Unit cost 

L 

2. Assignment to a cost object 

a. Direct cost 

b. Indirect cost 

5. Assets or expenses 
a. Inventoriable cost 

b. Period cost 

3. Predict the future. Estimate future costs of the cost object. This requires making pre- 
dictions about the quantity of outputs that managers expect to sell and understanding 
fixed and variable cost behaviours as quantities of output change. 

4, Decide among alternatives. Clarify both the definition and classification systems to 
more accurately assign costs that identify alternative courses of action, then make a 
choice. 

5. Implement the decision, evaluate performance, and learn. Compare actual to pre- 
dicted cost outcomes to learn from successes and remedy any shortfalls. 

The concepts introduced in this chapter are the basis for understanding cost account- 
ing and cost management. The concepts can be applied to many topics, such as strategy 
evaluation, customer profitability, and investment decisions. We develop and apply these 
concepts in the remainder of the text. 

010) \ [@] = aa ES) 
Don’t Overcharge the Government 

IN ACTION 

In 2016, two people established four companies— 
Atlantic Measuring Technologies, Colonial Industrial 
Supply, Harbourside Controls, and M.E. Robar Indus- 
tries—to secure government contracts supporting Cana- 
dian Air Force bases and other departments. Their alleged 
fraud consisted of a complicated web of inter-company 
transfer payments for managing the heating and utility 
plants of a Canadian Air Force base, including provision 
of maintenance services and parts. 

Over a four-year period, the two individuals 
allegedly defrauded the Air Force of between $1.3 and 
$2 million dollars, using the funds to support their house- 
holds and enjoy lavish entertainment. The period 
involved the issuance and servicing of 640 sub-contracts 
(issued by one of the four companies) with more than 
440 of those sub-contracts issued to another of the non- 
arms-length companies established as part of the alleged 
scheme. Substantially inflated prices for parts, labour, and 
project management were the principal tool for elevating 
the costs to the Air Force. 

Accounting systems are never intended to provide 
companies with a way to inflate actual costs or to make 

_ up imaginary costs. They are intended to disclose faith- 
fully the costs of what was actually done—the economic 
reality. For accountants, public disgrace, crippling finan- 
cial penalties, and loss of the right to practise are among 
the consequences of being found guilty of fraud. The Code 
of Professional Ethics states that management accountants 
must act with responsibility for and fidelity to public 
needs. This means accounting services are intended to 
serve both the public and the client. Government contracts 
are paid by taxpayers, so defrauding the government also 
defrauds the taxpaying citizens of a country. 

Sources: Aaron Beswick. 2019. “Two civilians guilty in air force fraud 
scheme,” The Chronicle Herald, September 16 (https://www. 
thechronicleherald.ca/news/local/two-civilians-guilty-in-air-force-fraud 
-scheme-353042/); Scott Bruce. 2019. “Trial opens for civilian pair 
charged in $1.3m fraud at CFB Shearwater,” The Chronicle Herald, 
May 13 (https://www.thechronicleherald.ca/news/local 
/trial-opens-for-civilian-pait-charged-in-13m-fraud-at-cfb-shearwater 
-311183/), 
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(Try to solve this problem before examining the solution that follows.) 

Problem 

A distraught employee, Guy Arson, put a torch to a manufacturing plant on February 26. 
The resulting blaze completely destroyed the plant and its contents. Fortunately, some 
accounting records were kept in another building. They revealed the following for the 
period from January 1 to February 26: 

Direct materials (DM) purchased in January $192,000 

Work-in-process, January 1 40,800 

Direct materials (DM), January 1 19,200 

Finished goods, January 1 36,000 

Indirect manufacturing costs 40% of conversion costs 

Revenues $ 600,000 

Direct manufacturing labour (DML) 216,000 

Prime costs 352,800 

Gross margin percentage based on sales 20% 

Cost of goods available for sale $ 540,000 

1. Calculate the cost of finished goods inventory, February 26. Required 
2. Calculate the cost of work-in-process inventory, February 26. 
3. Calculate the cost of direct materials inventory, February 26. 

Solution 

1. = $60,000 

2. = $33,600 

3. = $74,400 

This problem is not as easy as it first appears. These answers are obtained by working 
from the known figures to the unknowns in the schedule below. Use the fact that DML 
overlaps in both prime and conversion costs. The basic relationships among the categories 
of costs are: 

Prime costs (given) $352,800 

Direct materials used = $352,800 — Direct manufacturing labour costs 136,800 

= $352,800 — $216,000 

Total conversion costs = Direct manufacturing labour + Indirect mfg. costs 

0.4 x Conversion costs = Indirect manufacturing costs 

0.6 X Conversion costs = Direct manufacturing labour 216,000 

Total conversion costs = $216,000 + 0.6 360,000 

Indirect mfg. costs = 0.40 x $360,000 (or $360,000 — $216,000) 144,000 

It may be helpful to follow the key amounts through the Work-in-Process Inventory, 
Finished Goods Inventory, and’ Cost of Goods Sold T-accounts. All amounts are in 
thousands of dollars: 

Work-in-Process Inventory Finished Goods Inventory Cost of Goods Sold 

Bl 

DM used 136.8 | COGM 504.0 > 504 | COGS 480 > 480 

DML 216.0 

OH 144.0 

(To account for (Available for sale 540) 

EI 33.6 | El 60 | COGS 480 | 
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The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a bee 
question, and the guidelines are the answer to that question. 

Learning Objectives 

1. What distinguishes two 
manufacturing cost 
classification systems: direct 
and indirect, prime and 
conversion? 

2. How are variable and fixed 

costs different from one 

another, and how do they 
relate to direct and indirect 

costs? 

3. Why are average costs 
different from unitized fixed 

costs? 

4, What distinguishes 
inventoriable and period 
costs among manufacturing 
companies, merchandising 
companies, and service- 
sector companies? 

5. Explain the usefulness of 
cost identification, 
classification, and 
management systems. 

Guidelines 

A direct cost is any cost that can be traced to the cost object in an economically fea- 
sible way. All direct costs are defined as prime costs. Indirect costs are related to a 
specific cost object but cannot be traced in an economically feasible way. All indirect 
manufacturing costs are conversion costs that may also include direct manufacturing 
labour. Classification of direct and indirect depends on the cost object. 

A variable cost changes in total in proportion to changes in the related level of 
total activity or volume. A fixed cost remains unchanged in total for a given time 
period over a relevant range of volume. A cost may be either direct and variable 
or direct and fixed. Another cost may be either indirect and variable or indirect 
and fixed. 

Analysis requires a focus on total costs, not unit costs. An average cost rate is 
appropriate only when the quantity of identical units produced is constant. The 
unitized (or, per unit) cost rate varies as the quantity of distinct units produced 
varies. The higher the quantity produced, the lower the unitized rate for a fixed 
cost pool. 

Manufacturing-sector companies convert materials into finished goods. These 
costs are inventoriable under IFRS/ASPE. The three manufacturing inventories 
depict stages in the conversion process: direct materials, work-in-process, and 
finished goods. Non-manufacturing costs are period costs, also called operating 
expenses. Merchandising-sector companies never convert what they purchase 
prior to sale. Service-sector companies provide their customers with an intangi- 

ble experience of a service. Service companies carry no inventory. 

Judgment is needed to distinguish the relevant costs pertaining to each type of 
decision. Costs from all business functions of the value chain are relevant to pric- 
ing and product-mix decisions. Three activities common to all costing systems 
are (1) calculate the cost of products, services, and other cost objects; (2) obtain 
information to plan, control, and evaluate performance; and (3) analyze relevant 
information for different types of decisions. 

a=) gaat-pcom M-t-l aa 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

actual cost (p. 25) 

average cost (p. 28) 

budgeted cost (p. 25) 

conversion costs (p. 28) 

cost (p. 25) 

cost accumulation (p. 25) 

cost allocation (p. 26) 

cost assignment (p. 25) 

cost driver (p. 30) direct labour (DL) cost (p. 26) 

cost object (p. 25) direct manufacturing 

cost of goods manufactured labour (DML) cost (p. 26) 

(COGM) (p. 32) direct materials (DM) cost (p. 26) 

cost of goods sold (COGS) (p. 32) direct materials inventory (DM) (p. 34) 

cost of sales (COS) (p. 35) downstream costs (p. 26) 

cost pools (p. 25) finished goods inventory (FG) (p. 34) 

direct costs (p. 26) fixed cost (p. 28) 
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idle time (p. 41) mixed cost (p. 29) upstream costs (p. 26) 

indirect cost (p. 26) overtime premium (p. 40) variable cost (VC) (p. 28) 

inventoriable costs (p. 33) period costs (p. 35) work-in-process inventory 

manufacturing overhead (MOH) (p. 26) prime costs (p. 28) (WIP) (p. 34) 

manufacturing-sector product cost (p. 41) work in progress (p. 35) 

companies (p. 33) relevant range (p. 28) 

merchandising-sector service-sector companies (p. 33) 

companies (p. 33) unit cost (p. 28) 
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MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

2-1 Define cost object, and give three examples. 

2-2 Define direct costs and indirect costs. 

2-3 Why do managers consider direct costs to be more accurate than indirect costs? 

2-4 Name three factors that affect the classification of a cost as direct or indirect. 

2-5 What is a cost driver? Give one example. 

2-6 What is the relevant range? What role does the relevant-range concept play in explaining how costs 

behave? 

2-7 Explain why unit costs must often be interpreted with caution. 

2-8 Describe how manufacturing-, merchandising-, and service-sector companies differ from each other. 

2-9 What are three different types of inventory that manufacturing companies hold? 

2-10 Do service-sector companies have inventoriable costs? Explain. 

2-11 Describe the overtime-premium and idle-time categories of indirect labour. 

2-12 Define product cost. Describe three different purposes for computing product costs. 

2-13 Why do management accountants need to understand financial accounting? 

Exercises 

2-14 Terminology. A number of terms are listed below: 

prime costs fixed cost 

inventoriable costs period costs 

indirect conversion costs 

variable cost relevant cost 

Required 

Select the terms from the above list to complete the following sentences. 

1. are incurred during the process of transforming direct materials into finished goods ready for 

sale, 
2A remains unchanged for a given time period, despite wide changes in the related level of 

total activity or volume of output. 
3. are all costs of a product that are considered as assets on the statement of financial position 

when they are incurred. 
' are all direct manufacturing costs. 

= are all costs in the statement of profit and loss other than cost of goods sold. 
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6. A changes in proportion to changes in the related level of total activity or volume. 
7. costs of a cost object are related to the particular cost object but cannot be traced to itin an 

economically feasible (cost-effective) way. 
8. information is cost information that will change a decision. lt is needed to identify and remedy 

different cost management problems. 

2-15 Inventoriable costs versus period costs. Each of the following cost items pertains to one of the 
following companies: Toyota (a manufacturing-sector company), Sobeys (a merchandising-sector com- 

pany), and Google (a service-sector company): 

1. Spring water purchased by Sobeys for sale to its customers 

2. Electricity used to provide lighting for assembly-line workers at a Toyota truck-assembly plant 

3. Depreciation on computer equipment at Google used to update directories of websites 
4, Electricity used to provide lighting for Sobeys store aisles 

5. Depreciation on computer equipment at Toyota used for quality testing of truck components during the 

assembly process 

6. Salaries of Sobeys marketing personnel planning local newspaper advertising campaigns 

7. Spring water purchased by Google for consumption by its software engineers 

8. Salaries of Google marketing personnel selling banner advertising 

Required 

Classify each of the (1-8) cost items as an inventoriable cost or a period cost. Explain your answers. 

2-16 Classification of costs, service sector. Buger Research (BR) is a marketing research firm that 
organizes focus groups for consumer-product companies. Each focus group has eight individuals who are 

paid $50 per session to provide comments on new products. These focus groups meet in hotels and are led 

by a trained, independent marketing specialist hired by BR. Each specialist is paid a fixed retainer to con- 

duct a minimum number of sessions and a per session fee of $2,000. A BR staff member attends each ses- 

sion to ensure that all the logistical aspects run smoothly. 

Required 

Classify each of the following cost items as 

a. Direct or indirect (D or |) costs with respect to each individual focus group 

b. Variable or fixed (V or F) costs with respect to how the total costs of BR change as the number of focus 
groups conducted changes. (If in doubt, select on the basis of whether the total costs will change 

substantially if there is a large change in the number of groups conducted.) 

You will have two.answers (D or |; V or F) for each of the following items: 

Cost item Dorl VorF 

A. Payment to individuals in each focus group to provide comments on new products 

B. Annual subscription of BR to Consumer Reports magazine 

C. Phone calls made by the BR staff member to confirm individuals will attend a focus 

group session (records of individual calls are not kept) 
D. Retainer paid to the focus group leader to conduct 20 focus groups per year on 

new medical products 

E. Meals provided to participants in each focus group 

F. Lease payment by BR for corporate office 

G. Cost of tapes used to record comments made by individuals in a focus group 
session (these tapes are sent to the company whose products are being tested) 

H. Gasoline costs of BR staff for company-owned vehicles (staff members submit 
monthly bills with no mileage breakdowns) 

2-17 Classification of costs, merchandising sector. Home Entertainment Centre (HEC) operates a 
large store in Halifax. The store has a used and new gaming section. HEC reports revenues for the gaming 

section separately from other items for sale within the store. 

Required 

Classify each of the following cost items as 

a. Direct or indirect (D or |) costs with respect to the gaming section 

b. Variable or fixed (V or F) costs with respect to how the total costs of the gaming section change as the 
number of used and new games sold changes. (If in doubt, select the cost type based on whether the 

total costs will change substantially if a large number of used or new games are sold.) You will have 
two answers (D or |; V or F) for each of the following items: 



Cost Item Dor! VorF 

. Annual retainer paid to a gaming distributor 

. Electricity costs of HEC store (single bill covers entire store) 
. Costs of games purchased for sale to customers 
. Subscription to Gaming Trends magazine 

Leasing of computer software used for financial budgeting at HEC store 
Cost of popcorn provided free to all HEC customers 

. Fire insurance policy for HEC store 

. Freight-in costs of games purchased by HEC xromnmoeowDd 

2-18 Classification of costs, manufacturing sector. The Fremont, California, plant of NUMMI (New 
United Motor Manufacturing, Inc.), a joint venture of General Motors and Toyota, assembles two types of 
cars (Corollas and Geo Prisms). A separate assembly line is used for each type of car. 

Required 

Classify each of the following cost items as 
a. Direct or indirect (D or |) costs with respect to the type of car assembled (Corolla or Geo Prism) 

b. Variable or fixed (V or F) costs with respect to how the total costs of the plant change as the number of 

cars assembled changes. (Ifin doubt, select the cost type based on whether the total costs will change 
substantially if a large number of cars are assembled.) You will have two answers (D or |, and V or F) for 
gach of the following items: 

Cost Item Dor! VorF 

. Cost of tires used on Geo Prisms 

. Salary of public relations manager for NUMMI plant 
. Annual awards dinner for Corolla suppliers 
. Salary of engineer who monitors design changes on Geo Prism 

Freight costs of Corolla engines shipped from Toyota City, Japan, to Fremont, California 
Electricity costs for NUMMI plant (single bill covers entire plant) 

. Wages paid to temporary assembly-line workers hired in periods of high production 

(paid on an hourly basis) 
H. Annual fire-insurance policy cost for NUMMI plant 

Oommoowyp 

2-19 Variable costs, fixed costs, total costs. Ana Compo is getting ready to open a small restaurant. 
She is on a tight budget and must choose between the following long-distance phone plans: 

Plan A: Pay 10 cents per minute of long-distance calling. 

Plan B: Paya fixed monthly fee of $16 for up to 300 long-distance minutes, and 5 cents per minute thereaf- 
ter (if she uses fewer than 300 minutes in any month, she still pays $16 for the month). 

Plan C: Paya fixed monthly fee of $20 for up to 480 long-distance minutes and 4 cents per minute thereaf- 
ter (if she uses fewer than 480 minutes, she still pays $20 for the month). 

Required 

Which plan should Compo choose if she expects to make 100 minutes of long-distance calls? 300 minutes? 
500 minutes? 

2-20 Total costs and unit costs, A student association has hired a musical group for a graduation party. 

The cost will be a fixed amount of $4,800. 

Required 

1. Suppose 400 people attend the party. What will be the total cost of the musical group; the unit cost per 

person? 

2. Suppose 4,000 people attend. What will be the total cost of the musical group; the unit cost per 

person? 
3. For prediction of total costs, should the manager of the party use the unit costin requirement 1; the unit 

cost in requirement 2? What is the major lesson of this problem? 

2-21 Total and unit costs, decision making. Graham's Glassworks makes glass flanges for scientific 

use. Materials cost $1 per flange, and the glass blowers are paid a wage rate of $20 per hour. A glass blower 
blows 10 flanges per hour. Fixed manufacturing costs for flanges are $20,000 per period. Period (non-manu- 

facturing) costs associated with flanges are $10,000 per period and are fixed. 
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1. Unit cost per person $12.00 

L0o606e 
1, The varlable direct manufac- 

turing unit cost, $3/flange 
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1. Total variable cost per ton of 

sand, $130/ton 

LOoO®@e 
1, Annual relevant range of 

output, 0 to 60,000 jaw-breakers 

LO@ 
1, a. $60/package 

Required 

1. Fred’s Flasks sells flanges for $8.25 each. Can Graham sell below Fred's price and still make a profit on 

the flanges? Assume Graham produces and sells 5,000 flanges this period. 

2. How would your answer to requirement 2 differ if Graham's Glassworks made and sold 10,000 flanges 

this period? Why? What does this indicate about the use of unit cost in decision making? 

2-22 Variable costs and fixed costs. Consolidated Minerals (CM) owns the rights to extract minerals 
from beach sands on Fraser Island. CM has costs in three areas: 

a. Payment to a mining subcontractor who charges $80 per ton of beach sand mined and returned to 

the beach (after being processed on the mainland to extract three minerals: ilmenite, rutile, and 

zircon) 
b. Payment of a government mining and environmental tax of $50 per ton of beach sand mined 

c. Payment to a barge operator. This operator charges $150,000 per month to transport each batch of 

beach sand—up to 100 tons per batch per day—to the mainland and then return to Fraser Island 

(i.e., 0 to 100 tons per day = $150,000 per month; 101 to 200 tons per day = $300,000 per month, and 
so on). 

Each barge operates 25 days per month. The $150,000 monthly charge must be paid even if fewer than 

100 tons are transported on any day and even if CM requires fewer than 25 days of barge transportation in 

that month. 

CM is currently mining 180 tons of beach sand per day for 25 days per month. 

Required 

1. What is the variable cost per ton of beach sand mined? What is the fixed cost to CM per month? 

2. Plot a graph of the variable costs and another graph of the fixed costs of CM. Your graphs should be 

similar to those in Exhibit 2-3 and Exhibit 2-4. ls the concept of relevant range applicable to your 

graphs? Explain. 

3. What is the unit cost per ton of beach sand mined (a) if 180 tons are mined each day and (b) if 220 tons 
are mined each day? Explain the difference in the unit-cost figures. 

2-23 Variable costs, fixed costs, relevant range. MegMunchies Ltd. manufactures jaw-breaker can- 

dies in a fully automated process. The machine that produces candies was purchased recently and can 

make 5,000 per month. The machine costs $6,000 and is depreciated using straight-line depreciation over 

10 years assuming zero residual value. Rent for the factory space and warehouse, and other fixed manufac- 

turing overhead costs, total $1,000 per month. 

The company currently makes and sells 3,000 jaw-breakers per month. MegMunchies buys just 

enough materials each month to make the jaw-breakers it needs to sell. Materials cost 10 cents per 

jaw-breaker. 

Next year the company expects demand to increase by 100%. At this volume of materials purchased, 

it will get a 10% discount on price. Rent and other fixed manufacturing overhead costs will remain the 
same. 

Required 

1. Whatis the current annual relevant range of output? 

2. What is the current annual fixed manufacturing cost within the relevant range? What is the variable 

manufacturing cost? 

3. What will the relevant range of output be next year? How will total fixed and variable manufacturing 

costs change next year? 

2-24 Using unit costs for making decisions. Rhonda Heninger is a well-known software engineer. 
Her specialty is writing software code used in maintaining the security of credit card information. Heninger 

is approached by the Electronic Commerce Group (ECG). It offers to pay her $120,000 for the right to use her 
code under licence in its eprocurement software package. Heninger rejects this offer because it provides 

her with no additional benefits if the eprocurement package is a runaway success. Both parties eventually 

agree to a contract in which ECG pays Heninger a flat fee of $120,000 for the right to use her code in up to 

10,000 packages. If eprocurement sells more than 10,000 packages, Heninger receives $9.60 for each pack- 
age sold beyond the 10,000 level. 

Required 

1. What is the unit cost of ECG for Heninger's software code included in its eprocurement package if it 

sells (a) 2,000, (b) 6,000, (c) 10,000, and (d) 20,000 packages? Comment on the results. 
2. For prediction of ECG’s total cost of using Heninger’s software code in eprocurement, which unit cost 

(if any) of (a) to (d) in requirement 1 would you recommend ECG use? Explain. 
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2-25 Computing cost of goods manufactured and cost of goods sold. The following are account LoO@e 
balances relating to 2022 (in thousands): 1, Cost of goods manufactured, 

$252,000 

Property tax on plant building $ 3,800 

Marketing, distribution, and customer-service costs 44,400 € 

Finished goods inventory, January 1 32,400 

Plant utilities 20,400 

Work-in-process inventory, December 31 31,200 

Depreciation of plant building 10,800 

General and administrative costs (nonplant) 51,600 

Direct materials used 104,400 

Finished goods inventory, December 31 40,800 

Depreciation of plant equipment 13,200 

Plant repairs and maintenance 19,200 

Work-in-process inventory, January 1 24,000 

Direct manufacturing labour 40,800 

Indirect manufacturing labour 27,600 

Indirect materials used 13,200 

Miscellaneous plant overhead 5,800 

Required 

Compute cost of goods manufactured and cost of goods sold. 

2-26 Computing cost of goods purchased and cost of sales. The data below are for Marvin LOo@e 

Department Store. The account balances (in thousands) are for 2022. b, COS, $160,050 

Marketing, distribution, and customer-service costs $ 41,000 

Merchandise inventory, January 1 27,000 

Utilities 17,000 

General and administrative costs 43,000 

Merchandise inventory, December 31 37,000 

Purchases 175,000 

Miscellaneous costs 5,000 

Transportation in 8,000 

Purchase returns and allowances 4,200 

Purchase discounts 8,750 

Required 

Compute (a) cost of goods purchased and (b) cost of sales. 

2-27 Cost drivers and functions. The list of representative cost drivers in the right column of this table LO © 

is randomized with respect to the list of functions in the left column. Thatis, they do not match. 1, Accounting; Representative 
cost driver: number of transac- 

Function Representative Cost Driver tions processed 

1. Accounting A. Number of invoices sent 

2. Human resources B. Number of purchase orders 

3. Data processing C. Number of research scientists 

4, Research and development D. Hours of computer processing unit (CPU) 

5, Purchasing E, Number of employees 

6. Distribution F, Number of transactions processed 

7. Billing G. Number of deliveries made 
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LO®@ 
1.a. $1,941.60 

Lo@ee 
1. $1,400 

Required 

1. Match each function with its representative cost driver. 

2. Give a second example of a cost driver for each function. 

Problems 

2-28 Labour cost, overtime, and idle time. Len Lippartis a line worker in the assembly department of 
Maxart Manufacturing. He normally earns $12 per hour but gets time and a half ($18 per hour) for overtime 
over 40 hours per week. He earns double time if he works holidays even if he has not worked 40 hours that 
week. 

Sometimes the assembly-line equipment goes down and Len has to wait for the mechanics to repair 

the equipment or there is a scheduling mix-up. Lenis paid for this time, and Maxart considers this idle time. 
In May, Len worked two 42-hour weeks, one 43-hour week, and the last week he worked 40 hours, but 

one of those days was a national holiday. During regular hours, the assembly-line equipment was down 

4.2 hours in May, and Len had one hour of idle time because of a scheduling mix-up. 

Required 

1. Calculate (a) direct manufacturing labour, (b) idle time, (c) overtime holiday premium, and (d) total earn- 
ings for Len in May. 

2. Are idle time and overtime premium direct or indirect costs of the jobs that Len worked on in May? 
Explain. 

2-29 Comprehensive problem on unit costs, product costs. Soo Office Equipment manufactures 

and sells metal shelving. It began operations on January 1, 2022. Costs incurred for 2022 are as follows 

(V stands for variable; F stands for fixed): 

Direct materials used costs $140,000 V 

Direct manufacturing labour costs 30,000 V 

Plant energy costs 5,000 V 

Indirect manufacturing labour costs 10,000 V 

Indirect manufacturing labour costs 16,000 F 

Other indirect manufacturing costs 8,000 V 

Other indirect manufacturing costs 24,000 F 

~ Marketing, distribution, and customer-service costs 122,850 V 

Marketing, distribution, and customer-service costs 40,000 F 

Administrative costs 50,000 F 

Variable manufacturing costs are variable with respect to units produced. Variable marketing, distri- 

bution, and customer-service costs are variable with respect to units sold. 

Inventory data are as follows: 

Beginning, Ending, 

January 1, 2022 December 31, 2022 

Direct materials 0 kilograms 2,000 kilograms 

Work-in-process 0 units 0 units 

Finished goods 0 units ? units 

Production in 2022 was 100,000 units. Two kilograms of direct materials are used to make one unit of 
finished product. 

Revenues in 2022 were $436,800. The selling price per unit and the purchase price per kilogram of direct 

materials were stable throughout the year. The company's ending inventory of finished goods is carried at 
the average unit manufacturing costs for 2022. Finished goods inventory at December 31, 2022, was $20,970. 

Required 

1. Calculate direct materials inventory, total cost, December 31, 2022. 

2. Calculate finished goods inventory, total units, December 31, 2022. 
3. Calculate selling price per unit in 2022. 

4. Calculate operating income for 2022 (show your computations). 



2-30 Budgeted statement of comprehensive income (continuation of 2-29). Assume management 

predicts that the selling price per unit and variable cost per unit will be the same in 2023 as in 2022. Fixed 

manufacturing costs and marketing, distribution, and customer-service costs in 2023 are also predicted to 

be the same as in 2022. Sales in 2023 are forecast to be 122,000 units. The desired ending inventory of fin- 

ished goods, December 31, 2023, is 12,000 units. Assume zero ending inventories of both direct materials and 

work-in-process. The company’s ending inventory of finished goods is carried at the average unit manufac- 

turing costs for 2023. The company uses the first-in, first-out inventory method. Management has asked that 

you prepare a budgeted statement of comprehensive income for 2023. On December 31, 2022, finished 
goods inventory is 9,000 units. 

Required 

1. Calculate the units of finished goods produced in 2023. 

2. Prepare a budgeted statement of comprehensive income for 2023. 

2-31 Cost of goods manufactured. Consider the following account balances (in thousands) for the 
Canseco Company: 

Beginning of 2022 End of 2022 

Direct materials inventory $24,000 $29,000 

Work-in-process inventory 19,000 20,000 

Finished goods inventory 18,000 21,000 

Purchases of direct materials 80,000 

Direct manufacturing labour 22,000 

Indirect manufacturing labour 17,000 

Plant insurance 10,000 

Depreciation—plant building and equipment 12,000 

Repairs and maintenance—plant 6,000 

Marketing, distribution, and customer-service costs 97,000 

General and administrative costs 24,000 

Required 

1. Prepare a schedule of cost of goods manufactured for 2022. 

2. Revenues in 2022 were $325 million. Prepare the 2022 statement of comprehensive income. 

2-32 Flow of inventoriable costs. Hofstra Plastics Inc.'s selected data for the month of August 2022 are 

presented below (in millions): 

Work-in-process inventory, August 1, 2022 $ 200 

Direct materials inventory, August 1, 2022 90 

Direct materials purchased 360 

Direct materials used 375 

Variable manufacturing overhead 250 

Total manufacturing overhead 480 

Total manufacturing costs incurred during August 2022 1,600 

Cost of goods manufactured 1,650 

Cost of goods sold 1,700 

Finished goods inventory, August 1, 2022 200 

Required 

Calculate the following costs: 

1. Direct materials inventory on August 31, 2022 

2. Fixed manufacturing overhead costs for August 

3. Direct manufacturing labour costs for August 

4. Work-in-process inventory on August 31, 2022 

5. Cost of goods available for sale in August 
6. Finished goods inventory on August 31, 2022 
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€ 

€ 

LOoeod 
1. 125,000 units 

LOoO@e 
1, COGM $141,000 

LO® 
1, Direct materials inventory, $75 
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L0oeo 2-33 Statement of comprehensive income and schedule of cost of goods manufactured. The 
Operating income, Powell Corporation has the following account balances (in millions): 
$75 COGM, $762 t 

For Specific Date For Year 2022 

Direct materials, January 1, 2022 $15 Purchases of direct materials $ 390 

Work-in-process, January 1, 2022 10 Direct manufacturing labour 120. 

Finished goods, January 1, 2022 70 Depreciation—plant building and equipment 96 

Direct materials, December 31,2022 20 Plant supervisory salaries 6 

Work-in-process, December 31, 2022 5 Miscellaneous plant overhead 42 

Finished goods, December 31, 2022 55 Revenues 1,140 

Marketing, distribution, and customer- 288 

service costs 

Plant supplies used 12 

Plant utilities 36 

Indirect manufacturing labour 60 

Required 

Prepare a statement of comprehensive income and a supporting schedule of cost of goods manufactured 

for the year ended December 31, 2022. 

LOoeee 2-34 Interpretation of statements (continuation of 2-33). Refer to the preceding problem. 
4, Unit cost for direct Bactitred 

materials, $385 egene 
1. How would the answer to the preceding problem be modified if you were asked for a schedule of cost 

of goods manufactured and sold instead of a schedule of cost of goods manufactured? Be specific. 
2. Would the sales manager's salary (included in marketing, distribution, and customer-service costs) be 

accounted for differently if the Powell Corporation were a merchandising company instead of a manu- 
facturing company? Describe how the wages of an assembler in the plant would be accounted for in 

this manufacturing company. 

3. Plant supervisory salaries are usually regarded as indirect manufacturing costs. Under what condi- 

tions might some of these costs be regarded as direct manufacturing costs? Give an example. 

4. Suppose that both the direct materials used and the plant depreciation were related to the manufac- 

ture of 1 million units of product. What is the unit cost for the direct materials assigned to those units? 
What is the-unit cost for plant building and equipment depreciation? Assume that yearly plant depreci- 

ation is computed on a straight-line basis. 
5. Assume that the historical, actual cost-behaviour patterns in requirement 4 persist—that is, direct 

materials costs behave as a variable cost and depreciation behaves as a fixed cost. Repeat the com- 

putations in requirement 4, assuming that the costs are being predicted for the manufacture of 1.2 mil- 
lion units of product, How would the total costs be affected? 

6. As amanagement accountant, explain concisely to the president why the unit costs differed in require- 
ments 4 and 5. 

10 0@ 2-35 Prime costs versus conversion costs. The following items (in millions) pertain to the Chan 
Cost of goods manufactured (to Corporation: 
income statement) is $244.80 

For Specific Date For Year 2022 

Work-in-process, January 1, 2022 $12.00 Plant utilities $ 6.00 

Direct materials, December 31, 2022 6.00 Indirect manufacturing labour 24.00 

Finished goods, December 31, 2022 14.40 Depreciation—plant, building, and 10.80 
equipment 

Accounts payable, December 31, 2022 24.00 Revenues 420.00 

Accounts receivable, January 1, 2022 60.00 Miscellaneous manufacturing overhead 12.00 

Work-in-process, December 31, 2022 2.40 Marketing, distribution, and custom- 108.00 
er-service costs 

Finished goods, January 1, 2022 48.00 Purchases of direct materials 96.00 

Accounts receivable, December 31,2022 36.00 Direct manufacturing labour 48.00 

Accounts payable, January 1, 2022 48.00 Plant supplies used 7.20 

Direct materials, January 1, 2022 36.00 Property taxes on plant 1.20 



Chan's manufacturing cost system uses a three-part classification of manufacturing costs. There are 

two prime costs and one conversion cost: direct materials, direct manufacturing labour, and indirect man- 
ufacturing costs. 

Required 

1. Identify the prime costs. Identify the conversion costs. 

2. Prepare a statement of comprehensive income and a supporting schedule of cost of goods 
manufactured. 

2-36 Statement of comprehensive income Beagle-grove Company is a metal- and wood-cutting 
manufacturer selling products to the home construction market. Consider the following data for the year 
2022: 

Sandpaper $ 2,000 

Materials-handling costs 70,000 

Lubricants-handling costs 5,000 

Miscellaneous indirect manufacturing labour 40,000 

Direct manufacturing labour 300,000 

Direct materials, January 1, 2022 40,000 

Direct materials, December 31, 2022 50,000 

Finished goods January 1, 2022 100,000 

Finished goods December 31, 2022 150,000 

Work-in-process, January 1, 2022 10,000 

Work-in-process, December 31, 2022 14,000 

Plant leasing costs 54,000 

Depreciation—plant equipment 36,000 

Property taxes on plant equipment 4,000 

Fire and casualty insurance on plant equipment 3,000 

Direct materials purchased in 2022 460,000 

Revenue 1,360,000 

Marketing and promotion 60,000 

Marketing salaries 100,000 

Shipping costs 70,000 

Customer-service costs 100,000 

Required 

1. Prepare a statement of comprehensive income with a separate supporting schedule of cost of goods 
manufactured. For all manufacturing items, indicate by V or F whether each is basically a variable cost 
or a fixed cost (where the cost object is a product unit). If in doubt, decide on the basis of whether the 
total cost will change substantially over a wide range of production output. 

2. Suppose that both the direct materials and plant leasing costs are tied to the production of 900,000 
units. What is the direct materials cost assigned to each output unit produced? Assume that the plant 
leasing costs are a fixed cost. What is the unit cost of the plant leasing costs? 

3. Repeat the computation in requirement 2 for direct materials and plant leasing costs assuming that the 
costs are being predicted for the manufacturing of 1 million units next year. Assume no changes in the 

historical or actual cost-behaviour patterns. 

4. As a management consultant, explain concisely to the president why the direct materials cost per 
output unit did not change in requirements 2 and 3 but the plant leasing costs per output unit did 

change. 
5. Calculate what direct manufacturing labour (DML) cost is as a percentage of total cost of goods sold 

(COGS). In your opinion, is this a material cost? Provide your reason(s). Consistent with your opinion, 
would you classify DML as a prime or a conversion cost? 

2-37 Inventory decision, opportunity costs. Lawnox, a manufacturer of lawn mowers, predicts that it 
will purchase 240,000 spark plugs next year. Lawnox estimates that 20,000 spark plugs will be required each 

month. A supplier quotes a price of $9 per spark plug. The supplier also offers a special discount option: If all 
240,000 spark plugs are purchased at the start of the year, a discount of 4% off the $9 price will be given. 
Lawnox can investits cash at 10% per year. It costs Lawnox $200 to place each purchase order. 
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L0o@00 
1. Operating income, $120,000 
COGM, $960,000 

LO ® 
1, Opportunity cost, $94,680 
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LO® 
A= $20,700 

LO © 
Direct manufacturing 

labour costs are 16.4% 

LO ® 
The variable costs of servicing 

each room are $24 a night per 
single occupancy 

Required 

1. How much interest income would be forgone from purchasing all 240,000 units at the start of the year 

instead of in 12 monthly purchases of 20,000 units per order? 

2. Would this opportunity cost be recorded in the accounting system? Why? 
3, Should Lawnox purchase 240,000 units at the start of the year or 20,000 units each month? Show your 

calculations. 

Collaborative Learning Cases 

2-38 Finding unknown balances. An auditor for Canada Revenue Agency is trying to reconstruct some 

partially destroyed records of two taxpayers. For each case in the accompanying list, find the unknowns 

designated by capital letters (figures are in thousands). 

Case 1 Case 2 

Accounts receivable, December 31, 2021 $ 6,000 $ 2,100 

Cost of goods sold A 20,000 

Accounts payable, January 1, 2021 3,000 1,700 

Accounts payable, December 31, 2021. 1,800 1,500 

Finished goods inventory, December 31, 2021 B 5,300 

Gross margin 11,300 C 

Work-in-process, January 1, 2021 0 800 

Work-in-process, December 31, 2021 0 3,000 

Finished goods inventory, January 1, 2021 4,000 4,000 

Direct materials used 8,000 12,000 

Direct manufacturing labour 3,000 5,000 

Indirect manufacturing costs 7,000 D 

Purchases of direct material 9,000 7,000 

Revenues 32,000 31,800 

Accounts receivable, January 1, 2021 2,000 1,400 

Required 

Complete the table by finding the unknowns 

2-39 Labour-cost ethics, governance. XKY Manufacturing has recently opened a plant in Costa Melon 

in order to take advantage of certain tax benefits. In order to qualify for these tax benefits, the company's 

direct manufacturing labour costs must be at least 20% of total manufacturing costs for the period. 

XKY Manufacturing normally classifies direct manufacturing labour wages as direct manufacturing 

labour but classifies fringe benefits, overtime premiums, idle time, and vacation time and sick leave as 

indirect manufacturing labour. 
During the first period of operations in Costa Melon, XKY incurs a total of $2,500,000 in manufacturing 

costs. Of that, $410,000 is direct manufacturing labour wages, $45,000 is overtime premium, $86,000 is 
fringe benefits, $20,500 is vacation time and sick leave, and $10,900 is idle time. 

Required 

1. Will XKY's direct manufacturing labour costs qualify them for the tax benefit? 

2. Buyoung Kim, the manager of the new Costa Melon plant, is concerned that she will not get a bonus 

this year because the plant will not get the tax benefit. What might she ask the plant controller to do to 

make sure XKY gets the tax benefit? How might these accounting changes be rationalized? 

3. Should the plant controller do what the manager has asked in requirement 2? Why or why not? 

2-40 Classifying costs for managerial decisions. Kamal Diamond is the owner of the Galaxy chain of 
four-star prestige hotels. These hotels are in Chicago, London, Los Angeles, Montreal, New York, Seattle, 

Tokyo, and Vancouver. Diamond is currently struggling to set weekend rates for the Vancouver hotel (the 

Vancouver Galaxy). From Sunday through Thursday, the Galaxy has an average occupancy rate of 90%. On 

Friday and Saturday nights, however, average occupancy declines to less than 30%. Galaxy's major custom- 

ers are business travellers who stay mainly Sunday through Thursday. 

The current room rate at the Galaxy is $180 a night for single occupancy and $216 a night for double 
occupancy. These rates apply seven nights a week. For many years, Diamond has resisted having rates for 

Friday and Saturday nights that are different from those for the remainder of the week. Diamond has long 

believed that price reductions convey a “nonprestige” impression to his guests. The Vancouver Galaxy 
highly values its reputation for treating its guests as “royalty.” 
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Most room costs at the Galaxy are fixed on a short-stay (per-night) basis. Diamond estimates the 
variable costs of servicing each room to be $24 a night per single occupancy and $26.40 a night per double 
occupancy. 

Many prestige hotels in Vancouver offer special weekend rate reductions (Friday and/or Saturday) of 
up to 50% of their Sunday-through-Thursday rates. These weekend rates also include additional items 
such as a breakfast for two, a bottle of champagne, and discounted theatre tickets. 

Required 

1. Would you recommend that Diamond reduce room rates at the Vancouver Galaxy on Friday and Saturday 
nights? What factors to protect the value proposition should be considered in his decision? 

2. In six months’ time, the Grey Cup is to be held in Vancouver. Diamond observes that several four-star 

prestige hotels have already advertised a Friday-through-Sunday rate for Grey Cup weekend of $360 a 

night. Should Diamond charge extra for the Grey Cup weekend? Explain. 

2-41 Cost analysis, litigation risk, governance. Sam Nash is the head of new product development of LO 8 
Forever Young (FY). Nash is currently considering Enhance, which would be FY’s next major product in its With litigation, physician's margin 

beauty/cosmetics line, and its estimated unit cost is currently $144. Enhance represents a new direction for is $100.80 
FY. All FY’s current products are cosmetics applied to the skin by the consumer. In contrast, Enhance is 

inserted via needle into the skin by a nurse after an initial meeting with a doctor. FY planned to sell Enhance 
at cost plus 20% to physicians. FY used an estimated treatment cost to patients of $432 to provide a financial 
incentive to physicians. Each treatment will last three months. Enhance is an animal-based product that fills 
out the skin so that fewer wrinkles are observable. 

Nash, however, questions the economics of this product because FY has failed to budget for any litiga- 
tion costs, which Nash estimated as $132 per unit. At present, the costs recognized are research and devel- 

opment, manufacturing by a third party, marketing, distribution, and a small amount for customer support. 

Nash's main concern is with recognizing in the current costing proposal potential future litigation costs 
(such as the costs of lawyers and expert witnesses in defending lawsuits against Enhance). He points to 

the litigation with breast implants and notes that a settlement of more than $4.8 billion is being discussed in 
the press. He also notes the tobacco company litigation and those proposed billion-dollar settlements. 

Elisabeth Savage, the CEO and president of the company, disagrees with Nash. She maintains that she has 

total confidence in her medical research team and directs Nash not to include any dollar amount for poten- 

tial litigation cost in his upcoming presentation to the board of directors on the economics and pricing of the 
Enhance product. Nash was previously controller of FY and has a strong background in finance. His current 

job represents his first nonfinance position, and he views himself as potential CEO material. 

Required 

1. What reasons might Savage Have for not wanting Nash to record potential future litigation costs on the 
product in a presentation on Enhance’s economics and pricing? 

2. Suppose Savage asks Nash to give her an “off-the-record” presentation on the possible magnitude of 
the potential litigation costs of Enhance. What is the new unit cost including the estimated litigation 

costs? What should the new selling price to physicians be to maintain the triple-the-cost target? What 
is the percentage decrease in the margin physicians could expect per unit assuming the cost to the 

patient cannot be changed? 
3. After hearing Nash's presentation (see requirement 2), Savage directs Nash to drop any further discus- 

sion of the litigation issue. He is to focus on making Enhance the blockbuster product that field research 
has suggested it will be. Nash is uneasy with this directive. He tells Savage itis an “ostrich approach” 
(head-in-the-sand) to a real problem that could potentially bankrupt the company. Savage tells Nash to 

go and think about her directive. What should Nash do next? 

SOLUTIONS < TRY Mi 

(a) Cost @ 20,000 km / year = $6,000 + (20,000 x $.15/km) = $9,000 
(b) Cost @ 30,000 km / year = $6,000 + (30,000 x $.15/km) = $10,500 

Beginning Inventory DM + Purchases of DM — Ending Inventory DM = DM used 

$12,000 + $85,000 — $7,000 = $90,000 DM used 
DM+DML+ MOH = Manufacturing Costs 

$90,000 + $30,000 + $40,000 = $160,000 



Learning Objectives 
@ Identify the essential elements of 

cost-volume-profit (CVP) 
analysis, and calculate the 

breakeven point (BEP). 

(2 ] Apply the CVP model to calculate 

a target operating profit before 

interest and tax. 

(3) Distinguish among contribution, 

gross, operating, and net income 

margins, and apply the CVP model 
to calculate target net income. 

@ Apply the CVP model in decision 
making, and explain how sensitivity 

analysis can help managers both 

identify and manage risk. 

@ Analyze the implications of 
uncertainty on decision models. 

@ Interpret the results of CVP 
analysis in complex strategic, 
multi-product, and multiple cost 

driver situations. 

CPA Competencies* 
This chapter covers material outlined 

in Section 3: Management 
Accounting of the CPA Competency 

Map. The Learning Objectives in this 

chapter have been aligned with the 
CPA Competency Map to ensure the 
best coverage possible. 

3.3.1 Evaluates cost classifications 
and costing methods for management 
of ongoing operations 

3.3.2 Evaluates and applies cost 

management techniques appropriate 

for specific costing decisions 

3.4.1 Evaluates sources and drivers 
of revenue growth 

3.5.1 Performs sensitivity analysis 

3.5.2 Evaluates sustainable profit 
maximization and capacity 
management performance 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada. 

How Coachella Tunes Up 
the Sweet Sound of Profits 
Each year, the Coachella music festival in California features more than 150 of the 

biggest names in rock, hip-hop, and electronic dance music. Putting on this annual 

music extravaganza is a costly endeavour. Headlining acts such as Drake and Jack 

White command as much as $4 million to perform, and production costs—including 

stagehands, insurance, and security—cost up to $12 million before the first note is 

played. As a result, the festival’s financial success depends on recouping its tremendous 

fixed costs—costs that do not change with the number of fans in the audience. 

To cover its high fixed costs and make a profit, Coachella needs to sell a lot of tickets. 

After struggling for years to turn a profit, Goldenvoice expanded Coachella to two 
identical editions taking place on consecutive weekends: same venue, same lineup, and 

same ticket price. Goldenvoice also launched Stagecoach, a country music festival that 

occupies the same California venue one week after Coachella. This allowed temporary 

infrastructure costs such as stages and fencings to be shared across both events. With 
tickets prices from $375-$889, the 2015 Coachella festival sold a staggering $84 million 
in tickets, while the follow-on Stagecoach festival grossed more than $21 million in ticket 

sales. The highest recorded revenue was $114 million in 2017. A major component of the 

increase in revenue was the additional weekend, which added a staggering $47.3 million 

to Coachella’s top line. The choice to add the extra weekend was a complex decision, 
based primarily on the concept of effective cost modelling versus projected revenues. 

Sources: Christina Dambrosio, 2019. “Coachella Turns 20 This Year. Here’s How the Festival Has Changed Since the 
Beginning,” Insider, April 18 (https:/www.insider.com/coachella-then-now-history-old-photos-2019-4#the-festival 
-was-originally-held-in-october-3); Chris Parker, 2013. “The Economics of Music Festivals: Who’s Getting Rich? Who’s 
Going Broke?” L.A. Weekly, April 17 (http://www.laweekly.com/music/the-economics-of-music-festivals-whos 
-getting-rich-whos-going-broke-4167927); Courtney M. Fowler. 2014. “The Coachella Cash Cow,” Neon Tommy: 
Annenberg Digital News blog, University of Southern California Annenberg Media Center, April 8 (http://www 
.neontommy.com/news/2014/04/coachella-cash-cow-0); Anil Patel. 2015. “Coachella: A Lesson in Strategic Growth,” 
Anil Patel’s blog, LinkedIn, April 17 (https://www.linkedin.com/pulse/coachella-lesson-strategic-growth-anil-patel); 
Ray Waddell. 2015. “Coachella Earns Over $84 Million, Breaks Attendance Records” Billboard, July 15 (http://www 
.billboard.com/articles/business/6633636/coachella-2015-earnings-84-million-breaks-attendance-records). 
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Businesses that have high fixed costs have to pay particular attention to the “what-ifs” 
behind decisions because making the wrong choices can be disastrous. Examples of well- 
known companies that have high fixed costs of equipment and facilities are Air Canada 
and General Motors. When companies have high fixed costs, they need significant reve- 
nues just to break even. In the airline industry, for example, companies’ fixed costs are so 
high the profits most airlines make come from the last two to five passengers who board 
each flight! In this chapter, you will see how cost-volume-profit (CVP) analysis helps 
managers minimize such risks. 

Cost-volume-profit (CVP) analysis is a model to analyze the behaviour of net income 
in response to changes in total revenue, total costs, or both. In reality, businesses operate 
in a complex environment; a model reduces that complexity by using simplifying assump- 
tions to focus on only the relevant relationships. The most important elements in a model 
affect one another in a predictable way. In this chapter, when we determine the breakeven 
point (BEP), we include all business function costs in the value chain, not just those of 
production. The breakeven point (BEP) is the point at which total revenue minus total 
business function costs is $0. 

Essentials of CVP Analysis 

The CVP model depends on understanding the effects of cost behaviour on profit, and 
identifies only the relevant relationships. The following assumptions identify relevant 
information required to complete a CVP analysis: 

a Changes in the sales volume and production (or purchase) volume are identical (pur- 
chase volume would apply to a merchandiser). The ending balances in all inventories 
are zero. Everything purchased is used in production; everything produced is sold. 
For a merchandiser, the sales volume of finished goods purchased for resale is identi- 
cal to the sales volume sold. 

s All costs are classified as either fixed (FC) or variable (VC). All mixed costs are bro- 
ken into their respective fixed and variable components. The fixed costs include both 
manufacturing and non-manufacturing fixed costs. The total variable costs include 
both manufacturing and non-manufacturing variable costs. 

s All cost behaviour is linear (a straight line) within the relevant volume range. 

a The sales price per unit, variable costs per unit, and total fixed costs and sales (or 
production) volume are known. The management information system (MIS) provides 
all of this information. 

= Either the product sold or the product mix remains constant, although the volume 
changes, within the relevant volume range. 

a All revenue and costs can be calculated and compared without considering the time- 
value of money. 

We know that total revenue is the product of total sales volume or quantity (Q) of 
units sold multiplied by the price per unit. We also know that total variable cost is the 
product of total O units produced multiplied by the cost per unit, and together with fixed 
costs (constant cost regardless of production volume) comprise total costs. Based on the 
simplifying assumption that O sold = O produced, the relationship among relevant ele- 
ments of the CVP model upon which the BEP can be calculated is: 

Operating income = (Unit sales price X OQ) — (Unit variable cost X Q)— (Fixed costs) (1) 

At breakeven, operating income is zero. So for the breakeven point, we can rearrange 
equation (1) above to be: 

(Unit sales price X OQ) = (Unit variable cost x Q) + (Fixed costs) 

LOO 
Identify the essential 
elements of cost-volume- 

profit (CVP) analysis, and 

calculate the breakeven 

point (BEP). 



58 Chapter 3 Cost-Volume-Profit Analysis 

CVP Analysis: An Example 

Decision Framework L 

We will begin by looking at an example based on known information about operating 
income (net income before interest and taxes). Then we will determine the required com- 
bination of sales volume and unit sales price to break even. In the CVP analysis, only one 
factor, sales volume (Q), changes. 

Example: Wei Shao Is considering selling Do-All Software, a home-office soft- 
ware package, at a computer convention in Vancouver. Wel Knows she can pur- 

chase this software from a computer software wholesaler at $120 per package, 
with the privilege of returning all unsold packages and receiving a full $120 refund 
per package. She also knows that she must pay Computer Conventions, Inc. 

$2,000 for the booth rental at the convention. She will incur no other costs. Should 
she rent a booth? 

Wei faces an uncertain future as she analyzes the information she has at hand. A decision 
framework can be applied in this situation: 

1. Identify the problem and uncertainties. Wei has to resolve two important uncertainties— 
the unit sales price she can charge and the number of packages (Q) she can sell at that 
price. 

2. Obtain information. Wei obtains the relevant information on the variable and fixed 
costs to attend the conference and purchase the software. She uses her own informa- 
tion on sales volume and her previous experience at a similar convention in Seattle 
four months ago. Wei also gathers published industry information. She realizes that 
customers may purchase their software from competitors and wants to match her 
volume and purchase price to customer demand. 

3. Predict the future. Wei predicts that she can charge $200 for Do-All Software. She is 
confident of the straight-line or linear relationship between volume, price, and total 
revenue within her relevant range of 30 to 60 units. However, Wei remains uncertain. 
Have there been important changes in customer demand over the past four months? 
Her regular sales in the past couple of months have been lower than she expected. 
Is she too optimistic or biased in her predictions? 

4, Make decisions by choosing among alternatives. Wei will use the CVP relationship to 
help her decide among alternatives available for pricing and quantity sold. 

5. Implement the decision, evaluate performance, and learn. If Wei attends the conven- 

tion, then she will know her outcome or actual profit. This is important feedback to 
compare with her predicted profit. Wei can learn from this comparison how to make 
better decisions in the future. 

Cost-Volume-Profit Analysis 

Wei knows that the booth rental cost of $2,000 is a fixed cost because it must be paid even 
if she sells nothing. Wei’s variable cost per Do-All Software package is $120 for quantities 
between 30 and 60 packages. Wei sorts her data into classifications of revenue and total 
variable cost, then tests two volumes of sales shown in a spreadsheet: 

Wei Sells 5 Packages Wei Sells 40 Packages 

Revenue $1,000 ($200 per package X 5 packages) $8,000 ($200 per package Xx 40 packages) 

Total variable cost 600 ($120 per package xX 5 packages) _ 4,800 ($120 per package x 40 packages) 

Contribution margin $_400 $3,200 

The only numbers that change from selling different quantities are total revenues and 
total variable costs. The difference between total revenues and total variable costs is called 
the contribution margin. That is, 

Revenue — Total variable cost = Contribution margin 



Essentials of CVP Analysis 

What is the breakeven price in sales volume O, where operating income = $0? Wei 
does not yet know her predicted operating income, nor does she know what her minimum 
O must be to cover her costs. By including the fixed cost of $2,000 in her analysis, Wei 
can calculate how operating income changes as O changes. If she sells only 5 packages, 
then she will suffer an operating loss of $1,600 (= $400 — $2,000) and operating income 
< $0. If she sells 40 packages, then she will enjoy a positive operating income of $1,200 
(= $3,200 — $2,000) and operating income > $0. 

Wei Sells 5 Packages Wei sells 40 Packages 

Revenue $ 1,000 ($200 per package < 5 packages) $8,000 ($200 per package x 40 packages) 

Total variable cost 600 ($120 per package x 5packages) _ 4,800 ($120 per package x 40 packages) 

Contribution margin $ 400 $ 3,200 

Fixed cost _ 2,000 _ 2,000 

$1,200 —— Operatingincome  $(1,600 

But rather than simply using trial and error, Wei can use the CVP model: 

O sold = O purchased for sale 

If Wei assumes that operating income = $0, she can easily calculate the sales volume 
O at which she will break even: 

$0 = O X (Unit price — Unit variable cost) — Fixed cost (2) 

Based on the information she has, Wei can substitute the financial values and complete 
her calculation as follows: 

$0 = O x ($200 — $120) — $2,000 
$0 = O x ($80) — $2,000 

$2,000 = $800 
$2,000 
$30 
25=0 

Contribution margin per unit is the difference between selling price and variable cost 
per unit. In the Do-All Software example, contribution margin per unit is $80 per unit 
(= $200 price per unit — $120 variable cost per unit). Simplifying her model further, 

$0 = QO X Contribution margin per unit — Fixed cost (3) 

When the unit sales price is $200, Wei knows that each unit sold covers the variable 
cost of $120 per unit and provides $80 (= $200 — $120) that can be used to cover her 
fixed cost of $2,000. By substituting the known amounts into the formula, Wei can calcu- 
late the BEP of 25 units (= $2000 + $80): 

$0 = O X ($80) — $2,000 

$2,000 = $800 
$2,000 _ 
SSO an 
MO. 

Exhibit 3-1 shows the result of calculating the BEP in two formats. On the right is the 
familiar financial statement of comprehensive income format. On the left is a contribution 
statement of comprehensive income, which groups costs as either variable or fixed 
according to their behaviour. The format of the report does not affect the dollar value of 
the operating income, since the revenue and total costs are identical. What has changed is 
the classification system used to report the results. 
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(aie Contribution 
Statement Compared to 

Financial Statement 

Format 

Genes) Contribution 
Statement of Operating 
Income for Different 

Quantities of Do-All 
Software Packages Sold 

Quantity Purchased and Sold = 25 

Contribution Format * Financial Statement of Comprehensive Income Format 

Revenue ($200 x 25) $5,000 Revenue ($200 x 25) $5,000 

Total variable cost ($120 x 25) 3,000 —Total cost of sales (COS) _3,000 

Total contribution margin 2,000 Gross margin 2,000 

— Fixed costs (always a total) 2,000  —Total period cost alee 2008 

Operating income $0 Operating income $0 

Expressing CVP Relationships 

To make good decisions using CVP analysis, we must understand these relationships and 
the structure of the contribution statement of comprehensive income in Exhibit 3-1. There 
are three related ways (we will call them methods) to think more deeply about and model 
CVP relationships: 

1. The equation method 

2. The contribution margin method 

3. The graph method 

The equation method and the contribution margin method are most useful when 
managers want to determine operating income at a few specific levels of sales (e.g., in 
Exhibit 3-2, there are 1, 5, 25, and 40 units sold). The graph method helps managers 
visualize the relationship between units sold and operating income over a wide range of 
quantities of units sold. As we shall see later in the chapter, different methods are useful 
for different decisions. 

Equation Method 

Each column in Exhibit 3-2 is expressed as an equation. 

Revenues — Variable costs — Fixed costs = Operating income 

How are revenues in each column calculated? 

Revenues = Selling price (SP) X Quantity of units sold (Q) 

How are variable costs in each column calculated? 

Variable costs = Variable cost per unit (VCU) X Quantity of units sold (Q) 

So, 

fea Quantity a a Roan cost Quantity _ Fixed _ Operating (4) 

price units sold per unit units sold costs income 

Equation 4 becomes the basis for calculating operating income for different quantities of 
units sold. For example, if you go to cell F7 in Exhibit 3-2, the calculation of operating 
income when Wei sells 5 packages is 

($200 x 5) — ($120 x 5) — $2,000 = $1,000 — $600 — $2,000 = —$1,600 

eee Cee Oe ee ee ee ee 
Number of Packages Sold 

per package 

2 aa “2,000 000 

$1,200 



Essentials of CVP Analysis 

Contribution Margin Method 

Rearranging equation 4, 

ieee _ Variable esl . erage *)| _ Fixed _ Operating (5) 
price per unit units sold costs income 

ac eaeuiaee margin Quantity e) _ Fixed _ Operating 
per unit units sold costs income 

In our Do-All Software example, contribution margin per unit is $80 (= $200 — $120), 
so when Wei sells 5 packages, 

Operating income = ($80 X 5) — $2,000 = —$1,600 

Equation 5 expresses the basic idea we described earlier—each unit sold helps Wei 
recover $80 (in contribution margin) of the $2,000 in fixed costs. 

The calculation for the contribution margin method can also be rearranged to show 
the BEP in relation to fixed costs and the contribution margin per unit. 

BEP = Total fixed costs 

Contribution margin per unit 

Graph Method 

In the graph method, we represent total costs and total revenues graphically. Each is 
shown as a line on a graph. Exhibit 3-3 illustrates the graph method for Do-All Software 
sales. Because we have assumed that total costs and total revenues behave in a linear fash- 
ion, we need only two points to plot the line representing each of them. 

1. Total costs line. The total costs line is the sum of fixed costs and variable costs. Fixed 
costs are $2,000 for all quantities of units sold within the relevant range. To plot the total 
costs line, use as one point the $2,000 fixed costs at zero units sold (point A) because 
variable costs are $0 when no units are sold. Select a second point by choosing any other 
convenient output level (say, 40 units sold), and determine the corresponding total costs. 
Total variable costs at this output level are $4,800 (= 40 units X $120 per unit). Remem- 
ber, fixed costs are $2,000 at all quantities of units sold within the relevant range, so 

total costs at 40 units sold equal $6,800 (= $2,000 + $4,800), which is point B in 
Exhibit 3-3. The total costs line is the straight line from point A through point B. 

10,000 

Operating 
income 

8,000 

6,000 

5 Variable 

8 5,000 costs 

4,000 

2,000 A 

Fixed 
costs 

a Units Sold 
*Slope of the total costs line is the variable cost per unit = $120 
**Slope of the total revenues line is the selling price = $200 

iden ots ete 

Cost- 
Volume-Profit Graph for 

Do-All Software Sales 
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LOo® 
Apply the CVP model to 
calculate a target operating 

profit before interest and tax. 

2. Total revenues line. One convenient starting point is $0 revenues at zero units 
sold, which is point C in Exhibit 3-3. Select a second point by choosing any other 
convenient output level and determining the corresponding total revenues. At 
40 units sold, total revenues are $8,000 (= $200 per unit X 40 units), which is 
point D in Exhibit 3-3. The total revenues line is the straight line from point C 
through point D. 

Profit or loss at any sales level can be determined by the vertical distance between 
the two lines at that level in Exhibit 3-3. For quantities fewer than 25 units sold, total 
costs exceed total revenues, and the purple area indicates operating losses. For quan- 
tities greater than 25 units sold, total revenues exceed total costs, and the blue-green 

area indicates operating incomes. At 25 units sold, total revenues equal total costs. 
Wei will break even by selling 25 packages. 

Contribution Margin Percentage: 

Breakeven Point in Revenue 

Instead of expressing contribution margin as a dollar amount per unit, we can also express 
it as a percentage. Contribution margin percentage (also called contribution margin ratio) 
equals the contribution margin per unit divided by the selling price per unit: 

Contribution margin percentage = on = 0.40, or 40% 

The contribution margin percentage tells us how many pennies per $1.00 of revenue con- 
tribute to paying fixed costs. For example, a contribution margin percentage of 40% 
means for each $1.00 a customer pays for Do-All Software, $0.40 contributes to paying 
fixed costs. 

The contribution margin percentage enables us to solve for values with partial data. 
For example, how do you calculate the breakeven point in revenue when you do not 
know the sales price per unit? The solution is shown below: 

Breakeven _ Fixed costs _ $2,000 

revenue Contribution margin % 0.40 
= $5,000 

Proof: $5,000 + $200 = 25 units 

From previous calculations, we know the BEP in units is 25. 

Using CVP to Calculate 
a Target Operating Income 

The BEP can be calculated as either the minimum sales quantity or the minimum rey- 
enue required to avoid a loss. However, the point of for-profit business is to earn a 
profit, not to break even. The CVP model can also be used to calculate a target oper- 
ating income. 

Let’s go back to the example of Wei Shao and Do-All Software. Wei can apply her 
model to determine what her quantity purchased and sold must be to make a positive 
operating income. Instead of setting operating income = $0, it is set to equal a non-zero 
amount. The method of calculating this target quantity is identical to the method already 
described. Wei selects $1,500 as her target operating income. 

$1,500 = O X (Unit sales price — Unit variable cost) — Fixed cost 

O X ($200 — $120) — $2,000 = $1,500 

$80 X O = $2,000 + $1,500 

O = $3,500 + $80 per unit = 43.75 units 
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Alternatively, Wei knows the contribution margin per unit and can calculate the O 
required to achieve a target operating income of $1,500 by starting at the second line of 
the solution, treating the target operating income as if it were a fixed cost. This is exactly 
what we have done when adding the $1,500 to the $2,000 to obtain $3,500. The $80 is 
the contribution margin per unit. Dividing $3,500 by the contribution margin per unit 
gives the identical answer of O = 43,75 units: 

Volume of units _ Fixed costs + Target operating income 

required to be sold Contribution margin per unit 

Volume of units _ $2,000 + $1,500 _ rena 

required to be sold $80 per unit oratn 

Proof: Revenue, $200 per unit X 43.75 units $8,750 

Variable costs, $120 per unit X 43.75 units 5,250 

Contribution margin, $80 per unit X 43.75 units 3,500 

Fixed costs 2,000 

Operating income $1,500 

Of course, Wei cannot sell 75% of one Do-All package. If she rounds down to O = 43 units, 
she will bring in only $3,440, which is less than the $3,500 she needs to cover her $2,000 
fixed cost plus a target operating income of $1,500. Wei must round up to O = 44 units to 
reach her target. 

Finally, Wei can use different information—fixed costs, target operating income, and 
the contribution margin percentage of 40%—to calculate her target revenue without first 
calculating her target O. She will simply divide the sum of fixed costs plus her target oper- 
ating income by the contribution margin percentage to obtain the target revenue required, 
as shown: 

$2,000 + $1,500 $3,500 
Revenue needed to earn $1,500 = 0.40 Sr Gay = $8,750 

Contribution Margin, Gross Margin, Operating 
Margin, and Net Income Margin 

The CVP model enables us to clearly distinguish the contribution margin, which provides 
information for CVP analysis. Recall that there are two formats in which costs can be 
classified: the contribution and the financial format. Both formats report identical costs, 
but the costs are classified differently, The difference between contribution and gross mar- 
gin is shown in the two equations below: 

Revenue — Cost of goods sold = Gross margin 

Revenue — Total variable costs = Contribution margin 

Gross margin is a measure of competitiveness—how much a company can charge for 
its products over and above the cost of either purchasing (cost of sales) or producing them 
(cost of goods sold). The size of the gross margin depends on the successful competitive 
strategy of a company, The gross margin can be expressed as a total, as an amount per 
unit, or as a percentage (called gross margin percentage). 

Operating margin has the same meaning as operating income. It is the result of 
deducting all business function costs from revenue. Neither interest nor tax expense is 
considered a business function cost. The operating margin percentage is simply the oper- 
ating income divided by revenue. It does not matter what format is used to report costs— 
because total costs are identical, the reported operating income will be identical. Net 
income margin is an alternative technical term for net income. The nontechnical term that 
is readily recognized is net profit margin. The net income margin percentage is calculated 
by dividing net income by revenue. 

LO® 
Distinguish among 

contribution, gross, 

operating, and net income 

margins, and apply the 

CVP model to calculate 

target net income. 
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Target Net Income and Income Taxes 

So far we have ignored the effect of income taxes when calculating the sales volume required 
to achieve a target income. The after-tax profit, however, is what matters to any business. 
Targets are set in terms of net income. In a real situation, managers must gather informa- 

tion on tax. In our example we will assume a corporate tax rate of 40%. 
Let’s return to the Do-All Software example. Wei’s new problem is to calculate the 

required sales volume O to earn a net income of $960, assuming an income tax rate of 
40%. Using the contribution margin format, 

Target operating income = Revenue — Total variable costs — Fixed costs 

Assuming there is no interest expense, a 40% tax rate means the company retains 60% of 
its operating income. The company’s net income = Operating income X (1 — Tax rate), 
or simply 

Net income 
————— = Operating income 
1 = Taxrate P 6 

It is now straightforward to calculate the number of units that must be sold to achieve a 
target net income based on a target operating income. First, use the relationship between 
revenue and total costs, both variable and fixed: 

Target net income ; i 
—————— = Revenue — Total variable costs — Fixed costs 

1 — Tax rate 

Substitute numbers from our Do-All Software example: 

$960 

1 — 0.40 

$1,600 = ($200 x Q) — ($120 x Q) — $2,000 

$80 x O = $3,600 
Q = $3,600 + $80 per unit = 45 units 

= ($200 x Q) - ($120 x Q) — $2,000 

Alternatively, we can use the contribution margin and calculate O as shown: 

Target net income 
= Target operating income 

1 — Taxerate a 6 

; Target net income 
18beae! Gog tp = 

ies laxarate 
eae ee Ea OMe Of UINitsinequireditoibersold 

Contribution margin per unit 

$960 

0 E040 __ $2,000 + $1,600 _ 4. _ Volume of units 
$80 $80 per unit required to be sold 

Proof: Revenue, $200 per unit X 45 units $9,000 

Variable costs, $120 per unit X 45 units 5,400 

Contribution margin 3,600 

Fixed costs — _2,000 

Operating income 1,600 

Income taxes, $1,600 x 0.40 __ 640 

Net income $_960 

Recall that when we needed to calculate O to achieve a target operating income, we 
obtained the rounded-up value of O = 44 units. This is not enough, however, to achieve 

our target net income. But focusing the analysis on target net income instead of target 
operating income will never change the BEP. This is because, by definition, operating 
income at the breakeven point is $0, and no income taxes are paid when there is no oper- 
ating income. 
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Bernard Windows is a small company that installs Chad Windows. Its cost structure 
is as follows: 

Selling price from each window installation 

Variable cost of each window installation 

Annual fixed costs $150,000 

Calculate (a) breakeven point in units and revenues and (b) the number of windows 
Bernard Windows must install and the revenues needed to earn a target operating 
income of $100,000. 

Using CVP Analysis to Make More 
Complex Decisions 

CVP Analysis for Decision Making 

CVP analysis is useful for calculating the units that need to be sold to break even, or to 
achieve a target operating income or target net income. Managers also use CVP analysis 

to guide other decisions, many of them strategic decisions. Consider a decision about 
choosing additional features for an existing product. Different choices can affect selling 
prices, variable cost per unit, fixed costs, units sold, and operating income. CVP analysis 

helps managers make product decisions by estimating the expected profitability of these 
choices. 

Strategic decisions invariably entail risk. CVP analysis can be used to evaluate 
how operating income will be affected if the original predicted data are not achieved— 
say, if sales are 10% lower than estimated. Evaluating this risk affects other strategic 
decisions a company might make. For example, if the probability of a decline in sales 
seems high, a manager may take actions to change the cost structure to have more 
variable costs and fewer fixed costs. We return to our earlier example to illustrate 
how CVP analysis can be used for strategic decisions concerning advertising and sell- 
ing price. 

Decision to Advertise 

Wei anticipates she will sell 40 units if she attends the convention. At 40 units, her 
operating income will be $1,200. However, if Wei pays $500 for an advertisement in 
the convention brochure, then she anticipates her sales volume will increase to 
44 units. Advertising, in this case, is a fixed cost because it must be paid even if Wei 
sells no units at all. Will her operating profit increase? The following table presents the 
CVP analysis: 

40 Packages 44 Packages 

Sold With Sold With Difference 

No Advertising (1) Advertising (2) (3) = (2) — (1) 

Revenue ($200 x 40; $200 x 44) $8,000 $8,800 $800 

Variable costs ($120 x 40; $120 x 44) 4,800 5,280 480 

Contribution margin ($80 x 40; $80 x 44) 3,200 3,520 320 

Fixed costs 2,000 2,500 500 

Operating income $1,200 $1,020 $(180) 

Operating income decreases from $1,200 to $1,020. Clearly, if the goal is to increase 
operating income, this is not the correct decision. Notice that this conclusion can be seen 

LO® 
Apply the CVP model in 
decision making, and explain 
how sensitivity analysis can 
help managers both identify 
and manage risk. 
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in the third column, which predicts the difference with and without advertising. If Wei 
advertises, then contribution margin will increase by $320 (revenue, $800 — variable 

costs, $480) and fixed costs will increase by $500, resulting in a $180 decrease in operat- 
ing income (= $320 — $500). 

As you become more familiar with CVP analysis, it is more effective to evaluate the 
financial results of different alternatives based only on those values that differ. It is the 
differences that affect your decision. Differences are relevant information about the con- 
sequences of each choice. 

Decision to Reduce Selling Price 

Wei now wonders if it’s a good idea to reduce the selling price to $175 instead of $200. At 
this price, Wei anticipates she will sell 50 units instead of 40 units. At this higher volume 
level, the software wholesaler who supplies Do-All Software will sell the packages to Wei 
for $115 per unit instead of $120. Should Wei reduce the selling price? The following 
analysis tells Wei the answer is no: 

Contribution margin from lowering price to $175: ($175 — $115) per unit X 50 units $3,000 

Contribution margin from maintaining price at $200: ($200 — $120) per unit x 40 units 3,200 

Change in contribution margin from lowering price $ (200) 

The contribution margin decreases by $200. The fixed costs of $2,000 will not change 
under either option; therefore, operating income will decrease by $200. 

Wei could also ask, “At what price can I sell 50 units (purchased at $115 per unit) 
and continue to earn a pre-tax target operating income of $1,200?” The CVP analysis 
works backward, from the bottom to the top line of the contribution margin state- 
ment. Wei simply inserts all the values she knows. The targeted selling price per unit 
is $179, 

Target operating income $1,200 

Add fixed costs _2,000 

Target contribution margin $3,200 

Divided by number of units sold + 50 units 

Target contribution margin per unit $ 64 

Add variable cost per unit Pall 

Target selling price $_179 

Proof; Revenue, $179 per unit X 50 units $8,950 

Variable costs, $115 per unit x 50 units 5,750 

Contribution margin 3,200 

Fixed costs _ 2,000 

Operating income $1,200 

Given that the target selling price is $179 (in order to earn a target profit of $1,200 at 
a sales volume of 50 units), Wei will have to assess likelihood of this outcome (her original 

50 unit estimate was based on a selling price of $175), 

Margin of Safety and Risk 

The margin of safety is the amount at which either expected or actual revenue exceeds 
breakeven revenue. Expressed in units, it is calculated as budgeted sales quantity O 
minus the breakeven quantity (O — BEP Q). If the result is zero, then there is no mar- 
gin of safety. Wei can choose her margin of safety by changing predicted sales quantity. 
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She can use the margin of safety to answer questions such as what the consequences are 
if revenues decrease below budget and how far they can fall before the breakeven point 
is reached. 

Assume that Wei has fixed costs of $2,000, a selling price of $200, and variable cost 
per unit of $120. The budgeted revenue is $8,000, budgeted sales volume is 40 units, and 
the budgeted operating income is $1,200. Wei has already calculated that 25 units is the 
breakeven point for this set of assumptions and breakeven revenue is $5,000 (= $200 per 
unit X 25 units). Wei can determine the margin of safety using the following relationship 
expressed in equation form: 

Budgeted Breakeven 

revenue revenue 
Margin of safety = = $8,000 — $5,000 = $3,000 

Marginof Budgeted Breakeven 
safety (in units) sales (units) ~ sales (units) 70 spas = 15 units 

Sometimes margin of safety is expressed as a percentage, and once again the denominator 
is revenue: 

Margin of safety in dollars 
Margin of safety percentage = gl se aad Budgeted (or actual) revenue 

In our example, the margin of safety percentage is 37.5% (= $3,000 + $8,000). 

This result means revenue would have to decrease substantially, by 37.5%, to reach 
breakeven revenue. The high margin of safety gives Wei confidence that she is unlikely to 
suffer a loss. What if Wei had predicted a sales volume of 30 units? Then, budgeted reve- 
nue would be $6,000 and the margin of safety would be as follows: 

Budgeted revenue — Breakeven revenue = $6,000 — $5,000 = $1,000 

Margin of Margin of safety indollars $1,000 
= = 16.67% 

safety percentage | Budgeted (or actual) revenue $6,000 : 

This result means that if revenue decreases by more than 16.67%, Wei would suffer a 
loss. A lower margin of safety increases the risk of a loss. 

Wei has just performed a sensitivity analysis, which is a “what-if” technique that 
managers use to examine how an outcome will change if the original predicted data are 
not achieved or if an underlying assumption changes. In this case, it reveals how changes 
to budgeted revenue affect Wei’s margin of safety. Sensitivity analysis is a simple 
approach to recognizing risk—the possibility that actual future results will differ from 
expected results. If Wei does not have the tolerance for this level of risk, she will prefer 
not to rent a booth at the convention. Risk tolerance is the risk of loss measured in per- 
cent that a person or team is willing to take. The lower the percentage, the lower the 
tolerance for risk. 

Bernard Windows is a small company that installs Chad Windows. Its cost structure 
is as follows: 

Selling price from each window installation $ 500 

Variable cost of each window installation $ 400 

Annual fixed costs $150,000 

Calculate the margin of safety in units and dollars and the margin of safety percent- 
age if Bernard Windows expects to sell 2,400 windows in the year. 
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Profit- 
Volume Graph for Alterna- 

tive Rent Contract Options 
for Do-All Software 

Operating Income 

-800 

-2,000 

BEP = Breakeven point 

Alternative Fixed- and Variable-Cost Structures 

Computer Conventions has presented Wei with three booth rental options. Her first option 
is to rent the booth for the fixed amount of $2,000. Her second option is to pay a fixed 
amount of $800 and an additional $30 charge (15% of her $200 selling price per unit) 
for every unit she sells. Her third option is to pay a $50 charge (25% of her $200 selling 
price per unit) for every unit she sells. The third option does not have a fixed amount. 
Exhibit 3-4 graphically depicts the profit-volume relationship for each option. The lines 
represent the relationship between units sold and operating income. We are already 
familiar with Option 1; this is a fully fixed-costs contract. If Wei fails to sell a single unit, 
she still must pay $2,000 for the booth. 

The line representing Option 2 shows fixed costs of $800 and a contribution margin 
per unit of $50 (= $200 — $120 — $30). The arithmetic indicates that at 16 units Wei will 
cover her fixed costs ($800 + $50 = 16 units). 

The line representing Option 3 has fixed costs of $0 and a contribution margin per 
unit of $30 (= $200 — $120 — $50). If Wei sells zero units, it costs her nothing to rent the 
booth. The graph shows that under each contract, the BEP is either 25, 16, or 0 units. You 
can read these values where each sloped line crosses the horizontal axis. 

Wei’s reaction to the different BEPs will depend on how much downside risk she is 
willing to accept. In the worst case, when she sells nothing, she could lose $2,000, $800, 
or nothing. The return or upside potential is that if she sells more than the BEP in 
Option 1, revenue from each unit sold above the BEP goes straight to operating income 
at the rate of $80 per unit. In Option 2 her BEP is lower, but so too is her upside poten- 
tial. Revenue from each unit sold above the BEP goes to operating income at the rate of 
$50 per unit. In Option 3 her BEP is as low as possible. Her upside potential, however, 

is only $30 per unit sold above that BEP. The risk—return tradeoff across alternative cost 
structures can be measured as operating leverage. 

Operating Leverage 

Operating leverage describes the effects that fixed costs have on changes in operating 
income as changes occur in units sold and contribution margin. Organizations with a high 
proportion of fixed costs in their cost structures, as is the case under Option 1, have high 
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operating leverage. The line representing Option 1 in Exhibit 3-4 is the steepest of the 
three lines. Small increases in sales lead to large increases in operating income; small 
decreases in sales result in relatively large decreases in operating income, leading to a 
greater risk of operating losses. 

Degree of _ Contribution margin 

operating leverage Operating income 

The following table shows the degree of operating leverage at sales of 40 units for the 
three alternative rent contracts: 

Option 1 Option 2 Option 3 

1. Contribution margin per unit $ 80 $ 50 $ 30 

2. Contribution margin (Row 1 X 40 units) 3,200 2,000 1,200 | Degree of operating leverage = aes 

3. Operating income (from Exhibit 3-4) 1,200 1,200 1,200 

; $3,200 $2,000 $1,200 
Degree of ating leverage = ——— = 267 —— = , ——— = |, Derik ges vies ees 81,200 $1,200 $1,200 °° 

When sales are 40 units, a 1 percentage change in sales and contribution margin 
will result in 2.67 times that percentage change in operating income for Option 1. This 
is why the term leverage is used. Under Option 2, for example, the leverage decreases to 
1.67 times any 1 percentage change in sales. 

Consider, for example, a sales increase of 50% from 40 to 60 units. Contribution 
margin will increase by 50% under each alternative. However, operating income will 
increase from $1,200 to $2,800 [(= $1,200) + (2.67 X 50% X $1,200)] in Option 1. In 
Option 3 operating income will only increase from $1,200 to $1,800 [(= 1,200) + (1.00 x 

50% X $1,200)]. The degree of operating leverage at a given level of sales helps managers 
calculate the effect of fluctuations in sales on operating income. 

In general, whenever there are fixed costs, the degree of operating leverage decreases 
as the level of sales increases beyond the breakeven point. If fixed costs are $0, as in 
Option 3, contribution margin equals operating income and the degree of operating lever- 
age equals 1.00 at all sales levels. 

Cost structure is a long-term decision because fixed costs usually pay for capacity. 
Companies with a high percentage of fixed costs in their cost structure are often called 
capital-intensive companies. Industries such as airlines, mobile communications, and gold 
mining are very capital intensive. When sales volume exceeds the breakeven point, each 
additional sale will contribute a large proportion of revenue to operating income. But 
when sales volumes fail to exceed breakeven, the debt associated with fixed costs must 
still be repaid, creating financial distress. For example, as the airline and car manufactur- 
ing industries accumulated losses from 2001 through 2007, many companies could not 
sell enough to cover fixed costs and declared bankruptcy. 

Managers cannot avoid difficulties arising from a high fixed-costs structure if 
their industry is capital intensive. High fixed costs simultaneously increase the risk of 
losses if demand is weak and magnify profit if demand is strong. A high fixed-costs 
structure requires financing through either debt or equity. Debt carries a mandatory 
interest payment that shelters profit from tax only as long as there is a profit. If 
demand drops, the mandatory debt payments increase losses. This is why it is import- 
ant to carefully evaluate how the level of fixed costs and variable costs will affect the 
risk—-return tradeoff. 

Other companies may be labour intensive and reduce costs by transferring manu- 
facturing facilities from Europe and North America to lower-cost countries such as 
Mexico and China. Companies may also substitute high fixed costs with lower variable 
costs when they purchase products from lower-cost suppliers instead of manufacturing 
products themselves. General Electric and Hewlett-Packard recently began offshoring 
service functions, such as post-sales customer service, to countries like India where costs 
are lower. 
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Tr \sianmae cost—-Volume-Profit Analysis Makes 
IND Veale), Subway’s $5 Foot-Long Sandwiches a 

eA — Success but Innovation Challenges Loom 

At least two-thirds of Subway customers purchase 
potato chips or a soft drink with their sandwich. Sub- 
way’s contribution margin on these items is very high, 
frequently as high as 70%. As the number of customers 
increased, the total contribution margin from these other 
items also increased. Increases in contribution margin 
resulted in big increases in operating income. However, 
in 2018 Subway made the difficult decision to cancel the 
$5 foot-long promotion. Increased pressure from competi- 
tors offering similar deals, changes in consumer behaviour 
and fewer add-on purchases (customers were less likely 

Beginning in 2008, the 44,000-location Subway restau- to purchase drinks and other items with high margin) 
rant chain did big business with the success of its $5 foot- alongside the $5 foot-longs eliminated the profit from 
long sandwich deal. Heavily advertised, the promotion the program. 
lowered the price of many sandwiches, which attracted 
customers in droves and helped Subway significantly Sources: Gary Occhiogrosso. 2018. “Subway Kills the $5 Footlong— 

PODS Prolite. Since inteog tet ee dorbs couisinaleeyostieenn oles ewe tes a 
has sold billions of the sandwiches worldwide. -footlong-and-franchisees-stand-to-gain/#3a1d363b503f); Wendy 

How did Subway initially lower prices and boost Rotelli. 2013. “How Does Subway Profit From the $5 Foot-Long 
‘ 5 : ‘ = Deal?” Restaurant Business blog, Restaurants.com, April 10 (https:// profits, you may ask? Through higher volume and incre www.restaurants.com/blog/how-does-subway-profit-from-the-5-foot 

mental sales of other items. When the price of foot-long -long-deal); Drew Harwell. 2015. “The Rise and Fall of Subway, the 

sandwiches was lowered to $5, contribution margin per Mord Biggest Food. are Wastension. Post, Mey theses ney, 
; .washingtonpost.com/business/economy/the-rise-and-fall-of-subway 

sandwich dropped but customers flocked to Subway and -the-worlds-biggest-food-chain/2015/05/29/0ca0a84a-fa7a-11¢4-a13c 
sales skyrocketed, increasing total contribution margin. -193b1241d51a_story.html). 

Decision Models and Uncertainty 

Loe Always distinguish between a good decision and a good outcome. One can exist without 
Pera the other. Suppose you are offered a one-time-only gamble tossing a coin. You will win 

Analyze the implications of | ¢9 if the outcome is heads, but you will lose $1 if the outcome is tails. As a decision 
uncertainty on decision say 4 . 5 . 
models. maker, you proceed through the logical phases: gathering information, assessing out- 

comes, and making a choice. You accept the bet. Why? Because the expected value is 
$9.50 [= 0.5($20) + 0.5(—$1)]. The coin is tossed and the outcome is tails. You lose. 
From your viewpoint, this was a good decision but a bad outcome. 

A decision can be made only on the basis of information that is available at the time of 
evaluating and making the decision. By definition, uncertainty rules out guaranteeing that the 
best outcome will always be obtained. As in our example, it is possible that bad luck will pro- 
duce bad outcomes even when good decisions have been made. A bad outcome does not mean 
a bad decision was made. The best protection against a bad outcome is a good decision. 

Role of a Decision Model 

It is important to understand the characteristics of uncertainty, so managers can adopt an 
approach to make decisions in a world of uncertainty. In the face of uncertainty—the possi- 
bility that an actual amount will deviate from an expected amount—managers rely on deci- 
sion models to help them make the right choices. A decision model is a formal method for 
making a choice, commonly involving both quantitative and qualitative analyses. 

Expected Value 

The tool best suited to help Wei make a decision is a calculation of expected value. Expected 
value is the sum of the risk-weighted average of the outcomes of each choice. In this example, 
the outcome is the operating income. Assume Wei can say she is 60% sure she will sell 
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Inputs Table for Do-All Software 

Event, sales volume @, 30 60 

Probability (p,) 0.60 0.40 

Expected sales volumes 18 24 

Total expected sales volumes (p, X Q,)+(p, x Q,) aa 

Alternative contracts: fixed cost $2,000 $ 800 $  - 

Alternative contracts: total variable cost as a % of revenues 0% 15% 25% 

CVP analysis Optiona, Optiona, Optiona, 

Sales price per unit $ 200 $ 200 $ 200 

Variable cost per unit (including rental) _- 120 __ 150 110 

Contribution margin 80 50 30 

Expected value analysis 

Expected revenues ($200 x 42) $8,400 $8,400 $8,400 

Expected total variable cost 5,040 6,300 7,140 

Expected contribution margin 3,360 2,100 1,260 

Fixed cost _ 2,000 __ 800 eins 

Expected operating income (outcome x,, x,, x) $1,360 $1,300 $1,260 

30 units and 40% sure she will sell 60 units at the convention. The 60% and 40% are mea- 
sures of risk or probability (p,). The sales volumes are events. Her weighted sales are the 
most likely events, a combination of 0.60 X 30 = 18 units and 0.40 x 60 = 24 units, respec- 
tively. The notation for 60% is p, = (0.60); the notation for 40% is p, = (0.40). The math- 
ematical notation for the possible sales volumes are O, = 30 and QO, = 60. The expected or 
risk-weighted sales volume is calculated as the sum of the risk-weighted volumes: 

(p1 X O;) + (pz X Oo) = Expected sales volume 

(0.6 X 30) + (0.4 X 60) = Expected sales volume 

= 42 units 

Exhibit 3-5 illustrates how Wei can calculate her expected operating income using the 
expected sales volume of 42 units. 

ANALYTICS 
GiSilel aes _ Decision Models and Analytics 

Decision models are systematic approaches to integrating data and formulating a conclu- 
sion to lead to action (a decision). The advance of capacity and power in computing allows 
for increasingly accessible technology that can manipulate complex series of calculations 
and handle large volumes of data used to develop a model. This is important for analytic 
tools as they rely on advanced statistical functions to generate recommendations. Some of 
the more common applications of analytics in decision modelling include: 

Analytic Function Example 

Linear optimization Advertising 

Integer optimization Online dating 

Nonlinear optimization Investment strategies 

Network flows Online retailing 

Bayesian models (Monte Carlo Simulation) New product development and simulation 
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FEEEERS Expected 
Value Decision Model 

LO@ 
Interpret the results of 

CVP analysis in complex 
strategic, multi-product, 

and multiple cost driver 

situations. 

Identify the problem: 
Maximize operating income : 

Gather reliable, available 
information ( 

Identify alternatives aj, ——» Selectonealternative ___ Observe actual event, 
events Q;, and outcomes x; and take action actual outcome 

Quantify risk, assign probabilities 
p; to each event QO; 

Calculate CVP ‘ 
Calculate expected value Use the model to explain 

differences between actual 
and expected values 

Add this new information a i 4 
to amend the decision model 

If Wei is risk neutral, she will simply look at the expected operating income under 
each alternative contract. Risk neutral means the decision maker will feel as much pain at 
losing a dollar as joy at gaining a dollar. Wei will simply select the highest expected oper- 
ating income. This is Wei’s rational choice. 

Making a decision is not the end of business planning and control. If Wei makes the 
decision to attend the convention, she has done so on the basis of predicted outcomes. As 
a good manager, Wei will conclude by comparing her actual operating income to her 
expected operating income. Exhibit 3-6 illustrates how the decision framework applies to 
making a decision using expected values. 

Effects of Sales Mix on Income 

Sales mix is the quantities of various products (or services) that in sum are the total sales 
volume of a company. Each product or service is a proportion of the total sales volume 
measured either as units or revenue. 

Suppose Wei looks to the future and budgets the following for a conference in Toronto 
where she expects to sell different quantities of two products, Do-All Software and Superword: 

Do-All Superword Total 

Expected sales OU) — 40 ee O0} 

Revenue, $200 and $100 per unit $12,000 $4,000 $16,000 

Total variable costs ($120 x 60; $70 x 40) __7,200 _ 2,800 10,000 

Contribution margin ($80 x 60; $30 x 40) $ 4,800 $1,200 6,000 

Fixed costs _ 4,500 

Operating income $ 1,500 

What is the BEP? The total sales volume to break even in a multi-product company depends on 
the sales mix—the combination of the number of units of Do-All sold and the number of units 
of Superword sold. We assume that the budgeted sales mix is 3:2 (60:40), because Wei expects 
to sell three (60 out of the 100) units of Do-All for every two (40 out of the 100) units she sells 
of Superword. To simplify her planning, Wei assumes this will not change at different quantities 
of each product sold. In fact, Wei is selling a bundle composed of three units of Do-All and two 
units of Superword. The two products are not physically bundled, but for planning purposes 
(budgeting), it is easier to work with a bundle of five units in total sales volume. 

Each bundle yields a contribution margin of $300, calculated as follows: 

Sales Volume per Product Contribution Margin per Unit Contribution Margin 
in Each Bundle for Do-All and Superword of the Bundle 

Do-All 3 $80 $240 

Superword 2 30 _ 60 

Total $300 



Effects of Sales Mix on Income 

With the contribution margin for each bundle, Wei can now calculate the breakeven sales 
volume in bundles: 

Break 
stones Fixed costs $4,500 

Contribution margin per bundle $300 per bundle 
sales volume in = = 15 bundles 

bundles 

The breakeven point for each product using the 3:2 ratio is calculated by multiplying the 
breakeven sales volume of bundles first by three for Do-All, then two for Superword: 

Do-All: 15 bundles X 3 units of Do-All per bundle 45 units 

Superword: 15 bundles x 2 units of Superword per bundle 30 units 

Breakeven sales volume in units 75 units 

Breakeven point in dollars for Do-All and Superword is 

Do-All: 45 units < $200 per unit $ 9,000 

Superword: 30 units < $100 per unit 3,000 

Breakeven revenue $12,000 

We can also calculate the breakeven point in revenue for the multi-products situation as 
follows: 

Sales Volume in Sales Price Revenue of 

Each Bundle per Unit the Bundle 

Do-All 3 $200 $600 

Superword 2 100 200 

Total $800 

Contribution 

margin Contribution margin of the bundle $300 
= = — A ih ; 9 

percentage for Revenue of the bundle $800 Deedes 197s 

the bundle 

Breakeven Cs Fixed costs fe $4,500 = $12,000 

revenue Contribution margin % for the bundle 0.375 ; 

Breakeven 
12,000 

sales volume in = IG SENG OLO : = 15 bundles 

Kundles Revenue per bundle $800 per bundle 

Of course, there are many different sales mixes (in units) that result in a contribution 
margin of $4,500 and cause Wei to break even, as the following table shows: 

Sales Mix (Units) Contribution Margin From 

Do-All Superword Do-All Superword Total Contribution Margin 

(1) (2) (3) = $80 x (1) (4) = $30 x (2) (5) = (3) + (4) 

48 22 $3,840 $ 660 $4,500 

36 54 2,880 1,620 4,500 

30 70 2,400 2,100 4,500 

If, for example, the sales mix changes from the higher contribution line (Do-All has a 
40% contribution margin) to the lower contribution line (Superword has a 30% contri- 
bution margin), the total sales volume has to increase to reach breakeven. If the sales mix 
changes to favour the product line with the lower contribution margin (in this case, Super- 
word), the firm could end up losing money (below breakeven) despite the fact that the 
breakeven level of total sales was met. 

73 
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Multiple Cost Drivers 

Throughout this chapter, we have assumed that the sales volume O was exactly the same 
as the production (or acquisition) volume. This single volume was the only revenue driver 
and the only cost driver. A more complicated problem arises if this assumption is wrong. 
The CVP analysis can be adapted if there are multiple cost drivers. To simplify, we will 
examine the situation where there is a single product. 

Suppose Wei will incur a variable cost of $10 for preparing documents (including an 
invoice) for each customer who buys Do-All Software. The cost driver of document- 
preparation costs is the number of customers who buy Do-All Software. Wei’s operating 
income can then be expressed in terms of revenue and these costs: 

Oneran Variable Quantity of Variable cost Cuaaneten Bt 

ane = Revenue —| cost per X packages |—| of documents x YO" | — Fixed costs 
customers 

unit sold per customer 

If Wei sells 40 units to 15 customers, then operating income is 

Operating income = ($200 per unit X 40 units) — ($120 per unit X 40 units) 

— ($10 per customer X 15 customers) — $2,000 

= $8,000 — $4,800 — $150 — $2,000 = $1,050 

If Wei sells 40 units to 40 customers, then operating income is 

Operating income = ($200 x 40) — ($120 Xx 40) — ($10 x 40) — $2,000 

= $8,000 — $4,800 — $400 — $2,000 = $800 

The number of packages sold is not the only factor that affects Wei’s operating 
income. If sales volume is constant but the quantity of customers increases, then Wei’s 
operating income will decrease. The costs depend on two cost drivers, both the sales vol- 
ume and the number of customers. 

CVP Analysis in Non-Profit and 

Public Sector Organizations 

So far our CVP analysis has focused on a merchandising company. CVP can also be 
applied to manufacturing, service, non-profit, and public sector organizations. In fact, the 
key goal of a non-profit company is to break even, not to maximize profit. To apply CVP 
analysis in service and non-profit organizations, we need to focus on measuring their out- 
put. Service and social welfare outputs are measured differently from products sold by 
manufacturing and merchandising companies. Examples of output measures in various 
service and non-profit industries are as follows: 

Industry Measure of Output 

Airlines Passenger miles 

Hotels/motels Room-nights occupied 

Hospitals Patient days 

Universities Student credit-hours 

Professional associations Number of memberships 

Consider a community care agency that has government support of $900,000 (its 
revenues) for 2022. This non-profit agency’s purpose is to assist differently abled people 
seeking employment. On average, the agency supplements each individual’s annual 
income by $5,000. The agency’s only other costs are fixed costs of rent and administrative 
salaries equal to $270,000. The agency manager wants to know how many people can be 
assisted in 2022. We can use CVP analysis here by setting operating income to $0. Let O 
be the number of differently abled people to be assisted: 

Revenue — Variable costs — Fixed costs = $0 

$900,000 — $5,000 O — $270,000 = $0 

$5,000 O = $900,000 — $270,000 = $630,000 

O = $630,000 + $5,000 per person = 126 people 
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Suppose the manager is concerned that the total budget appropriation for 2022 will be 
reduced by 15% to $765,000 ($900,000 Xx (1 — 0.15) = $765,000). How many people 
could be assisted (with $5,000) on this reduced budget? 

$765,000 — $5,000 O — $270,000 = $0 

$5,000 O = $765,000 — $270,000 = $495,000 

O = $495,000 + $5,000 per person = 99 people 

Note the following two characteristics of the CVP relationships in this non-profit situation: 

1. The percentage drop in the number of people assisted, (126 — 99) + 126, or 21.4%, 
exceeds the 15% reduction in the budget. The reason is that the $270,000 in fixed 
costs must still be paid. In a lower total budget, less money remains to assist people. 
The percentage drop in service exceeds the percentage drop in budgeted revenue from 
the government. 

2. Given the reduced revenue of $765,000, the manager can adjust operations to stay 
within this appropriation in at least one of three basic ways: (a) Reduce the number 
of people assisted from the current 126; (b) reduce the variable cost of assistance from 

$5,000 per person; or (c) reduce the total fixed costs from the current $270,000. 

ed Oi iitare Mm iae-\i mm kere(-iial(-\ gol ad gele)(-lagiace]gt-i-\igr14 6.0 bY 

(Try to solve this problem before examining the solution that follows.) 

Problem 

The following problem illustrates how to use relevant information from both the financial 
accounting statement of operating income and the contribution statement of operating 
income to calculate the breakeven point. Wei wants to know how to calculate her 
breakeven sales volume and her breakeven sales revenue. (R. Lambert, adapted) 

Wei has gathered the following information: Operating income for Wei Shao Inc. 
(WSI) for the year 2022 on production and sales volume (Q) of 200,000 units was sum- 
marized in the financial accounting operating statement of income below. Additional 
accounting information was also provided regarding the inventoriable fixed costs and the 
period (non-manufacturing, operating expenses) variable costs per unit shown below the 
operating income: 

Wei Shao Inc. Statement of Operating Income Year Ended 2022 

Sales revenue $ 3,120,000 

Cost of goods sold (COGS) 1,920,000 

Gross margin 1,200,000 

Operating expenses 1,380,000 

Operating income (loss) $ (180,000) 

Fixed costs (inventoriable) $ 600,000 

Variable cost per unit (non-manufacturing) $ 6.00 

1. Calculate WSI’s variable manufacturing costs per unit in 2022. QO Required 
2. Calculate WSI’s fixed marketing and distribution costs in 2022. (12 
3. Because WSI’s gross margin per unit is $6 (= $1,200,000 + 200,000 units), Wei @ 

believes that if WSI had produced and sold 230,000 units, it would have covered the 
$1,380,000 of marketing and distribution costs ($1,380,000 + $6 = 230,000) and 
enabled WSI to break even for the year. Calculate WSI’s operating income if produc- 
tion and sales volume had been O = 230,000 units. Explain briefly why Wei is wrong. 
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@ 4. Calculate the breakeven point for the year 2022 in both sales volume and revenue. 
© 5. Calculate both the sales volume required to achieve operating income of $100,000 

and the operating profit margin percentage. 
~@ 6. Calculate total fixed and total variable costs as a proportion of total cost. What is 

Wei’s cost structure and her risk/return tradeoff? 
©0 7. Wei has been following market demand closely and believes there is a 35% probabil- 

ity that sales volume will be 300,000 units in 2022, a 25% probability that sales 
volume will be 320,000 units, and a 40% probability that sales volume will be 
280,000 units. Calculate the risk-weighted expected sales volume in 2022. Can Wei 
expect to earn her targeted operating income calculated in requirement 5? 

@ 8. Calculate Wei’s margin of safety in dollars and percentage. How does adding risk as 
a factor improve Wei’s CVP analysis? 

@ 9. If Wei had to pay an additional variable cost of $5 per customer order, calculate her 
best alternative to maximize operating income. Alternative 1 is to sell 297,000 units 
to 15,000 customers. Alternative 2 is to sell 293,334 units to 9,500 customers. 

Solution 

1. Calculate unit variable cost (inventoriable). 

Total inventoriable costs (COGS) $1,920,000 

Fixed costs (inventoriable) 600,000 

Total variable cost (inventoriable) = COGS — Fixed-costs inventoriable $1,320,000 

Q produced and sold 200,000 

Variable cost per unit (inventoriable) = Total variable cost + Q= $ 6.60 

2. Calculate fixed costs (period or non-manufacturing operating expenses). 

Total operating expenses $1,380,000 

Total variable cost (Variable cost per unit x Q) = $6.00 x 200,000 1,200,000 

Fixed costs (Operating expenses — Total variable non-manufacturing cost) = $ 180,000 

3. Calculate operating income. 

Sales price per unit for @ produced and sold = Revenue + Q 200,000 $ 15.60 

Contribution margin per unit = (Sales price per unit — Total variable cost per unit) $ 3.00 

Revenue for Qproduced and sold = 230,000 $3,588,000 

Contribution margin for total 2 produced and sold = 690,000 

Total fixed costs (inventoriable and non-manufacturing) 780,000 

Operating income (Contribution margin — Total fixed costs) $ (90,000) 

Wei has confused gross with total contribution margin. She assumed that the COGS com- 
prised only variable costs and that non-manufacturing costs comprised only fixed costs. 
Wei does not distinguish that cost behaviour is independent of cost classification. Both 
manufacturing and non-manufacturing costs comprise both fixed and variable costs. 

4, Calculate breakeven point in sales volume O and revenue. 

Breakeven point, @ = (FC + Contribution margin per unit = $780,000 + $3.00) = 260,000 

Breakeven point, Revenue = (Breakeven volume Q x Sales price per unit) = $4,056,000 

Alternatively use CM% = (Contribution margin per unit + Sales price per unit) = 19.231%* 

Breakeven point, Revenue = (Fixed costs + CM% = $780,000 + 0.19231) = $4,056,000* 

*Exactly this percentage can also be obtained from Contribution margin + Revenue using 
amounts from requirement 3. 
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5. Calculate a target operating income. 

Contribution margin per unit $ 3.00 

Target operating income $ 100,000 

Fixed costs $ 780,000 

Sec uohimees (Fixed pues = ferge che uy od) = 293,333,3* 

Contribution margin per unit 

Revenue = Sales volume x Sales price per unit $ 4,576,011 (rounded) 

Operating profit margin percentage 2.2% 

"Note that Wei cannot make a third of a sale; therefore, her targeted sales volume 

must be rounded up to 293,334. 

6. Calculate total fixed and total variable costs as a proportion of total costs, 

Cost % 

Total fixed costs $ 780,000 23.6 

Total variable costs 2,520,000 76.4 

Total costs $ 3,300,000 

7. Calculate the risk-weighted expected sales volume in 2022. 

a Probability Risk Weighted 

Sales volume 1 300,000 0,35 105,000 

Sales volume 2 320,000 0.25 80,000 

Sales volume 3 280,000 0.40 112,000 

Risk-weighted total expected sales volume 297,000 

Including risk as a quantitative factor makes it clear to Wei and others if she has a 
biased view of future demand. Should Wei choose to explain her assumptions, it 
would be very easy. She can also readily show very pessimistic and very optimistic 
“what if” expected sales volumes. Based on this model, Wei can also calculate her 
margin of safety relative to her expected sales volume. 

Wei can expect to achieve her targeted operating income of $100,000 because the 
expected sales volume exceeds the sales volume required to achieve her target. 

8. Calculate the margin of safety in dollars and percentage using the expected operating 
income. 

Expected Breakeven Margin of Safety 

Margin of safety = Budgeted (expected) $4,633,200 $4,056,000 $577,200 
revenue — Breakeven revenue 

Margin of safety percentage = Margin 12,46% 

of safety + Expected revenue 

9. Calculate the alternative with the highest operating income. 

Operating 

Q = Quantity Sales price Variable cost Fixed costs income 

Alternative 1 

Sales in units 297,000 $15.60 $ 12.60 

Sales to customers 15,000 5,00 

Totals: $3,817,200 $4,633,200 $780,000 $ 36,000 

Alternative 2 

Sales in units 293,334 $15.60 $ 12.60 

Sales to customers 9,500 5.00 

Totals: $3,743,508 $4,576,011 $780,000 $ 52,503 
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+ 

Wei’s operating income is higher under alternative 2, and this is the alternative she 
would prefer. She has two cost drivers but only one revenue driver. The fewer cus- 
tomer orders, the lower is her total variable cost. Her operating leverage is low and so 
too is her contribution margin. This information can help Wei market her product to 
increase the O or increase the quantity of units per customer order, rather than just 
focus on increasing QO. 

Decision Points 

The following question-and-answer format summarizes the chapter's learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives 

tl How can CVP analysis assist 
managers? 

How do managers determine 
the breakeven point or the 
output needed to achieve a 
target operating income? 

How should companies 
incorporate income taxes 
into CVP analysis? 

How should companies cope 
with risk to explain how cost 
structure affects decisions? 

. What are the implications of 
uncertainty on decision models? 

. How can CVP analysis be 
applied to a company producing 
multiple products (revenue driv- 
ers) and multiple cost drivers? 

Guidelines 

CVP analysis requires managers to distinguish cost behaviour from cost classifi- 
cation in an accurate model of relationships among factors critical to maximize 
profit. While a statement of comprehensive income provides reliable information, 
managers use a different contribution margin format for CVP models. The 
values of relevant cost, volume, and profit factors change among alternatives. 

These two analyses differ with respect to one factor: the value assigned to operating 
income. At the breakeven point, the target operating income = $0, Any target 
operating income above $0 requires a sales volume higher than the breakeven point. 

Income taxes can be incorporated into CVP analysis by using target net income 
rather than target operating income. The breakeven point is unaffected by 
income taxes because no income taxes are paid when operating income = $0. 

Expected value uses probability to make the effect of failure on operating income 
clear. The decision among alternatives requires understanding how cost structure 
affects both the downside risk and the upside potential effects on operating income. 

Most important decisions are often complex in nature and involve multiple stake- 
holders, contributing to a high degree of uncertainty. Methodical approaches need 
to be adopted to collect and analyze data, develop the best answer, and avoid unin- 
tended consequences. 

CVP analysis can be applied to a company producing multiple products by 
assuming the sales mix of products sold remains constant as the total quantity 
of units sold changes. The basic concepts of CVP analysis can be applied to 
multiple cost driver situations, but there is no unique breakeven point. 

Terms to Learn 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

breakeven point (BEP) (p. 57) 

capital-intensive companies (p. 69) 

contribution margin (p. 58) 

contribution margin percentage (p. 62) 

contribution margin per unit (p. 59) 

contribution margin ratio (p. 62) 
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contribution statement of gross margin percentage (p. 63) revenue driver (p. 74) 

comprehensive income (p. 59) margin of safety (p. 66) risk (p. 67) 

cost—-volume-profit (CVP) analysis (p.57) = netincome margin (p. 63) risk neutral (p. 72) 

degree of operating leverage (p. 69) net income margin percentage (p. 63) risk tolerance (p. 67) 

expected value (p. 70) operating leverage (p. 68) sales mix (p. 72) 

gross margin (p. 63) operating margin (p. 63) sensitivity analysis (p. 67) 

| Assignment Material 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

3-1 Describe the assumptions underlying CVP analysis. 

3-2 Distinguish between operating income and net income. 

3-3 “CVP is both simple and simplistic, If you want realistic analysis to underpin your decisions, look 
beyond CVP." Do you agree? Explain. 

3-4 How does an increase in the income tax rate affect the breakeven point? 

3-5 Describe sensitivity analysis. How has spreadsheet software affected its use? 

3-6 Give an example of how a manager can decrease variable costs while increasing fixed costs. 

3-7 Give an example of how a manager can increase variable costs while decreasing fixed costs. 

3-8 What is operating leverage? How is knowing the degree of operating leverage (DOL) helpful to 
managers? 

3-9 How can a company with multiple products compute its breakeven point? 

Exercises 

3-10 Terminology. A number of terms are listed below: 

contribution margin cost-volume-profit analysis 

capital intensive operating leverage 

gross margin sales mix 

contribution margin percentage breakeven point 

margin of safety 

Required 

Select the terms from the above list to complete the following sentences. 
1. Aterm for a company with a high percentage of fixed costs in its cost structure is 
2, is a model to analyze the behaviour of net income in response to change in total revenues, 

total costs, or both. 
3. The in units is the quantity of units sold to attain an operating income of zero. 
4, describes the effects that fixed costs have on changes in operating income as changes 

occur in units sold and contribution margin. 

5. The is equal to revenue less variable costs. 
6. The equals the contribution margin per unit divided by the selling price per unit. 
7. The equals revenues less cost of goods sold. 
8. The is the quantities of various products (or services) thatin sum are the total sales volume 

of a company. 
9, The is the amount by which expected (or actual) revenues exceed breakeven revenues. 
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LO®@ 
Case b, Unit selling price, $87 

Llo@®e 
1, a. Total contribution 

margin, $4,500,000 

LOo@e 
1, 40 cars 

LOo@9 
1. Revenue, $1,000,000 

LO® 
1. Contribution margin, $4,500 

3-11 CVP analysis computations. Fill in the blanks for each of the following independent cases. 

Unit Unit Variable Number Total Total 

Selling Operating ofUnits Contribution Fixed Operating 

Case _ Price Costs Sold Margin Costs Income 

a $70 $25 $ $ 900,000 §$ $ 200,000 

b Ss 62 15,000 250,000 125,000 

c 250 hess 30,000 4,500,000 900,000 

d 150 ie 24,000 1,728,000 1,500,000 

3-12 CVP computations. Patel Manufacturing sold 300,000 units of its product for $50 per unit. Variable cost 

per unit is $35, and total fixed costs are $1,800,000. 

Required 

1. Calculate (a) total contribution margin and (b) operating income. 
2. Patel’s current manufacturing process is labour intensive. Kate Schoenen, Patel’s production manager, 

has proposed investing in state-of-the-art manufacturing equipment, which will increase the annual 

fixed costs to $3,400,000. The variable costs are expected to decrease to $23 per unit. Patel expects to 

maintain the same sales volume and selling price next year. How would acceptance of Schoenen’s 

proposal affect your answers to (a) and (b) in requirement 1? 

3. Should Patel accept Schoenen’s proposal? Explain. 

3-13 CVP analysis, income taxes. Diego Motors is a small car dealership. On average it sells a car for 

$26,000, which it purchases from the manufacturer for $22,000. Each month, Diego Motors pays $60,000 in 
rent and utilities and $70,000 for salespeople’s salaries. In addition to their salaries, salespeople are paid a 

commission of $500 for each car they sell. Diego Motors also spends $10,000 each month for local advertise- 

ments. Its tax rate is 40%. 

Required 

1. How many cars must Diego Motors sell each month to break even? 

2. Diego Motors has a target monthly net income of $63,000. What is its target operating income? How 

many cars must be sold each month to reach the target monthly net income of $63,000? 

3-14 CVP analysis, income taxes. The Rapid Meal has two restaurants that are open 24 hours a day. 

Fixed costs for the two restaurants together total $450,000 per year. Service varies from a cup of coffee to 

full meals. The average sales bill per customer is $8.00. The average cost of food and other variable costs for 

each customer is $3.20. The income tax rate is 30%. Target net income is $105,000. 

Required 

1. Compute the revenue needed to earn the target net income. 
2. How many customers are needed to earn net income of $105,000? How many customers are needed to 

break even? 
3. Compute net income if the number of customers is 150,000. 

3-15 Gross margin and contribution margin. The National Symphony is preparing for its annual 

appreciation dinner for contributing members. Last year, 500 members attended the dinner. Tickets for the 

dinner were $20 per attendee. Last year's statement of comprehensive income was as follows: 

Ticket sales $10,000 

Cost of dinner 11,000 

_ Gross margin (1,000) 

Invitations and paperwork __ 3,000 

Profit (loss) $ (4,000) 

This year the dinner committee does not want to lose money on the dinner. To help achieve its goal, 
the committee analyzed last year's costs. Of the $11,000 total cost of the dinner, it was determined that 

$6,000 were fixed costs and $5,000 were variable costs. Of the $3,000 for invitations and paperwork, $2,500 
were fixed and $500 were variable. 

Required 

1. Prepare last year's profit report using the contribution-margin format. 

2. The committee is considering expanding this year's dinner invitation to include volunteer members (in 
addition to contributing members). If the committee expects attendance to double, calculate the effect 

this will have on the profitability of the dinner. 



3-16 CVP not-for-profit. Genesee Music Society is a not-for-profit organization that brings guest artists 

to the community's greater metropolitan area. The music society just leased a small concert hall in the cen- 

tre of town to house its performances. The lease payments on the concert hall are expected to be $4,000 per 

month. The organization pays its guest performers $1,800 per concert and anticipates corresponding ticket 

sales to be $4,500 per concert. The music society also incurs costs of approximately $1,000 per concert for 

marketing and advertising. The organization pays its artistic director $33,000 per year and expects to receive 

$30,000 in donations in addition to its ticket sales. 

Required 

1. If the Genesee Music Society just breaks even, how many concerts does it hold? 

2. In addition to the organization's artistic director, the music society would like to hire a marketing 

director for $25,500 per year. What is the breakeven point? The music society anticipates that the 

addition of a marketing director would allow the organization to increase the number of concerts 

to 41 per year. What is the music society's operating income/(loss) if it hires the new marketing 
director? 

3. The music society expects to receive a grant that would provide the organization with an additional 

$17,000 toward the payment of the marketing director's salary. Whatis the breakeven point if the music 

society hires the marketing director and receives the grant? 

3-17 CVP analysis, changing revenues and costs. Sunshine Tours is a travel agency specializing in 

cruises between Miami and Jamaica. It books passengers on Carib Cruises. Sunshine’s fixed costs are 

$22,000 per month. Carib charges passengers $1,000 per round-trip ticket. 

Required 

Calculate the number of tickets Sunshine must sell each month to (a) break even and (b) make a target oper- 

ating income of $10,000 per month in each of the following independent cases. 

1. Sunshine’s variable costs are $35 per ticket, and Carib Cruises pays Sunshine 8% commission on the 
ticket price. 

2. Sunshine’s variable costs are $29 per ticket. Carib Cruises pays Sunshine 8% commission on the ticket 

price. 
3. Sunshine’s variable costs are $29 per ticket. It receives a $48 commission per ticket from Carib Cruises. 

Comment on the results. 
4. Sunshine’s variable costs are $29 per ticket. It receives a $48 commission per ticket from Carib Cruises. 

It charges customers a delivery fee of $12 per ticket. The cost for Sunshine to deliver the ticket is $2 per 

ticket. Comment on the result. 

3-18 Contribution margin, gross margin, and margin of safety. Mirabel Cosmetics manufactures 

and sells a face cream to small family-run stores in the greater Montreal area. It presents the monthly oper- 

ating statement of comprehensive income shown here to Francois Laval, a potential investor in the busi- 
ness. Help Laval understand Mirabel’s cost structure. 

Mirabel Cosmetics Statement of Operating Income for the Month of June 

Units sold __15,000 

Revenue $150,000 

Cost of goods sold 

Variable manufacturing costs $65,000 

Fixed manufacturing costs _ 25,000 

Total 90,000 

Gross margin 60,000 

Operating costs 

Variable marketing costs 10,000 

Fixed marketing and administration costs 15,000 

Total operating costs 25,000 

Operating income 

Required 

1. Recast the statement of operating income in a contribution format. 
2. Calculate the contribution margin percentage and breakeven point in units and revenues for June. 

3. What is the margin of safety (in units) for June? 
4. If sales in June were only 9,000 units and Mirabel’s tax rate is 35%, calculate its net income. 

Assignment Material 

LO © 
Net fixed costs = $51,000 

LO® 
1. a. 489 tickets 

LO® 
2 CM%, 50% 

€ 

81 



82 Chapter 3 Cost-Volume-Profit Analysis 

LO® 
1, a, Operating income, 

$120,000 

LO® 
1, Breakeven = 12 children 

LO® 
1, Breakeven = 39 carpets 

3-19 CVP computations. The Chorus Company manufactures and sells pens. Present sales output is 
5,000,000 units per year ata selling price of $0.60 per unit. Fixed costs are $1,080,000 per year. Variable costs 

are $0.36 per unit. : 

Required 

(Consider each case separately.) 
1. a. Whatis the present operating income for a year? 

b. What is the present breakeven point in revenue? 
2. Compute the new operating income for each of the following independent changes: 

a. A $0,048 per unit increase in variable costs 
b. A 10% increase in fixed costs and a 10% increase in units sold 

c. A 20% decrease in fixed costs, a 20% decrease in selling price, a 10% decrease in variable costs 

per unit, and a 40% increase in units sold 
3. Compute the new breakeven point in units for each of the following changes: 

a. A 10% increase in fixed costs 

b. A 10% increase in selling price and a $24,000 increase in fixed costs 

3-20 CVP target operating income, service firm. Spotted Turtle provides daycare for children Mon- 

days through Fridays. Its monthly variable costs per child are as follows: 

Lunch and snacks $130 

Educational supplies 75 

Other supplies (paper products, toiletries, etc.) _36 

Total $240 

Monthly fixed costs consist of the following: 

Rent $2,100 

Utilities 400 

Insurance 250 

Salaries 1,400 

Miscellaneous __ 650 

Total $4,800 

Spotted Turtle charges each parent $640 per child per month. 

Required 

1. Calculate the breakeven point. 
2. Spotted Turtle’s target operating income is $10,800 per month. Compute the number of children who 

must be enrolled to achieve the target operating income. 
3. Spotted Turtle lost its lease and had to move to another building. Monthly rent for the new building is 

$3,500. In addition, at the suggestion of parents, Spotted Turtle plans to take children on field trips. 
Monthly costs of the field trips are $2,500. By how much should Spotted Turtle increase fees per child 

to meet the target operating income of $10,800 per month, assuming the same number of children as in 
requirement 2? 

3-21 Operating leverage. Cover Rugs is holding a two-week carpet sale at Josh's Club, a local ware- 
house store. Cover Rugs plans to sell carpets for $950 each. The company will purchase the carpets from a 
local distributor for $760 each, with the privilege of returning any unsold units for a full refund. Josh's Club 

has offered Cover Rugs two payment alternatives for the use of space. 

= Option 1: A fixed payment of $7,410 for the sale period 

a Option 2: 10% of total revenues earned during the sale period 

Assume Cover Rugs will incur no other costs. 

Required 

1. Calculate the breakeven point in units for (a) Option 1 and (b) Option 2. 
2. At what level of revenues will Cover Rugs earn the same operating income under either option? 

a. For what range of unit sales will Cover Rugs prefer Option 1? 
b. For what range of unit sales will Cover Rugs prefer Option 2? 

3. Calculate the degree of operating leverage at sales of 65 units for the two rental options. 
4. Briefly explain and interpret your answer to requirement 3. 



3-22 Contribution margin, decision making. Welch Men’s Clothing’s revenues and cost data for 2021 
are as follows: 

Revenues 

Cost of goods sold (all variable costs) 

Gross margin 

Operating costs: 

Salaries fixed $140,000 

Sales commissions (12% of sales) 72,000 

Depreciation of equipment and fixtures 10,000 

Store rent ($3,500 per month) 42,000 

Other operating costs 45,000 

Operating income (loss) 

Assignment Material 

LO® 
1. CM = $198,000 

$600,000 

300,000 

300,000 

309,000 

$ (9,000) 

Mr. Welch, the owner of the store, is unhappy with the operating results. An analysis of other operating 

costs reveals that it includes $30,000 variable costs, which vary with sales volume, and $15,000 (fixed) 
costs. 

Required 

1. Compute the contribution margin of Welch Men's Clothing. 
2. Compute the contribution margin percentage. 

3. Mr. Welch estimates that he can increase units sold, and hence revenues by 25%, by incurring addi- 

tional advertising costs of $8,000. Calculate the impact of the additional advertising costs on operating 
income. 

4. What other actions can Mr. Welch take to improve operating income? 

3-23 CVP analysis, margin of safety. Marketing Docs prepares marketing plans for growing busi- 
nesses. For 2021, budgeted revenues are $1,500,000 based on 500 marketing plans at an average rate per 

LO® 
1. Margin of safety is 20% 

plan of $3,000. The company would like to achieve a margin of safety percentage of at least 45%. The com- 

pany's current fixed-costs are $400,000 and variable costs average $2,000 per marketing plan. (Consider 
each of the following separately.) 

Required 

1. Calculate Marketing Docs’ breakeven point and margin of safety in units. 

2. Which of the following changes would help Marketing Docs achieve its desired margin of safety? 
a. The average revenue per customer increases to $4,000. 

b. The planned number of marketing plans prepared increases by 5%. 

c. Marketing Docs purchases new software that results in a 5% increase to fixed costs but reduces 

variable costs by 10% per marketing plan. 

3-24 CVP international cost structure differences. Thomas Inc. is considering three countries for the 

sole manufacturing site of its new product: India, China, and Canada. The product will be sold to retail out- 
LO 8 
1. a, India unit CM, $20.00 

lets in Canada at $49.00 per unit. These retail outlets add their own markup when selling to final customers. 

The three countries differ in their fixed costs and variable costs per product. 

Annual Variable Variable Marketing 
Fixed Manufacturing and Distribution 
Costs Costs per Unit Costs per Unit 

India $ 7.0 million $ 6.00 $23.00 

China 4.95 million 8.60 18.40 

Canada 10.35 million 19.00 7.00 

Required 

1. Compute the breakeven point of Thomas Inc. in both (a) units sold and (b) revenues for each of the 

three countries considered. 

2. If Thomas Inc. expects to sell 1,100,000 units this year, what is the budgeted operating income for each 

of the three countries considered? 

3. What level of sales (in units) would be required to produce the same operating income in China and in 
Canada? What would be the operating income in India at that volume of sales? 
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LO® 
1, 6,000 hectares 

LO® 

LOoe6o 
1. BEP for assumption 1 

is 250 bouquets 

LO@ 
1, Breakeven = 360 sunglasses 

3-25 CVP, not-for-profit. The Sunrise Group (SG) is an environmentally conscious organization that buys 
land with the objective of preserving the natural environment. SG receives private contributions and takes 

no assistance from the government. Fixed costs of operating the organization are $1,000,000 per year. Vari- 

able costs of purchasing the land (including environmental impact reports, title searches, etc.) average 
$3,000 per hectare. For the next budget year, SG expects to receive private contributions totalling $19,000,000. 
All contributions in excess of costs will be used to purchase land. 

Required 

1. How many hectares will SG be able to purchase next year? 
2. SG is considering participating in a new government program that will provide $1,000 per hectare to 

subsidize the purchase of environmentally sensitive land. If SG participates in this program, it esti- 

mates the organization will lose $5,000,000 in contributions from supporters who believe that accepting 
money from the government is not consistent with its mission. If SG does participate in the program, 
and its forecasts are accurate, how many hectares of land will it be able to purchase? On financial 

considerations alone, should SG participate in the government program? 

3, SG is worried that contributions may decrease by more than the $5,000,000 it has estimated if it takes 
the subsidy. By how much can contributions decrease for SG to be able to buy the same amount of 

land if it takes the government subsidy or rejects it? (i.e., What is the point of indifference between 

the two options?) 

3-26 CVP exercises. The Deli-Sub Shop owns and operates six stores in and around Minneapolis. You are 
given the following corporate budget data for next year: 

Revenues $11,000,000 

Fixed costs $ 3,000,000 

Variable costs $ 7,500,000 

Variable costs change based on the number of subs sold. 

Compute the budgeted operating income for each of the following deviations from the original budget data. 

(Consider each case independently.) 

Required 

1. A 10% increase in contribution margin, holding revenues constant 

. A10% decrease in contribution margin, holding revenues constant 

. A5% increase in fixed costs 

. A5% decrease in fixed costs 

. A5% increase in units sold 

. A5% decrease in units sold 

. A 10% increase in fixed costs and a 10% increase in units sold 

. A5% increase in fixed costs and a 5% decrease in variable costs 

9, Which of these alternatives yields the highest budgeted operating income? Explain why this is the case. 

oun Oo > w PY 

3-27 Alternative cost structures, uncertainty, and sensitivity analysis. Edible Bouquets (EB) 
makes and sells flower bouquets. EB is considering opening a new store in the local mall. The mall has 

several empty shops, and EB is unsure of the demand for its product. The mall has offered EB two alterna- 

tive rental agreements. The first is a standard fixed-rent agreement where EB will pay the mall $5,000 per 

month. The second is a royalty agreement where the mall receives $10 for each bouquet sold. EB estimates 

that a bouquet will sell for $50 and have a variable cost of $30 to make (including the cost of the flowers and 
commission for the salesperson). 

Required 

1. What is the breakeven point in units under each assumption? 
2. For what range of sales levels will EB prefer (a) the fixed-rent agreement and (b) the royalty agreement? 

3. If EB signs a sales agreement with a local flower stand, it will save $5 in variable costs per bouquet. 
How would this affect your answer in requirement 2? 

4. EB estimates that the store is equally likely to sell 200, 400, 600, 800, or 1,000 arrangements. Using infor- 

mation from the original problem, prepare a table that shows the expected profit at each sales level 
under each rental agreement. What is the expected value of each rental agreement? Which rental 
agreement should EB choose? 

3-28 CVP alternative cost structures. Classical Glasses operates a kiosk at the local mall, selling sun- 
glasses for $30 each. Classical Glasses currently pays $1,000 a month to rent the space and pays two full- 

time employees to each work 160 hours a month at $10 per hour. The store shares a manager with a 
neighbouring kiosk and pays 50% of the manager's annual salary of $60,000 and benefits of $12,000. The 
wholesale cost of the sunglasses to the company is $10 a pair. 



Required 

1. How many sunglasses does Classical Glasses need to sell each month to break even? 
2. If Classical Glasses wants to earn an operating income of $5,300 per month, how many sunglasses 

does the store need to sell? 

3, If the store’s hourly employees agreed to a 15% sales-commission-only pay structure, instead of their 
hourly pay, how many sunglasses would Classical Glasses need to sell to earn an operating income of 

$5,300? 
4, Assume Classical Glasses pays its employees hourly under the original pay structure, butis able to pay 

the mall 10% of its monthly revenue instead of monthly rent. At what sales levels would Classical 
Glasses prefer to pay a fixed amount of monthly rent, and at what sales levels would it prefer to pay 
10% of its monthly revenue as rent? 

3-29 Alternate cost structures, uncertainty, and sensitivity analysis. Corporate Printing Company 
currently leases its only copy machine for $1,500 a month. The company is considering replacing this leas- 
ing agreement with a new contract that is entirely commission based. Under the new agreement, Corporate 

would pay a commission for its printing at a rate of $20 for every 500 pages printed. The company currently 

charges $0.20 per page to its customers. The paper used in printing costs the company $0.05 per page and 
other variable costs, including hourly labour, amount to $0.10 per page. 

Required 

1. Whatis the company’s breakeven point under the current leasing agreement? Whatis it under the new 
commission-based agreement? 

2. For what range of sales levels will Corporate prefer (a) the fixed lease agreement and (b) the commis- 
sion agreement? 

3. Corporate estimates that the company is equally likely to sell 20,000, 30,000, 40,000, 50,000, or 60,000 
pages of print. Using information from the original problem, prepare a table that shows the expected 
profit at each sales level under the fixed leasing agreement and under the commission-based agree- 

ment. What is the expected value of each agreement? Which agreement should Corporate choose? 

Problems 

3-30 Sales mix, new and upgrade customers. Chartz 1-2-3 is a top-selling electronic spreadsheet 

product. Chartz is about to release version 5.0. It divides its customers into two groups: new customers and 
upgrade customers (those who previously purchased Chartz 1-2-3 4.0 or earlier versions). Although the 

same physical product is provided to each customer group, sizable differences exist in selling prices and 

variable marketing costs: 

New Customers Upgrade Customers 

Selling price $195 $115 

Variable costs 

Manufacturing $15 $15 

Marketing 50 65 20 35 

Contribution margin $130 $ 80 

The fixed costs of Chartz 1-2-3 version 5.0 are $16,500,000. The planned sales mix in units is 60% new cus- 

tomers and 40% upgrade customers. 

Required 

1. Whatis the Chartz 1-2-3 version 5.0 breakeven point in units, assuming that the planned 60/40 sales mix 

is attained? 

2. If the sales mix is attained, what is the operating income when 170,000 total units are sold? 
3. Show how the breakeven point in units changes with the following customer mixes: 

a. New 40% and upgrade 60% 
b. New 80% and upgrade 20% 

c. Comment on the results. 

3-31 Uncertainty and expected costs. Kindmart is an international retail store. Kindmart’s managers 
are considering implementing a new business-to-business (B2B) information system for processing mer- 

chandise orders. The current system costs Kindmart $2,000,000 per month and $55 per order. Kindmart has 

two options, a partially automated B2B and a fully automated B2B system. The partially automated B2B 
system will have a fixed cost of $6,000,000 per month and a variable cost of $45 per order. The fully auto- 
mated B2B system has a fixed cost of $14,000,000 per month and a variable cost of $25 per order. 

Assignment Material 

LO® 
2. Indifference point 

= 37,500 pages 

LO® 
Breakeven is 150,000 units 

LO® 
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LOoO9® 
1, 450 package tours 

LO ® 
1. Breakeven is 3,000 bundles 

Loo 
1O=4,412 

Based on data from the past two years, Kindmart has determined the following distribution on monthly 

orders: 
t 

Monthly Number of Orders _ Probability 

300,000 0.25 

500,000 0.45 

700,000 0.30 

Required 

1. Prepare a table showing the cost of each plan for each quantity of monthly orders. 

2. What is the expected cost of each plan? 

3. In addition to the information system's costs, what other factors should Kindmart consider before deciding 
to implement a new B2B system? 

3-32 CVP analysis, service firm. Wildlife Escapes generates average revenues of $9,200 per person 

on its five-day package tours to wildlife parks in Kenya. The variable costs per person are 

Airfare $3,500 

Hotel accommodations 1,200 

Meals 480 

Ground transportation 920 

Park tickets and other costs 240 

Annual fixed costs total $1,287,000. 

Required 

1. Calculate the number of package tours that must be sold to break even. 

2. Calculate the revenue needed to earn a target operating income of $214,500. 

3. If fixed costs increase by $40,500, what decrease in variable costs must be achieved to maintain the 

breakeven point calculated in requirement 1? 

3-33 Multi-product CVP and decision making. Crystal Clear Products produces two types of water 
filters. One attaches to the faucet and cleans all water that passes through the faucet. The other is a pitcher/ 

filter that only purifies water meant for drinking. 

The unit that attaches to the faucet is sold for $90 and has variable costs of $25. 

The pitcher-cum-filter sells for $110 and has variable costs of $20. 

Crystal Clear sells two faucet models for every three pitchers sold. Fixed costs equal $1,200,000. 

Required ; 

1. What is the breakeven point in unit sales and dollars for each type of filter at the current sales mix? 

2. Crystal Clear is considering buying new production equipment. The new equipment will increase fixed 

cost by $208,000 per year and will decrease the variable cost of the faucet and the pitcher units by 

$5 and $10, respectively. Assuming the same sales mix, how many of each type of filter does Crystal 
Clear need to sell to break even? 

3. Assuming the same sales mix, at what total sales level would Crystal Clear be indifferent between 

using the old equipment and buying the new production equipment? If total sales are expected to be 

24,000 units, should Crystal Clear buy the new production equipment? 

3-34 CVP analysis, income taxes, sensitivity. (CMA, adapted) Thompson Engine Company manufac- 

tures and sells diesel engines for use in small farming equipment. For its 2021 budget, Thompson Engine 

Company estimates the following: 

Selling price $ 7,000 

Variable cost per engine $ 2,000 

Annual fixed costs $5,560,000 

Net income $ 900,000 

Income tax rate 40% 

The first-quarter income statement, as of March 31, reported that sales were not meeting expectations. 

During the first quarter, only 300 units had been sold at the current price of $7,000. The income statement 

showed that variable and fixed costs were as planned, which meant that the 2021 annual net income 



projection would not be met unless management took action. A management committee was formed and 
presented the following mutually exclusive alternatives to the president: 

a. Reduce the selling price by 15%. The sales organization forecasts that at this significantly reduced 

price, 1,400 units can be sold during the remainder of the year. Total fixed costs and variable cost 
per unit will stay as budgeted. 

b. Lower variable cost per unit by $750 through the use of less-expensive direct materials. The selling 
price will also be reduced by $800, and sales of 1,130 units are expected for the remainder of the year. 

c. Reduce fixed costs by 5% and lower the selling price by 25%. Variable cost per unit will be unchanged. 
Sales of 1,500 units are expected for the remainder of the year. 

Required 

1. If no changes are made to the selling price or cost structure, determine the number of units that 
Thompson Engine Company must sell (a) to break even and (b) to achieve its net income objective. 

2. Determine which alternative Thompson Engine Company should select to achieve its net income 
objective. Show your calculations. 

3-35 CVP analysis, income taxes. (CMA, adapted) J.T. Brooks and Company, a manufacturer of quality 
handmade walnut bowls, has had a steady growth in sales for the past five years. However, increased competi- 
tion has led Mr. Brooks, the president, to believe that an aggressive marketing campaign will be necessary next 

year to maintain the company’s present growth. To prepare for next year’s marketing campaign, the company’s 

controller has prepared and presented Mr. Brooks with the following data for the current year, 2021: 

Variable cost (per bowl) 

Direct materials $ 3.00 

Direct manufacturing labour 8.00 

Variable overhead (manufacturing, marketing, 

distribution, and customer service) 7.50 

Total variable cost per bow! $18.50 

Fixed costs 

Manufacturing $ 20,000 

Marketing, distribution, and customer service 194,500 

Total fixed costs $214,500 

Selling price $ 35.00 

Expected sales, 22,000 units $770,000 

Income tax rate 40% 

Required 

1. Whatis the projected net income for 2021? 
2. What is the breakeven point in units for 2021? 
3. Mr. Brooks has set the revenue target for 2022 at a level of $875,000 (or 25,000 bowls). He believes an 

additional marketing cost of $16,500 for advertising in 2022, with all other costs remaining constant, will 

be necessary to attain the revenue target. What is the net income for 2022 if the additional $16,500 is 
spent and the revenue target is met? 

4, Whatis the breakeven point in revenues for 2022 if the additional $16,500 is spent for advertising? 

5. If the additional $16,500 is spent, what are the required 2022 revenues for 2022 net income to equal 2021 

net income? 

6. Ata sales level of 25,000 units, what maximum amount can be spent on advertising if a 2022 net income 

of $108,450 is desired? 

3-36 CVP, shoe stores. The Walk Rite Shoe Company operates a chain of shoe stores. The stores sell 10 
different styles of inexpensive men’s shoes with identical unit costs and selling prices. A unitis defined as a 
pair of shoes. Each store has a store manager who is paid a fixed salary. Individual salespeople receive a 
fixed salary and a sales commission. Walk Rite is trying to determine the desirability of opening another 

store, which is expected to have the following revenue and cost relationships: 

Selling price $ 30.00 

Unit variable cost per pair: 

Cost of shoes 19.50 

Sales commissions 1.50 

Total veriable costs $ 21.00 
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LO ® 
1, 54,000 units 

LO® 
2. Current system expected 

cost, $20,600,000 

Annual fixed costs: 

Rent u $ 60,000 

Salaries 200,000 

Advertising 80,000 

Other fixed costs 20,000 

Total fixed costs $360,000 

Required 

(Consider each question independently.) 

1. 
2. 
3. 

4, 

5. 

What is the annual breakeven point in (a) units sold and (b) revenues? 
If 35,000 units are sold, what will be the store’s operating income (loss)? 
If sales commissions were discontinued for individual salespeople in favour of an $81,000 increase in 
fixed salaries, what would be the annual breakeven point in (a) units sold and (b) revenues? 

Refer to the original data. If the store manager were paid $0.30 per unit sold in addition to his current 

fixed salary, what would be the annual breakeven point in (a) units sold and (b) revenues? 
Refer to the original data. If the store manager were paid $0.30 per unit commission on each unit sold 

in excess of the breakeven point, what would be the store’s operating income if 50,000 units were sold? 
(This $0.30 is in addition to both the commission paid to the sales staff and the store manager's fixed 

salary.) 

3-37 CVP. shoe stores (continuation of 3-36). Refer to requirement 3 of 3-36. In this problem assume the 

role of the owner of Walk Rite. 

Required 

1. 

2. 

3. 

4. 

Calculate the number of units sold where the operating income under (a) a fixed-salary plan and (b) a 
lower fixed-salary-and-commission plan (for salespeople only) would be equal. Above that number of 

units sold, one plan would be more profitable than the other; below that number of units sold, the 

reverse would occur. 

As owner, which sales compensation plan would you choose if forecasted annual sales of the new 
store were at least 55,000 units? What do you think of the motivation aspects of your chosen compen- 

sation plan? 

Suppose the target operating income is $168,000. How many units must be sold to reach the target 
under (a) the fixed-salary plan and (b) the lower fixed-salary-and-commission plan? 
You open the new store on January 1, 2022, with the original salary-plus-commission compensation 

plan in place. Because you expect the cost of the shoes to rise due to inflation, you place a firm bulk 
order for 50,000 shoes and lock in the $19.50 per unit price. But, toward the end of the year, only 48,000 

pairs of shoes are sold, and you authorize a markdown of the remaining inventory to $18 per unit. 

Finally, all units are sold. Salespeople, as usual, get paid a commission of 5% of revenues. What is the 

annual operating income for the store? 

3-38 Uncertainty and expected costs. Dawmart Corp., an international retail giant, is considering 

implementing a new business-to-business (B2B) information system for processing purchase orders. The 
current system costs Dawmart $1,000,000 per month and $40 per order. Dawmart has two options: a partially 

automated B2B and a fully automated B2B system. The partially automated B2B system will have a fixed 

cost of $5,000,000 per month and a variable cost of $30 per order. The fully automated B2B system will have 

fixed costs of $10,000,000 per month and variable costs of $20 per order. 
Based on data from the last two years, Dawmart has determined the following distribution on monthly 

orders: 

-Monthly Number of Orders Probability 

300,000 0.10 

400,000 0.25 

500,000 0.40 

600,000 0.15 

700,000 0.10 

Required 

1. Prepare a table showing the cost of each plan for each quantity of monthly orders. 

2. What is the expected cost of each plan? 
3. In addition to the information systems costs, what other factors should Dawmart consider before 

deciding to implement a new B2B system? 
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3-39 Gross margin and contribution margin. The Museum of America is preparing for its annual LOO 
appreciation dinner for contributing members. Last year, 525 members attended the dinner. Tickets for the 
dinner were $24 per attendee. The profit report for last year's dinner follows. 

Ticket sales $ 12,600 

Cost of dinner _ 15,300 

Gross margin (2,700) 

Invitations and paperwork __ 2,500 

Profit (loss) $ (5,200) 

This year the dinner committee does not want to lose money on the dinner. To help achieve its goal, the 

committee analyzed last year’s costs. Of the $15,300 cost of the dinner, $9,000 were fixed costs and $6,300 

were variable costs. Of the $2,500 cost of invitations and paperwork, $1,975 were fixed and $525 were 
variable. 

Required 

1. Prepare last year’s profit report using the contribution margin format. 

2. The committee is considering expanding this year's dinner invitation list to include volunteer members 

(in addition to contributing members). If the committee expands the dinner invitation list, it expects 

attendance to double. Calculate the effect this will have on the profitability of the dinner assuming fixed 

costs will be the same as last year. 

3-40 Revenue mix, two products. The Goldman Company retails two products, a standard and a deluxe LO © 
version of a luggage carrier. The budgeted statement of comprehensive income is as follows: 1. BEP, 160,000 total units 

Standard Carrier Deluxe Carrier Total 

Units sold 150,000 50,000 200,000 

Revenues @ $20 and $30 per unit $3,000,000 $1,500,000 $4,500,000 

Variable costs @ $14 and $18 per unit 2,100,000 900,000 3,000,000 

Contribution margins @ $6 and $12 per unit $ 900,000 $ 600,000 1,500,000 

Fixed costs 1,200,000 

Operating income $ 300,000 

Required 

1. Compute the breakeven point in units, assuming that the planned revenue mix is maintained. 

2. Compute the breakeven point in units (a) if only standard carriers are sold and (b) if only deluxe carriers 

are sold. 

3. Suppose 200,000 units are sold, but only 20,000 are deluxe. Compute the operating income. Compute the 

breakeven point if these relationships persist in the next period. Compare your answers with the origi- 

nal plans and the answer in requirement 1. What is the major lesson of this problem? 

3-41 Choosing between compensation plans, operating leverage. (CMA, adapted) Marston Cor- LO® 
poration manufactures pharmaceutical products that are sold through a network of sales agents. The 1, CM% using own sales 
agents are paid a commission of 18% of sales. The statement of income for the year ending December 31, agents, 37% 
2022, under two scenarios, is as follows: CM% using own sales force, 45% 

Marston Corporation Statement of Income for the Year Ending December 31, 2022 $ 

Using Sales Agents Using Own Sales Force 

Sales $26,000,000 $26,000,000 

Cost of goods sold 

Variable $11,700,000 $11,700,000 

Fixed 2,870,000 14,570,000 2,870,000 14,570,000 

Gross margin 11,430,000 11,430,000 

Marketing costs 

Commissions 4,680,000 2,600,000 

Fixed costs 3,420,000 8,100,000 5,500,000 8,100,000 

Operating income $ 3,330,000 $ 3,330,000 
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LO® 
1, Additional income, $46,000 

LO® 
1, 01, $5,000 

LOO 
1. 21,875 patient visits 

Marston is considering hiring its own sales staff to replace the network of agents. Marston will pay 

its salespeople a commission of 10% and incur additional fixed costs of $2,080,000. 
Lt 

Required 

1. Calculate Marston Corporation’s 2022 contribution margin percentage, breakeven revenues, and 
degree of operating leverage under each of the two scenarios. (You will first have to recast the 2022 

statement of income assuming Marston had hired its own sales staff.) 
2. Describe the advantages and disadvantages of each type of sales alternative. 
3. In 2023, Marston uses its own salespeople, who demand a 15% commission. If all other cost-behaviour 

patterns are unchanged, how much revenue must the salespeople generate in order to earn the same 
operating income as in 2022? 

3-42 Special-order decision. Manitoba Production Corporation (MPC) specializes in the manufacture 
of one-litre plastic bottles. The plastic moulding machines are capable of producing 100 bottles per hour. 
The firm estimates that the variable cost of producing a plastic bottle is 25 cents. The bottles are sold for 
55 cents each. 

Management has been approached by a local toy company that would like the firm to produce a 
moulded plastic toy for it. The toy company is willing to pay $3.40 per unit for the toy. The unit variable cost 
to manufacture the toy will be $2.70. In addition, MPC would have to incur a cost of $24,000 to construct the 

mould required exclusively for this order. Because the toy uses more plastic and is of a more intricate 
shape than a bottle, a moulding machine can produce only 40 units per hour. The customer wants 100,000 
units. Assume that MPC has a total capacity of 10,000 machine hours available during the period in which 
the toy company wants delivery of the toys. The firm’s fixed cbsts, excluding the costs to construct the toy 

mould, during the same period will be $220,000. 

Required 

1. Suppose the demand for its bottles is 750,000 units, and the special toy order has to be either taken in 

full or rejected totally. Should MPC accept the special toy order? Explain your answer. 
2. Suppose the demand for its bottles is 850,000 units, and the special toy order has to be either taken in 

full or rejected totally. Should MPC accept the special toy order? Explain your answer. 

3. Suppose the demand for its bottles is 900,000 units, and the special toy order has to be either taken in 
full or rejected totally. Should MPC accept the special toy order? Explain your answer. 

3-43 CVP sensitivity analysis. Technology of the Past (TOP) produces old-fashioned simple corkscrews. 
Last year was not a good year for sales, but TOP expects the market to pick up this year. Last year’s state- 

ment of comprehensive income showed 

Sales revenues ($4 per corkscrew) $40,000 

Variable cost ($3 per corkscrew) 30,000 

Contribution margin 10,000 

Fixed costs _ 6,000 

Operating income $ 4,000 

To take advantage of the anticipated growth in the market, TOP is considering various courses of action: 

1. Do nothing. If TOP does nothing, it expects sales to increase by 10%. 
2. Spend $2,000 on a new advertising campaign that is expected to increase sales by 50%. 
3. Raise the price of the corkscrew to $5. This is expected to decrease sales quantities by 20%. 

4. Redesign the classic corkscrew and increase the selling price to $6 while increasing the variable costs 
by $1 per unit. The sales level is not expected to change from last year. 

Required ; 

Evaluate each of the alternatives considered by TOP. What should TOP do? 

3-44 Non-profit institution. The City of Vancouver makes an $850,000 lump-sum budget appropriation to 

run a safe injection site for a year. All the appropriation is to be spent. The variable costs average $16 per 
patient visit. Fixed costs are $500,000 per year. 

Required 

1. Compute the number of patient visits that the budget allocation will cover. 
2. Suppose the total budget for the following year is reduced by 10%. Fixed costs are to remain the same, 

The same level of service on each patient visit will be maintained. Compute the number of visits that 
could be provided in a year. 

3. As in requirement 2, assume a budget reduction of 10%. Fixed costs are to remain the same. By how 
much would variable costs have to decline in order to provide the same number of visits? 



3-45 Sales mix, three products. The Ronowski Company has three product lines of belts—A, B, and 

C—with contribution margins of $3, $2, and $1, respectively. The president foresees sales of 200,000 units in 
the coming period, consisting of 20,000 units of A, 100,000 units of B, and 80,000 units of C. The company’s 
fixed costs for the period are $255,000. 

Required 

1. Whatis the company’s breakeven point in units, assuming that the given sales mix is maintained? 

2. If the sales mix is maintained, what is the total contribution margin when 200,000 units are sold? What 
is the operating income? 

3. What would operating income be if 20,000 units of A, 80,000 units of B, and 100,000 units of C were sold? 

What is the new breakeven point in units if these relationships persist in the next period? 

3-46 Ethics, CVP analysis. Megaphone Corporation produces a molded plastic casing, M&M101, for many 
cell phones currently on the market. Summary data from its 2021 income statement are as follows: 

Revenues $5,000,000 

Variable costs 3,250,000 

Fixed costs 1,890,000 

Operating income $ (140,000) 

Joshua Kirby, Megaphone’s president, is very concerned about Megaphone Corporation's poor profitabil- 
ity. He asks Leroy Gibbs, production manager, and Tony DiNunzo, controller, to see if there are ways to 

reduce costs. 
After two weeks, Leroy returns with a proposal to reduce variable costs to 55% of revenues by reducing 

the costs Megaphone currently incurs for safe disposal of wasted plastic. Tony is concerned that this 

would expose the company to potential environmental liabilities. He tells Leroy, “We would need to esti- 

mate some of these potential environmental costs and include them in our analysis.” “You can’t do that,” 

Leroy replies. “We are not violating any laws. There is some possibility that we may have to incur environ- 

mental costs in the future, but if we bring it up now, this proposal will not go through because our senior 

management always assumes these costs to be larger than they turn out to be. The market is very tough, 

and we are in danger of shutting down the company and costing all of us our jobs. The only reason our 

competitors are making money is because they are doing exactly what | am proposing.” 

Required 

1. Calculate Megaphone Corporation's breakeven revenues for 2021. 
2. Calculate Megaphone Corporation’s breakeven revenues if variable costs are 55% of revenues. 

3. Calculate Megaphone Corporation's operating income for 2021 if variable costs had been 55% of revenues. 

4. Given Leroy Gibbs’s comments, what should Tony DiNunzo do? 

3-47 Mini-case: Governance, CVP, cost analysis. Ahmed Diba is the relatively new controller of the 

Body Products Division of World Wide Drugs (WWD). He completed his CPA designation three years 

earlier (at a major auditing firm in Toronto) and has worked at the Body Products Division for the past six 

months. The move to Winnipeg was a major decision for Ahmed, but he is getting used to the climate and 

the new firm. 

The Body Products Division (BPD) is located in Winnipeg, which is also the headquarters of WWD. 

This location gives WWD excellent access to distribution networks across North America while enjoying 

very low operating costs. (Wages and occupancy costs in Winnipeg are 40-60% lower than metropolitan 

centres like Vancouver or Toronto.) 
At the request of the division’s long-time president, Cheryl Kelly, Diba developed a proposal for a new 

product to be called Vital Hair. This product is a cream to be rubbed on the scalp to restore hair growth. 
The fixed costs associated with the development, production, and marketing of Vital Hair are $25,000,000. 

The majority of these costs are associated with the human trials needed to get federal health approval for 

this type of product. Due to the nature of the product, it has to be monitored by a doctor. Each customer 
will pay a doctor $98 per monthly treatment, of which $68 is paid to WWD. Diba estimates WWD’s variable 
costs per treatment to be $28.50. Included in this is $9.25 for potential product litigation costs. Diba did 

some research on this type of product, and while most of the data came from the United States, he noticed 
that there is an increasing trend in Canada for consumers to take companies to court for the slightest 

issue with a product. 
Cheryl Kelly and Diba are scheduled to make a presentation to the WWD executive committee on the 

expected profitability of Vital Hair. After reading Diba’s report, Kelly called him to her office. Kelly was livid 

at Diba for including the $9.25 estimate. She argued that it is imperative to get the R&D funds approved 

(and quickly) and that any number that increases the breakeven point reduces the likelihood of the Vital 
Hair project being approved. She notes that WWD has had few successful lawsuits against it, in contrast 

to some recent “horrendous” experiences of competitors with breast implant products. Moreover, she 
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was furious that Diba put the $9.25 amount in writing. “How do we know there will be any litigation prob- 

lem?” She suggested that Diba redo the report excluding the $9.25 litigation risk cost estimate. “Put it on 

the whiteboard in the executive committee room, if you insist, but don’t put itin the report sent to the com- 

mittee before the meeting. You can personally raise the issue at the executive committee meeting and 

have a full and frank discussion.” 
Diba took Kelly's “advice.” He changed the report's variable cost to $19.25 per treatment. Although he 

felt uneasy about the changes, he was comforted by the fact that he would flag the $9.25 amount to the 

executive committee in his forthcoming oral presentation. 
One month later, Kelly walks into Diba’s office. She is in a buoyant mood and announces she has just 

come back from an executive committee meeting that approved the Vital Hair proposal. Diba asks why he 

was not invited to the meeting. Kelly says the meeting was held in Toronto, and she decided to save the 

division money by going alone. She then says to Diba, “It is now time to get behind the new venture and 

help make it the success the committee and the team members believe it will be.” 

Required 

1. What is the breakeven point (in units of monthly treatments) when WWD's variable costs (a) include 

the $9.25 estimate and (b) exclude the $9.25 estimate for potential product litigation costs? 
2. Should Diba have excluded the $9.25 estimate in his report to the executive committee of WWD? 

Explain your answer. : 

3. What should Diba do in response to Kelly's decision to make the Vital Hair presentation on her own? 

What options does he have? As a CPA, what are his responsibilities to his employer? 

3-48 Deciding where to produce. (CMA, adapted) Domestic Engines Company produces the same 
power generators in two plants, a newly renovated, automated plant in Peona, and an older, less automated 

plantin Modine. The following data are available for the two plants: 

Peona Modine 

Selling price $ 150.00 $ 150.00 

Variable manufacturing cost per unit $72.00 $88.00 

Fixed manufacturing cost per unit 30.00 15.00 

Variable marketing and distribution cost per unit 14.00 14.00 

Fixed marketing and distribution cost per unit _19.00 14.50 

Total cost per unit _ 135.00 _ 131,50 

Operating income per unit $_15.00 . $_18.50 

Production rate per day 400 units 320 units 

Normal annual capacity usage 240 days 240 days 

Maximum annual capacity 300 days 300 days 

All unit fixed costs are calculated based on a normal year of 240 working days. When the number of 
working days exceeds 240, variable manufacturing costs increase by $3.00 per unit in Peona and $8.00 per 

unit in Modine. 

Domestic Engines is expected to produce and sell 192,000 generators during the coming year. 
Wanting to maximize the higher unit profit at Modine, Domestic Engines’s production manager has 

decided to manufacture 96,000 units at each plant. This production plan results in Modine operating 

at capacity (320 units per day 300 days) and Peona operating at its normal volume (400 units per day 
240 days). 

Required 

1. Determine the breakeven point for the Peona and Modine plants in units. 

2. Calculate the operating income that would result from the division production manager's plan to pro- 
duce 96,000 units at each plant. 

3. Determine how the production of the 192,000 units should be allocated between Peona and Modine to 

maximize operating income for Domestic Engines. Show your calculations. 

Collaborative Learning Cases 

3-49 CVP analysis and revenue mix. Ronowski Company has three product lines of belts, A, B, and C, 
with contribution margins of $3.60, $2.40, and $1.20, respectively. The president forecasts sales of 200,000 

units in the coming period, consisting of 20,000 units of A, 100,000 units of B, and 80,000 units of C. The com- 
pany’s fixed costs for the period are $306,000. 
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Required 

1. Whatis the company breakeven point in units, assuming that the given revenue mix is maintained? 

2. Ifthe mix is maintained, what is the total contribution margin when 200,000 units are sold? What is the 
operating income? 

3, What would operating income become if 20,000 units of A, 80,000 units of B, and 100,000 units of C were 

sold? Whatis the new breakeven point in units if these relationships persist in the next period? 

SOLUTIONS < TRY Mm 

Solution: 

(a) Recall the equation method (equation 1): 

lee $ Quantity a) : ae cost _ Quantity a _ Fixed _ Operating 

price units sold per unit units sold costs income 

Setting operating income equal to $0 and denoting quantity of output units that must be sold 

by @, the breakeven number of units is 

($500 x Q) — ($400 x Q) — $150,000 = $0 

$100 x Q = $150,000 

Q = $150,000 + $100 per unit = 1,500 units 

Recall the contribution margin method (equation 2): 

Contribution Quantity of : ue 
i EEN fi — Fixed costs = Operating income 

margin perunit units sold 

At the breakeven point, operating income is by definition $0, and so, 

Contribution margin per unit X Breakeven quantity of units = Fixed costs (Equation 3) 

Rearranging equation 3 and entering the data, 

Breakeven _ Fixed costs _ $150,000 

number of units Contribution margin per unit $100 per unit 

Breakeven revenues = Breakeven number of units X Selling price 

= 1,500 units x $500 per unit = $750,000 

(b) ena) % igre HA ke ier ) . ae | _ Fixed _ Operating 

price units sold per unit units sold costs income 

(Equation 1) 

= 1,500 units 

We denote by Gthe unknown quantity of units Bernard must sell to earn an operating income 

of $100,000. Selling price is $500, variable cost per package is $400, fixed costs are $150,000, and 
target operating income is $100,000. Substituting these values into equation 1, we have 

($500 x Q) — ($400 x Q) — $150,000 = $100,000 

$100 x Q = $150,000 + $100,000 = $250,000 

Q = $250,000 + $100 per unit = 2,500 units 

Alternatively, we could use equation 2: 

eae margin Quantity e _ Fixed _ Operating (equation 2 

per unit units sold costs income 

Given a target operating income ($100,000 in this case), we can rearrange terms to get equation 4. 

Quantity of units _ Fixed costs + Target operating income 
a Equation 4 

required to be sold Contribution margin per unit (Equation 4) 

Quantity of units _ $180,000 + $100,000 aie 

required to be sold $100 per unit 

(Continued) 
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Revenues to earn an operating income of $100,000 are 

Revenues = Number of,units required to be sold x Selling price 

2,500 units x $500 = $1,250,000 

Solution: | 

Budgeted _ Breakeven _ ¢1 90,000 — $750,000 = $450,000 
revenues revenues 

Margin of Budgeted Breakeven 

safety (in units) sales (units) ~~ gales (units) 

Margin of safety = 

= 2,400 — 1,500 = 900 units 

The margin of safety indicates that sales would have to decrease by 900 units and revenues by 

$450,000 before the breakeven point is reached. 

Sometimes margin of safety is expressed as a percentage: 

Margin of safety in dollars 

Budgeted (or actual) revenues 

$450,000 

$1,200,000 

This result means that revenues would have to decrease substantially, by 37.5%, to reach the 

breakeven revenues. 

Margin of safety percentage = 

In our example, margin of safety percentage = 37.5% 

The high margin of safety gives management of Bernard Windows confidence that the company is 
unlikely to suffer a loss. 
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@ Describe the building-block 

concepts of costing systems. 

@ Distinguish job costing from 
process costing. 

@ Describe the approaches to 

evaluating and implementing 
job-costing systems. 

@ Distinguish between actual, 
budgeted, and normal costing. 

@ Analyze the flow of costs from 
direct and indirect cost pools to 
inventory accounts, including 

adjustments for over- and 
underallocated costs. 

CPA Competencies* 
This chapter covers material 
outlined in Section 3: 

Management Accounting of the 
CPA Competency Map. The 
Learning Objectives in this chapter 
have been aligned with the CPA 

Competency Map to ensure the 
best coverage possible. 

3.3.1 Evaluates cost classifications 

and costing methods for management 

of ongoing operations 

3.3.2 Evaluates and applies cost 

management techniques appropriate 

for specific costing decisions 

3.4.1 Evaluates sources and drivers 

of revenue growth 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada. 

Each summer, about 7,500 forest fires burn an average of 450,000 square kilometres 
of Canadian wilderness. A ferocious force of nature, wildfires cost Canadian taxpayers 

approximately $500 million per year to suppress. Fires cause evacuations of entire 

citles, destroy property, create economic hardship, and kill wildlife and people. In May 
2016, Fort McMurray in Alberta was destroyed by wildfire. Residents of the entire city 

and its surrounding areas were evacuated, shutting down the city. The total costs 

neared $10 billion, and parts of the city remained shut down and declared irretrievable 

nearly a year after the fire. 

The cost to suppress a forest fire depends on how accessible the fire is. 

Unfortunately, the most inaccessible wildfires can also be the most destructive and 

expensive to suppress. These fires are fought primarily using aircraft and fire- 

retardant chemicals. Firefighters are delivered to the site by parachuting in (smoke 
jumpers) or rappelling in by rope from helicopters. The government uses careful 

job-costing analyses to refine and improve their cost estimates to prevent and fight 

forest fires, including fire preparedness, mitigation, and response. In addition to 
the cost of fire protection, there are the damage costs of fire, which include insured 
and uninsured property losses, business interruptions, recovery, and rebuilding. 

Through this careful analysis it has been calculated the cost to fight fires per year 

has doubled in the last decade from $500 million (on average) to over $1 billion per 
year. Governments need a reliable job-costing system so they can account to the 

taxpayers when asked how money was spent and to help develop appropriate 

budgets for future years. 

Sources: Natural Resources Canada. 2019, “Cost of Wildland Fire Protection,” June 17 (https://www.nrcan.gc.ca 
/climate-change/impacts-adaptations/climate-change-impacts-forests/forest-change-indicators/cost-fire-protection/17783); 
National Forestry Database. 2016. “Forest Fires,” 2015 (http://nfdp.ccfm.org/fires/quick_facts_e.php), CBC News. 
2016, “Fort McMurray Fire Could Cost Insurers $9B, BMO Predicts,” August 19 (http://www.cbc.ca/news/business 
/fort-mcmurray-insurance-cost-1.3568113); CBC News, 2016, “Preliminary Cost of Fort McMurray Fire Estimated 
at $615 Million,” August 19 (http://www.cbc.ca/news/canada/edmonton/preliminary-cost-of-fort-mcmurray-fire-estimated 
-at-615-million-1,3640935), 
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Building Blocks of Costing Systems 

Cost assignment is a general term for-assigning costs, whether direct or indirect, to a cost 
object. Cost tracing is a specific term for assigning direct costs; cost allocation refers to 

doncepts of chetine assigning indirect costs. The relationship among these three concepts can be graphically 
systems. represented as follows: 

LO ® 
Describe the building-block 

Cost Assignment 

Throughout this chapter, the costs assigned to a cost object—for example, a product such 
as a Mini Cooper or a service such as an audit of CraveTV—include both variable costs and 
costs that are fixed in the short run. Managers cost products and services to guide long-run 
strategic decisions (for example, what mix of products and services to produce and sell and 
what prices to charge for them). In the long run, managers want revenues to exceed total costs. 

We also need to introduce and explain two more terms before discussing costing systems: 

1. Cost pool. A cost pool is a grouping of individual indirect cost items. Cost pools can 
range from broad (such as all manufacturing-plant costs) to narrow (such as the costs 
of operating metal-cutting machines). Cost pools are often organized in conjunction 
with cost-allocation bases. 

2. Cost-allocation base. A cost-allocation base (e.g., number of machine-hours, or num- 
ber of labour-hours) is a systematic way to link an indirect cost or group of indirect 
costs to cost objects. For example, if the indirect cost of operating metal-cutting 
machines is $500,000 based on running these machines for 10,000 hours, the cost- 

allocation rate is $500,000 + 10,000 hours = $50 per machine-hour, where machine- 
hours are the cost-allocation base. 

If a product uses 800 machine-hours, it will be allocated $40,000 (= $50 per machine- 
hour X 800 machine-hours). When the cost object is a job, product, or customer, the 

cost-allocation base is also called a cost-application base. 
These concepts represent the building blocks that we will use to design the costing 

systems described in this chapter. 

Job-Costing and Process-Costing Systems 

Management accountants use two basic types of costing systems to assign costs to prod- 
ucts or services: 

LO® 
Distinguish job costing 

from process costing. 1. Job-costing system. In this system, the cost object is a unit or multiple units of a dis- 
tinct product or service called a job. Each job generally uses different amounts of 
resources, The product or service is often a single unit, such as a specialized machine 
made at Samsung, a repair job done at an Audi service centre, or an advertising cam- 
paign produced by Saatchi & Saatchi. Each special machine made by Samsung is 
unique and distinct. An advertising campaign for one client at Saatchi & Saatchi 
is unique and distinct from advertising campaigns for other clients. 

2. Process-costing system. In this system, the cost object is masses of identical or similar 
units of a product or service. For example, Scotiabank provides the same service to all its 
customers when processing customer deposits. In each period, process-costing systems 
divide the total costs of producing an identical or similar product or service by the total 
number of units produced to obtain a per-unit cost. This per-unit cost is the average unit 
cost that applies to each of the identical or similar units produced in that period. 
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a LTE OS LAN EELS TIES EL EID SE SA SSSR A IES) 
| Exhibit 4-1 | Examples of 

Service Sector Merchandising Sector Manufacturing Sector Job Costing and Process 

e Audit engagements done by © Mountain Equipment e Assembly of individual Costing in the Service, 

PricewaterhouseCoopers Co-op sending aircraft at Bombardier Merchandising, and 
e Consulting engagements individual items by ¢ Construction of Manufacturing Sectors 

done by McKinsey & Co. mail order automotive components 

e Advertising-agencycam- © Special promotion at Linamar Corporation 
paigns run by DDB Canada of new products by 

Job e Individual legal cases Chapters Indigo 
Costing argued by Borden Ladner 

Used Gervais LLP 

e Computer-repair jobs done 

by Best Buy 
e Movies featuring members 

of the Alliance of Canadian 

Cinema, Television and 

Radio Artists (ACTRA) 

e Bank cheque clearing e Grain dealing by the © Oil refining by Irving Oil 

Process at TD Canada Trust Canada Malting Co. e Beverage production by 
Costing © Postal delivery (standard Limited Molson Inc. 
Used items) by Canada Post e Lumber dealing by 

Weyerhaeuser 

Exhibit 4-1 presents examples of job costing and process costing in the service, mer- 
chandising, and manufacturing sectors. 

Job Costing: Evaluation and Implementation 

Job costing is used at Robinson Company, a company that manufactures and installs spe- 
cialized machinery for the paper-making industry. In early 2021, Robinson receives a LO® 
request to bid for the manufacturing and installation of a new paper-making machine for | Describe the approaches to 
the Western Pulp and Paper Company (WPP). Robinson has never made a machine quite 
like this one, and its managers wonder what to bid for the job. Robinson’s management 
team works through the five-step decision-making process. 

evaluating and implementing 

job-costing systems. 

1. Identify the problems and uncertainties. The decision of whether and how much to bid 
for the WPP job depends on how management resolves two critical uncertainties: what 
it will cost to complete the job, and the prices that its competitors are likely to bid. 

2. Obtain information. Robinson’s managers first evaluate whether doing the WPP job 
is consistent with the company’s strategy. Do they want to do more of these kinds of 
jobs? Is this an attractive segment of the market? Robinson’s managers study the 
drawings and engineering specifications provided by WPP and decide on technical 
details of the machine. They compare the specifications of this machine to similar 
machines they have made in the past, identify competitors who might bid on the job, 
and gather information on what these bids might be. 

3. Make predictions about the future. Robinson’s managers estimate the cost of direct 
materials, direct manufacturing labour, and overhead for the WPP job. They also 
consider qualitative factors and risk factors and think through any biases they might 
have. For example, do engineers and employees working on the WPP job have the 
necessary skills and technical competence? How accurate are the cost estimates, and 
what is the likelihood of cost overruns? 

4, Make decisions by choosing among alternatives. Robinson bids $15,000 for the WPP 
job. This bid is based on a manufacturing cost estimate of $10,000 and a markup of 
50% over manufacturing cost. 

5. Implement the decision, evaluate performance, and learn. Robinson wins the bid for 
the WPP job. As Robinson works on the WPP job, it keeps careful track of all the 
costs it has incurred (which are detailed later in this chapter). Ultimately, Robinson’s 
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LOO 
Distinguish between actual, 
budgeted, and normal 

costing. 

managers compare the predicted amounts against actual costs to evaluate how well 
they did on the WPP job. 

In its job-costing system, Robinson accumulates costs incurred on a job in different 
parts of the value chain, such as manufacturing, marketing, and customer service. To 
make a machine, Robinson purchases some components from outside suppliers and makes 
others itself. Each of Robinson’s jobs also has a service element: installing a machine at a 
customer’s site, integrating it with the customer’s other machines and processes, and 
ensuring the machine meets customer expectations. 

One form of job-costing system that Robinson can use is actual costing, which traces 
direct costs to a cost object by using the actual direct-cost rates multiplied by the actual 
quantities of the direct-cost inputs. It allocates indirect costs based on the actual 
indirect-cost rates multiplied by the actual quantities of the cost-allocation bases. The 
actual indirect-cost rate is calculated by dividing actual total indirect costs by the actual 
total quantity of the cost-allocation base. As its name suggests, an actual-costing system 
calculates the actual costs of a job. Yet, actual-costing systems are not commonly found in 
practice because actual costs cannot be computed in a timely manner. 

Actual, Budgeted, and Normal Costing 

Normal Costing 

The difficulty of calculating actual indirect-cost rates on a weekly or monthly basis means 
managers cannot calculate the actual costs of jobs as they are completed. However, man- 
agers, including those at Robinson, want a close approximation of the costs of various 
jobs regularly during the year, not just at the end of the fiscal year. Managers want to 
know manufacturing costs (and other costs, such as marketing costs) for ongoing uses, 
including pricing jobs, monitoring and managing costs, evaluating the success of the job, 
learning about what worked and what didn’t, bidding on new jobs, and preparing interim 
financial statements, Because of the need for immediate access to job costs, few compa- 
nies wait to allocate overhead costs until year-end when the actual manufacturing over- 
head is finally known. Instead, a predetermined or budgeted indirect-cost rate is calculated 
for each cost pool at the beginning of a fiscal year, and overhead costs are allocated to 
jobs as work progresses. The budgeted indirect-cost rate for each cost pool is computed 
as follows: 

Budgeted annual indirect costs 

A a Tata Sl La Budgeted annual quantity of the cost-allocation base 

Normal costing is a costing system that (1) traces direct costs to a cost object by using 
the actual direct-cost rates multiplied by the actual quantities of the direct-cost inputs, 
and (2) allocates indirect costs based on the budgeted indirect-cost rates multiplied by the 
actual quantities of the cost-allocation bases. 

We illustrate normal costing for Robinson Company example using the following 
steps to assign costs to an individual job. 

Step 1: Identify the job that is the chosen cost object The cost object in the Robinson 

Company example is Job WPP 298, manufacturing a paper-making machine for Western 
Pulp and Paper (WPP) in 2021. Robinson’s managers and management accountants 
gather information to cost jobs through source documents. A source document is an 
original record (such as an invoice) that supports journal entries in an accounting sys- 

tem. The main source document for Job WPP 298 is a job-cost record. A job-cost record 
(also called a job-cost sheet) records and accumulates all the costs assigned to a specific 
job, starting when work begins. Exhibit 4-2 shows the job-cost record for the paper- 
making machine, 

Step 2: Identify the direct costs of the job Robinson identifies two direct manufacturing 
cost categories: direct materials and direct manufacturing labour. 

Direct materials: On the basis of the engineering specifications and drawings provided 
by WPP, a manufacturing engineer orders materials from the storeroom. The order is 
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ESTEE Job-Cost Record for the Paper-Making Machine 

JOB-COST RECORD 

WPP 298 CUSTOMER: Western Pulp and Paper 

Feb. 7, 2021 Date Completed Feb, 28, 2021 

DIRECT MATERIALS 

; Date Materials 

Received Requisition No. 

Feb. 7, 2021 2021: 198 

Feb. 7, 2021 2021: 199 

DIRECT MANUFACTURING LABOUR 
Period Labour Time Employee 
Covered Record No. No, 

LT 232 551-87-3076 
LT 247 287-31-4671 

MANUFACTURING OVERHEAD* 

Cost Pool Allocation Base Allocation- 

Category Allocation Base Quantity Used Base Rate 

Manufacturing | Direct Manufacturing 88 hours $40 

Labour-Hours 

manufacturing-overhead cost pool. The use of 

P laced i SINE, B basic ; carer document called a materials- The record specifies the job for which the material is requested 
requisition record, which contains information about the cost (WPP 298), the description of the material (Part Number MB 

of direct materials used on a specific job and in a specific 468-A, metal brackets), the actual quantity (8), the actual unit 
department. Exhibit 4-3, Panel A, shows a materials-requisition | cost ($14), and the actual total cost ($112). The $112 actual 
record for Robinson Company. total cost appears on the job-cost record in Exhibit 4-2. If we 

. . : : : add the cost of all materials requisitions, the total actual direct 
Direct manufacturing labour: The accounting for direct materials cost is $4,606, which is shown in the direct materials 

manufacturing labour is similar to that for direct materials. panel of the job-cost record in Exhibit 4-2. 
The source document for direct manufacturing labour is a 
labour-time sheet, which contains information about the amount of labour time used for 

a specific job in a specific department. 
Exhibit 4-3, Panel B, shows a typical weekly labour-time sheet for a particular 

employee (G.L. Cook). Each day, Cook records the time spent on individual jobs (in this 
case WPP 298 and JL 256), as well as the time spent on other tasks, such as maintenance 
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C2 Robinson Company Source Documents 

L 

PANEL A: PANEL B: 
MATERIALS-REQUISITION RECORD 

Materials-Requisition Record No. 2021: 198 

Job No. _WPP 298 Date: FEB. 7, 2021 

LABOUR-TIME SHEET 

LT 232 Labour-Time Record No: 

Part Part _ ‘Unit Total Employee Classification Code; © Grade 3 Machinist 
No. Description Quantity Cost Cost Hourly Rate: $18 

Metal Week Start: Feb. 7, 2021 
MB 468-A _ Brackets 8 $14 $112 

Issued By: B. Clyde Date: _ Feb. 7, 2021_ ies : : ; : ; 
Received By: L. Dal Date: Feb. 7, 2021 ecelved By: L. Valey ate: feb. 7.2021 Maintenance ID De 0. 

Total S88 8O0 
Supervisor: R. Stuart 

Employee Name: _G. L. Cook Employee No: _551-87-3076 

Week End: _Feb. 13, 2021 

of machines or cleaning, that are not related to a specific job. The 25 hours that Cook 
spent on Job WPP 298 appear on the job-cost record in Exhibit 4-2 at a cost of $450 
(=25 hours X $18 per hour). Similarly, the job-cost record for Job JL 256 will carry a cost 
of $216 (= 12 hours X $18 per hour). 

All costs other than direct materials and direct manufacturing labour are classified as 
indirect costs. 

Step 3: Select the cost-allocation bases to use for allocating indirect costs to the job 

Indirect manufacturing costs are costs that are necessary to do a job but that cannot be 
traced to a specific job. The objective is to allocate the costs of indirect resources in a 
systematic way to their related jobs. Companies often use multiple cost-allocation bases 
to allocate indirect costs because different indirect costs have different cost drivers. For 
example, some indirect costs such as depreciation and repairs of machines are more 
closely related to machine-hours. Other indirect costs such as supervision and produc- 
tion support are more closely related to direct manufacturing labour-hours. Robinson, 
however, chooses direct manufacturing labour-hours as the sole allocation base for link- 
ing all indirect manufacturing costs to jobs. 

In 2021, Robinson budgets 28,000 direct manufacturing labour-hours for the WPP job. 

Step 4: Identify the indirect costs associated with each cost-allocation base Because 

Robinson believes that a single cost-allocation base—direct manufacturing labour-hours— 
can be used to allocate indirect manufacturing costs to jobs, Robinson creates a single cost 
pool called manufacturing overhead costs. This pool represents all indirect costs of the 
manufacturing department that are difficult to trace directly to individual jobs. 

In 2021, budgeted manufacturing overhead costs total $1,120,000. 

Step 5: Compute the rate per unit of each cost-allocation base used to allocate indirect 

costs to the job For each cost pool, the budgeted indirect-cost rate is calculated by 
dividing budgeted total indirect costs in the pool (determined in Step 4) by the budgeted 
total quantity of the cost-allocation base (determined in Step 3). Robinson calculates the 
allocation rate for its single manufacturing overhead cost pool as follows: 

Budgeted manufacturing overhead costs 
Budgeted indirect cost rate = 

: Budgeted annual quantity of the cost-allocation base 

yi) $1,120,000 
~ 28,000 direct manufacturing labour-hours 

= $40 per direct manufacturing labour-hour 

Step 6: Compute the indirect costs allocated to the job The indirect costs of a job are 

calculated by multiplying the actual quantity of each different allocation base (one allo- 
cation base for each cost pool) associated with the job by the budgeted indirect cost rate 
of each allocation base (computed in Step 5). 
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Manufacturing overhead costs allocated to WPP 298 equal $3,520 (= $40 per direct 
manufacturing labour-hour X 88 hours) and appear in the manufacturing overhead panel 
of the WPP 298 job-cost record in Exhibit 4-2. 

Step 7: Compute the total cost of the job by adding all direct and indirect costs assigned 

to the job Exhibit 4-2 shows that the total manufacturing costs of the WPP job are $9,705. 

Direct manufacturing costs 

Direct materials $4,606 

Direct manufacturing labour 1,579 = $6,185 

Manufacturing overhead costs 

($40 per direct manufacturing labour-hour x 88 hours) _ 3,520 

Total manufacturing costs of job WPP 298 $9,705 

Robinson bid a price of $15,000 for the job. At that revenue, the normal-costing system 
shows a gross margin of $5,295 (= $15,000 — $9,705) and a gross margin percentage of 
35.3% (= $5,295 + $15,000 = 0.353). 

Robinson’s manufacturing managers and sales managers can use the gross margin 
and gross margin percentage calculations to compare the profitability of different jobs to 
try to understand why some jobs show low profitability. Have direct materials been 
wasted? Was direct manufacturing labour too high? Were these jobs simply underpriced? 
Job-cost analysis provides the information needed for judging the performance of manu- 
facturing and sales managers and for making future improvements. 

Exhibit 4-4 is an overview of Robinson Company’s job-costing system. This exhibit 
represents the concepts comprising the five building blocks—cost object, direct costs of a 
cost object, indirect (overhead) costs of a cost object, indirect-cost pool, and cost-allocation 
base—of job-costing systems that were first introduced at the beginning of this chapter. 

RALLIES PIE EN EIEN NG EDS LEN ETN HR (eae 22) Robinson 

Company Job-Costing 
INDIRECT-COST System Overview 

POOL 

28,000 

COST-ALLOCATION Direct 
BASE Manufacturing 

Labour-Hours 

$40 per 
direct manufacturing 

labour-hour 

COST OBJECT: Allocated Manufacturing Overhead Costs 
SPECIALIZED .)' jeep 
MACHINERY MES Direct Costs 

DIRECT COSTS 
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(The symbols in Exhibit 4-4 are used consistently in the costing-system overviews 
presented in this text. A triangle always identifies a direct cost, a rectangle represents the 
indirect-cost pool, and an octagon describes the cost-allocation base.) 

Additional Points to Consider When Calculating 

Job-Cost Allocation Rates 

Information technology simplifies the tracing of costs to jobs. If direct manufacturing 
labour-hours (DMLH) is used as the cost-allocation base, very refined systems can trace 
direct manufacturing labour in minutes or longer intervals to each job. Employees simply 
scan their identification card and select the job identification code when they begin and 
again when they end their task. The computer then reports not only the DMLH spent, but 
also the indirect costs of fringe benefits and rework for each job. For fixed cost allocation, 
when the cost object is a job it is sensible to collect the fixed costs incurred during the 
entire time period of the job. There are two reasons for using longer periods, such as a 
year, to calculate indirect cost rates: 

= Seasonal patterns. The shorter the period is, the greater is the influence of seasonal 
patterns on the amount of costs. For example, if indirect cost rates were calculated 
each month, then heating costs would be charged to production only during the win- 
ter months. An annual period incorporates the effects of all four seasons into one 
annual indirect cost rate. 

s Unitized fixed costs. Longer periods to produce jobs mean that the unitized fixed cost 
portion of the machine and other fixed cost pools will be spread out more evenly. 
Even if output varies from month to month for a single job, the point is to cost the 
job, not the time period. 

CONCEPTS 
IN ACTION 

Job Costing on the Next-Generation 
Military Fighter Plane 

successfully completed its first test flight; yet problems have 
plagued the jet’s development since the testing. 

The project team for the F-35 Lightning II uses a 
job-costing system. There are two direct cost pools, 
material and manufacturing labour. The remaining costs 
are accumulated in one overhead cost pool. The cost 
allocation base is the total budgeted direct materials cost. 
This job-costing system allows managers to assign costs 
to processes and projects. Managers use this system to 
actively manage costs. However, as cost overruns continue, 
the length of time to complete jobs and the cost associated 
with individual jobs associated with the overall project 
continue to mount. Most recently, after spending some 
months reviewing whether to continue the project, the 
Government of Canada announced the continuation 
of the $19-billion-dollar competition to provide the 
Canadian Armed Forces with next generation fighters— 

Northrop Grumman, Inc. is a leading provider of systems 
and technologies for the US Department of Defense. 
Competitive bidding processes and increased public and 
congressional oversight make understanding costs critical 
in pricing decisions, as well as in winning and retaining 
government contracts. Each job must be estimated indi- 
vidually because the distinct outputs consume different 
amounts of Northrop Grumman’s resources. 

A project team of Northrop Grumman, Lockheed 
Martin, and BAE Systems was awarded the System Design 
and Demonstration contract to build the F-35 Lightning II 
aircraft—also known as the Joint Strike Fighter—in late 
2001. This project, worth over $200 billion, will create a 
family of supersonic, multi-role fighter airplanes designed 
for the militaries of the United States, the United Kingdom, 
Italy, the Netherlands, Turkey, Canada, Australia, Denmark, 
and Norway. In December 2006, the F-35 Lightning II 

the F35 remains the primary contender to win the contract. 

Sources: D. Pugliese. 2016. “Trudeau Government to Contribute Another 
$36 Million to F-35 Fighter Jet Program,” National Post, November 24 
(http://news.nationalpost.com/news/canada/trudeau-government-to-contribute 
-another-36-million-to-f-35-fighter-jet-program); Aaron Gregg, 2019, “A 
Power Struggle Over the F-35 Fighter Jet Comes to a Head as Lawmaker 
threatens to Hold up Contract,” Washington Post, November 19 (https:// 
www. washingtonpost.com/business/201 9/1 1/16/power-struggle-over-f-fighter 
-jet-comes-head-lawmaker-threatens-hold-up-contract/); David Pugliese. 2019. 
“Boeing Confirms It Is Taking Part in Canada’s Future Fighter Jet,” Ottawa 
Citizen, November 7 (https://ottawacitizen.com/news/national/defence-watch 
/boeing-confirms-it-is-taking-part-in-canadas-future-fighter-jet-competition/), 
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For example, an audit firm has a highly seasonal workload. Tax advice accounts for 
more than 80% of the workload from January through April. Given the following mix of 
costs for a high-output month such as April and a low-output month such as July, actual 
indirect cost allocation rates fluctuate by almost 300%. If the low cost allocation rate 
were charged in April, then clients would be very pleased. If the high cost allocation 
rate were charged in July, then clients would leave. If costs are allocated and charged at 
the time they are incurred, then July clients are not paying a fair share of fixed resources 
for an identical job in April. July clients are penalized for the time of year the resources 
are consumed. Ultimately the firm could not cover its total annual fixed indirect costs. 

Allocation 

; Rate per 
______IndirectCosts Professional Professional 
Variable Fixed Total Labour-Hours = Labour-Hour 

(1) (2) (3) (4) (5) = (3) + (4) 

High-output month $40,000 $60,000 $100,000 3,200 $31.25 

Low-output month 10,000 60,000 70,000 800 87.50 

Donna Corporation manufactures custom cabinets for kitchens. It uses a normal- 
costing system with two direct cost categories—direct materials and direct manufac- 
turing labour—and one indirect cost pool, manufacturing overhead costs. It provides 
the following information for 2020. 

Budgeted manufacturing overhead costs $960,000 

Budgeted direct manufacturing labour-hours 32,000 hours 

Actual manufacturing overhead costs $992,000 

Actual direct manufacturing labour-hours 31,000 hours 

Required 

Calculate the total manufacturing costs of the 32 Berndale Drive job based on the 
following information: 

Actual direct materials costs $3,500 

Actual direct manufacturing labour 160 hours 

Actual direct manufacturing labour rate $ 20 per hour 

Actual Costing 

How would the cost of Job WPP 298 change if Robinson had used actual costing rather 
than normal costing? Both actual costing and normal costing trace direct costs to jobs in 
the same way because source documents identify the actual quantities and actual rates of 
direct materials and direct manufacturing labour for a job as the work is being done. The 
only difference between normal costing and actual costing is that normal costing uses 
budgeted indirect-cost rates, whereas actual costing uses actual indirect-cost rates calcu- 
lated annually at the end of the year. 

Actual 

Total manufacturing overhead costs $1,215,000 

Total direct manufacturing labour-hours 27,000 

Steps 1 and 2 are exactly as before: Step 1 identifies WPP 298 as the cost object; Step 2 
calculates actual direct material costs of $4,606, and actual direct manufacturing labour 
costs of $1,579. 

Recall from Step 3 that Robinson uses a single cost-allocation base, direct manufac- 
turing labour-hours, to allocate all manufacturing overhead costs to jobs. The actual 
quantity of direct manufacturing labour-hours for 2021 is 27,000 hours. 
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104 

Direct 

Costs 

Indirect 

Costs 

LO9@ 

Actual 

Costing 

Actual direct- 
cost rates X 

actual quanti- 

ties of direct- 

cost inputs 

Actual 

indirect-cost 

rates X actual 

quantities of 

cost-allocation 

bases 

Analyze the flow of costs 

from direct and indirect 

cost pools to inventory 

accounts, including 
adjustments for over- and 

underallocated costs. 
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In Step 4, Robinson groups all actual indirect manufacturing costs of 
$1,215,000 into a single manufacturing overhead cost pool. 

In Step 5, the actual indirect-cost rate is calculated by dividing actual 
total indirect costs in the pool (determined in Step 4) by the actual total 
quantity of the cost-allocation base (determined in Step 3). Robinson cal- 
culates the actual manufacturing overhead rate in 2021 for its single man- 
ufacturing overhead cost pool as follows: 

Normal 

Costing 

Actual direct- 

cost rates X 

actual quanti- 
ties of direct- 

cost inputs 

Budgeted 

indirect-cost 

rates X actual 

quantities of 

cost-allocation 

bases 

Actual manufacturing — Actual annual manufacturing overhead costs 

~ Actual annual quantity of the cost-allocation base 

iG $1,215,000 
27,000 direct manufacturing labour-hours 

overhead rate 

= $45 per direct manufacturing labour-hour 

In Step 6, under an actual-costing system, 

Manufacturing overhead costs _ Actual manufacturing 

allocated to WPP 298 

Actual quantity of direct 

overhead rate manufacturing labour-hours 

_ $45 per direct manuf. 88 direct manufacturing 

labour-hour labour-hours 

= $3,960 

In Step 7, the cost of the job under actual costing is $10,145, calculated as follows: 

Direct manufacturing costs 

Direct materials $4,606 

Direct manufacturing labour 1,579 $ 6,185 

Manufacturing overhead costs 

($45 per direct manufacturing labour- 
hour X 88 actual direct manufacturing 

labour-hours) 3,960 

Total manufacturing costs of job $10,145 

A Normal Job-Costing System and Cost Flow 

We now explain cost flow for a company with a normal job-costing system, Robinson 
Company. The following illustration considers events that occurred in February 2021. 
Exhibit 4-5 illustrates a broad framework for understanding the flow of costs and inven- 
tory valuation in job costing. 

The upper part of Exhibit 4-5 shows the inventoriable costs from the purchase of mate- 
rials and other manufacturing inputs, which flow during conversion into work-in-process 
and finished goods inventory. The sale of the product triggers the transfer of these costs 
from Cost of Goods Manufactured (COGM) to the Cost of Goods Sold (COGS) account. 

Direct materials used and direct manufacturing labour can be easily traced to WPP 
through the electronic source documents. These costs do not disappear even if they are 
paid. Rather, these costs are transferred to work-in-process inventory on the statement of 
financial position. These direct costs are expended to transform or convert raw materials 
into finished goods inventory. As the goods are converted, value is added, which is why 
the work-in-process is a current asset. 

Robinson also incurs manufacturing overhead costs (MOH), including indirect mate- 
rials and indirect manufacturing labour. These indirect support costs cannot be readily 
traced to WPP because the inputs are common and used in different amounts by all of 
Robinson’s jobs. First MOH is accumulated in an MOH ledger account and then allo- 
cated and assigned to individual jobs. Once assigned to a job, MOH is transferred to the 
Work-in-Process Inventory account. 
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EEE Flow of Costs in Job Costing 
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Once complete, all assigned WPP costs are transferred to the Finished Goods Inven- 
tory account on the statement of financial position. Only when finished goods are sold is 
an expense, cost of goods sold, recognized in the statement of comprehensive income and 
matched against revenue earned from sales. 

General Ledger 

A summary of the job-cost record is typically found in a subsidiary ledger. The general 
ledger account Work-in-Process Control presents the total of these separate job-cost 
records pertaining to all unfinished jobs. The job-cost records and Work-in-Process Con- 
trol account track job costs from when jobs start until they are complete. 

Exhibit 4-6 shows T-accounts for Robinson Company’s general ledger. The general 
ledger gives a “bird’s-eye view” of the costing system. The amounts shown in Exhibit 4-6 
are based on the transactions and journal entries that follow. As you go through each jour- 
nal entry, use Exhibit 4-6 to see how the various entries being made come together. General 
ledger accounts with “Control” in the titles (e.g., Materials Control and Accounts Payable 
Control) have underlying subsidiary ledgers that contain additional details, such as each 
type of material in inventory and individual suppliers that Robinson must pay. 

A general ledger should be viewed as only one of many tools that assist management 
in planning and control. To control operations, managers rely on not only the source doc- 
uments used to record amounts in the subsidiary ledgers, but also nonfinancial informa- 
tion such as the percentage of jobs requiring rework. 

ANALYTICS General Ledger and Job- 
Claw R= §=6Costing Analytics 

Job costing requires a multitude of data points to effectively understand the cost of “a 
job.” The General Ledger (GL) is one of the most important sources of information in an 
organization, containing a record of all transactions. Historically, the GL was a difficult 
source to mine for operational data due to the volume of transactions it reflected and 
timeliness with which a manager could access the data. The power of modern analytics 
applications makes the GL more accurate and accessible in time for managers to make 
real-time decisions. Analysis of precise transaction data can be used to understand per 
unit cost and work and completion of individual jobs. Analytics provide insight and 
access to data that help managers make better decisions, faster. 
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(eae) Normal Job Costing for WPP: Diagram of General Ledger Relationships for February 2021 

GENERAL LEDGER 200 Co i ee ee 

@ Purchase of @® Cash paid for direct @ Incurrence of other © Completion and ® Incurrence of 
direct and indirect manufacturing labour, manufacturing transfer to finished marketing and 

materials, $89,000 $39,000, and indirect dept. overhead, goods, $188,800 customer-service 

@ Usage of direct manufacturing labour, $75,000 @ Cost of goods sold, costs, $60,000 
materials, $81,000, $15,000 © Allocation of $180,000 @® Sales, $270,000 
and indirect manufacturing 

materials, $4,000 overhead, $80,000 
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CONTROL ACCUMULATED 
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The debit balance of $11,200 in the Work-in-Process Control account represents 

the total cost of all jobs that have not been completed as of the end of February 2021. 

The debit balance of $8,800 in the Finished Goods Control account represents 

the cost of all jobs that have been completed but not sold as of the end of February 2021, 

Explanations of Transactions 

We next look at a summary of Robinson Company’s transactions for February 2021 and 
the corresponding journal entries for those transactions. 

1. Purchases of materials (direct and indirect) on credit, $89,000. 

Materials Control 89,000 

Accounts Payable Control 89,000 

2. Usage of direct materials, $81,000, and indirect materials, $4,000. 

Work-in-Process Control 81,000 

Manufacturing Overhead Control 4,000 

Materials Control 85,000 

3. Manufacturing payroll for February: direct labour, $39,000, and indirect labour, 
$15,000, paid in cash. 

Work-in-Process Control 

Manufacturing Overhead Control 

Cash Control 

39,000 

15,000 

54,000 
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4. Other manufacturing overhead costs incurred during February, $75,000, consisting 
of supervision and engineering salaries, plant utilities, repairs, insurance, and plant 
depreciation. The non-cash item, plant depreciation, was $18,000. 

Manufacturing Overhead Control 75,000 

Cash Control 57,000 

Accumulated Depreciation Control 18,000 

5. Allocation of manufacturing overhead to jobs, $80,000. 

Work-in-Process Control 80,000 

Manufacturing Overhead Allocated 80,000 

Under normal costing, manufacturing overhead allocated—also called manufacturing 
overhead applied—is the amount of manufacturing overhead costs allocated to distinct 
types of jobs based on the budgeted rate multiplied by the actual quantity of the allocation 
base used. 

In transaction 4, actual overhead costs incurred throughout the month are added 
(debited) to the Manufacturing Overhead Control account. Manufacturing overhead costs 
are added (debited) to Work-in-Process Control only when manufacturing overhead costs 
are allocated in transaction 5. The amount allocated will differ from the actual overhead 
costs. 

6. Completion and transfer of individual jobs to finished goods, $188,800. 

Finished Goods Control 188,800 

Work-in-Process Control 188,800 

7. Cost of goods sold, $180,000. 

Cost of Goods Sold 180,000 

Finished Goods Control 180,000 

8. Marketing costs for February, $45,000, and customer-service costs for February, 
$15,000, paid in cash. 

Marketing Expenses 45,000 

Customer-Service Expenses 15,000 

Cash Control 60,000 

9. Sales revenues, all on credit, $270,000. 

Accounts Receivable Control 270,000 

Revenues 270,000 

Subsidiary Ledgers 

Exhibits 4-7 and 4-8 present subsidiary ledgers that contain the underlying details of pro- 
duction, such as each type of materials in inventory and costs accumulated in individual 
jobs. The sum of all entries in underlying subsidiary ledgers equals the total amount in the 
corresponding general ledger control accounts. 

Material Records by Type of Materials 

The subsidiary ledger for materials at Robinson Company—called Materials Records— 
keeps a continuous record of quantity received, quantity issued to jobs, and inventory 
balances for each type of material. Panel A of Exhibit 4-8 shows the Materials Record for 
Metal Brackets (Part No. MB 468-A). Source documents supporting the receipt and issue 
of materials are scanned into a computer. Software programs then automatically update 
the Materials Records and make all the necessary accounting entries in the subsidiary and 
general ledgers. 
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Subsidiary Ledger for Materials, Labour, and Manufacturing Department Overhead 2021 
1 ARTE PLT SS SE TEE RE 

PANEL A: 
Materials Records 

by Type of Materials 

Metal Brackets Part No. MB 468-A 

Received Issued Balance 

® 
Req. 

Date No. Qty. Rate Amt. 

2-7 2021: 8 $14 $112 

198 

@® 

Copies of Copies of materials- 

invoices or requisition records 

receiving 

reports 

Total cost of all Total cost of all 

types of materials types of materials 

received in issued in 

February, $89,000 February, $81,000 

PANEL B: 
Labour Records 

by Employee 

G.L. Cook Empl. No. 551-87-3076 

Week Hours 

Endg. Job No. Worked Rate Amt. 

2-13 WPP 

298 25 $18 $450 

JL 256 12 18 216 

Mntnce. 3 18 54 

$720 

2-17 ® 

Copies of 

labour-time record 

Total cost of all direct and indirect 

manufacturing labour incurred 

in February, $54,000 (= $39,000 + $15,000) 

PANEL C: Manufacturing 
Department Overhead 
Records by Month 

February 2021 

Indir. Indir. Supervn. Plant 

Matr. Mfg. & Ins. & Plant 
Issued Labour Eng. Utilities Deprn. 

@ ® C) ®@ @©@ 

Koh A 
SNe 
ee 
Sud 

Vv 

Mfg. Payroll analysis, 

labour-time invoices, special 

record or authorizations 

payroll 

analysis 

Copies of 

materials 

requisitions 

$4,000 $15,000 $44,000 $13,000 $18,000 

a ek a et 
Other manufacturing 

overhead costs incurred 

in February, $75,000 

Note: The arrows show how the supporting documentation (e.g., copies of materials-requisition records) results in the 

journal entry number shown in circles (e.g., journal entry number 2) that corresponds to the entries in Exhibit 4-6. 

Subsidiary Ledger for Individual Jobs 2021 

PANEL A: Work-in-Process 
Inventory Records by Jobs 

Job No. WPP 298 

In-Process 

Direct Allocated 
Direct Mfg. Mfg. Total 

Date Materials Labour Overhead _ Cost 
2-7 06 $ (112 $ 112 

2-13 $ 450 $ 450 
e e ° 

2-28 $4,606 $1,579 $3,520 $9,705 

® ® © 

Copies of Copies of Budgeted 
materials- labour- rate x 

requisition time Actual direct 

records records mfg. 

labour-hours 

Total cost Total cost Total 

of direct of direct mfg. 

materials mfg. overhead 

issuedto labour allocated to 

alljobs usedon _ alljobs 

inFeb., all jobs in Feb., 

$81,000 inFeb., $80,000 
$39,000 

Completed Balance 

Total Total 

Date Cost Date Cost 

2-28 $9,705 2-28 

O) 

Completed 

job-cost 

record 

Total cost of all jobs 

completed and 

transferred to finished 

goods in Feb., $188,800 

PANEL B: Finished Goods 
Inventory Records by Job 

Job No. WPP 298 

Received Issued Balance 

Date Amt. Date Amt. Date Amt. 

2-28 $9,705 2-28 $9,705 2-28 $0 

© ‘O) 

Completed Costed sales 

job-cost invoice 

record 

Total cost Total cost 

of all jobs of all jobs 

transferred sold and 

to finished invoiced 

goods in Feb., 

in Feb., $180,000 
$188,800 

Note: The arrows show how the supporting documentation (e.g., copies of materials-requisition records) results in the journal entry 

number shown in circles (e.g., journal entry number 2) that corresponds to the entries in Exhibit 4-6, 
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As direct materials are used, they are recorded as issued in the Materials Records. 
Exhibit 4-7, Panel A shows a record of the metal brackets issued for the WPP machine job. 
Direct materials are also charged to individual job records, which are the subsidiary ledger 
accounts for the Work-in-Process Control account in the general ledger. For example, the 
metal brackets used in the WPP machine job appear as direct material costs of $112 in the 
subsidiary ledger under the job-cost record for WPP (Exhibit 4-8, Panel A). The cost of direct 
materials used across all job-cost records for February 2021 is $81,000 (Exhibit 4-8, Panel A). 

As indirect materials (e.g., lubricants) are used, they are charged to the Manufactur- 
ing Department overhead records (Exhibit 4-7, Panel C), which comprise the subsidiary 

ledger for Manufacturing Overhead Control. The Manufacturing Department overhead 
records accumulate actual costs in individual overhead categories by each indirect cost 
pool account in the general ledger. The cost of indirect materials used is not added directly 
to individual job records. Instead, the cost of these indirect materials is allocated to indi- 
vidual job records as a part of manufacturing overhead. Total actual MOH costs of 
$75,000 were incurred in February. 

Labour Records by Employee 

Labour-time records shown in Exhibit 4-7, Panel B, are the trace for direct manufacturing 
labour to individual jobs. These records also contain indirect cost information that is 
accumulated in Manufacturing Department overhead records (Exhibit 4-7, Panel C). The 

subsidiary ledger for employee labour records shows the different jobs that G.L. Cook 
worked on and the $720 of wages owed to G.L. Cook for the week ending February 13. 
The sum of total wages owed to all employees for February 2021 is $54,000. The job-cost 
record for WPP shows direct manufacturing labour costs of $450 for the time G.L. Cook 
spent on the WPP machine job (Exhibit 4-8, Panel A). Total direct manufacturing labour 
costs recorded in all job-cost records (the subsidiary ledger for Work-in-Process Control) 
for February 2021 is $39,000. 

G.L. Cook’s employee record shows $54 for maintenance, which is an indirect manu- 
facturing labour cost. The total indirect manufacturing labour costs of $15,000 for 
February 2021 appear in the Manufacturing Department overhead records in the subsidi- 
ary ledger (Exhibit 4-7, Panel C). These costs, by definition, are not traced to an individual 
job. Instead, they are allocated to individual jobs as a part of manufacturing overhead. 

Manufacturing Department Overhead Records by Month 

The Manufacturing Department overhead records (Exhibit 4-7, Panel C) that make up the 
subsidiary ledger for Manufacturing Overhead Control show details of different catego- 
ries of overhead costs such as indirect materials, indirect manufacturing labour, supervi- 
sion and engineering, plant insurance and utilities, and plant depreciation. The source 
documents for these entries include invoices (e.g., a utility bill) and special schedules (e.g., a 
depreciation schedule) from the responsible accounting officer. 

Work-in-Process Inventory Records by Jobs 

The job-cost record for each individual job in the subsidiary ledger will be debited by the 
cost of direct materials and direct manufacturing labour used by individual jobs. The job- 
cost record for each individual job in the subsidiary ledger will also be debited for manufac- 
turing overhead allocated for the actual direct manufacturing labour-hours used in that job. 
For example, the job-cost record for Job WPP (Exhibit 4-8, Panel A) shows Manufacturing 
Overhead Allocated of $3,520 (budgeted rate of $40 per labour-hour X 88 actual direct 
manufacturing labour-hours used). We assume 2,000 actual direct manufacturing labour- 
hours were used for all jobs in February 2021, resulting in a total manufacturing overhead 
allocation of $40 per labour-hour X 2,000 direct manufacturing labour-hours = $80,000. 

Finished Goods Inventory Records by Jobs 

Exhibit 4-8, Panel A, shows that Job WPP was completed at a cost of $9,705. Job WPP 
also simultaneously appears in the finished goods records of the subsidiary ledger. Given 
Robinson’s use of normal costing, cost of goods completed consists of actual direct mate- 
rials, actual direct manufacturing labour, and manufacturing overhead allocated to each 
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job based on the budgeted manufacturing overhead rate multiplied by the actual direct 
manufacturing labour-hours. Exhibit 4-8, Panel B, indicates that Job WPP was sold and 
delivered to the customer on February 28, 2021. 

Other Subsidiary Records 

Robinson maintains employee labour records in subsidiary ledgers for marketing and custom- 
er-service payroll as well as records for different types of advertising costs (print, television, 
and radio). An accounts receivable subsidiary ledger is also used to record the February 2021 
amounts due from each customer, including the $15,000 due from the sale of Job WPP. 

Non-Manufacturing Costs and Job Costing 

Product costs reported as inventoriable costs to shareholders may differ from product 
costs reported for government contracting and may also differ from product costs reported 
to managers for guiding pricing and product-mix decisions. Even though marketing and 
customer-service costs are expensed when incurred for financial accounting purposes, 
companies often trace or allocate these costs to individual jobs for pricing, product-mix, 
and cost management decisions. 

Budgeted Indirect Costs and End-of-Accounting- 

Year Adjustments 

Using budgeted indirect cost rates and normal costing instead of actual costing has the advan- 
tage that indirect costs can be assigned to individual jobs on an ongoing and timely basis, 
rather than only at the end of the fiscal year when actual costs are known. However, budgeted 
rates are unlikely to equal actual rates because they are based on estimates made up to 12 months 
before actual costs are incurred. We now consider adjustments that are needed when, at the 
end of the fiscal year, indirect costs allocated differ from actual indirect costs incurred. 

Underallocated indirect costs occur when the allocated amount of indirect costs in an 
accounting period is less than the actual amount. Overallocated indirect costs occur when 
the allocated amount of indirect costs in an accounting period is greater than the actual 
amount. 

Underallocated (overallocated) indirect costs = Actual indirect costs incurred — Indirect costs allocated 

Consider the manufacturing overhead indirect cost pool at Robinson Company. 
There are two indirect cost accounts in the general ledger that have to do with manufac- 
turing overhead: ‘ 

1. Manufacturing Overhead Control, the record of the actual costs in all the individual 
overhead categories (such as indirect materials, indirect manufacturing labour, super- 
vision, engineering, utilities, and plant depreciation). 

2. Manufacturing Overhead Allocated, the record of the manufacturing overhead allo- 
cated to individual jobs on the basis of the budgeted rate multiplied by actual direct 
manufacturing labour-hours. 

Assume the following annual data for Robinson Company: 

Manufacturing Overhead Control Manufacturing Overhead Allocated 

Bal. Dec. 31,2021 1,215,000 Bal. Dec. 31,2021 1,080,000 

The $1,080,000 credit balance in Manufacturing Overhead Allocated results from multi- 

plying the 27,000 actual direct manufacturing labour-hours worked on all jobs in 2021 by 
the budgeted rate of $40 per direct manufacturing labour-hour. 

The $135,000 difference (a net debit) is an underallocated amount because actual 
manufacturing overhead costs are greater than the allocated amount. This difference 
arises from two reasons related to the computation of the $40 budgeted hourly rate: 

1. Numerator reason (indirect cost pool). Actual manufacturing overhead costs of 
$1,215,000 are greater than the budgeted amount of $1,120,000. 
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Donna Corporation manufactures custom cabinets for kitchens. It uses a normal- 
costing system with two direct cost categories—direct materials and direct manufac- 
turing labour—and one indirect cost pool, manufacturing overhead costs. It provides 
the following information about manufacturing overhead costs for April 2021. 

Actual direct materials used $60,000 

Actual direct manufacturing labour costs paid in cash $54,000 

Indirect materials used $3,000 

Supervision and engineering salaries paid in cash $50,000 

Plant utilities and repairs paid in cash $10,000 

Plant depreciation $16,000 

Actual direct manufacturing labour-hours 2,700 

Cost of individual jobs completed and transferred to finished goods $180,000 

Cost of goods sold $175,000 

The following information is also available for 2021: 

Budgeted manufacturing overhead costs for 2021 $960,000 

Budgeted direct manufacturing labour-hours for 2021 32,000 hours 

Required 

Present journal entries for (a) usage of direct and indirect materials, (b) manufactur- 

ing labour incurred, (c) manufacturing overhead costs incurred, (d) allocation of 
manufacturing overhead costs to jobs, (e) cost of jobs completed and transferred to 

finished goods, and (f) cost of goods sold. 

2. Denominator reason (quantity of allocation base), Actual direct manufacturing 
labour-hours of 27,000 are fewer than the budgeted 28,000 hours. 

There are three main approaches to account for the $135,000 underallocated manufac- 
turing overhead amount: (1) adjusted allocation-rate approach, (2) proration approach, 
and (3) write-off to cost of goods sold approach. 

Adjusted Allocation-Rate Approach 

The adjusted allocation-rate approach restates all overhead entries in the general ledger 
and subsidiary ledgers using actual cost rates rather than budgeted cost rates. First, the 
actual manufacturing overhead rate is computed at the end of the fiscal year. Then, the 
manufacturing overhead costs allocated to every job during the year are recomputed using 
the actual manufacturing overhead rate (rather than the budgeted manufacturing over- 
head rate), Finally, end-of-year closing entries are made. The result is that at year-end, 
every job-cost record and finished-goods record—as well as the ending Work-in-Process 
Control, Finished Goods Control, and Cost of Goods Sold accounts—represent actual 

manufacturing overhead costs incurred. 
The widespread adoption of computerized accounting systems has greatly reduced 

the cost of using the adjusted allocation-rate approach. Consider the Robinson example. 
The actual manufacturing overhead ($1,215,000) exceeds the manufacturing overhead 
allocated ($1,080,000) by 12.5% [(= $1,215,000 — $1,080,000) + $1,080,000]. At year- 

end, Robinson could increase the manufacturing overhead allocated to each job in 2021 
by 12.5% using a single software command. The command would adjust both the subsid- 
iary ledgers and the general ledger. 

Consider the Western Pulp and Paper machine job, WPP. Under normal costing, the 
manufacturing overhead allocated to the job is $3,520 (the budgeted rate of $40 per 
direct manufacturing labour-hour X 88 hours). Increasing the manufacturing overhead 
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allocated by 12.5%, or $440 (= $3,520 X 0.125), means the adjusted amount of manufac- 

turing overhead allocated to Job WPP equals $3,960 (= $3,520 + $440). Note that, using 
actual costing, manufacturing overhead allocated to this job is also $3,960 (the actual 
rate of $45 per direct manufacturing labour-hour X 88 hours). Making this adjustment 
under normal costing for each job in the subsidiary ledgers ensures that all $1,215,000 of 
manufacturing overhead is allocated to jobs. 

The adjusted allocation-rate approach yields the benefits of both the timeliness aie 
convenience of normal costing during the year and the allocation of actual manufacturing 
overhead costs at year-end. Each individual job-cost record and the end-of-year account 
balances for inventories and cost of goods sold are adjusted to actual costs. After-the-fact 
analysis of actual profitability of individual jobs provides managers with accurate and 
useful insights for future decisions about job pricing, which jobs to emphasize, and ways 
to manage job costs. 

Proration Approach 

Proration spreads underallocated overhead or overallocated overhead among ending 
work-in-process inventory, finished goods inventory, and cost of goods sold. Materials 
inventory is not included in this proration because no manufacturing overhead costs have 
been allocated to it. In our Robinson example, end-of-year proration is made to the ending 
balances in Work-in-Process Control, Finished Goods Control, and Cost of Goods Sold. 

Assume the following actual results for Robinson Company in 2021: 

Allocated 

Manufacturing 

Overhead 

Included in Each 

Account Balance 

(Before Proration) | (Before Proration) 

$ 50,000 $ 16,200 

75,000 31,320 

2,375,000 1,032,480 

$2,500,000 $1,080,000 

Account Balance 

Account 

2 Work-in-Process Control 

| 3 | Finished Goods Control 

| 4 |Cost of Goods Sold 

Robinson prorates the underallocated amount of $135,000 at the end of 2021. The 
$135,000 underallocated overhead is prorated over the three affected accounts in propor- 
tion to the total amount of manufacturing overhead allocated (before proration) in col- 

umn 2 of the following table, resulting in the ending balances (after proration) in column 
5 at actual costs. 

Account Balance 

(Before Proration) 

Allocated 

Manufacturing 

Overhead 

Included in Each 

Account Balance 

(Before Proration) 

Allocated 

Manufacturing 

Overhead Included 

in Each Account 

Balance as a 

Percent of Total 

Proration of $135,000 of 

Underallocated 

Manufacturing Overhead 

Account 

Balance 

(After Proration) 

Account 

12 | Work-in-Process Control 

(1) 

$ 50,000 

(2) 

$ 16,200 

a3 | Finished Goods Control 75,000 31,320 

(3) = (2) / $1,080,000 (4) = (3) x $135,000 

0.015 x $135,000= | $ 2,025 

(5) = (1) + (4) 

$ 52,025 

0.029 x 135,000 = 3,915 78,915 

aa | Cost of Goods Sold 2,375,000 1,032,480 0.956 x 135,000 = 

$2,500,000 $1,080,000 

129,060 2,504,060 

$135,000 | $2,635,000 
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Prorating on the basis of the manufacturing overhead allocated (before proration) results 
in allocating manufacturing overhead based on actual manufacturing overhead costs. 
Recall that the actual manufacturing overhead ($1,215,000) in 2021 exceeds the manu- 
facturing overhead allocated ($1,080,000) in 2021 by 12.5%. The proration amounts in 
column 4 can also be derived by multiplying the balances in column 2 by 0.125. For exam- 
ple, the $3,915 proration to Finished Goods is 0.125 x $31,320. Adding these amounts 
effectively means allocating manufacturing overhead at 112.5% of what had been allo- 
cated before. 

The journal entry to record this proration is: 

Work-in-Process Control 2,025 

Finished Goods Control 3,915 

Cost of Goods Sold 129,060 

Manufacturing Overhead Allocated 1,080,000 

Manufacturing Overhead Control 1,215,000 

If manufacturing overhead had been overallocated, the Work-in-Process Control, Finished 
Goods Control, and Cost of Goods Sold accounts would be decreased (credited) instead 
of increased (debited). 

This journal entry closes (brings to zero) the manufacturing overhead-related accounts 
and restates the 2021 ending balances for Work-in-Process Control, Finished Goods Con- 
trol, and Cost of Goods Sold to what they would have been if actual manufacturing over- 
head rates had been used rather than budgeted manufacturing overhead rates. This 
method reports the same 2021 ending balances in the general ledger as the adjusted allo- 
cation-rate approach. 

Write-off to Cost of Goods Sold Approach 

Under this approach, the total under- or overallocated manufacturing overhead is included 
in this year’s Cost of Goods Sold. For Robinson, the journal entry would be: 

Cost of Goods Sold 135,000 

Manufacturing Overhead Allocated 1,080,000 

Manufacturing Overhead Control 1,215,000 

Robinson’s two Manufacturing Overhead accounts are closed with the difference 
between them included in cost of goods sold. The Cost of Goods Sold account after the 
write-off equals $2,510,000, the balance before the write-off of $2,375,000 plus the 
underallocated manufacturing overhead amount of $135,000. 

Choice Among Approaches 

The write-off to Cost of Goods Sold is the simplest approach for dealing with under- or 
overallocated overhead. If the amount of under- or overallocated overhead is insignificant 
relative to total operating income or some other measure of materiality, then a write-off 
yields a good approximation to the more complex approaches. Managers must be guided 
by cost/benefit. Companies have become more stringent in inventory control and work to 
minimize inventory quantities. As a result, cost of goods sold tends to be higher in relation 
to the dollar amount of work-in-process and finished goods inventories. Also, the inven- 
tory balances of job-costing companies are usually small because goods are often made in 
response to customer orders. Consequently, writing off, instead of prorating, under- or 
overallocated overhead will usually not cause a material misstatement in the financial 
statements. 

Regardless of which of the three approaches is used, the underallocated overhead is 
not carried in the overhead accounts beyond the end of the fiscal year. The reason is that 
ending balances in Manufacturing Overhead Control and Manufacturing Overhead Allo- 
cated are closed to zero when transferred to Work-in-Process Control, Finished Goods 

Control, and Cost of Goods. Sold at year-end. 
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Variations from Normal Costing—Budgeted 
Costing: A Service-Sector Example 

Job costing is also very useful in service organizations such as accounting and consulting 
firms, advertising agencies, auto repair shops, and hospitals. In an accounting firm, each 
audit is a job. The costs of each audit are accumulated in a job-cost record, much like the 
document used by Robinson Company, based on the seven-step approach described ear- 
lier. On the basis of labour-time sheets, direct-labour costs of the professional staff—audit 
partners, audit managers, and audit staff—are traced to individual jobs. Other direct costs, 
such as travel, out-of-town meals and lodging, phone, fax, and copying, are also traced to 
jobs. The costs of administrative support, office staff, rent, and depreciation of furniture 

and equipment are indirect costs because these costs cannot be traced to jobs in an eco- 
nomically feasible way. Indirect costs are allocated to jobs using, for example, a cost- 
allocation base such as number of professional labour-hours. 

In some service organizations, a variation from normal costing is helpful because actual 
direct-labour costs, the largest component of total costs, can be difficult to trace to jobs as 
they are completed. For example, the actual direct-labour costs of an audit may include 
bonuses that become known only at the end of the year (a numerator reason). Also, the 
hours worked each period might vary significantly depending on the number of working 
days each month and the demand for services (a denominator reason) while the direct-la- 
bour costs remain largely fixed. It would be inappropriate to charge a job with higher actual 
direct-labour costs simply because a month had fewer working days or demand for services 
was low in that month, Using budgeted rates gives a better picture of the direct-labour cost 
per hour that the company had planned when it hired the workers. In situations like these, 
a company needing timely information during the progress of an audit will use budgeted 
rates for some direct costs and budgeted rates for indirect costs. All budgeted rates are cal- 
culated at the start of the fiscal year. In contrast, normal costing uses actual cost rates for all 
direct costs and budgeted cost rates only for indirect costs. 

The mechanics of using budgeted rates for direct costs are similar to the methods 
employed when using budgeted rates for indirect costs in normal costing. We illustrate 
this for Donahue and Associates, a public accounting firm. For 2021, Donahue budgets 
total direct-labour costs of $14,400,000, total indirect costs of $12,960,000, and total 
direct (professional) labour-hours of 288,000. In this case, 

Budgeted direct-labour Budgeted total direct-labour costs 

cost rate ~ Budgeted total direct-labour hours 

™ $14,400,000 

288,000 direct labour-hours 

Assuming only one indirect-cost pool and total direct-labour costs as the cost-allocation 
base, 

= $50 per direct labour-hour 

Budgeted indirect _ Budgeted total costs in indirect cost pool 

cost rate ~ Budgeted total quantity of cost-allocation base (direct-labour costs) 

_ $12,960,000 
~ $14,400,000 

Suppose that in March 2021, an audit of Hanley Transport, a client of Donahue, uses 800 
direct labour-hours. Donahue calculates the direct-labour costs of the audit by multiply- 
ing the budgeted direct-labour cost rate, $50 per direct labour-hour, by 800, the actual 
quantity of direct labour-hours. The indirect costs allocated to the Hanley Transport audit 
are determined by multiplying the budgeted indirect-cost rate (90%) by the direct-labour 
costs assigned to the job ($40,000), Assuming no other direct costs for travel and the like, 
the cost of the Hanley Transport audit is as follows: 

= 0.90, or 90% of direct-labour costs 

Direct-labour costs, $50 x 800 $ 40,000 

Indirect costs allocated, 90% x $40,000 36,000 

Total $76,000 
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At the end of the fiscal year, the direct costs traced to jobs using budgeted rates will 
generally not equal actual direct costs because the actual rate and the budgeted rate are 
developed at different times using different information. End-of-year adjustments for 
under- or overallocated direct costs would need to be made in the same way that adjust- 
ments are made for under- or overallocated indirect costs. 

The Donahue and Associates example illustrates that all costing systems do not exactly 
match either the actual-costing system or the normal-costing system described earlier in the 

chapter. As another example, engineering consulting firms, such as Tata Consulting Engi- 
neers in India and Terracon Consulting Engineers in the United States, often use budgeted 
rates to allocate indirect costs (such as engineering and office-support costs) as well as 
some direct costs (such as professional labour-hours) and trace some actual direct costs 

(such as the cost of making blueprints and fees paid to outside experts). Users of costing 
systems should be aware of the different systems that they may encounter. 

Pulling It All Together—Problem for Self-Study 

(Try to solve this problem before examining the solution that follows.) 

Problem 

You are asked to bring the following incomplete accounts of Endeavour Printing, Inc., up 
to date through January 31, 2021. Consider the data that appear in the T-accounts as well 
as the following information in items (a) through (j). 

Endeavour’s normal-costing system has two direct cost categories (direct material 
costs and direct manufacturing labour costs) and one indirect cost pool (manufacturing 
overhead costs, which are allocated using direct manufacturing labour costs). 

Materials Control Wages Payable Control 

12-31-2020 Bal. 15,000 1-31-2021 Bal. 3,000 

Work-in-Process Control Manufacturing Overhead Control 

| 1-31-2021 Bal. 57,000 

Finished Goods Control Costs of Goods Sold 

12-31-2020 Bal. 20,000 

Additional Information 

a. Manufacturing overhead is allocated using a budgeted rate that is set every December. 
Management forecasts next year’s manufacturing overhead costs and next year’s 
direct manufacturing labour costs. The budget for 2021 is $600,000 for manufactur- 
ing overhead costs and $400,000 for direct manufacturing labour costs. 

b. The only job unfinished on January 31, 2021, is No. 419, on which direct manufac- 
turing labour costs are $2,000 (125 direct manufacturing labour-hours) and direct 
material costs are $8,000. 

. Total direct materials issued to production during January 2021 are $90,000. 

. Cost of goods completed during January is $180,000. 

. Materials inventory as of January 31, 2021, is $20,000. 

. Finished goods inventory as of January 31, 2021, is $15,000. 

. All plant workers earn the same wage rate. Direct manufacturing labour-hours used 
for January total 2,500 hours, Other labour costs total $10,000. 

. The gross plant payroll paid in January equals $52,000, Ignore withholdings. 

. All “actual” manufacturing overhead incurred during January has already been 
posted. 

j. All materials are direct materials. 

tS > ie WmWonAn 
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Required Calculate the following: 

CONIDUM RWHP 

. Materials purchased during January 

. Cost of Goods Sold during January 

. Direct manufacturing labour costs incurred during January 

. Manufacturing Overhead Allocated during January 

. Balance, Wages Payable Control, December 31, 2020 

. Balance, Work-in-Process Control, January 31, 2021 

. Balance, Work-in-Process Control, December 31, 2020 

. Manufacturing Overhead Underallocated or Overallocated for January 2021 

Solution 

Letters alongside entries and in T-accounts correspond to letters in the preceding addi- 
tional information. Numbers alongside entries in T-accounts correspond to numbers in 
the requirements above. Amounts from the T-accounts are labelled “(T) 
if 

2s 

A; 

3” 
. 

From Materials Control T-account, Materials Purchased: $90,000 (c) + $20,000 (e) — 
$15,000 (T) = $95,000 
From Finished Goods Control T-account, Cost of Goods Sold: $20,000 (T) + 
$180,000 (d) — $15,000 (f) = $185,000 

Direct manufacturing wage rate: $2,000 (b) + 125 direct manufacturing labour- 
hours (b) = $16 per direct manufacturing labour-hour 
Direct manufacturing labour costs: 2,500 direct manufacturing labour-hours (g) X 
$16 per hour = $40,000 

. Manufacturing overhead rate: $600,000 (a) + $400,000 (a) = 150% Manufacturing 
Overhead Allocated: 150% of $40,000 = 1.50 X $40,000 (see 3) = $60,000 

. From Wages Payable Control T-account, Wages Payable Control, December 31, 2020: 
$52,000 (h) + $3,000 (T) — $40,000 (see 3) — $10,000 (g) = $5,000 

. Work-in-Process Control, January 31, 2021: $8,000 (b) + $2,000 (b) + 150% of 
$2,000 (b) = $13,000 (This answer is used in item 7.) 

. From Work-in-Process Control T-account, Work-in-Process Control, December 31, 
2020: $180,000 (d) + $13,000 (see 6) — $90,000 (c) — $40,000 (see 3) — $60,000 

(see 4) = $3,000 
. Manufacturing overhead overallocated: $60,000 (see 4) — $57,000 (T) = $3,000 

Materials Control 

December 31, 2020 Bal. 15,000 

95,000* 

(given) 

(1) 

(e) 
Work-in-Process Control 

December 31, 2020 Bal. (7) 3,000 

Direct materials (c) 90,000 

Direct manufacturing labour (b)(g) (3) 40,000 

Manufacturing overhead 
allocated 

January 31, 2021 Bal. - 

(c) 90,000 

January 31, 2021 Bal. 

(d) 180,000 

(3) (a) (4) 60,000 

(b) (6) 13,000 

Finished Goods Control 

20,000 

(d) 180,000 

(f) 15,000 

Wages Payable Control 

(h) 52,000 | December 31, 2020 Bal. 

December 31, 2020 Bal. (given) (2) 185,000 

January 31, 2021 Bal. 

(5) 5,000 

(g) (3) 40,000 

(g) 10,000 

(given) 3,000 January 31, 2021 
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Manufacturing Overhead Control 

(given) 57,000 

Manufacturing Overhead Allocated 

(3) (a) (4) 60,000 

Cost of Goods Sold 

(d) (f) (2) 185,000 

*Can be computed only after all other postings in the account have been found. 

The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives 

1. What are the building-block 
concepts of costing systems? 

2. What is the difference 
between job costing and 
process costing? 

3. What are the approaches to 
evaluating and implementing 
job-costing systems? 

4. What are the differences 
between actual, budgeted, 
and normal costing? 

5. How do we show the flow 
of costs from direct and 
indirect cost pools to inven- 
tory accounts, including 
adjustments for over- and 
underallocated costs? 

Guidelines 

The building-block concepts of a costing system are a cost object, direct costs of 
a cost object, indirect costs of a cost object, cost pool, and cost-allocation base. 
Costing-system overview diagrams represent these concepts in a systematic way. 
Costing systems aim to report cost numbers that reflect the way cost objects 
(such as products or services) use the resources of an organization. 

Job-costing systems assign costs to distinct units of a product or service. Process- 
costing systems assign costs to masses of identical or similar units and compute 
unit costs on an average basis. These two costing systems represent opposite ends 
of a continuum. The costing systems of many companies combine some elements 
of both job costing and process costing. 

A general approach to implementing costing systems requires identifying the job 
and the actual direct costs, the budgeted cost-allocation bases, the budgeted indi- 
rect-cost pools, the budgeted cost-allocation rates, and the allocated indirect 
costs (budgeted rates multiplied by actual quantities of an input) to establish the 
total direct and indirect costs of a job. 

Actual costing and normal costing differ in the type of indirect-cost rates used: 

Actual Costing Normal Costing 

Direct-cost rates Actual rates Actual rates 

Indirect-cost rates | Actual rates Budgeted rates 

Both systems use actual quantities of inputs for tracing direct costs and actual 
quantities of the allocation bases for allocating indirect costs. 

The two standard approaches to disposing of under- or overallocated manufac- 
turing overhead costs at the end of the accounting year for the purposes of the 
statement of financial position and the statement of comprehensive income 
amounts at actual costs are (1) to adjust the allocation rate and (2) to prorate on 
the basis of the total amount of the allocated manufacturing overhead cost in the 
ending balances of Work-in-Process Control, Finished Goods Control, and Cost 
of Goods Sold accounts. Many companies, however, simply write off amounts of 
under- or overallocated manufacturing overhead to Cost of Goods Sold when 
amounts are immaterial. 
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This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

adjusted allocation-rate approach materials-requisition record (p. 99) overallocated indirect costs (p. 110) 

(p. 111) manufacturing overhead allocated proration (p. 112) 

budgeted indirect-cost rate (p. 98) (p. 107) source document (p. 98) 

job-cost record (p. 98) manufacturing overhead applied underallocated indirect costs (p. 110) 

labour-time sheet (p. 99) (p. 107) 

y-N~X-Jfelalaat=lalmtsikslats) 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

4-1 How does a job-costing system differ from a process-costing system? 

4-2 What is the benefit of creating more than one manufacturing overhead cost pool? 

4-3 Why might an advertising agency use job costing for an advertising campaign by Pepsi, whereas a 

bank might use process costing to determine the cost of chequing account deposits? 

4-4 Describe the seven steps in job costing. 

4-5 What are the two major types of organizational elements that managers focus on in companies using 

job costing? 

4-6 Describe the three major source documents used in job-costing systems. 

4-7 What is the main concern about source documents used to prepare job-cost records? 

4-8 Give two reasons why most organizations use an annual period rather than a weekly or monthly period 
to compute budgeted indirect cost-allocation rates. 

4-9 How does actual costing differ from normal costing? 

4-10 Describe two ways in which a house-construction company may use job-cost information. 

4-11 Comment on the following statement: “In a normal-costing system, the amounts in the Manufacturing 

Overhead Control account will always equal the amounts in the Manufacturing Overhead Allocated 

account.” 

4-12 Describe three different debit entries in the Work-in-Process Control general ledger T-account. 

4-13 Describe three alternative ways to dispose of underallocated or overallocated indirect costs. 

4-14 When might a company use budgeted costs rather than actual costs to compute direct labour rates? 

4-15 Describe briefly why modern technology such as Electronic Data Interchange (EDI) is helpful to 
managers. 

Exercises 

4-16 Terminology. A number of terms are listed below: 

source document _ actual 

cost tracing cost allocation rate 

proration opportunity cost 

cost pool 



Required 

Select the terms from the above list to complete the following sentences. 

1. spreads underallocated overhead or overallocated overhead among ending work-in-process 
inventory, finished goods inventory, and cost of goods sold. 

2. The benefits of using a(n) cost system is that your costing information is very accurate. 

3. The is the result of dividing the indirect cost pool by the cost-allocation base. 
4. A is an original record that supports journal entries in an accounting system. 
5. A(n) is the contribution to income lost or forgone by not using a limited resource in its next- 

best alternative use. 

6. is the assigning of direct costs to the chosen cost object. 
7.A is a grouping of individual cost items. 

4-17 Job costing, process costing. In each of the following situations, determine whether job costing 
or process costing would be more appropriate. 

. Apublic accounting firm 

. An oil refinery 

. Acustom furniture manufacturer 

. Atire manufacturer 

. Atextbook publisher 
A pharmaceutical company 

. An advertising agency 

. An apparel manufacturing factory 
A flour mill 
A paint manufacturer 

. A medical care facility 

A landscaping company 
. Acola-drink-concentrate producer 
A movie studio 

. Alaw firm 

. Acommercial aircraft manufacturer 

. Amanagement consulting firm 

A breakfast cereal company 

. Acatering service 

A paper mill 
. An auto repair garage 

aT Sea moae sf 
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4-18 Actual costing, normal costing, manufacturing overhead. Destin Products uses a job-cost- 
ing system with two direct cost categories (direct materials and direct manufacturing labour) and one man- 

ufacturing overhead cost pool. Destin allocates manufacturing overhead costs using direct manufacturing 
labour costs. Destin provides the following information: 

Budgetforthe Year Actuals for the Year 

Direct manufacturing labour costs $2,600,000 $2,540,000 

Direct manufacturing overhead costs 2,210,000 2,311,400 

Direct materials costs 1,800,000 1,740,000 

Required 

1. Compute the actual and budgeted manufacturing overhead rates for the year. 
2. During March, the cost record for Job 626 contained the following: 

Direct materials used $48,000 

Direct manufacturing labour costs 27,000 

Compute the cost of Job 626 using (a) an actual-costing system and (b) a normal-costing system. 
3. At the end of the year, compute the underallocated or overallocated manufacturing overhead under 

Destin’s normal-costing system. Why is there no underallocated or overallocated overhead under 

Destin’s actual-costing system? 
4. Comment briefly on the advantages and disadvantages of actual-costing systems and normal-costing 

systems. 

4-19 Job costing; actual, normal, and variation of normal costing. Chirac & Partners is a Quebec- 
based public accounting partnership specializing in audit services. Its job-costing system has a single direct cost 

category (professional labour) and a single indirect cost pool (audit support, which contains all the costs in the 

Audit Support Department). Audit support costs are allocated to individual jobs using actual professional labour- 
hours. Chirac & Partners employs 10 professionals who are involved in their auditing services. 
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4 

LOoeo 
1a. Direct cost rate, $60 per 

professional labour-hour: 

Indirect cost rate, $109.09 per 
professional labour-hour 

Llo8ee 
1a. $48 per direct labour-hour 

b, $42 per direct labour-hour 

Budgeted and actual amounts for the year are as follows: 

Budget for the year t 

Professional labour compensation $ 1,120,000 

Audit support department costs $ 800,000 

Professional labour-hours billed to clients 16,000 hours 

Actual results for the year 

Audit support department costs $ 852,500 

Professional labour-hours billed to clients 15,500 hours 

Actual professional labour cost rate $68 per hour 

Required 

1. Identify the direct cost rate per professional labour-hour and the indirect cost rate per professional 

labour-hour for the year under (a) actual costing, (b) normal costing, and (c) variation of normal costing 
that uses budgeted rates for direct costs. _ 

2. The audit of Pierre & Company done in the year was budgeted to take 110 hours of professional labour 

time. The actual professional labour time on the audit was 120 hours. Compute the job cost using 
(a) actual costing, (b) normal costing, and (c) variation of normal costing that uses budgeted rates for 
direct costs. Explain any differences in the job cost. 

4-20 Job costing; actual, normal, and budgeted costing. Michael and Gabitel (MG) is a law firm 

that specializes in writing wills. Its job-costing system has one direct cost pool, professional labour, and a 

single indirect cost pool that includes all supporting costs of running the law office. The support costs are 
allocated to clients on the basis of professional labour-hours. In addition to the two senior partners at MG, 

there are six associates who work directly with clients. Each of the eight lawyers is expected to work for 

approximately 2,500 hours per year. 

Budgeted and actual costs for the year were 

Budgeted professional labour costs $1,100,000 

Budgeted support costs 2,000,000 

Actual professional labour costs 1,320,000 

Actual support costs 2,400,000 

Actual total professional hours 22,000 hours 

Required } 

1. Compute the direct cost rate and the indirect cost rate per professional labour-hour under 

a. Actual costing 
b. Normal costing 

c. Budgeted costing 

2. The will for a rich tycoon, Ari Roos, was very complex and took four lawyers at the firm 500 hours 

each to prepare. What would be the cost of writing this will under each of the costing methods in 
requirement 1? 

4-21 Job costing, normal, and actual costing. Anderson Construction assembles residential homes. 
It uses a job-costing system with two direct cost categories (direct materials and direct labour) and one 

indirect cost pool (assembly support). The allocation base for assembly support costs is direct labour-hours. 

In December 2021, Anderson budgets 2022 assembly support costs to be $7,200,000 and 2022 direct labour- 
hours to be 150,000. 

At the end of 2022, Anderson is comparing the costs of several jobs that were started and completed 
in 2022. Information for a couple of jobs follows: 

Laguna Model Mission Model 
Construction Period February—June 2022 May—October 2022 

Direct materials $106,450 $127,604 

Direct labour $ 35,275 $ 40,320 

Direct labour-hours 850 960 
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Direct materials and direct labour are paid for on a contract basis. The costs of each are known when 

direct materials are used or direct labour-hours are worked. The 2022 actual assembly support costs were 
$6,888,000, while the actual direct labour-hours were 164,000. 

Required 

1. Compute the (a) budgeted and (b) actual indirect cost rate. Why do they differ? 
2. What is the job cost of the Laguna Model and the Mission Model using (a) normal costing and 

(b) actual costing? 
3. Why might Anderson Construction prefer normal costing over actual costing? 

4-22 Job costing, accounting for manufacturing overhead, budgeted rates. The Matthew Com- LOo8eoe 
pany uses a normal job-costing system at its Minneapolis plant. The plant has a machining department and Machining department overhead 
an assembly department. Its job-costing system has two direct-cost categories (direct materials and direct is $50/hr 
manufacturing labour) and two manufacturing overhead cost pools (the machining department overhead, 

allocated to jobs based on actual machine-hours, and the assembly department overhead, allocated to jobs 

based on actual direct manufacturing labour costs). The yearly budget for the plant is as follows: 

Machining Department Assembly Department 

Manufacturing overhead $1,500,000 $5,100,000 

Direct manufacturing labour costs $1,600,000 $3,000,000 

Direct manufacturing labour-hours 120,000 280,000 

Machine-hours 30,000 270,000 

Required 

1. Present an overview diagram of Matthew's job-costing system. Compute the budgeted manufacturing 

overhead rate for each department. 

2. During February, the job-cost record for Job 494 contained the following: 

Machining Department Assembly Department 

Direct materials used $42,000 $78,000 

Direct manufacturing labour costs $15,000 $19,000 

Direct manufacturing labour-hours 1,100 1,300 

Machine-hours 2,800 1,100 

Compute the total manufacturing overhead costs allocated to Job 494. 

3. At the end of year, the actual manufacturing overhead costs were $1,800,000 in machining and 

$5,300,000 in assembly. Assume that 33,000 actual machine-hours were used in machining and that 
actual direct manufacturing labour costs in assembly were $3,200,000. Compute the over- or underallo- 

cated manufacturing overhead for each department. 

4-23 Job costing, consulting firm. Frontier Partners, a management consulting firm, has the following con- LOoO® 
densed budget for the year: Total budgeted costs are $35,550 

Revenues $50,000,000 

Total costs: 

Direct costs 

Professional labour $ 20,000,000 

Indirect costs 

Client support 25,000,000 45,000,000 

Operating income $ 5,000,000 

Frontier has a single direct-cost category (professional labour) and a single indirect-cost pool (client sup- 
port). Indirect costs are allocated to jobs on the basis of professional labour costs. 

Required 

1. Prepare an overview diagram of the job-costing system. Calculate the budgeted indirect-cost rate for 

Frontier Partners for the year. 
2. The markup rate for pricing jobs is intended to produce operating income equal to 10% of revenues. 

Calculate the markup rate as a percentage of professional labour costs. 
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3. Frontier is bidding on a consulting job for Sentinel! Communications, a wireless communications com- 
pany. The budgeted breakdown of professional labour on the job is as follows: 

G 

Professional Labour Category Budgeted Rate per Hour Budgeted Hours 

Director $200 g 

Partner 100 24 

Associate 50 100 

Assistant 30 220 

Calculate the budgeted cost of the Sentinel Communications job. How much will Frontier bid for the job if it 

is to earn its target operating income of 10% of revenues? 

LOoe®6 4-24 Job costing, journal entries. Duchess Ltd. manufactures and installs kitchen cabinetry. It uses 

1, WIP ending balance, $27m normal job costing with two direct cost categories (direct materials and direct manufacturing labour) and 
one indirect cost pool for MOH, applied on the basis of MH. At the beginning of the year, the company esti- 
mated that it would work 1,000,000 MH and had budgeted $80,000,000 for MOH. The following data (in 

$ millions) pertain to operations for the year 2022: 

Materials control (beginning balance), December 31, 2021 $5.0 

Work-in-process control (beginning balance), December 31, 2021 1.6 

Finished goods control (beginning balance), December 31, 2021 7.4 

Materials and supplies purchased on account 240 

Direct materials used 198 

Indirect materials (supplies) issued to various production departments 24 

Direct manufacturing labour 127 

Indirect manufacturing labour incurred by various departments 21 

Depreciation on plant and manufacturing equipment 23 

Miscellaneous manufacturing overhead incurred (credit Various Liabilities; 10 
ordinarily would be detailed as repairs, utilities, etc.) 

Manufacturing overhead allocated (937,500 actual MH) ? 

Cost of goods manufactured 374.6 

Revenues 540 

Cost of goods sold 369 

Required 

1. Prepare general journal entries. Post to T-accounts. What is the ending balance of Work-in-Process 
Control? 

2. Show the journal entry for disposing of over- or underallocated manufacturing overhead directly as a 
year-end write-off to Cost of Goods Sold. Post the entry to T-accounts. 

Loge 4-25 Job costing, unit cost, ending work-in-process. Rowan Company produces pipes for concert- 
Cost per pipe Is $370 quality organs. Each job is unique. In April 2021, it completed all outstanding orders, and then, in May 2021, 

it worked on only two jobs, M1 and M2: 

ibe Ree. ceed Inara bee 

[1 | Rowan Company, May 2021 JobM1 | Job M2_| 
| 2. | Direct materials $ 75,000 
| 3 | Direct manufacturing labour 275,000 

Direct manufacturing labour is paid at the rate of $25 per hour. Manufacturing overhead costs are allo- 
cated at a budgeted rate of $22 per direct manufacturing labour-hour. Only Job M1 was completed in May. 

Required 

1. Calculate the total cost for Job M1. 
2. 1,600 pipes were produced for Job M1. Calculate the cost per pipe. 
3. Prepare the journal entry transferring Job M1 to finished goods. 
4. What is the ending balance in the Work-in-Process Control account? 



4-26 Job costing, journal entries, T-accounts, source documents. Production Company produces gad- 

gets for the coveted small appliance market. The following data reflect activity for the most recent year: 

Costs incurred 

Purchases of direct materials (net) on account $124,000 

Direct manufacturing labour cost 80,000 

Indirect labour 54,500 

Depreciation, factory equipment 30,000 

Depreciation, office equipment 7,000 

Maintenance, factory equipment 20,000 

Miscellaneous factory overhead 9,500 

Rent, factory building 70,000 

Advertising expense 90,000 

Sales commissions 30,000 

Beginning and ending inventories for the year were as follows: 

January 1 December 31 

Direct materials $ 9,000 $11,000 

Work-in-process 6,000 21,000 

Finished goods 69,000 24,000 

Production Company uses a normal job-costing system and allocates overhead to work-in-process at a 

rate of $2.50 per direct manufacturing labour dollar. Indirect materials are insignificant, so there is no 

inventory account for indirect materials. 

Required 

1. Prepare journal entries to record the transactions for the year, including an entry to close out over- or 

underallocated overhead to cost of goods sold. For each journal entry, indicate the source document 

that would be used to authorize each entry. Also note which subsidiary ledger, if any, should be refer- 
enced as backup for the entry. 

2. Post the journal entries to T-accounts for all of the inventories, Cost of Goods Sold, Manufacturing 

Overhead Control, and Manufacturing Overhead Allocated accounts. 

4-27 Job costing; variation on actual, normal, and variation from normal costing. Creative 

Solutions designs web pages for clients in the education sector. The company's job-costing system has a 

single direct cost category (web-designing labour) and a single indirect cost pool composed of all overhead 

costs. Overhead costs are allocated to individual jobs based on direct labour-hours. The company employs 

six web designers. Budgeted and actual information regarding Creative Solutions follows: 

Budget for the year: 

Direct-labour costs $273,000 

Direct labour-hours 10,500 

Overhead costs $157,500 

Actual results for the year: 

Direct-labour costs $285,000 

Direct labour-hours 11,400 

Overhead costs $159,600 

Required 

1. Compute the direct-cost rate and the indirect-cost rate per web-designing labour-hour for the year 
under (a) actual costing, (b) normal costing, and (c) the variation from normal costing that uses bud- 
geted rates for direct costs. 

2. Which method would you suggest Creative Solutions use? Explain. 

3. Creative Solutions’ web design for Greenville Day Schoo! was budgeted to take 86 direct labour-hours. 
The actual time spent on the project was 79 hours. Compute the cost of the Greenville Day School job 

using (a) actual costing, (b) normal costing, and (c) the variation from normal costing that uses bud- 
geted rates for direct costs. 
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4-28 Proration of overhead. The Ride-On-Water (ROW) Company produces a line of non-motorized 

boats. ROW uses a normal job-costing system and allocates manufacturing overhead costs using direct 

manufacturing labour cost. The following data are available for 2022: 

Budgeted manufacturing overhead costs $100,000 

Budgeted direct manufacturing labour cost 200,000 

Actual manufacturing overhead costs 106,000 

Actual direct manufacturing labour cost 220,000 

Inventory balances on December 31, 2022, were 

2022 Direct Manufacturing 

Account Ending Balance _ Labour Cost in Ending Balance 

Work-in-Process $ 50,000 $ 20,000 

Finished Goods 240,000 60,000 

Cost of Goods Sold 560,000 140,000 

Required 

1. Calculate the budgeted manufacturing overhead rate. 

2. Calculate the amount of under- or overallocated manufacturing overhead. 

3. Calculate the ending balances in Work-in-Process, Finished Goods, and Cost of Goods Sold if under- or 

overallocated overhead is: 

a. Written off to Cost of Goods Sold 

b. Prorated based on ending balances (before proration) in each of the three accounts 

c. Prorated based on the overhead allocated in 2022 in the ending balances, before proration, in each 

of the three accounts 

4, Which disposition method do you prefer in requirement 3? Explain. 

Problems 

4-29 Job costing, journal entries. The University of Chicago Press is wholly owned by the university. It 
performs the bulk of its work for other university departments, which pay as though the press were an out- 

side business enterprise. The press also publishes and maintains a stock of books for general sale. The 

press uses normal costing to cost each job. Its job-costing system has two direct-cost categories (direct 

materials and direct manufacturing labour) and one indirect-cost pool (manufacturing overhead, allocated 
on the basis of direct manufacturing labour costs). 

The following data (in thousands) pertain to 2021: 

Direct materials and supplies purchased on credit $ 800 

Direct materials used 710 

Indirect materials issued to various production departments 100 

Direct manufacturing labour 1,300 

Indirect manufacturing labour incurred by various production departments 900 

Depreciation on building and manufacturing equipment 400 

Miscellaneous manufacturing overhead* incurred by various production departments 550 

(ordinarily would be detailed as repairs, photocopying, utilities, etc.) 

Manufacturing overhead allocated at 160% of direct manufacturing labour costs ? 

Cost of goods manufactured 4,120 

Revenues 8,000 

Cost of goods sold (before adjustment for under- or overallocated manufacturing overhead) 4,020 

Inventories, December 31, 2020 (not 2021): 

Materials Control 100 

Work-in-Process Control 60 

Finished Goods Control 500 

* The term manufacturing overhead is not used uniformly. Other terms that are often encountered in printing companies 

include job overhead and shop overhead. 
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Required 

1. Prepare an overview diagram of the job-costing system at the University of Chicago Press. 

2, Prepare journal entries to summarize the 2021 transactions. As your final entry, dispose of the year-end 

under- or overallocated manufacturing overhead as a write-off to Cost of Goods Sold. Number your 
entries. Explanations for each entry may be omitted. 

3. Show posted T-accounts for all inventories, Cost of Goods Sold, Manufacturing Overhead Control, and 
Manufacturing Overhead Allocated. 

4. How did the University of Chicago Press perform in 2021? 

4-30 Job costing, law firm. Keating & Partners is a law firm specializing in labour relations and employee- LOo@eod 

related work. It employs 25 professionals (5 partners and 20 managers) who work directly with its clients. 1, $65 per professional 
The average budgeted total compensation per professional for 2022 is $104,000. Each professional is bud- labour-hour 
geted to have 1,600 billable hours to clients in 2022. Keating is a highly respected firm, and all professionals 

work for clients to their maximum 1,600 billable hours available. All professional labour costs are included in 

a single direct cost category and are traced to jobs on a per-hour basis. 

All costs of Keating & Partners other than professional labour costs are included in a single indirect 

cost pool (legal support) and are allocated to jobs using professional labour-hours as the allocation base. 

The budgeted level of indirect costs in 2022 is $2.2 million. 

Required 

1. Compute the 2022 budgeted professional labour-hour direct cost rate. 
2. Compute the 2022 budgeted indirect cost rate per hour of professional labour. 
3. Keating & Partners is considering bidding on two jobs: 

a. Litigation work for Richardson Inc. that requires 100 budgeted hours of professional labour 
b. Labour contract work for Punch Inc. that requires 150 budgeted hours of professional labour 

Prepare a cost estimate for each job. 

4-31 Job costing with two direct cost and two indirect cost categories, law firm (continuation LO@e 
of 4-30). Keating has just completed a review of its job-costing system. This review included a detailed anal- Ja, $125 per hour 

ysis of how past jobs used the firm's resources and interviews with personnel about what factors drive the b, $50 per hour 

level of indirect costs. Management concluded that a system with two direct cost categories (professional 

partner labour and professional manager labour) and two indirect cost categories (general support and 

administration support) would yield more accurate job costs. Budgeted information for 2022 related to the 

two direct cost categories is as follows: 

Professional Professional 
Partner Labour Manager Labour 

Number of professionals 5 20 

Hours of billable time per professional 1,600 per year 1,600 per year 

Total compensation (average per professional) $200,000 $80,000 

Budgeted information for 2022 relating to the two indirect cost categories is 

General Support Administration Support 

Total costs $1,800,000 $400,000 

Cost-allocation base Professional labour-hours Partner labour-hours 

Required 

1. Compute the 2022 budgeted direct cost rates for (a) professional partners and (b) professional managers. 

2. Compute the 2022 budgeted indirect cost rates for (a) general support and (b) administration support. 
3. Compute the budgeted job costs for the Richardson and Punch jobs, given the following information: 

Richardson Inc. Punch Inc. 

Professional partners 60 hours 30 hours 

Professional managers 40 hours 120 hours 

4. Comment on the results in requirement 3. Why are the job costs different from those computed in 

Problem 4-30? 
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LO@ 4-32 Normal costing, overhead allocation, working backward. Gardi Manufacturing uses normal 
costing for its job-costing system, which has two direct-cost categories (direct materials and direct manu- 

facturing labour) and one indirect-cost category (manufacturing overhead). The following information is 

obtained for 2021: 

w Total manufacturing costs, $8,300,000 

s Manufacturing overhead allocated, $4,100,000 (allocated at a rate of 250% of direct manufacturing 

labour costs) 
es Work-in-process inventory on January 1, 2021, $420,000 

a Cost of finished goods manufactured, $8,100,000 

Required 

1. Use information in the first two bullet points to calculate (a) direct manufacturing labour costs in 2021 
and (b) cost of direct materials used in 2021. 

2. Calculate the ending work-in-process inventory on December 31, 2021. 

LO@ee 4-33 Disposition of overhead overallocation or underallocation, two indirect cost pools. 
2. Machining department: Glavine Corporation manufactures precision equipment made to order for the semiconductor industry. 
Overallocation, $510,000; Glavine uses two manufacturing overhead cost pools—one for the overhead costs incurred in its highly 

Assembly department: automated Machining Department and another for overhead costs incurred in its labour-based Assembly 
Underallocation, $170,000 Department. Glavine uses a normal-costing system. It allocates Machining Department overhead costs to 

jobs based on actual machine-hours using a budgeted machine-hour overhead rate. It allocates Assembly 

Department overhead costs to jobs based on actual direct manufacturing labour-hours using a budgeted 

direct manufacturing labour-hour rate. 

The following data are for the year: 

Machining Assembly 
Department Department 

Budgeted overhead $5,850,000 $7,812,000 

Budgeted machine-hours (MH) 90,000 0 

Budgeted direct manufacturing labour-hours (DMLH) 0 124,000 

Actual manufacturing overhead costs $5,470,000 $8,234,000 

Machine-hours and direct manufacturing labour-hours and the ending balances (before proration of 

underallocated overhead) are as follows: 

Actual Direct Balance before 

Actual Machine- Manufacturing Proration, 
Hours Labour-Hours End of Year 

Cost of goods sold 69,000 83,200 $21,600,000 

Finished goods 6,900 12,800 2,800,000 

Work-in-process 16,100 32,000 7,600,000 

Required 

1. Compute the budgeted overhead rates for the year in the Machining and Assembly departments. 
2. Compute the under- or overallocated overhead in each department for the year. Dispose of the under- 

or overallocated amount in each department using: 
a. Immediate write-off to Cost of Goods Sold. 
b. Proration based on ending balances (before proration) in Cost of Goods Sold, Finished Goods, and 

Work-in-Process. 
c. Proration based on the allocated overhead amount (before proration) in the ending balances of 

Cost of Goods Sold, Finished Goods, and Work-in-Process. 
3. Which disposition method do you prefer in requirement 2? Explain. 



4-34 Journal entries, T-accounts, and source documents. Visual Company produces gadgets for 
the coveted small appliance market. The following data reflect activity for the year 2021: 

Costs incurred: 

Purchases of direct materials (net) on credit $121,000 

Direct manufacturing labour cost 87,000 

Indirect labour 54,400 

Depreciation, factory equipment 53,000 

Depreciation, office equipment 7,700 

Maintenance, factory equipment 46,000 

Miscellaneous factory overhead 9,100 

Rent, factory building 99,000 

Advertising expense 97,000 

Sales commissions 39,000 

Inventories: 

January 1, 2021 December 31, 2021 

Direct materials $ 9,400 $18,000 

Work-in-process 6,500 26,000 

Finished goods 60,000 31,000 

Visual Co, uses a normal-costing system and allocates overhead to work-in-process at a rate of $3.10 per 
direct manufacturing labour dollar. Indirect materials are insignificant so there is no inventory account for 
Indirect materials. 

Required 

1. Prepare journal entriesto record the transactions for 2021 including an entry to close out over- or 

underallocated overhead to cost of goods sold. For each journal entry, indicate the source document 
that would be used to authorize each entry. Also note which subsidiary ledger, if any, should be refer- 
enced as backup for the entry, 

2, Post the journal entries to T-accounts for all of the inventories, Cost of Goods Sold, the Manufacturing 
Overhead Control Account, and the Manufacturing Overhead Allocated Account. 

4-35 (25-30 min.) Job costing, ethics. Joseph Underwood joined Anderson Enterprises as controller in Octo- 
ber 2021. Anderson Enterprises manufactures and installs home greenhouses. The company uses a nor- 
mal-costing system with two direct-cost pools, direct materials and direct manufacturing labour, and one 
indirect-cost pool, manufacturing overhead. In 2021, manufacturing overhead was allocated to jobs at 150% 
of direct manufacturing labour cost. At the end of 2021, an immaterial amount of underallocated overhead 

was closed out to cost of goods sold, and the company showed a small loss. 
Underwood is eager to impress his new employer, and he knows that in 2022, Anderson's upper man- 

agement is under pressure to show a profit in a challenging competitive environment because they are 

hoping to be acquired by a larga private-equity firm sometime in 2023. At the end of 2021, Underwood 
decides to adjust the manufacturing overhead rate to 160% of direct-labour cost. He explains to the com- 

pany president that, because overhead was underallocated in 2021, this adjustment is necessary. Cost 

information for 2022 follows: 

Direct materials control, 1/1/2022 25,000 

Direct materials purchased, 2022 650,000 

Direct materials added to production, 2022 630,000 

Work-in-process control, 1/1/2022 280,000 

Direct manufacturing labour, 2022 880,000 

Cost of goods manufactured, 2022 2,900,000 

Finished goods control, 1/1/2022 320,000 

Finished goods control, 12/31/2022 290,000 

Manufacturing overhead costs, 2022 1,300,000 

Anderson's revenue for 2022 was $5,550,000, and the company’s selling and administrative expenses were 

$2,720,000. 

Assignment Material 
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Required 

1. Insert the given information in the T-accounts below. Calculate the following amounts to complete the 

T-accounts: y 
a. Direct materials control, 12/31/2022 
b. Manufacturing overhead allocated, 2022 

c. Cost of goods sold, 2022 

Direct Materials Control Work-in-Process Control Finished Goods Control : 

Manufacturing OH Control Manufacturing OH Allocated Cost of Goods Sold a 

2. Calculate the amount of under- or overallocated manufacturing overhead. 

3. Calculate Anderson's net operating income under the following: 

a. Under- or overallocated manufacturing overhead is written off to cost of goods sold. 

b. Under- or overallocated manufacturing overhead is prorated based on the ending balances in 

work-in-process, finished goods, and cost of goods sold. 

4. Underwood chooses option 3a above, stating that the amount is immaterial. Comment on the ethical 

implications of his choice. Do you think that there were any ethical issues when he established the 

manufacturing overhead rate for 2022 back in late 2021? Refer to the IMA Statement of Ethical Profes- 

sional Practice. 

Loge 4-36 General ledger relationships, under- and overallocation. (S. Sridhar, adapted) Keezel Com- 

pany uses normal costing in its job-costing system. Partially completed T-accounts and additional informa- 

tion for Keezel for 2021 are as follows: 

Direct Materials Control Work-in-Process Control Finished Goods Control 

1-1-2021 42,000 | 148,000 1-1-2021 82,000 1-1-2021 105,000 | 700,000 

135,000 Dir. manuf. 705,000 

labour 285,000 

Manufacturing Overhead Control Manufacturing Overhead Allocated Cost of Goods Sold 

1 ABBA00 sachoiy Mnveaswirons erkutaehsagm 80) Reena eh aetna ol Oe 

Additional information follows: 
a. Direct manufacturing labour wage rate was $15 per hour. 
b. Manufacturing overhead was allocated at $20 per direct manufacturing labour-hour. 

c. During the year, sales revenues were $1,550,000, and marketing and distribution costs were $810,000. 

Required 

1. What was the amount of direct materials issued to production during 2021? 
. What was the amount of manufacturing overhead allocated to jobs during 2021? 

. What was the total cost of jobs completed during 2021? 

. What was the balance of work-in-process inventory on December 31, 2021? 

. What was the cost of goods sold before proration of under- or overallocated overhead? 

. What was the under- or overallocated manufacturing overhead in 2021? 

. Dispose of the under- or overallocated manufacturing overhead using the following: 

a. Write-off to Cost of Goods Sold 
b. Proration based on ending balances (before proration) in Work-in-Process Control, Finished Goods 

Control, and Cost of Goods Sold 
8. Using each of the approaches in requirement 7, calculate Keezel's operating income for 2021. 

9. Which approach in requirement 7 do you recommend Keezel use? Explain your answer briefly. 

sO oI > WwW DY 
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4-37 Proration of overhead with two indirect cost pools. Adventure Designs makes custom back- LO®Oo 

yard play structures that it sells to dealers across the Midwest. The play structures are produced in two 

departments, fabrication (a mostly automated department) and custom finishing (a mostly manual depart- 
ment). The company uses a normal-costing system in which overhead in the fabrication department is allo- 

cated to jobs on the basis of machine-hours and overhead in the finishing department is allocated to jobs 

based on direct manufacturing labour-hours. During May, Adventure Designs reported actual overhead of 

$42,600 in the fabrication department and $39,800 in the finishing department. Additional information follows: 

Manufacturing overhead rate (fabrication department) $12 per machine-hour 

Manufacturing overhead rate (finishing department) $20 per direct mfg. labour-hour 

Machine-hours (fabrication department) for May 3,200 machine-hours 

Direct mfg. labour-hours (finishing department) for May 1,800 labour-hours 

Work-in-process inventory, May 31 $60,000 

Finished-goods inventory, May 31 $180,000 

Cost of goods sold, May $360,000 

Adventure Designs prorates under- and overallocated overhead monthly to work-in-process, finished 

goods, and cost of goods sold based on the ending balance in each account. 

Required 

1. Calculate the amount of overhead allocated in the fabrication department and the finishing department 
in May. 

2. Calculate the amount of under- or overallocated overhead in each department and in total. 

3. How much of the under- or overallocated overhead will be prorated to (a) work-in-process inventory, 

(b) finished-goods inventory, and (c) cost of goods sold based on the ending balance (before proration) 
in each of the three accounts? What will be the balance in work-in-process, finished-goods, and cost 

of goods sold after proration? 

4, What would be the effect of writing off under- and overallocated overhead to cost of goods sold? 

Would it be reasonable for Adventure Designs to change to this simpler method? 

4-38 Disposition of underallocated or overallocated overhead—Advanced. (Z. Iqbal, adapted) Lo8ee6 
Naf Radiator Company uses a normal-costing system with a single MOH cost pool and MH as the cost-allo- 1, $60 per machine-hour 
cation base. The following data are for 2022: 

Budgeted manufacturing overhead (MOH) $4,800,000 

Overhead allocation base machine-hours (MH) 

Budgeted machine-hours (MH) 80,000 

Manufacturing overhead (MOH) incurred $4,900,000 

Actual machine-hours (MH) 75,000 

Machine-hours data and the ending balances (before proration of under- or overallocated overhead) are 

as follows: 

Actual Machine-Hours (MH) 2022 End-of-Year Balance 

Cost of Goods Sold 60,000 $8,000,000 

Finished Goods Control 11,000 1,250,000 

Work-in-Process Control 4,000 750,000 

Required 

1. Compute the budgeted manufacturing overhead rate for 2022. 
2. Compute the under- or overallocated manufacturing overhead of Naf Radiator in 2022. Dispose of this 

under- or overallocated amount using: 

a. Write-off to Cost of Goods Sold. 
b. Proration based on ending balances (before proration) in Work-in-Process Control, Finished Goods 

Control, and Cost of Goods Sold. 
c. Proration based on the allocated overhead amount (before proration) in the ending balances of 

Work-in-Process Control, Finished Goods Control, and Cost of Goods Sold. 
3. Which method do you prefer in requirement 2? Explain. 
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LOee 
1, $12 per direct labour-hour 

LOo@eo 
1, Irok GIP $2,770 

Collaborative Learning Cases 

4-39 Normal job costing, unit costs. (J. Watson) Pearson Ltd. uses a normal job-costing system and 
applies overhead on the basis of direct labour-hours. At the beginning of the year, the company estimated 
that total overhead costs for the year would be $180,000, and it budgeted total labour-hours of 15,000. Actual 
labour-hours worked for the period January 1 to November 30 were 13,750. 

On December 1, the company had three jobs in process: 

Work-in-Process at December 1 

Job Number 815 817 

Direct materials (DM) $1,400 $2,500 $1,700 

Direct labour (DL) 1,200 2,400 600 

Overhead (OH) 600 1,350 450 

Total 3,200 6,250 2,750 

During the month of December, the following costs were incurred by job: 

Job # 815 817 — 822 823 824 

DM $500 $ 700 $1,300 $1,250 $1,500 

DL $900 $1,440 $3,060 $3,960 $5,940 

DL hours 50 hours 80 hours 170 hours 220 hours 330 hours 

In addition, the company incurred the following costs during the month of December (these costs 
have not yet been recorded in the books): 

DM purchases $7,800 Advertising expense $5,200 

Plant depreciation 2,490 Factory repairs and maintenance 1,500 

Factory utilities 1,800 Factory supplies 1,800 

Production supervisor salary 2,200 Sales personnel salaries 9,700 

Administrative salaries 3,450 Interest expense 1,400 

Additional Information 

1. The balance in the Overhead Control account on December 1 was $195,010. 
2. There were no jobs in Finished Goods as of December 1. 
3, Jobs 815, 822, 823, and 824 were completed during December. 
4, Job 824 is the only job in Finished Goods as of December 31. 
5. The company's pricing policy is 200% of total manufacturing cost. 

Required 

1. Calculate the budgeted overhead rate used by Pearson. 

2. Calculate the unit cost of ending work-in-process inventory assuming that the number of units in the 
job(s) total 250 units. 

3. Calculate the cost of goods manufactured and the unadjusted gross margin for the month of 
December. 

4. Calculate the amount of over- or underallocated overhead for the year. 

4-40 Job costing—service industry. Jordan Brady schedules gigs for local bands and creates CDs and 
T-shirts to sell at each gig. Brady uses a normal-costing system with two direct-cost pools, labour and materi- 

als, and one indirect-cost pool, general overhead. General overhead is allocated to each gig based on 120% of 

direct-labour cost. Actual overhead equalled allocated overhead as of March 2022. Actual overhead in April 
was $1,980. All costs incurred during the planning stage for a gig and during the gig are gathered in a balance 
sheet account called “Gigs in Progress (GIP).” When a gig is completed, the costs are transferred to anincome 
statement account called “Cost of Completed Gigs (CCG).” Following is cost information for April 2022: 
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From Beginning GIP Incurred in April 

Band Materials Labour Materials Labour 

lrok $570 $750 $110 $200 

Freke Out 700 550 140 100 

Bottom Rung 250 475 310 250 

Dish Towel -= — 540 450 

Rail Ride — ~— 225 250 

As of April 1, there were three gigs in progress: /rok, Freke Out, and Bottom Rung. The gigs for Dish 

Towel and Rail Ride were started during April. The gigs for Freke Out and Dish Towe/ were completed 

during April. 

Required 

1. Calculate GIP at the end of April. 

2. Calculate CCG for April. 

3. Calculate under- or overallocated overhead at the end of April. 

4, Calculate the ending balances in GIP and CCG if the under- or overallocated overhead amount is as 

follows: 
a. Written off to CCG. 

b. Prorated based on the ending balances (before proration) in GIP and CCG. 

c. Prorated based on the overhead allocated in April in the ending balances of GIP and CCG (before 
proration). 

5. Which method would you choose? Explain. Would your choice depend on whether overhead cost is 

underallocated or overallocated? Explain. 

SOLUTIONS < TRY MT! 

Budgeted indirect _ Budgeted manufacturing overhead costs 

cost rate Budgeted annual quantity of the cost-allocation base 

Budgeted indirect $960,000 
etter = 32,000 hours = $30 per direct manufacturing labour-hour 

Total manufacturing costs of the 32 Berndale Drive job equals 

Direct manufacturing costs 

Direct materials $3,500 

Direct manufacturing labour ($20 per direct manufacturing 3,200 
labour-hour X 160 direct manufacturing labour-hours) 

Manufacturing overhead costs 

($30 per direct manufacturing labour-hour X 160 hours) 

Total manufacturing costs of job 32 Berndale Drive job 

Budgeted manufacturing _ Budgeted manufacturing overhead costs 

overhead rate ~ Budgeted total quantity of cost-allocation base 

cede = an sous = $30 per direct manufacturing labour-hour 

(a) Usage of direct materials, $60,000, and indirect materials, $3,000 during April 

Work-in-Process Control 60,000 

Manufacturing Overhead Control 3,000 
Materials Control 63,000 aterials Contro 

(Continued) 
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(b) Manufacturing payroll for April: direct labour, $54,000 paid in cash 

Work-in-Process Control 54,000 

Cash Control ; 54,000 

(c) Other manufacturing overhead costs incurred during April, $76,000, consisting of 
= supervision and engineering salaries, $50,000 (paid in cash); 

m plantutilities and repairs $10,000 (paid in cash); and 
a plant depreciation, $16,000 

Manufacturing Overhead Control 76,000 

Cash Control 60,000 

Accumulated Depreciation Control 16,000 

(d) Allocation of manufacturing overhead to jobs = Budgeted manufacturing overhead rate x 

Actual direct manufacturing labour-hours = $30 Xx 2,700 = $81,000 

Work-in-Process Control 81,000 

Manufacturing Overhead Allocated 81,000 

(e) The sum of all individual jobs completed and transferred to finished goods in April 2021 
is $180,000 i 

Finished Goods Control 180,000 

Work-in-Process Control 180,000 

(f) Cost of goods sold in April 2021, $175,000 

Cost of Goods Sold 175,000 

Finished Goods Control 175,000 



Learning Objectives 
@ Identify the basic elements of 

activity-based costing (ABC) 
systems as distinguished from 
traditional systems, and explain 

how preventable undercosting 

and overcosting of products 

and services affects profitability. 

@ Identify and explain the problem 
of preventable over- and 

undercosting. 

® Apply the cost hierarchy to 

develop an activity-based 

costing (ABC) system. 

@ Assign costs using activity- 

based costing (ABC). 

@ Explain the benefits of activity- 
based costing (ABC) systems 

for activity-based management 

(ABM). 

CPA Competencies* 
This chapter covers material 
outlined in Section 3: 

Management Accounting of the 

CPA Competency Map. The 
Learning Objectives in this chapter 

have been aligned with the CPA 

Competency Map to ensure the 
best coverage possible. 

3.3.1 Evaluates cost classifications 

and costing methods for manage- 

ment of ongoing operations 

3.3.2 Evaluates and applies cost 

management techniques appropriate 
for specific costing decisions 

3.4.1 Evaluates sources and drivers 

of revenue growth 

Reprinted ftom The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Charteted Professional 
Accountants of Canada. 

Activity-Based Costing 
and Management 

Accurate Assignment = Better Profit 
How much does a large double-double from Tim Hortons cost to produce? What 
about a venti latte from Starbucks? Both companies sell hundreds of millions of cups 
of coffee, beverages, mugs, and food products each year. As customers, we know 

the price. Managers must know the costs. Coffee beans (the raw materials) cost little 

compared to the indirect and overhead costs of converting them into products to sell 
at a price where customers will buy. In the extremely competitive world of coffee, the 

more accurate the assignment of indirect costs, the more likely organizations will 
remain profitable. 

Improving indirect cost assignment requires classifying the scope of the cost 
effects of activities. An activity is an event or task, or series of related tasks, that 

provides a measurable benefit in the completion of goods or services ready for sale. 
Some activities transform inputs to a single unit of output, such as brewing and 

pouring a venti mocha latte. Some activities transform many similar inputs to larger 

quantities of similar outputs called a batch, such as mixing, baking, and glazing 
10 dozen double-chocolate doughnuts. Some activities transform inputs for an entire 

product, such as manufacturing Tim Hortons thermal mugs. The indirect costs of an 
activity become a cost pool that supports production at the unit, batch, or product 
level. A focus on the scope of the effects of support activities results in an activity- 

based costing (ABC) system. 
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LO®O 
Identify the basic elements of 

activity-based costing (ABC) 

systems as distinguished 

from traditional systems, 

and explain how preventable 

undercosting and over- 

costing of products and 

services affects profitability. 

Product Costing: Overcosting 
and Undercosting. 

Using simple costing systems to allocate costs broadly is an easy, inexpensive, and reason- 
ably accurate approach to calculating average costs required to provide a product or ser- 
vice. However, as product and service diversity and indirect costs increase, broad averaging 
results in inaccurate information, which can lead to bad decisions. For example, the use of 
a single plantwide manufacturing overhead rate to allocate costs to products often pro- 
duces unreliable cost data. The term peanut-butter costing describes a particular costing 
approach that uses broad averages for assigning (or spreading, as in spreading peanut 
butter) the cost of resources uniformly to cost. Broad averaging can lead to undercosting 
or overcosting of products or services: 

w Product undercosting—a product consumes a high level of resources but is reported 
to have a low cost per unit. 

« Product overcosting—a product consumes a low level of resources but is reported to 
have a high cost per unit. 

Undercosting and Overcosting 

The following example illustrates how averaging can result in inaccurate and misleading 
cost data. Consider the cost of a restaurant bill for four colleagues who meet monthly to 
discuss business developments. Each diner orders separate entrees, desserts, and drinks. 
The restaurant bill for the most recent meeting is as follows: 

Emma James Jessica Matthew Total Average 

Entree $11 $20 $15 $14 $ 60 $15 

Dessert 0 8 4 4 16 4 

Drinks 4 14 _8 _6 22 8 
Tota $15 $42 $27 su $B 

If the $108 total restaurant bill is divided evenly, $27 is the average cost per diner. This 
cost-averaging approach treats each diner the same. Emma would probably object to pay- 
ing $27 because her actual cost is only $15; she ordered the lowest-cost entree, had no 
dessert, and had the lowest-cost drink. When costs are averaged across all four diners, 
both Emma and Matthew are overcosted, James is undercosted, and Jessica is (by coinci- 
dence) accurately costed. 

The strategic consequences of product undercosting and overcosting can lead to 
mistakes in pricing decisions. In such cases, undercosted products will be underpriced 
and may even lead to sales that actually result in losses—sales bring in less revenue 
than the cost of resources they use. Overcosted products lead to overpricing, causing 
these products to lose market share to competitors producing similar products. Worse 
still, product undercosting and overcosting cause managers to focus on the wrong 
products, drawing attention to overcosted products whose costs may in fact be per- 
fectly reasonable, and ignoring undercosted products that in fact consume large 
amounts of resources. 

Product-Cost Cross-Subsidization 

Product-cost cross-subsidization means that if a company undercosts one of its products, 
it will overcost at least one of its other products. Similarly, if a company overcosts one 
of its products, it will undercost at least one of its other products. Product-cost cross- 
subsidization is very common in situations in which a cost is uniformly spread—meaning 
it is broadly averaged—across multiple products without recognizing the amount of 
resources consumed by each product. 

In the restaurant-bill example, the amount of cost cross-subsidization of each diner 
can be readily computed because all cost items can be traced as direct costs to each diner. 
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If all diners pay $27, Emma is paying $12 more than her actual cost of $15. She is 
cross-subsidizing James, who is paying $15 less than his actual cost of $42. Calculating 
the amount of cost cross-subsidization takes more work when there are indirect costs to 
be considered. 

Because resources represented by indirect costs are used by two of more diners, 
the restaurant needs to find a way to allocate costs to each diner. Consider, for 
example, a $40 bottle of wine whose cost is shared equally. Each diner would pay 
$10 (= $40 + 4). Suppose Matthew drinks two glasses of wine while Emma, James, 
and Jessica drink one glass each for a total of five glasses. Allocating the cost of the 
bottle of wine on the basis of the glasses of wine that each diner drinks would result 
in Matthew paying $16 (= $40 x 2/5). 

Simple Costing System at Plastim Corporation 

Plastim Corporation manufactures lenses for the rear tail lights of automobiles. A lens— 
made from black, red, orange, or white plastic—is the part of the lamp visible on the 
automobile’s exterior. Lenses are made by injecting molten plastic into a mould to give the 
lamp its desired shape. The mould is cooled to allow the molten plastic to solidify, and the 
lens is removed. 

Under its contract with Giovanni Motors, a major automobile manufacturer, Plastim 
makes two types of lenses: a complex lens (CL5) and a simple lens (S3), The complex lens 
is a large lens with special features, such as multicolour moulding (when more than one 
colour is injected into the mould) and a complex shape that wraps around the corner of 
the car. Manufacturing CL5 lenses is more complex because various parts in the mould 
must align and fit precisely. The S3 lens is simpler to make because it has a single colour 
and few special features. 

Design, Manufacturing, and Distribution Processes 

The sequence of steps to design, produce, and distribute lenses, whether simple or com- 
plex, is as follows: 

1. Design products and processes. Each year Giovanni Motots specifies some modifica- 
tions to the simple and complex lenses. Plastim’s design department designs the 
moulds from which the lenses will be made and specifies the processes needed (ie., 
details of the manufacturing operations). 

2. Manufacture lenses. The lenses are moulded, finished, cleaned, and inspected. 

3. Distribute lenses. Finished lenses are packed and sent to Giovanni Motors. 

Plastim is operating at capacity and incurs very low marketing costs. Because of its 
high-quality products, Plastim has minimal customer-service costs. Plastim’s business 
environment is vety competitive with respect to simple lenses. At a recent meeting, 
Giovanni’s purchasing manager indicated that a new supplier, Bandix, which makes only 
simple lenses, is offering to supply the $3 lens to Giovanni at a price of $53, well below 
the $63 price that Plastim is currently projecting and budgeting for 2021. Unless Plastim 
can lower its selling price, it will lose the Giovanni business for the simple lens for the 
upcoming model year. Fortunately, the same competitive pressures do not exist for the 
complex lens, which Plastim currently sells to Giovanni at $137 per lens. 

Plastim’s management has two primary options: 

s Plastim can give up the Giovanni business in simple lenses if selling simple lenses is 
unprofitable. Bandix makes only simple lenses and perhaps, therefore, uses simpler 
technology and processes than Plastim. The simpler operations may give Bandix a 
cost advantage that Plastim cannot match. If so, it is better for Plastim not to supply 
the S3 lens to Giovanni. 

= Plastim can reduce the price of the simple lens and either accept a lower margin or 
aggressively seek to reduce costs. 

LO® 
Identify and explain the 
problem of preventable 

over- and undercosting. 
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crise Piastim’s 
Budgeted Costs for 2021 
Using Simple Costing 

To make these long-run strategic decisions, management needs first to understand the 
costs to design, make, and distribute the $3 and CLS lenses. 

While Bandix makes only simple lenses and can fairly accurately calculate the cost of 
a lens by dividing total costs by units produced, Plastim’s costing environment is more 
challenging. The processes to make both simple and complex lenses are more complicated 
than the processes required to make only simple lenses. Plastim needs to find a way to 
allocate costs to each type of lens. 

Overview of Plastim’s Simple Costing System 

In computing costs, Plastim assigns both variable costs and costs that are fixed in the short 
run to the $3 and CLS lenses. Managers cost products and services to guide long-run stra- 
tegic decisions (for example, what mix of products and services to produce and sell and 
what prices to charge for them). In the long run, managers want revenues to exceed total 
costs (variable and fixed) to design, make, and distribute the lenses. 

To guide their pricing and cost management decisions, Plastim’s managers assign all 
costs, both manufacturing and non-manufacturing, to the $3 and CLS lenses. Plastim has 
historically had a simple costing system that allocates indirect costs using a single indirect- 
cost rate. The budgeted costs for each type of lens in 2021 using Plastim’s simple costing 
system are described in Exhibit 5-1. 

The process of cost allocation can be described as follows: 

Step 1: Identify the products that are the chosen cost objects The cost objects are the 

60,000 simple $3 lenses and the 15,000 complex CLS lenses that Plastim will produce in 
2021. Plastim’s goal is to calculate first the total costs and then the unit cost of designing, 
manufacturing, and distributing these lenses. 

STEP 4: 

INDIRECT- 
COST POOL 

39,750 

STEP 3: Direct 
COST-ALLOCATION Manufacturing 

BASE Labour-Hours 

STEP 5: 

$60 per 
Direct Manufacturing 

- Labour-Hour 

STEP 1: : 
COST OBJECT: STEP 6: Indirect Costs _ fees 

$3 AND CL5 : Direct Costs 
LENSES 

STEP 2: 

DIRECT 
COSTS 
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(2cerge=] Plastim’s Product Costs Using the Simple Costing System 

15,000 

Complex Lenses (CL5) 

per Unit per Unit 

(2) = (1) + 60,000 (4) = (3) + 15,000 | (5) =(1) + (3) 

| 5 |Direct materials $1,125,000 $ 675,000 $1,800,000 

Lg | Direct manufacturing labour 600,000 _ 10,00 195,000 795,000 

Total direct costs (Step 2) 1,725,000 870,000 2,595,000 

| g Indirect costs allocated (Step 6) 1,800,000 30.00 585,000 2,385,000 
| 9 | Total costs (Step 7) $3,525,000 $1,455,000 $4,980,000 

Note; Numbers reference the calculation steps shown in Exhibit 5-1. 

Step 2: Identify the direct costs of the products Plastim identifies the direct costs— 

direct materials and direct manufacturing labour—of the lenses. Exhibit 5-2 shows the 
direct and indirect costs for the $3 and the CLS lenses using the simple costing system. 
The direct cost calculations appear on lines 5, 6, and 7 of Exhibit 5-2. Plastim classifies 
all other costs as indirect costs. 

Step 3: Select the cost-allocation bases to use for allocating indirect (or overhead) 

costs to the products A majority of the indirect costs consist of salaries paid to supervi- 
sors, engineers, manufacturing support, and maintenance staff, all supporting direct 
manufacturing labour. Plastim uses direct manufacturing labour-hours as the only allo- 
cation base to allocate all manufacturing and non-manufacturing indirect costs to $3 and 
CLS. In 2021, Plastim plans to use 39,750 direct manufacturing labour-hours. 

Step 4: Identify the indirect costs associated with each cost-allocation base Because 

Plastim uses only a single cost-allocation base, Plastim groups all budgeted indirect costs 
of $2,385,000 for 2021 into a single overhead cost pool. 

Step 5: Compute the rate per unit of each cost-allocation base 

Budgeted total costs in indirect-cost pool 
Budgeted indirect-cost rate = = 

S Budgeted total quantity of cost-allocation base 

i $2,385,000 
~ 39,750 direct manufacturing labour-hours 

= $60 per direct manufacturing labour-hour 

Step 6: Compute the indirect costs allocated to the products Plastim expects to use 30,000 

total direct manufacturing labour-hours to make the 60,000 S3 lenses and 9,750 total 
direct manufacturing labour-hours to make the 15,000 CLS lenses. Exhibit 5-2 shows 
indirect costs of $1,800,000 (= $60 per direct manufacturing labour-hour X 30,000 
direct manufacturing labour-hours) allocated to the simple lens and $585,000 (= $60 
per direct manufacturing labour-hour X 9,750 direct manufacturing labour-hours) allo- 
cated to the complex lens. 

Step 7: Compute the total cost of the products by adding all direct and indirect costs 

assigned to the products Exhibit 5-2 presents the product costs for the simple and com- 
plex lenses. The direct costs are calculated in Step 2 and the indirect costs in Step 6. 
Be sure you see the parallel between the simple costing system overview diagram (Exhibit 5-1) 
and the costs calculated in Step 7. Exhibit 5-1 shows two direct-cost categories and one 
indirect-cost category. Hence, the budgeted cost of each type of lens in Step 7 (Exhibit 5-2) 
has three line items: two for direct costs and one for allocated indirect costs. The budgeted 
cost per S3 lens is $58.75, well above the $53 selling price quoted by Bandix. The bud- 
geted cost per CLS lens is $97. 
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Amherst Metal Works produces two types of metal lamps. Amherst manufactures 
20,000 basic lamps and 5,000 designer lamps. Its simple costing system uses a single 
indirect-cost pool and allocates costs to the two lamps on the basis of direct manu- 
facturing labour-hours. It provides the following budgeted cost information: 

Basic Lamps ODesignerLamps Total 

Direct materials per lamp $8 $15 

Direct manufacturing labour per lamp 0.5 hours 0.6 hours 

Direct manufacturing labour rate per hour $20 $20 

Indirect manufacturing costs $234,000 

Required 

Calculate the total budgeted costs of the basic and designer lamps using Amherst’s 
simple costing system. 

Applying the Five-Step Decision-Making 

Process at Plastim 

To decide how it should respond to the threat that Bandix poses to its $3 lens business, 
Plastim’s management works through the five-step decision-making process. 

Step 1: Identify the problem and uncertainties The problem is clear: If Plastim wants 
to retain the Giovanni business for $3 lenses and make a profit, it must find a way to 
reduce the price and costs of the $3 lens. The two major uncertainties Plastim faces are 
(1) whether Plastim’s technology and processes for the $3 lens are competitive with 
Bandix’s and (2) whether the $3 lens is overcosted by the simple costing system. 

Step 2: Obtain information Management asks a team of its design and process engineers 
to analyze and evaluate the design, manufacturing, and distribution operations for the $3 
lens. The team is very confident that the technology and processes for the $3 lens are not 
inferior to those of Bandix and other competitors because Plastim has many years of 
experience in manufacturing and distributing the $3 with a history and culture of contin- 
uous process improvements. If anything, the team is less certain about Plastim’s capabil- 
ities in manufacturing and distributing complex lenses, because it only recently started 
making this type of lens. Given these doubts, management is happy that Giovanni Motors 
considers the price of the CLS lens to be competitive. It is somewhat of a puzzle, though, 
how at the currently budgeted prices, Plastim is expected to earn a very large profit mar- 
gin percentage (operating income divided by revenues) on the CLS lenses and a small 
profit margin on the S3 lenses: 

60,000 Simple Lenses ($3) 15,000 Complex Lenses (CL5) 

Total per Unit Total per Unit Total 
(1) (2) = (1) + 60,000 (3) (4) =(3) + 15,000 (5) = (1) + (3) 

Revenues $3,780,000 $63.00 $2,055,000 $ 137.00 $ 5,835,000 

Total costs 3,525,000 58.75 1,455,000 97.00 4,980,000 

Operating income $ 255,000 $ 4.25 $ 600,000 $ 40.00 $ 855,000 

Profit margin percentage 6.75% 29.20% 

As it continues to gather information, Plastim’s management begins to ponder why 
the profit margins (and process) are under so much pressure for the $3 lens, where the 
company has strong capabilities, but high on the newer, less-established CLS lens. Plastim 
is not deliberately charging a low price for $3, so management starts to believe that per- 
haps the problem lies with its costing system. Plastim’s simple costing system may be 
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overcosting the simple S3 lens (assigning too much cost to it) and undercosting the com- 
plex CLS lens (assigning too little cost to it). 

Step 3: Make predictions about the future Plastim’s key challenge is to get a better esti- 
mate of what it will cost to design, make, and distribute the $3 and CLS lenses. Manage- 
ment is fairly confident about the direct material and direct manufacturing labour costs 
of each lens because these costs are easily traced to the lenses. But management is quite 
concerned about how accurately the simple costing system measures the indirect resources 
used by each type of lens. It believes it can do much better. 

At the same time, management wants to ensure that no biases enter its thinking. 
In particular, it wants to be careful that the desire to be competitive on the $3 lens should 
not lead to assumptions that bias in favour of lowering costs of the $3 lens. 

Step 4: Make decisions by choosing among alternatives On the basis of predicted costs, 
and taking into account how Bandix might respond, Plastim’s managers must decide 
whether they should bid for Giovanni Motors’s $3 lens business, and if they do bid, what 
price they should offer. 

Step 5: Implement the decision, evaluate performance, and learn If Plastim bids and 

wins Giovanni’s $3 lens business, it must compare actual costs, as it makes and ships $3 
lenses, to predicted costs and learn why actual costs deviate from predicted costs. Such 
evaluation and learning form the basis for future improvements. 

Guidelines for Refining a Costing System 

There are three main guidelines for refining a costing system. In the following sections, we 
delve more deeply into each in the context of the Plastim example. 

1. Direct-cost tracing. Identify as many direct costs as is economically feasible. This 
guideline aims to reduce the amount of costs classified as indirect, thereby minimizing 
the extent to which costs have to be allocated, rather than traced. 

2. Indirect-cost pools. Expand the number of indirect-cost pools until each pool is more 
homogeneous. All costs in a homogeneous cost pool have the same or a similar cause- 
and-effect (or benefits-received) relationship with a single cost driver that is used as the 
cost-allocation base. Consider, for example, a single indirect-cost pool containing both 
indirect machining costs and indirect distribution costs that are allocated to products 
using machine-hours. This pool is not homogeneous because machine-hours are a cost 
driver of machining costs but not of distribution costs, which has a different cost driver, 
number of shipments. If, instead, machining costs and distribution costs are separated 
into two indirect-cost pools (with machine-hours as the cost-allocation base for the 
machining cost pool and number of shipments as the cost-allocation base for the distri- 
bution cost pool), each indirect-cost pool would become homogeneous. 

3. Cost-allocation bases. As we describe later in the chapter, whenever possible, use the 
cost driver (the cause of indirect costs) as the cost-allocation base for each homoge- 
nous indirect-cost pool (the effect). 

Activity-Based Costing Systems 

One of the best tools for refining a costing system is activity-based costing. Activity-based 
costing (ABC) refines a costing system by identifying individual activities as the funda- 
mental cost objects. An activity is an event, task, or unit of work with a specified 
purpose—for example, designing products, setting up machines, operating machines, and 
distributing products. To help make strategic decisions, ABC systems identify activities in 
all functions of the value chain, calculate costs of individual activities, and assign costs to 
cost objects such as products and services on the basis of the mix of activities needed to 
produce each product or service. Structuring activity cost pools with cost drivers for each 
activity leads to more accurate costing of activities. Additionally, allocating these costs to 

LO ® 
Apply the cost hierarchy to 

develop an activity-based 

costing (ABC) system. 
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products by measuring the cost-allocation bases of different activities used by different 
products leads to more accurate product costs. 

Assignment to 

Fundamental Cost Objects Other Cost Objects 

Costsof 
Activities — 

Plastim’s ABC System 

After reviewing its simple costing system and the potential misrepresentation of product 
costs, Plastim decides to implement an ABC system. Direct materials costs and direct man- 
ufacturing labour costs can be traced to products easily, so the ABC system focuses on 
refining the assignment of indirect costs.to departments, processes, products, or other cost 
objects. Plastim’s ABC system identifies various activities that help explain why Plastim 
incurs the costs it currently classifies as indirect in its simple costing system. In other 
words, it breaks up the current indirect cost pool into finer pools of costs related to vari- 
ous activities. To identify these activities, Plastim organizes a team of managers from 
design, manufacturing, distribution, accounting, and administration. 

Defining activities is not a simple matter. The team evaluates hundreds of tasks per- 
formed at Plastim before choosing the activities that form the basis of its ABC system. For 
example, it decides if maintenance of moulding machines, operations of moulding machines, 
and process control should each be regarded as a separate activity or should be combined 
into a single activity. An ABC system with many activities becomes overly detailed and 
unwieldy to operate. An ABC system with too few activities may not be refined enough to 
measure cause-and-effect relationships between cost drivers and various indirect costs. 
Plastim’s team focuses on activities that account for a sizable fraction of indirect costs and 
combines activities that have the same cost driver into a single activity. For example, the 
team decides to combine maintenance of moulding machines, operations of moulding 
machines, and process control into a single activity—moulding machine operations— 
because all these activities have the same cost driver: moulding machine-hours. 

The team identifies the following seven activities by developing a flowchart of all the 
steps and processes needed to design, manufacture, and distribute $3 and CLS lenses: 

a. Design products and processes. 
b. Set up moulding machines to ensure that the moulds are properly held in place and 

parts are properly aligned before manufacturing starts. 
Operate moulding machines to manufacture lenses. 

. Clean and maintain the moulds after lenses are manufactured. 
Prepare batches of finished lenses for shipment. 
Distribute lenses to customers. 
Administer and manage all processes at Plastim. 

mo oo 

a9 

These activity descriptions form the basis of the ABC system—this is sometimes called an 
activity list or activity dictionary. Compiling the list of tasks is, however, only the first step in 
implementing ABC systems. Plastim must also identify the cost of each activity and the related 
cost driver. To do so, Plastim uses the three guidelines for refining a costing system: 

1. Direct-cost tracing. Plastim’s ABC system subdivides the single indirect cost pool into 
seven smaller cost pools related to the different activities. The costs in the cleaning 
and maintenance activity cost pool (item (d)) consist of salaries and wages paid to 
workers who clean the mould. These costs are direct costs, because they can be eco- 
nomically traced to a specific mould and lens. 

2. Indirect-cost pools. The remaining six activity cost pools are indirect cost pools. 
Unlike the single indirect cost pool of Plastim’s simple costing system, each of the 
activity-related cost pools is homogeneous. That is, each activity cost pool includes 
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only those costs that have the same cost driver. For example, the distribution cost 
pool includes only those costs (such as wages of truck drivers) that, over time, increase 

as the cost driver of distribution costs, volume of packages delivered, increases. 

3. Cost-allocation bases. For each activity cost pool, the cost driver is used (whenever 
possible) as the cost-allocation base. To identify cost drivers, Plastim’s managers con- 
sider various alternatives and use their knowledge of operations to choose among 
them. For example, Plastim’s managers choose setup-hours rather than the number of 
setups as the cost driver of setup costs, because Plastim’s managers believe that more 
complex setups take more time and are more costly, Over time, Plastim’s managers 
can use data to test their beliefs. 

Setting up moulding machines frequently entails trial runs, fine-tuning, and adjust- 
ments. Improper setups cause quality problems such as scratches on the surface of the 
lens. The resources needed for each setup depend on the complexity of the manufacturing 
operation. Complex lenses require more setup resources (setup-hours) per setup than sim- 
ple lenses. Furthermore, complex lenses can be produced only in small batches because 
the moulds for complex lenses need to be cleaned more often than moulds for simple 
lenses. Thus, relative to simple lenses, complex lenses not only use more setup-hours per 
setup, but they also require more frequent setups. 

Setup data for the simple $3 lens and the complex CLS lens are as follows: 

Simple S3Lens Complex CL5 Lens Total 

1 Quantity of lenses produced 60,000 15,000 

2 Number of lenses produced per batch 240 50 

3 = (1) + (2) Number of batches 250 300 

4 Setup time per batch 2 hours 5 hours 

5 = (3) x (4) Total setup-hours 500 hours 1,500 hours 2,000 hours 

Of the $2,385,000 in the total indirect-cost pool, Plastim identifies the total costs of 
setups (consisting mainly of depreciation on setup equipment and allocated costs of pro- 
cess engineers, quality engineers, and supervisors) to be $300,000. Recall that in its sim- 
ple costing system, Plastim uses direct manufacturing labour-hours to allocate all indirect 
costs to products. The following table compares how setup costs allocated to simple and 
complex lenses will be different if Plastim allocates setup costs to lenses based on set- 
up-hours rather than direct manufacturing labour-hours. Of the $60 total rate per direct 
manufacturing labour-hour, the setup cost per direct manufacturing labour-hour amounts 
to $7.54717 (= $300,000 + 39,750 total direct manufacturing labour-hours). The setup 
cost per setup-hour equals $150 (= $300,000 + 2,000 total setup-hours). 

Simple S3Lens ComplexCL5Lens Total 

Setup cost allocated using direct manufacturing $226,415 $ 73,585 $300,000 
labour-hours: $7.54717 x 30,000; $7.54717 x 9,750 

Setup cost allocated using setup-hours: $ 75,000 $225,000 $300,000 

$150 x 500; $150 x 1,500 

Setup-hours, not direct manufacturing labour-hours, are the cost driver of setup costs. 
The CLS lens uses substantially more setup-hours than the $3 lens (1,500 hours + 2,000 
hours = 75% of the total setup-hours) because the CLS requires a greater number of set- 
ups (batches) and each setup is more challenging and requires more setup-hours. 

The ABC system therefore allocates substantially more 
: . Note that setup-hours are related to batches (or groups) of 

ed a al CLS than to $3. When direct manufacturing lenses made, not the number of individual lenses. ABC attempts 
labour-hours rather than setup-hours are used to allocate setup | to identify the most relevant cause-and-effect relationship for 
costs in the simple costing system, it is the S3 lens that is allo- | each activity pool, without restricting the cost driver to only 
cated a very large share of the setup costs because the $3 lens _| units of output or variables related to units of output (such as 
uses a larger proportion of direct manufacturing labour-hours direct manufacturing labour-hours), Limiting cost-allocation 

. : bases in this manner weakens the cause-and-effect relationship 
bad = 9 

(30,000 + 39,750 75.47%). Asa result, the iss le EOStnE between the cost-allocation base and the costs in a cost pool. 
system overcosts the $3 lens with regard to setup costs. 
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Cost Hierarchies 

A cost hierarchy categorizes various.activity cost pools on the basis of the different types 
of cost drivers, or cost-allocation bases, or different degrees of difficulty in determining 
cause-and-effect (or benefits-received) relationships. ABC systems commonly use a cost 
hierarchy with four levels—output unit-level costs, batch-level costs, product-sustaining 
costs, and facility-sustaining costs—to identify cost-allocation bases that are cost drivers 
of the activity cost pools. 

Output unit-level costs are the costs of activities performed on each individual unit of 
a product or service. Machine operations costs (such as the cost of energy, machine depre- 
ciation, and repair) related to the activity of running the automated moulding machines 
are output unit-level costs. They are output unit-level costs because, over time, the cost of 
this activity increases with additional units of output produced (or machine-hours used). 
Plastim’s ABC system uses moulding machine-hours—an output unit-level cost-allocation 
base—to allocate machine operations costs to products. 

Batch-level costs are the costs of activities related to a group of units of a product or 
service rather than each individual unit of product or service. In the Plastim example, 
setup costs are batch-level costs because, over time, the cost of this setup activity increases 
with setup-hours needed to produce batches (groups) of lenses. 

s The S3 lens requires 500 setup-hours (2 setup-hours per batch X 250 batches). 

a The CLS lens requires 1,500 setup-hours (5 setup-hours per batch X 300 batches). 

The total setup costs allocated to S3 and CLS depend on the total setup-hours required 
by each type of lens, not on the number of units of $3 and CLS produced. (Setup costs, 
being a batch-level cost, cannot be avoided by producing one unit fewer of $3 or CLS.) 
Plastim’s ABC system uses setup-hours—a batch-level cost-allocation base—to allocate 
setup costs to products. Other examples of batch-level costs are materials-handling and 
quality-inspection costs associated with batches (not the quantities) of products produced, 
and costs of placing purchase orders, receiving materials, and paying invoices related to 
the number of purchase orders placed rather than the quantity or value of materials 
purchased. 

Product-sustaining costs (service-sustaining costs) are the costs of activities under- 

taken to support individual products or services regardless of the number of units or 
batches in which the units are produced. In the Plastim example, design costs are prod- 
uct-sustaining costs. Over time, design costs depend largely on the time designers spend 
designing and modifying the product, the mould, and the process. These design costs are 
a function of the complexity of the mould, measured by the number of parts in the mould 
multiplied by the area (in square feet) over which the molten plastic must flow (12 parts X 
2.5 square feet, or 30 parts-square feet for the $3 lens, and 14 parts X 5 square feet, or 
70 parts-square feet for the CLS lens). As a result, the total design costs allocated to $3 
and CLS depend on the complexity of the mould, regardless of the number of units or 
batches of production. Design costs cannot be avoided by producing fewer units or run- 
ning fewer batches. Plastim’s ABC system uses parts-square feet—a product-sustaining 
cost-allocation base—to allocate design costs to products. Other examples of product- 
sustaining costs are product research and development costs, costs of making engineering 
changes, and marketing costs to launch new products. 

Facility-sustaining costs are the costs of activities that cannot be traced to individual 
products or services but that support the organization as a whole. In the Plastim example, 
the general administration costs (including top management compensation, rent, and 
building security) are facility-sustaining costs. It is usually difficult to find a good cause- 
and-effect relationship between these costs and the cost-allocation base. This lack of a 
cause-and-effect relationship causes some companies not to allocate these costs to prod- 
ucts and instead to deduct them as a separate lump-sum amount from operating income. 
Other companies, such as Plastim, allocate facility-sustaining costs to products on some 
basis—for example, direct manufacturing labour-hours—because management believes 
all costs should be allocated to products. Allocating all costs to products or services 
becomes important when management wants to set selling prices on the basis of an 
amount of cost that includes all costs. 
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Amherst Metal Works produces two types of metal lamps. Amherst manufactures 
20,000 basic lamps and 5,000 designer lamps. Its ABC system uses two indirect-cost 
pools, One cost pool is for setup costs and the other for general manufacturing over- 
head. Amherst allocates setup costs to the two lamps based on setup labour-hours 
and general manufacturing overhead costs on the basis of direct manufacturing 
labour-hours. It provides the following budgeted cost information: 

Basic Lamps Designer Lamps Total 

Direct materials per lamp $8 $15 

Direct manufacturing labour-hours per lamp 0.5 hours 0.6 hours 

Direct manufacturing labour rate per hour $20 $20 

Setup costs $114,000 

Lamps produced per batch 250 50 

Setup-hours per batch 

General manufacturing overhead costs $120,000 

Required 

Calculate the total budgeted costs of the basic and designer lamps using Amherst’s 
ABC system. 

Implementing Activity-Based Costing 

Exhibit 5-3 shows an overview of Plastim’s ABC system, which is developed through the 
following process. 

Step 1: Identify the products that are the chosen cost objects The cost objects are the 

60,000 S3 and the 15,000 CLS lenses, that Plastim will produce in 2021. Plastim’s goal is 
to calculate first the total costs and then the per-unit cost of designing, manufacturing, 
and distributing these lenses. 

Step 2: Identify the direct costs of the products Because these costs can be economically 
traced to a specific lens or mould, Plastim identifies as direct costs of the lenses: direct 
materials costs, direct manufacturing labour costs, and mould cleaning and maintenance 

costs. Exhibit 5-5 shows the direct and indirect costs for the $3 and CLS lenses using the 
ABC system. The direct costs calculations appear on lines 6, 7, 8, and 9 of Exhibit 5-5, 
Plastim classifies all other costs as indirect costs. 

Step 3: Select the activities and cost-allocation bases to use for allocating indirect 

costs to the products Plastim identifies six activities—(a) design, (b) moulding machine 

setups, (c) machine operations, (d) shipment setup, (e) distribution, and (f) administration— 
for allocating indirect costs to products. Exhibit 5-4, column 2, shows the cost hierarchy 
category, and column 4 shows the cost-allocation base and the budgeted quantity of the 
cost-allocation base for each activity described in column 1. Identifying the cost-allocation 
bases defines the number of activity pools into which costs must be grouped in an ABC 
system. For example, rather than define the design activities of product design, process 
design, and prototyping as separate activities, Plastim defines these three activities together 
as a combined “design” activity and forms a homogeneous design cost pool. 

Step 4: Identify the indirect costs associated with each cost-allocation base Plastim 

assigns budgeted indirect costs for 2021 to activities (see Exhibit 5-4, column 3) on the 
basis of a cause-and-effect relationship between the cost-allocation base for an activity 
and the cost. For example, all costs that have a cause-and-effect relationship to cubic feet 
of packages moved are assigned to the distribution cost pool. 

Step 5: Compute the rate per unit of each cost-allocation base Exhibit 5-4, column 5, 

summarizes the calculation of the budgeted indirect cost rates using the budgeted quan- 
tity of the cost-allocation base from Step 3 and the total budgeted indirect costs of each 
activity from Step 4. 

LO® 
Assign costs using activity- 
based costing (ABC). 
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Overview of Plastim’s Activity-Based Costing System 

STEP 4: 

INDIRECT- 
COST POOL 

STEP 3: 100 ae 12,750 7 67,500 pacha 
COST-ALLOCATION Parts- s Moulding ; Cubic Feet : 

BASE Square:Reet Setup-Hours Machinectisur Shipments Heligsied Manufacturing 
aner Labour-Hours 

$4,500 $50 per $5.80 per $6.4151 per s 
per part- seal ds moulding Nasal cubic foot direct manufacturing : 

square foot p machine-hour P delivered labour-hour P 
5 

rei) oe 
COST OBJECT: STEP 6: Indirect Costs sf s 

S3 AND CL5 Direct Costs eo { E 
LENSES P 

v/ 

STEP 2: 

DIRECT 
COSTS 

Budgeted 
Hierarchy | Indirect 

| Category Costs 
Budgeted Quantity of 
Cost-Allocation Base 

(Step 5) a ES ee SS ES eee) 

Budgeted Indirect 
Cost Rate 

Cause-and-Effect Relationship 
Between Allocation Base and 

Activity Cost 

(2) (3) 

Product- $450,000 
sustaining 

(4) 

parts-square 
feet 

(5) = (3) + (4) 

per part-square 

foot 

(6) 

Design Department indirect costs 

increase with more complex moulds 
(more parts, larger surface area). 

Batch-level $300,000 

Output unit- 
level 

Shipment setup Batch-level $81,000 

SSE 
$637,500 

setup-hours | per setup-hour Indirect setup costs increase with 
setup-hours. 

moulding 

machine- 

hours 

per moulding 

machine-hour 

Indirect costs of operating moulding 

machines increases with moulding 
machine-hours. 

shipments per shipment Shipping costs incurred to prepare 
batches for shipment increase with 
the number of shipments. 

Distribution Output unit-| $391,500 
level 

ERT 
cubic feet 

delivered 

67,500 $ 5.80 | per cubic foot 
delivered 

—1—— 

Administration Facility- 

sustaining 
$255,000 39,750 | direct mfg. 

labour-hours 

$6.4151 | per direct 
mfg. labour- 
hour 

Distribution costs increase with the 
cubic feet of packages delivered. 

The demand for administrative 

resources increases with direct 

manufacturing labour-hours. 
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Step 6: Compute the indirect costs allocated to the products Exhibit 5-5 shows total 

budgeted indirect costs of $1,153,953 allocated to the simple lens and $961,047 allo- 

cated to the complex lens. Follow the budgeted indirect cost calculations for each lens in 
Exhibit 5-5. For each activity, Plastim’s operations personnel indicate the total quantity 
of the cost-allocation base that will be used by each type of lens. 

For example, lines 15 and 16 of Exhibit 5-5 show that of the 2,000 total setup-hours, 
the S3 lens is budgeted to use 500 hours and the CLS lens 1,500. hours. The budgeted indi- 
rect cost rate is $150 per setup-hour (Exhibit 5-4, column 5, line 5). Therefore, the total 
budgeted cost of the setup activity allocated to the $3 lens is $75,000 (= 500 setup-hours x 
$150 per setup-hour) and to the CLS lens is $225,000 (= 1,500 setup-hours X $150 per 
setup-hour). Budgeted setup cost per unit equals $1.25 (= $75,000 + 60,000 units) for 
the S3 lens and $15 (= $225,000 + 15,000 units) for the CLS lens. 

Step 7: Compuie the total cost of the products by adding all direct and indirect costs 

assigned to the products Exhibit 5-5 presents the product costs for the simple and com- 
plex lenses. The direct costs are calculated in Step 2, and the indirect costs are calculated in 
Step 6. The ABC system overview in Exhibit 5-3 shows three direct-cost categories and six 
indirect-cost categories. The budgeted cost of each lens type in Exhibit 5-5 has nine line 

Genie) Plastim’s Product Costs Using Activity-Based Costing System 

per Unit per Unit 

(2) = (1) + 60,000 (4) = (3) + 15,000 | (5) = (1) + (3) 

$1,125,000 $ 675,000 | $1,800,000 

Direct manufacturing labour 600,000 195,000 795,000 

Direct mould cleaning and maintenance costs |___ 120,000 150,000 270,000 

Total direct costs (Step 2) 1,845,000 1,020,000 2,865,000 

Indirect Costs of Activities 

3, 30 parts-sq.ft. x $4,500 135,000 450.000 

CL5, 70 parts-sq.ft. x $4,500 315,000 

Setup of moulding machines 

$3, 500 setup-hours x $150 75,000 i 300,000 

CL5, 1,500 setup-hours x $150 225,000 

Machine operations 

$3, 9,000 moulding machine-hours x $50 450,000 ; 637,500 

CL5, 3,750 moulding machine-hours x $50 187,500 

Shipment setup 

$3, 100 shipments x $405 40,500 : 81,000 

CL5, 100 shipments x $405 40,500 

Distribution 

$3, 45,000 cubic feet delivered x $5.80 ‘| 261,000 : 391,500 

CL5, 22,500 cubic feet delivered x $5.80 Me 130,500 

Administration | 

$3, 30,000 dir. mfg. labour-hours x $6.4151 192,453 j 255,000 

CLS5, 9,750 dir. mfg. labour-hours x $6.4151 62,547 
Total indirect costs allocated (Step 6) 1,153,953 961,047 | 2,115,000 

0 |Total Costs (Step 7) $2,998,953 $1,981,047 $4,980,000 
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ANALYTICS |#ey 
INSIGHTS The ABC of Marketing Analytics 

Marketing departments are responsible for using pricing models that effectively sell products 
and services in the market. They also help to initiate new designs and products so their 
companies can increase profitability. In order to consider the full spectrum of necessary 
processes from design through production and sale, marketing departments must understand 
all of the activities and cost implications that go into making and selling a new product. 
Activity-based costing (ABC) is an example of a costing technique that provides a great 
deal of value, but one that also requires the use of immense resources to collect and analyze 
data, because sometimes the costs of an activity are hard to uncover, requiring interviews 
and observations of workflows. Analytic systems can speed the process of assimilating 
information to inform faster and cheaper approaches to developing effective ABC systems. 

Sources: Glen Urban, Artem Timoshenko, Paramveer Dhillon, and John R. Hauser, 2019. “Is Deep Learning a Game 
Changer for Marketing Analytics?” MIT Sloan Management Review, November 25 (https://sloanreview.mit.edu 
/article/is-deep-learning-a-game-changer-for-marketing-analytics/); Derek A, Haas, Richard A. Helmers, March Rucci, 
Meredith Brady, and Robert S. Kaplan. 2015. “The Mayo Clinic Model for Running a Value-Improvement Program,” 
HBR.org, October 22 (https://hbrorg/2015/10/the-mayo-clinic-model-for-running-a-value-improvement-program). 

items, with three for direct costs and six for indirect costs. The differences between the 
ABC product costs of $3 and CLS calculated in Exhibit 5-5 highlight how each of these 
products uses different amounts of direct and indirect costs in each activity area. 

Comparing Alternative Costing Systems 

Exhibit 5-6 compares the simple costing system using a single indirect-cost pool (Exhibit 5-1 
and Exhibit 5-2) Plastim had been using and the ABC system (Exhibit 5-3 and Exhibit 5-5), 

Note three points in Exhibit 5-6, consistent with the guidelines for refining a costing system: 
(1) ABC systems trace more costs as direct costs; (2) ABC systems create homogeneous cost 

pools linked'to different activities; and (3) for each activity cost pool, ABC systems seek a 
cost-allocation base that has a cause-and-effect relationship with costs in the cost pool. 

The homogeneous cost pools and the choice of cost-allocation bases, tied to the cost 
hierarchy, give Plastim’s managers greater confidence in the activity and product cost 
numbers from the ABC system. The bottom part of Exhibit 5-6 shows that allocating 
costs to lenses using only an output unit-level allocation base—direct manufacturing 
labour-hours, as in the single indirect-cost pool system used prior to ABC—overcosts 
the simple $3 lens by $8.77 per unit and undercosts the complex CLS lens by $35.07 per 
unit. The CLS lens uses a disproportionately larger amount of output unit-level, batch- 
level, and product-sustaining costs than is represented by the direct manufacturing 
labour-hour cost-allocation base. The S3 lens uses a disproportionately smaller amount 
of these costs. 

The benefit of an ABC system is that it provides information to make better decisions, 
But this benefit must be weighed against the measurement and implementation costs of an 
ABC system. 

Considerations in Implementing 

Activity-Based Costing Systems 

When a company decides to implement ABC, it must make important choices about the 
level of detail to use, Should it choose many finely specified activities, cost drivers, and cost 
pools, or would a few suffice? For example, Plastim could identify a different moulding 
machine-hour rate for each different type of moulding machine. In making such choices, 
managers weigh the benefits against the costs and limitations of implementing a more 
detailed costing system. Managers choose the level of detail to use in a costing system by 
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Simple Costing 
System Using a Single 

Indirect-Cost Pool ABC System Difference 

(1) (2) (3) = (2) - (1) 

Direct-cost categories 2 3 | 

Direct materials Direct materials 

Direct manufacturing Direct manufacturing 

labour labour 

Direct mould cleaning and 

maintenance labour 
Total direct costs $2,595,000 $2,865,000 $270,000 
Indirect-cost pools 1 6 5 

Single indirect-cost pool 
allocated using direct 

manufacturing labour- 

hours 

Design (parts-square feet)' 

Moulding machine setup (setup-hours) 
Machine operations 

(moulding machine-hours) 
Shipment setup (number of shipments) 
Distribution (cubic feet delivered) 
Administration (direct 

manufacturing labour-hours) 
Total indirect costs $2,385,000 $2,115,000 ($270,000) 
Total costs assigned 

to simple (S3) lens 
Cost per unit of simple 

(S3) lens $58.75 $49.98 ($8.77) 
Total costs assigned 

$3,525,000 $2,998,953 ($526,047) 

to complex (CL5) lens $1,455,000 $1,981,047 $526,047 
Cost per unit of complex ~—_ 

(CL5) lens $97.00 $132.07 $35.07 

'Cost drivers for the various indirect-cost pools are shown in parentheses. 

evaluating the expected costs of the system against the expected benefits that result from 
better decisions. Signs of when an ABC system is likely to provide the most benefits include 
the following: 

a Significant amounts of indirect costs are allocated using only one or two cost pools. 

w All or most indirect costs are identified as output unit-level costs (few indirect costs 
are described as batch-level costs, product-sustaining costs, or facility-sustaining 
costs). 

w Products make diverse demands on resources because of differences in volume, process 
steps, batch size, or complexity. 

= Products that a company is well-suited to make and sell show small profits, whereas 
products that a company is less suited to produce and sell show large profits. 

= Operations staff has substantial disagreement with the reported costs of manufactur- 
ing and marketing products and services. 

The main costs and limitations of an ABC system are the measurements necessary to 

implement it. ABC systems require management to estimate costs of activity pools and to 
identify and measure cost drivers for these pools to serve as cost-allocation bases. Even 
basic ABC systems require many calculations to determine costs of products and services. 
These measurements are costly. Activity cost rates also need to be updated regularly. 

As ABC systems get very detailed and more cost pools are created, more allocations 
are necessary to calculate activity costs for each cost pool. This increases the chances of 
misidentifying the costs of different activity cost pools. For example, supervisors are more 
likely to incorrectly identify the time they spent on different activities if they have to allo- 
cate their time over five activities rather than only two activities. 

EEgeesa Comparing 
Alternative Costing 

Systems 
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LO® 
Explain the benefits of 

activity-based costing 
(ABC) systems for activity- 

based management (ABM). 

ABC: The Foundation of ABM 

Using ABC information to guide management decisions is referred to as activity-based 
management (ABM). ABM is a strategic approach to cost control that avoids impairing 
the activities of customization for which customers are willing to pay. An ABC system is 
one building block of ABM. The second building block is the ability of managers to under- 
stand that the demand for output is central to profitability. In the earlier example, Plastim 
must produce lenses that are desirable to its customers at a desirable price. In principle, all 
activities should not only add cost but also add value to outputs. 

Value added is always considered from the customers’ perspective. The outcome of 
value-added activities is that the costs plus some predictable profit will be fully recovered 
when the output is sold. Customers pay for features they perceive as desirable. In con- 
trast, non-value-added activities add costs that fail to improve desirability and for which 
customers will not pay. ABM focuses cost control on reducing non-value-added activities, 
The management accountant’s role is to apply the ABC system and distinguish value from 
non-value-added activities. Effective ABM will 

m Reduce costs and improve processes. 

= Improve selection of process activities in pricing and product-mix decisions. 

e Assist in making design decisions. 

w Achieve planned growth. 

Pricing and Product-Mix Decisions 

An ABC system gives managers information about the costs of making and selling diverse 
products. With this information, managers can make pricing and product-mix decisions. 
For example, the ABC system indicates that Plastim can match its competitor’s price 
of $53 for the $3 lens and still make a profit because the ABC cost of S3 is $49.98 
(see Exhibit 5-5), 

Plastim’s managers offer Giovanni Motors a price of $53 for the $3 lens. Plastim’s 
managers are confident that they can use the deeper understanding of costs that the ABC 
system provides to improve efficiency and further reduce the cost of the $3 lens. Without 
information from the ABC system, Plastim’s managers might have erroneously concluded 
that they would incur an operating loss on the S3 lens at a price of $53. This incorrect 
conclusion would probably have caused Plastim to reduce its business in simple lenses and 
focus instead on complex lenses, where its single indirect-cost-pool system indicated it is 
very profitable. 

Focusing on complex tes would have been a mistake. The ABC system indicates 
that the cost of making the complex lens is much higher—$132.07 versus $97 indicated 
by the direct manufacturing labour-hour-based costing system Plastim had been using. 
As Plastim’s operations staff had thought all along, Plastim has no competitive advantage 
in making CLS lenses. At a price of $137 per lens for CLS, the profit margin is very small 
($137.00 — $132.07 = $4.93). As Plastim reduced its prices on simple lenses, it would 
need to negotiate a higher price for complex lenses with Giovanni Motors. 

Cost Reduction and Process Improvement Decisions 

Manufacturing and distribution personnel use ABC systems to focus on how and where to 
reduce costs. Managers set cost reduction targets in terms of reducing the cost per unit of 
the cost-allocation base in different activity areas. For example, the supervisor of the dis- 
tribution activity area at Plastim could have a performance target of decreasing distribu- 
tion cost per cubic foot of products delivered from $5.80 to $5.40 by reducing distribution 
labour and warehouse rental costs. The goal is to reduce these costs by improving the way 
work is done without compromising customer service or the actual or perceived value 
(usefulness) customers obtain from the product or service. That is, Plastim will attempt to 
take out only those costs that are non-value-added. Controlling physical cost drivers, such 
as setup-hours or cubic feet delivered, is another fundamental way that operating person- 
nel manage costs. For example, Plastim can decrease distribution costs by packing the 
lenses in a way that reduces the bulkiness of the packages delivered. 
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The following table shows the reduction in distribution costs of the $3 and CLS lenses 
as a result of actions that lower cost per cubic foot delivered. 

60,000 (S3) Lenses 15,000 (CL5) Lenses 

Total per Unit per Unit 
(1) (2) =(1)+60,000 Total (3) (4) = (3) + 15,000 

Distribution costs (from Exhibit 5-5) $261,000 $4.35 
$3, 45,000 cubic feet x $5.80/cubic foot 

CL5, 22,500 cubic feet x $5.80/cubic foot $130,500 $8.70 

Distribution costs as a result of process 216,000 3.60 
improvements 

$3, 40,000 cubic feet x $5.40/cubic foot 

CL5, 20,000 cubic feet x $5.40/cubic foot 108,000 7.20 

Savings in distribution costs from process  $ 45,000 $0.75 $ 22,500 $1.50 
improvements 

In the long run, total distribution costs will decrease from $391,500 (= $261,000 + 
$130,500) to $324,000 (= $216,000 + $108,000). In the short run, however, distribu- 
tion costs may be fixed and may not decrease. Suppose all $391,500 of distribution costs 
are fixed costs in the short run. ABC systems distinguish costs incurred from resources 
used to design, manufacture, and deliver products and services. For the distribution activ- 
ity, after process improvements 

Costs incurred = $391,500 

Resources used = $216,000 (for $3 lens) + $108,000 (for CLS lens) = $324,000 

On the basis of the resources used by each product, Plastim’s ABC system allocates 
$216,000 to S3 and $108,000 to CLS for a total of $324,000. The difference of $67,500 
(= $391,500 — $324,000) is shown as costs of unused but available distribution capac- 
ity. Plastim’s ABC system does not allocate the costs of unused capacity to products so as 
not to burden the product costs of $3 and CLS with the cost of resources not used by 
these products. Instead, the system highlights the amount of unused capacity as a separate 
line item to signal to managers the need to reduce these costs, such as by redeploying 
labour to other uses or laying off workers. 

Design Decisions 

Management can evaluate how its current product and process designs affect activities and 
costs as a way of identifying new designs to reduce costs. For example, design decisions that 
decrease complexity of the mould reduce costs of design, materials, labour, machine setups, 
machine operations, and mould cleaning and maintenance. Plastim’s customers may be willing 
to give up some features of the lens in exchange for a lower price. Note that Plastim’s previous 
costing system, which used direct manufacturing labour-hours as the cost-allocation base for 
all indirect costs, would have mistakenly signalled that Plastim should choose those designs 
that most reduce direct manufacturing labour-hours when, in fact, there is a weak cause-and- 
effect relationship between direct manufacturing labour-hours and indirect costs. 

We close this section with a note of caution: Do not assume that because department 
costing systems require the creation of multiple indirect cost pools, they properly recognize the 
drivers of costs within departments as well as how resources are used by products. As we have 
indicated, in many situations, department costing systems can be refined using ABC. Empha- 
sizing activities leads to more-focused and homogeneous cost pools, aids in identifying cost- 
allocation bases for activities that have a better cause-and-effect relationship with the costs in 
activity cost pools, and leads to better design and process decisions. But these benefits of an 
ABC system would need to be balanced against its costs and limitations. 

The ABC system itself, augmented by ABM, will improve the value added of manage- 
ment activities. The team will make better decisions on how to coordinate different busi- 
ness function activities, identify and reduce costs of non-value-added activities, improve 
effectiveness of process activities, match the company’s resources to customer demand, 
and achieve planned growth. 
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Mayo Clinic Uses Time-Driven Activity-Based 
_ Costing to Reduce Costs and Improve Care 

SUSTAINABILITY 
IN enn Le)\ 

Medical centres implementing TDABC have suc- 
ceeded in reducing costs. For orthopaedic procedures at 
the Mayo Clinic, the TDABC-modified process resulted 
in shorter stays for patients, a 24% decrease in patients 
discharged to expensive skilled nursing facilities, and 
a 15% decrease in cost. Follow-on improvements have 
included obtaining patient-reported outcomes from tab- 
lets and smartphones and eliminating major variations in 
the cost of prostheses and other supplies. 

More broadly, healthcare providers implementing 
TDABC have found that better outcomes for patients 
often go hand in hand with lower total costs. For 
example, spending more on early detection and better 
diagnosis of disease reduces patient suffering and often 
leads to less-complex and less-expensive care. With the 
insights from TDABC, healthcare providers can utilize 
medical staff, equipment, facilities, and administrative 
resources far more efficiently; streamline the path 
of patients through the system; and select treatment 
approaches that improve outcomes while eliminating 
services that do not. 

By 2024, $1 of every $5 spent in the United States will be on 
healthcare. Several medical centres, such as the Mayo Clinic 
in Rochester, Minnesota, are using time-driven activity-based 
costing (TDABC) to help bring accurate cost and value 
measurement practices into the health care delivery system. 

TDABC assigns all of the organization’s resource 
costs to cost objects using a framework that requires 
two sets of estimates. TDABC first calculates the cost of 
supplying resource capacity, such as a doctor’s time. The 

total cost of resources—including personnel, supervision, 
insurance, space occupancy, technology, and supplies—is 
divided by the available capacity—the time available 
for doctors to do their work—to obtain the capacity 
cost rate. Next, TDABC uses the capacity cost rate to 

drive resource costs to cost objects, such as the number 
of patients seen, by estimating the demand for resource 
capacity (time) that the cost object requires. 

Sources: Derek A. Haas, Richard A. Helmers, March Rucci, Meredith 
Brady, and Robert S. Kaplan. 2015. “The Mayo Clinic Model for Run- 
ning a Value-Improvement Program,” HBR.org, October 22 (https://hbr 
.org/2015/10/the-mayo-clinic-model-for-running-a-value-improvement- 
program); Dan Mangan. 2015. “$1 of Every $5 Spent in US Will Be on 
Health Care,” CNBC, July 28 (http://www.cnbc.com/2015/07/28/1-of- 
every-5-spent-in-us-will-be-on-health-care.html); Robert S. Kaplan and 
Michael E. Porter. 2011. “How to Solve the Cost Crisis in Health Care,” 
Harvard Business Review, September (https://hbr.org/2011/09/how-to 
-solve-the-cost-crisis-in-health-care); Robert S. Kaplan and Steven R. 
Anderson. 2007. “The Innovation of Time-Driven Activity-Based Cost- 
ing,” Journal of Cost Management 21, no. 2 (March-April): 5-15; Robert 
S. Kaplan and Steven R. Anderson. 2007. Time-Driven Activity-Based 
Costing (Boston: Harvard Business School Press). 

ABC in Service and Merchandising Companies 

Although many of the early examples of ABC originated in manufacturing, ABC has many 
applications in service and merchandising companies. In addition to manufacturing activ- 
ities, the Plastim example includes the application of ABC to a service activity—design— 
and to a merchandising activity—distribution. Companies such as the Cooperative Bank, 
Braintree Hospital, TELUS in the telecommunications industry, and Union Pacific in the 
railroad industry have implemented some form of ABC system to identify profitable prod- 
uct mixes, improve efficiency, and satisfy customers. Similarly, many retail and wholesale 
companies—for example, Supervalu, a retailer and distributor of grocery store products, 
and Owens and Minor, a medical supplies distributor—have used ABC systems. Finally, 
as we describe in Chapter 15, a large number of financial services companies (as well as 
other companies) employ variations of ABC systems to analyze and improve the profit- 
ability of their customer interactions. 

The widespread use of ABC systems in service and merchandising companies rein- 
forces the idea that ABC systems are used by managers for strategic decisions rather than 
for inventory valuation. (Inventory valuation is fairly straightforward in merchandising 
companies and not needed in service companies.) Service companies, in particular, find 
great value from ABC because a vast majority of their cost structure comprises indirect 
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costs. After all, there are few direct costs when a bank makes a loan ot when a represen- 
tative answers a phone call at a call centre. As we have seen, a major benefit of ABC is its 
ability to assign indirect costs to cost objects by identifying activities and cost drivers. As 
a result, ABC systems provide greater insight than traditional systems into the manage- 
ment of these indirect costs. The general approach to ABC in service and merchandising 
companies is similar to the ABC approach in manufacturing. 

The Cooperative Bank followed the approach described in this chapter when it imple- 
mented ABC in its retail banking operations. It calculated the costs of various activities, 
such as performing ATM transactions, opening and closing accounts, administering mort- 
gages, and processing Visa transactions. It then used the activity cost rates to calculate 
costs of various products, such as chequing accounts, mortgages, and Visa cards and the 
costs of supporting different customers. ABC information helped the Cooperative Bank to 
improve its processes and to identify profitable products and customer segments. 

ABC raises some interesting issues when it is applied to a public service institution 
such as Canada Post. The costs of delivering mail to remote locations are far greater than 
the costs of delivering mail within urban areas. However, for fairness and community- 
building reasons, Canada Post cannot charge higher prices to customers in remote areas. 
In this case, ABC is valuable for understanding, managing, and reducing costs but not for 
pricing decisions. 

Pulling It All Together—Problem for Self-Study — 

(Try to solve this problem before examining the solution that follows.) 

Problem 

Family Supermarkets (FS) has decided to increase the size of its St. John’s store. It wants 
information about the profitability of individual product lines: soft drinks, fresh produce, 
and packaged food. 

Operating personnel at FS provide the following data for each product line: 

Soft Drinks Fresh Produce Packaged Food 

Revenue $317,400 $840,240 $483,960 

Cost of goods sold j $240,000 $600,000 $360,000 

Cost of bottles returned $ 4,800 $ 0 $ 0 

Number of purchase orders placed 144 336 144 

Number of deliveries received 120 876 264 

Hours of shelf-stocking time 216 2,160 1,080 

Items sold 50,400 441,600 122,400 

FS also provides the following information for the year 2021: 

Total Cost-Allocation 
Activity Description of Activity Costs Base 

(1) (2) (3) (4) 

Bottle returns Returning empty bottles to store $4,800 Direct tracing to soft drink line 

Ordering Placing orders for purchases 62,400 purchase orders = 624 

Delivery Physical delivery and receiving of 100,800 deliveries = 1,260 
merchandise 

Shelf-stocking Stocking and restocking merchandise 69,120 hoursstocking = 3,456 

Customer support Assistance provided for customers 122,880 items sold = 614,400 

Total 360,000 
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Required @ 1. 

e980 2. 

6 3. 

FS currently allocates store support costs (all costs other than cost of goods sold) 
to product lines based on the cost of goods sold of each product line. Calculate 
the operating income and operating income as a percentage of revenues for each 
product line. 
If FS allocates store support costs (all costs other than cost of goods sold) to product 
lines using an ABC system, calculate the operating income and operating income as a 
percentage of revenues for each product line. 
Comment on your answers to requirements 1 and 2. 

Solution 

1; The following table shows the operating income and operating margin (operating 
income as a percentage of revenues). All store support costs (i.e., costs other 
than cost of goods sold) are allocated to product lines using cost of goods sold of 
each product line as the cost-allocation base. Total store support costs equal 
$360,000 (= Cost of bottles returned, $4,800 + Cost of purchase orders, $62,400 + 
Cost of deliveries, $100,800 + Cost of shelf-stocking, $69,120 + Cost of customer 
support, $122,880). If cost of goods sold is the cost-allocation base, the allocation 
rate for store support costs = $360,000 + $1,200,000 = $0.30 per dollar of cost of 
goods sold. To allocate support costs to each product line, FS multiplies the cost of 
goods sold of each product line by 0.30. Operating income for each product line is 
as follows: 

Soft Fresh Packaged 

Drinks Produce Food Total 

Revenue $317,400 $840,240 $483,960 $1,641,600 

Cost of goods sold 240,000 600,000 360,000 _—‘ 1,200,000 

Store support cost ($240,000; $600,000; $360,000 x 0.30) — 72,000 180,000 108,000 360,000 

Total costs 312,000 780,000 468,000 1,560,000 

Operating income $ 5,400 $ 60,240 $ 15,960 $ 81,600 

Operating margin (Operating income + Revenue) 1.70% 7.17% 3.30% 4.97% 

. Under an ABC system, FS identifies bottle return costs as a direct cost since these costs 
can be traced easily to the soft drink product line. FS then calculates cost-allocation 
rates for each activity area. The activity rates are as follows: 

Cost Total Quantity of 
Activity Hierarchy Costs Cost-Allocation Overhead Allocation 

(1) (2) (3) Base (4) Rate (5) = (3) + (4) 

Ordering Batch level $62,400 624 purchase orders $ 100 per purchase order 

Delivery Batch level 100,800 1,260 deliveries 80 per delivery 

Shelf-stocking Unit level 69,120 3,456 hours stocking 20 per hour stocking 

Customer support Unit level 122,880 614,400 items sold 0.20 per item sold 
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Store support costs for each product line by activity are obtained by multiplying the 
total quantity of the cost-allocation base for each product line by the activity cost rate. 
Operating income for each product line is as follows: 

Soft Fresh Packaged 
Drinks Produce Food Total 

Revenue $317,400 $840,240 $483,960 $1,641,600 

Cost of goods sold 240,000 600,000 360,000 1,200,000 

Bottle return costs _ 4,800 - - 4,800 

Ordering costs (144; 336; 144) PO x $100 14,400 33,600 14,400 62,400 

Delivery costs (120; 876; 264) del. x $80 9,600 70,080 21,120 100,800 

Shelf-stocking costs (216; 2,160; 1,080) hr x $20 4,320 43,200 21,600 69,120 

Customer support costs (50,400; 441,600; 122,400)  __10,080 88,320 24,480 122,880 
items Xx $0.20 

Total costs 283,200 835,200 441,600 1,560,000 

Operating income $ 34,200 $ 5,040 $ 42,360 $ 81,600 

Operating margin (Operating income + Revenue) 10.78% 0.60% 8.75% 4.97% 

. Managers believe the ABC system is more credible than the previous costing system. 
It distinguishes the different types of activities at FS more precisely. It also tracks 
more accurately how individual product lines use their resources. Rankings of relative 
profitability (the percentage of operating income to revenues) of the three product 
lines under the previous costing system and under the ABC system are as follows: 

Simple Costing System ABC System 

1. Fresh produce 7.17% 1. Soft drinks 10.78% 

2. Packaged food 3.30 2. Packaged food 8.75 

3. Soft drinks 1.70 3. Fresh produce 0.60 

The percentage of revenues, cost of goods sold, and activity costs for each product 
line are as follows: 

Soft Drinks Fresh Produce Packaged Food 

Revenue 19.335% 51.184% 29.481 % 

Cost of goods sold 20.000 50.000 30.000 

Bottle return costs 100.000 0.000 0.000 

Ordering costs 23.077 53.846 23.077 

Delivery costs 9.524 69.524 20.952 

Shelf-stocking costs 6.250 62.500 31.250 

Customer support costs 8.203 71.875 19.922 

Soft drinks consume less of all resources. Soft drinks have fewer deliveries and require 
less shelf-stocking than does either fresh produce or packaged food. Most major soft- 
drink suppliers deliver merchandise to the store shelves and stock the shelves them- 
selves. In contrast, the fresh produce area has the most deliveries and consumes a large 
percentage of shelf-stocking time. It also has the highest number of individual sales 
items. The previous costing system assumed that each product line used the resources 
in each activity area in the same ratio as their respective individual cost of goods sold to 
total cost of goods sold ratio. Clearly, this assumption was inappropriate. The previous 
costing system was a classic example of broad averaging via cost smoothing. 

FS managers can use the ABC information to guide decisions on how to allocate 
the planned increase in floor space. An increase in the percentage of space allocated to 
soft drinks is warranted. Note, however, that ABC information should be but one 
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input into decisions about shelf space allocation. FS may have minimum limits on the 
shelf space allocated to fresh produce because of shoppers’ expectations that super- 
markets will carry merchandise from this product line. 

Pricing decisions can also be made in a more informed way with the ABC infor- 
mation. For example, suppose a competitor announces a 5% reduction in soft drink 
prices. Given the 10.78% margin FS currently earns on its soft drink product line, it 
has flexibility to reduce prices and still make a profit on this product line. In contrast, 
the previous costing system erroneously implied that soft drinks only had a 1.70% 
margin, leaving little room to counter a competitor’s pricing initiatives. 

| | WY ses i-j(e)a me mre) al t=) 

The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives 

1. When does product 
undercosting or product 
overcosting occur? 

2. How does traditional cost 
assignment differ from the 
activities cost hierarchy? 

3. How are cost assignment 

systems refined using ABC? 

4. How are costs assigned using 
ABC? 

5. How can ABC systems be 
used to manage better? 

Guidelines 

Product undercosting (overcosting) occurs when a product or service consumes 
a high (low) level of shared support activities but is reported to have a low 
(high) cost. Traditional, or peanut butter, costing is a common cause of under- 
or overcosting. This method uniformly assigns costs based on a simple average 
for all products. It is not effective when products obtain unequal benefit from 
unequal use of shared inputs common to complete distinct types of products. 
Product-cost cross-subsidization exists when one undercosted (overcosted) 
product results in at least one other product being overcosted (undercosted). 

The activities cost hierarchy separates a single total indirect cost pool into as 
many as four “chunks” according to the scope of benefits from the activity. From 
smallest scope of activity to largest, the units are output level, batch level, product 
level, and facilities level. Traditional costing separates costs into manufacturing 
and non-manufacturing cost pools without regard to the scope of benefits. 

The refinement of cost assignment systems should only be undertaken when 
shared inputs give rise to indirect costs that are both significant relative to total 
costs and not used equally to complete a distinct type of output unit. Managers 
identify activities and their scope of benefits, and identify a measure of benefit 
from the activity common throughout its scope. The measure is called an 
activity cost driver. It reliably explains how the total activity cost pool changes 
when the quantity of the cost driver changes. 

Once indirect activity cost pools and measures of the activity cost drivers are 
identified, an activity cost driver rate can be calculated. For activity cost pools 
at the batch, product, and facilities levels, calculating the activity cost driver 
rates is an intermediate step that allows costs to be assigned per batch or prod- 
uct or facility. The final step is to assign costs per batch, product, or facility to 
each unit of a distinct output. 

ABM describes management decisions based on ABC information to satisfy 
customers and improve profits. ABC systems are used for such management 
decisions as pricing, product mix, cost reduction, process improvement, 
product and process redesign, and planning and managing activities. 
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Terms to Learn 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

activity (p. 133) facility-sustaining cost (p. 142) product overcosting (p. 134) 

activity-based costing (ABC) (p. 139) non-value-added activities (p. 148) product undercosting (p. 134) 

activity-based management (ABM) output unit-level cost (p. 142) product-sustaining cost (p. 142) 

(p. 148) peanut-butter costing (p. 134) service-sustaining cost (p. 142) 

batch-level costs (p. 142) product-cost cross-subsidization value-added activities (p. 148) 

cost hierarchy (p. 142) (p. 134) 

PA\-t-\[elalaat=Jalmutoiks) gral | 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

5-1 Define cost smoothing, and describe the consequences it can have on costs. 

5-2 Why should managers worry about product overcosting or undercosting? 

5-3 What is costing system refinement? Describe three guidelines for such refinement. 

5-4 What is an activity-based approach to refining a cost assignment system? 

5-5 Describe four levels of a cost hierarchy. 

5-6 Why is it important to classify costs into a cost hierarchy? 

5-7 What are the key reasons for product cost differences between traditional costing systems and ABC 

systems? 

5-8 Describe four decisions for which ABC information is useful. 

5-9 “Department indirect cost rates are never activity cost rates.” Do you agree? Explain. 

5-10 Describe four ways that help indicate when ABC systems are likely to provide the most benefits. 

5-11 What are the main costs and limitations of implementing ABC systems? 

5-12 “ABC systems apply only to manufacturing companies.” Do you agree? Explain. 

5-13 “ABC is the wave of the present and the future. All companies should adoptit.” Do you agree? Explain. 

5-14 “Increasing the number of indirect cost pools is guaranteed to sizably increase the accuracy of prod- 

uct or service costs.” Do you agree? Why? 

5-15 The controller of a retailer has just had a $50,000 request to implement an ABC system quickly turned 

down. A senior vice-president involved in rejecting the request noted, “Given a choice, | will always 

prefer a $50,000 investment in improving things a customer sees or experiences, such as our shelves 

or our store layout. How does a customer benefit by our spending $50,000 on a supposedly better 

accounting system?” How should the controller respond? 

Exercises 

5-16 Terminology. 

activity-based costing (ABC) system batch activity cost driver 

activity cost pools output cross-subsidization 

non-value-added activity peanut butter product (or service) 

refinement value-added activity facility-sustaining 

activity-based management (ABM) cost plus 
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LOoee 

Lo@9 
Assembly Department 

budgeted general over- 
head rate = $1 per direct 

mfg. labour dollar 

Required 

Select the terms from the above list to complete the following sentences. 

1. One common to a traditional or costing system is called an : 

2. The single manufacturing overhead cost pool is separated into different distinguished from 

3. 
one another by their measure of benefits provided, or the ; 

Benefits provided unequally to distinct types of outputs provide value added to customers, for which 

customers are willing to pay. This is the basic concept that guides the approach to cost reduction and 

control called 

. The management team identifies and eliminates and its costs and reorganizes 

the to minimize costs. 

. There are four levels of activities in a cost hierarchy. From narrowest to broadest in scope they 

are (or ), and cost. 

. When a management team fails to develop a cost management system that reports faithfully the 

unequal benefits (and costs) of value-added activities, there is a high risk of mispricing distinct types 

of outputs. If managers use pricing, an overcosted output will be priced too high and 

an undercosted product will be priced too low relative to the economic value added. The result is 

preventable of costs of the lower-priced by the higher-priced product. 

5-17 Cost hierarchy. Teledor Inc. manufactures gaming consoles (music systems with radio, MP3, and 
compact disc players) for different well-known companies. The gaming consoles differ significantly in their 
complexity and the batch sizes in which they are manufactured. The following costs were incurred this year: 

o 

Indirect manufacturing labour costs such as supervision that supports direct manufacturing labour, 

$1,500,000. 
Procurement costs of placing purchase orders, receiving materials, and paying suppliers that are 

related to the number of purchase orders placed, $800,000. 

. Cost of indirect materials, $450,000. 

. Costs incurred to set up machines each time a different product needs to be manufactured, 

$900,000. 
. Designing processes, drawing process charts, making engineering process changes for products, 

$900,000. 
. Machine-related overhead costs such as depreciation, maintenance, production engineering, $1,200,000. 

These resources are related to the activity of running the machines. 

Plant management, plant rent, and insurance, $950,000. 

Required 

1. 

2. 

3. 

Classify each of the preceding costs as output unit-level, batch-level, product-sustaining, or facility- 
sustaining. Explain your answers. 

Consider two gaming consoles made by Teledor Inc. One gaming console is complex to make and is 

made in many small batches. The other gaming console is simple to make and is made in a few large 

batches. Suppose that Teledor needs the same number of machine-hours to make either gaming con- 

sole. If Teledor allocated all overhead costs using machine-hours as the only allocation base, how, if at 

all, would the gaming consoles be miscosted? Briefly explain why. 

How is the cost hierarchy helpful to Teledor in managing its business? 

5-18 Plant-wide, department, and activity cost rates. Acclaim Inc. makes two styles of trophies, 
basic and deluxe, and operates at capacity. Acclaim does large custom orders. Acclaim budgets to 

produce 10,000 basic trophies and 5,000 deluxe trophies. Manufacturing takes place in two production 

departments: forming and assembly. In the forming department, indirect manufacturing costs are accu- 

mulated in two cost pools, setup and general overhead. In the assembly department, all indirect manu- 

facturing costs are accumulated in one general overhead cost pool. The basic trophies are formed in 

batches of 200 but because of the more intricate detail of the deluxe trophies, they are formed in batches 
of 50. 

The controller has asked you to compare plant-wide, department, and activity-based cost allocation. 

Acclaim Budgeted Information for the Year Ended November 30 

Forming Department Basic Deluxe Total 

Direct materials $60,000 $35,000 $95,000 

Direct manufacturing labour 30,000 20,000 50,000 

Overhead costs 

Setup 48,000 

General overhead 32,000 



Assembly Department Basic Deluxe Total 

Direct materials $ 5,000 $10,000 $15,000 

Direct manufacturing labour 15,000 25,000 40,000 

Overhead costs 

General overhead 40,000 

Required 

1. Calculate the budgeted unit cost of basic and deluxe trophies based on a single plant-wide overhead 

rate, if total overhead is allocated based on total direct costs. (Don't forget to include direct material 

and direct manufacturing labour cost in your unit cost calculation.) 

. Calculate the budgeted unit cost of basic and deluxe trophies based on departmental overhead rates, 

where forming department overhead costs are allocated based on direct manufacturing labour costs 

of the forming department and assembly department overhead costs are allocated based on total 

direct manufacturing labour costs of the assembly department. 

. Calculate the budgeted unit cost of basic and deluxe trophies if Acclaim allocates overhead costs in 

each department using activity-based costing, where setup costs are allocated based on number of 

batches and general overhead costs for each department are allocated based on direct manufacturing 
labour costs of each department. 

. Explain briefly why plant-wide, department, and activity-based costing systems show different costs 

for the basic and deluxe trophies. Which system would you recommend and why? 

5-19 Plantwide indirect cost rates. Car Parts (CP) designs, manufactures, and sells automotive parts. 

Actual variable manufacturing overhead costs for 2022 were $319,800. CP's simple costing system allocates 

variable manufacturing overhead to its three customers based on machine-hours and prices its contracts 

based on full costs. One of its customers has regularly complained of being charged noncompetitive prices, 

so CP's controller, Devon Smith, realizes that it is time to examine the consumption of resources more 

closely. CP has three main operating departments: design, engineering, and production. 

w Design—the design of parts, using state-of-the-art, computer-aided design (CAD) equipment 
= Engineering—the prototyping of parts and testing of their specifications 

m= Production—the manufacture of parts 

Interviews with the department personnel and examination of time records yield the following 

detailed information: 

Use of Cost Drivers by Customer 

Variable United Holden Leland 
Department Cost Driver MOH in 2022 Motors Motors Motors 

Design CAD design-hours $ 41,000 120 195 85 

Engineering Engineering-hours 28,800 75 65 244 

Production Machine-hours 250,000 125 2,800 1,075 

Total $319,800 

Required 

1. Using the simple costing system, compute the plantwide variable manufacturing overhead rate for 2022 

and the variable manufacturing overhead allocated to each contract in 2022. 

Compute the variable manufacturing overhead rate for 2022 and the variable manufacturing overhead 
allocated to each contract in 2022 using department-based variable overhead rates. 

Comment on your answers in requirements 1 and 2. Which customer do you think was complaining 

about being overcharged in the simple system? If the new department-based rates are used to price 
contracts, which customer(s) will be unhappy? How would you respond to these concerns? 

. How else might CP use the information available from its department-by-department analysis of variable 

manufacturing overhead costs? 
. CP’s managers are wondering if they should further refine the department-by-department costing 

system into an ABC system by identifying different activities within each department. Under what 

conditions would it not be worthwhile to further refine the department costing system into an ABC 

system? 

2. 

3. 
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LOoe®e 
2, Total variable MOH, $319,800 
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LO @® 5-20 ABC, process costing. Sander Company produces mathematical and financial calculators and 

Inspection costs $65 per operates at capacity. Data related to the two products are presented here: 
inspection hour : 

Mathematical Financial 

Annual production in units 45,000 90,000 

Direct material costs $180,000 $360,000 

Direct manufacturing labour costs $ 90,000 $180,000 

Direct manufacturing labour-hours 4,500 9,000 

Machine-hours 30,000 60,000 

Number of production runs 45 45 

Inspection hours 1,200 600 

Total manufacturing overhead costs are as follows: 

Total 

Machining costs $360,000 

Setup costs 108,000 

Inspection costs 117,000 

Required 

1. Choose a cost driver for each overhead cost pool and calculate the manufacturing overhead cost per 

unit for each product. 
2. Compute the manufacturing cost per unit for each product. 

3. How might Sander’s managers use the new cost information from its activity-based costing system to 
better manage its business? 

LOO 5-21 Explain undercosting and overcosting of services. The Wolfson Group (WG) provides tax 
1, WG amount billed to Tokyo advice to multinational firms. WG charges clients for (a) direct professional time (at an hourly rate) and 

Enterprises, $7,322 (b) support services (at 30% of the direct professional costs billed). The three professionals in WG and their 
rates per professional hour are as follows: 

Professional Billing Rate per Hour 

Myron Wolfson $800 

Naomi Ku 144 

John Anderson 96 

WG has just prepared the May 2022 bills for two clients. The hours of professional time spent on each 
client are as follows: 

Hours per Client 

Winnipeg Tokyo 

Professional Dominion Enterprises 

Wolfson 15 2 

Ku 3 8 

Anderson 22 30 

Total 40 40 

Required 

1. What amounts did WG bill to Winnipeg Dominion and Tokyo Enterprises for May 2022? 

2. Suppose support services were billed at $60 per professional labour-hour (instead of 30% of profes- 
sional labour costs). How would this change affect the amounts WG billed to the two clients for May 

2022? Comment on the differences between the amounts billed in requirements 1 and 2. 

3. How would you determine whether professional labour costs or professional labour-hours are the 

more appropriate allocation base for WG's support services? 
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5-22 ABC, cost hierarchy, service. (CMA, adapted) Vineyard Test Laboratories does heat testing (HT) LO @ 
and stress testing (ST) on materials and operates at capacity. Under its current simple costing system, Vine- Costs of designing 

yard aggregates all operating costs of $1,190,000 into a single overhead cost pool. Vineyard calculates a tests = $60 / hour 
rate per test-hour of $17 ($1,190,000 + 70,000 total test-hours). HT uses 40,000 test-hours, and ST uses 
30,000 test-hours. Gary Celeste, Vineyards controller, believes that there is enough variation in test proce- 
dures and cost structures to establish separate costing and billing rates for HT and ST. The market for test 

services is becoming competitive. Without this information, any miscosting and mispricing of its services 

could cause Vineyard to lose business. Celeste divides Vineyard’s costs into four activity cost categories. 

a. Direct-labour costs, $146,000. These costs can be directly traced to HT, $100,000, and ST, $46,000. 
b. Equipment-related costs (rent, maintenance, energy, and so on), $350,000. These costs are allocated 

to HT and ST on the basis of test-hours. 

c. Setup costs, $430,000. These costs are allocated to HT and ST on the basis of the number of setup- 
hours required. HT requires 13,600 setup-hours, and ST requires 3,600 setup-hours. 

d. Costs of designing tests, $264,000. These costs are allocated to HT and ST on the basis of the time 
required for designing the tests. HT requires 3,000 hours, and ST requires 1,400 hours. 

Required 

1. Classify each activity cost as output unit-level, batch-level, product- or service-sustaining, or facili- 
ty-sustaining. Explain each answer. 

2. Calculate the cost per test-hour for HT and ST. Explain briefly the reasons why these numbers differ 
from the $17 per test-hour that Vineyard calculated using its simple costing system. 

3. Explain the accuracy of the product costs calculated using the simple costing system and the ABC 
system. How might Vineyard’s management use the cost hierarchy and ABC information to better 
manage its business? 

5-23 Allocation of costs to activities, unused capacity. Heights Academy, a private school, serves LOoOo®9e 
500 students: 200 in the middle school (Grades 6 to 8) and 300 in the high school (Grades 9 to 12). Each school 1, Overall cost, $15,600 per 

group has its own assistant principal, and there is one principal, Brian Smith, for the academy. For any single student 

student, almost all of Heights’s costs are indirect. Heights currently has five indirect cost categories, which are 
listed in the following table. Smith wants to develop an ABC system for the school. He identifies four activi- 
ties—academic instruction, administration, sports training, and community relationships—related to the edu- 

cational enterprise. 
Smith and his team identify the number of students as the cost driver of academic instruction and 

administration costs, and the number of team sports offered by the school as the driver of sports training 
costs. The cost of maintaining community relationships—dealing with the town council and participating 

in local activities—is a facility-sustaining cost that the school has to incur each year. The table shows the 
percentage of costs in each line item used by each activity. 

Percentage of Costs Used by Each Activity 

Academic Sports Community 2021 € 

Indirect Cost Instruction Administration Training Relationships Expenditures 

Teachers’ salaries/benefits 60% 20% 8% 12% $4,000,000 

Principals’ salaries and benefits 10 60 5 25 400,000 

Facilities 35 15 45 5 2,600,000 

Office staff salaries and benefits 5 60 10 25 300,000 

Sports program staff salaries 35 10 45 10 500,000 

and benefits 

Required 

1. What is the overall cost of educating each student? Of this cost, what percentage is the cost of aca- 
demic instruction? Of administration? 

2. Smith is dismayed at the high cost of sports training. Further examination reveals that $300,000 of those 
costs are for ice hockey, a sport pursued by a total of 40 students. What would be the overall cost of 
educating each studentif the ice hockey program is eliminated and its cost saved? 

3. For the 2022 school year, Heights charges an annual fee of $1,000 for any student who wants to play ice 
hockey. As a result, 10 of the less-motivated students drop the sport. Assuming the costs of the school 
in 2022 are the same as in 2021, what is the overall cost of educating each student in 2022? 

4. Consider the costs of the academic instruction activity, and assume they are fixed in the short run. At these 
costs, Heights could serve 600 students. What is the cost of the academic instruction resources used by 

Heights’s current 500 students? What is the cost of unused academic instruction capacity? What actions 
can Smith take to reduce the cost of academic instruction per student in the short run? In the long run? 
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LO® 
1. Operating income increase, 

$190,000 

LOO 
Customer 1 profitability is 8.2% 

€ 

5-24 Special order, activity-based costing. (CMA, adapted) The Medal Plus Company manufactures 

medals for winners of athletic events and other contests. Its manufacturing plant has the capacity to pro- 

duce 12,000 medals each month; current production and sales are 9,000 medals per month. The company 

normally charges $200 per medal. Cost information for the current activity level is as follows: 

Variable costs (vary with units produced): 

Direct materials $ 360,000 

Direct labour 405,000 

Variable costs (vary with number of batches): 126,000* 
Setups, materials handling, quality control 

Fixed manufacturing costs 325,000 

Fixed marketing costs 224,000 

Total costs $1,440.000 

*Costs of $126,000 are based on 180 batches at $700 per batch. 

Medal Plus has just received a special one-time-only order for 2,500 medals at $168 per medal. 

Accepting the special order would not affect the company’s regular business. Medal Plus makes medals 

for its existing customers in batch sizes of 50 medals (180 batches x 50 medals per batch = 9,000 medals). 

The special order requires Medal Plus to make the medals in 25 batches of 100 each. 

Required 

1. Should Medal Plus accept this special order? Explain briefly. 

2. Suppose plant capacity were only 10,000 medals instead of 12,000 medals each month. The special 
order must either be taken in full or rejected totally. Should Medal Plus accept the special order? 

3. Asin requirement 1, assume that monthly capacity is 12,000 medals. Medal Plus is concerned that if it 

accepts the special order, its existing customers will immediately demand a price discount of $11 in the 

month in which the special order is being filled. They would argue that Medal Plus’s capacity costs are 

now being spread over more units and that existing customers should get the benefit of these lower 
costs. Should Medal Plus accept the special order under these conditions? Show all calculations. 

5-25 ABC, wholesale, customer profitability. Veritek Wholesalers operates at capacity and sells fur- 

niture items to four department-store chains (customers). Mr. Veritek commented, “We apply ABC to deter- 

mine product-line profitability. The same ideas apply to customer profitability, and we should find out our 

customer profitability as well.” Veritek Wholesalers sends catalogues to corporate purchasing departments 

on a monthly basis. The customers are entitled to return unsold merchandise within a six-month period from 
the purchase date and receive a full purchase price refund. The following data were collected from last 

year’s operations: 

Customer 

1 2 3 4 

Gross sales $40,000 $20,000 $110,000 $95,000 

Sales returns: 

Number of items 96 24 64 32 

Amount $ 8,000 $3,000 $ 7,700 $ 9,000 

Number of orders: 

Regular 30 140 55 100 

Rush - 8 46 12 45 

Veritek has calculated the following activity rates: 

Activity Cost Driver Rate 

Regular order processing $30 per regular order 

Rush order processing $150 per rush order 

Returned items processing $15 per item 

Catalogues and customer support $1,200 per customer 

Required 

Customers pay the transportation costs. The cost of goods sold averages 75% of sales. 

Determine the contribution to profit from each customer last year. Comment on your solution. 
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5-26 ABC, retail product-line profitability. Fitzgerald Supermarkets (FS) operates at capacity and LO@ 
decides to apply ABC analysis to three product lines: baked goods, milk and fruit juice, and frozen foods. It 1, Baked goods operating income 

identifies four activities and their activity cost rates as follows: is $6,700 

Ordering $95 per purchase order 

Delivery and receipt of merchandise $76 per delivery 

Shelf-stocking $19 per hour 

Customer support and assistance $0.15 per item sold 

The revenues, cost of goods sold, store support costs, activities that account for the store support costs, 

and activity area usage of the three product lines are as follows: 

Baked Goods Milk and Fruit Juice Frozen Products 

Financial data 

Revenues $60,000 $66,500 $50,500 

Cost of goods sold $41,000 $51,000 $32,000 

Store support $12,300 $15,300 $ 9,600 

Activity area usage (cost-allocation base) 

Ordering (purchase orders) 44 24 14 

Delivery (deliveries) 120 60 36 

Shelf-stocking (hours) 170 150 20 

Customer support (items sold) 15,400 20,200 7,960 | 

Under its simple costing system, FS allocated support costs to products at the rate of 30% of cost of goods | 

sold. 

Required 

1. Use the simple costing system to prepare a product-line profitability report for FS. 

2. Use the ABC system to prepare a product-line profitability report for FS. 

3. What new insights does the ABC system in requirement 2 provide to FS managers? 

5-27 ABC, product costing at banks, cross-subsidization. International Trust (IT) is examining the LOO®e 
profitability of its Premier Account,-a combined savings and chequing account. Depositors receive a 6% 1, Profitability of Robinson 
annual interest rate on their average deposit. IT earns an interest rate spread of 2.5% (the difference account, $321.90 operating loss 
between the rate at which it lends money and the rate it pays depositors) by lending money for residential 

home loan purposes at 8.5%. Thus, IT would gain $250 on the interest spread if a depositor had an average 

Premier Account balance of $10,000 during the year ($10,000 x 2.5% = $250). 
The Premier Account allows depositors unlimited use of services such as deposits, withdrawals, 

chequing account, and foreign currency drafts. Depositors with Premier Account balances of $2,500 or 

more receive unlimited free use of services. Depositors with minimum balances of less than $2,500 pay a 

$35 monthly service fee for their Premier Account. 
IT recently conducted an ABC study of its services. It assessed the following costs for six individual 

services. The use of these services by the three Premier Account customers is as follows: 

ABC Cost per Account Usage € 

Transaction Robinson Skerrett Farrel 

Deposits/withdrawals with teller $ 4.00 45 55 10 

Deposits/withdrawals at ATM 1.20 12 24 18 

Prearranged monthly deposit/withdrawal 0.80 0 15 60 

Cheques written 11.25 10 5 4 

Foreign currency drafts 12.50 4 1 7 

Account balance inquiries 2.50 12 20 11 

Average cash balance $2,600 $1,200 $40,000 

Assume Robinson and Farrel always maintain a balance above $2,500, while Skerrett always has a 

balance below $2,500. 
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LO® 
Shipping costs are 

$365 per batch 

LO © 
2, Widnes Coal costs, $18,200 

Required 

1. Compute the profitability of the Robinson, Skerrett, and Farrel Premier Accounts at IT. 
2. What evidence is there of cross-subsidization across Premier Accounts? Why might IT worry about 

this cross-subsidization if the Premier Account product offering is profitable as a whole? 

3. What changes at IT would you recommend for its Premier Account? 

5-28 Choosing cost drivers, activity-based costing, activity-based management. Pastel Bags 
(PB) is a designer of high-quality backpacks and purses. Each design is made in small batches. Each spring, 
PB comes out with new designs for the backpack and for the purse. The company uses these designs for a 

year and then moves on to the next trend. The bags are all made on the same fabrication equipment that is 
expected to operate at capacity. The equipment must be switched over to a new design and set up to pre- 
pare for the production of each new batch of products. When completed, each batch of products is immedi- 

ately shipped to a wholesaler. Shipping costs vary with the number of shipments. Budgeted information for 
the year is as follows: 

Pastel Bags 

Budget for Costs and Activities 

For the Year Ended February 28 

Direct materials—purses $ 319,155 

Direct materials—backpacks 454,995 

Direct manufacturing labour—purses 99,000 

Direct manufacturing labour—backpacks 113,000 

Setup 64,000 

Shipping 73,000 

Design 169,000 

Plant utilities and administration 221,000 

Total $1,513,150 

Other budget information follows: 

Backpacks Purses Total 

Number of bags 6,175 3,075 9,250 

Hours of production 1,665 2,585 4,250 

Number of batches 120 80 200 

Number of designs 2 2 4 

Required 

1. Identify the cost hierarchy level for each cost category. 

2. Identify the most appropriate cost driver for each cost category. Explain briefly your choice of cost 
driver. 

3. Calculate the budgeted cost per unit of cost driver for each cost category. 
4. Calculate the budgeted total costs and cost per unit for each product line. 

5. Explain how you could use the information in requirement 4 to reduce costs. 

Problems 

5-29 Job costing with single direct-cost category, single indirect-cost pool, law firm. Marc 
and Associates is a recently formed law partnership. The managing partner of Marc and Associates has 
just finished a tense phone call with the president of Widnes Coal, who complained about the price charged 
for some legal work done for Widnes Coal. At the same time, a different client call (St. Helen's Glass) con- 

firmed the client was very pleased with both the quality of the work and the price charged onits most recent 
case. 

Marc and Associates operates at capacity and uses a cost-based approach to pricing (billing) each 

job. Currently it uses a single direct-cost category (for professional labour-hours) and a single indirect-cost 

pool (general support). Indirect costs are allocated to cases on the basis of professional labour-hours per 
case. The case files show the following: 

Widnes Coal St. Helen's Glass 

Professional labour 104 hours 96 hours 



Professional labour costs at Marc and Associates are $70 an hour. Indirect costs are allocated to 

cases at $105 an hour. Total indirect costs in the most recent period were $21,000. 

Required 

1. Why is itimportant for Marc and Associates to understand the costs associated with individual cases? 

2. Compute the costs of the Widnes Coal and St. Helen’s Glass cases using Marc and Associates’ simple 
costing system. 

5-30 Job costing with multiple direct-cost categories, single indirect-cost pool, law firm 

(continuation of 5-29). Hanley asks his assistant to collect details on those costs included in the $21,000 

indirect-cost pool that can be traced to each individual case. After further analysis, Marc and Associates is 
able to reclassify $14,000 of the $21,000 as direct costs: 

Other Direct Costs Widnes Coal St. Helen's Glass 

Research support labour $1,600 $ 3,400 

Computer time 500 1,300 

Travel and allowances 600 4,400 

Telephones/faxes 200 1,000 

Photocopying __ 250 ___750 

Total $3,150 $10,850 

Hanley decides to calculate the costs of each case had Marc and Associates used six direct-cost 

pools and a single indirect-cost pool. The single indirect-cost pool would have $7,000 of costs and would 

be allocated to each case using the professional labour-hours base. 

Required 

1. Whatis the revised indirect cost-allocation rate per professional labour-hour for Marc and Associates 

when total indirect costs are $7,000? 

2. Compute the costs ofthe Widnes and St. Helen’s cases if Marc and Associates had used its refined 
costing system with multiple direct-cost categories and one indirect-cost pool. 

3. Compare the costs of the Widnes and St. Helen's cases in requirement 2 with those in requirement 2 of 

Problem 5-29. Comment on the results. 

5-31 Job costing with multiple direct-cost categories, multiple indirect-cost pools, law firm 
(continuation of 5-29 and 5-30). Marc and Associates has two classifications of professional staff—partners 

and managers. Hanley asks his assistant to examine the relative use of partners and managers on the 

recent Widnes Coal and St. Helen’s cases, The Widnes case used 24 partner-hours and 80 manager-hours. 

The St. Helen's case used 56 partner-hours and 40 manager-hours. 

Hanley decides to examine how the use of separate direct-cost and indirect-cost pools for partners 

and managers would have affected the costs of the Widnes and St. Helen’s cases. Indirect costs in each 

cost pool would be allocated based on total hours of that category of professional labour. 

The rates per category of professional labour are as follows: 

Category of Direct Cost Indirect Cost 
Professional Labour per Hour Calculation per Hour 

Partner $100.00 $ 4,600/80 hours $57.50 

Manager $ 50.00 $2,400/120 hours $20.00 

Required 

Compute the costs of the Widnes and St. Helen’s cases with Marc and Associates further refined system, 

with multiple direct-cost categories and multiple indirect-cost pools. 

5-32 Contrast the logic of two cost assignment systems. Halifax Test Laboratories does heat 

testing (HT) and stress testing (ST) on materials. Under its current costing system, Halifax aggregates all 

operating costs of $1,440,000 into a single overhead cost pool. Halifax calculates a rate per test-hour of 

$18 (= $1,440,000 + 80,000 total test-hours). HT uses 50,000 test-hours and ST uses 30,000 test-hours. Gary 
Celeste, Halifax's controller, believes that there is enough variation in test procedures and cost structures to 
establish separate costing and billing rates. The market for test services is very competitive, and without 

this information, any miscosting and mispricing could cause Halifax to lose business. Celeste breaks down 

Halifax's costs into four activity cost categories. 

1. Direct-labour costs, $288,000. These costs can be directly traced to HT, $216,000, and ST, $72,000. 
2. Equipment-related costs (rent, maintenance, energy, and so on), $480,000. These costs are allocated to 

HT and ST based on test-hours. 
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LO® 
1, Operating margin percentage 

for baked goods, 24.39% 

LoO@6 
1, Budgeted cost for service, 

$56.16 per X-ray 

3. Setup costs, $420,000. These costs are allocated to HT and ST based on the number of setup-hours 

required. HT requires 13,500 setup-hours and ST requires 4,000 setup-hours. 

4. Costs of designing tests, $252,000. These costs are allocated to HT and ST based on the time required 
to design the tests. HT requires 2,800 hours and ST requires 1,400 hours. 

Required 

1. Classify each of the activity costs as output unit-level, batch-level, product- or service-sustaining, or 
facility-sustaining. Explain your answers. 

2. Calculate the cost per test-hour for HT and ST using ABC. Explain briefly the reasons why these num- 
bers differ from the $18 per test-hour that Halifax had calculated using its existing costing system. 

3. Explain the cost differences and the accuracy of the product costs calculated using the existing and 
the ABC systems. How might Halifax’s management use the cost hierarchy and ABC information to 

manage its business better? 

5-33 Use ABC systems for ABM. Family Supermarkets (FS) found that its ABC analysis (see the Pulling 
It All Together problem in this chapter) provided important insights. FS extends the analysis to cover three 

more product lines: baked goods, milk and fruit juice, and frozen products. It identifies four activities and 

activity cost rates for each activity as 

Ordering . $120 per purchase order 

Delivery and receipt of merchandise 96 per delivery 

Shelf-stocking 24 per hour 

Customer support and assistance 0.24 per item sold 

The revenues, cost of goods sold, store support costs, and activity area usage of the three product lines 
are as follows: 

Baked Milk and Frozen 
Goods Fruit Juice Products 

Financial data: 

Revenues $78,400 $85,600 $72,400 

Cost of goods sold 45,600 56,400 42,000 

Store support 13,680 16,920 12,600 

Activity area usage (cost driver): 

Ordering (purchase orders) 30 25 13 

Delivery (deliveries) 98 36 28 

Shelf-stocking (hours). 183 166 24 

Customer support (items sold) 15,500 20,500 7,900 

There are no bottle returns for any of these three product lines. 

Required 

1. Use the previous costing system (support costs allocated to products at the rate of 30% of cost of 

goods sold) to compute a product-line profitability report for FS. 
2. Use the ABC system (ordering at $120 per purchase order, delivery at $96 per delivery, shelf-stocking 

at $24 per hour, and customer support at $0.24 per item sold) to compute a product-line profitability 

report for FS. 

3, What new insights does the ABC system in requirement 2 provide to FS managers? 

5-34 Department and activity cost rates, service sector. Radhika’s Radiology Centre (RRC) per- 
forms X-rays, ultrasounds, CT scans, and MRIs. RRC has developed a reputation as a top radiology centre in 

the area. RRC has achieved this status because it constantly re-examines its processes and procedures. 
RRC has been using a single, facility-wide overhead allocation rate. The VP of Finance believes that RRC 
can make better process improvements if it uses more disaggregated cost information. She says, “We have 

state-of-the-art medical imaging technology. Can't we have state-of-the-art accounting technology?” 



The following budgeted information is available: 

Technician labour 

Depreciation 

Materials 

Administration 

Maintenance 

Sanitation 

Utilities 

Totals 

Number of procedures 

Minutes to clean after each procedure 

Minutes for each procedure 

Radhika’s Radiology Centre 
Budgeted Information 

For the Year Ended May 30 

X-Rays Ultrasound CT Scan 

$ 61,440 $105,600 $ 96,000 

32,240 268,000 439,000 

22,080 16,500 24,000 

$115,760 $390,100 $559,000 

3,840 4,400 3,000 

5 15 

15 20 

MRI Total 

$ 105,000 $ 368,040 

897,500 1,636,740 

31,250 93,830 

20,610 

247,320 

196,180 

134,350 

$1,033,750 $2,697,070 

2,500 

35 

45 

RRC operates at capacity. The proposed allocation bases for overhead are as follows: 

Administration 

Maintenance (including parts) 

Sanitation 

Utilities 

Required 

Number of procedures 

Total cleaning minutes 

Total procedure minutes 

Capital cost of equipment (depreciation) 

1. Calculate the budgeted cost per service for X-rays, ultrasounds, CT scans, and MRIs using the direct 

technician labour-as the cost-allocation base. 

2. Calculate the budgeted cost per service for X-rays, ultrasounds, CT scans, and MRIs if RRC allocated 

overhead costs using ABC. 
3. Explain how the disaggregation of information could be helpful to RRC’s intention to continuously 

improve its services. 

5-35 Activity-based costing, merchandising. Pharmacare Inc. specializes in the distribution of phar- 
maceutical products. Pharmacare operates at capacity and has three main market segments: 

a. General supermarket chains 

b. Drugstore chains 
c. “Mom and Pop” single-store pharmacies 

Rick Flair, the new controller of Pharmacare, reported the following data for August 2022: 

General 
Supermarket 

Chains 

Revenues $3,725,000 

Cost of goods sold 3,600,000 

Gross margin $ 125,000 

Other operating costs 

Operating income 

Drugstore 

Chains 

$3,175,000 

3,027,000 

$ 148,000 

“Mom and Pop” 

Single Stores Total 

$1,960,000 $8,860,000 

1,805,000 8,432,000 

$ 155,000 428,000 

319,000 

$ 109,000 

For many years, Pharmacare has used gross margin percentage [(Revenue — Cost of goods 
sold) + Revenue] to evaluate the relative profitability of its different groupings of customers (distribution 

outlets). 
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LO0O®e 
3. Cost for setup, $320 per batch 

Flair recently attended a seminar on ABC and decides to consider using it at Pharmacare. Flair meets 
with all the key managers and many staff members. People generally agree that there are five key activity 

areas at Pharmacare: y 

Activity Area Cost Driver 

Order processing Number of customer purchase orders 

Line-item processing Number of line items ordered by customers 

Delivering to stores Number of store deliveries 

Cartons shipped to store Number of cartons shipped 

Stocking of customer store shelves Hours of shelf-stocking 

Each customer order consists of one or more line items. A line item represents a single product (such 

as Extra-Strength Tylenol Tablets). Each product-line item is delivered in one or more separate cartons. 

Each store delivery entails the delivery of one or more cartons of products to a customer. Pharmacare’s 

staff stacks cartons directly onto display shelves in customers’ stores. Currently, there is no additional 

charge to the customer for shelf-stocking, and not all customers use Pharmacare for this activity. The 

level of each activity in the three market segments and the total cost incurred for each activity in 2022 are 

shown below: 

General “Mom and Total Cost 

Supermarket Drugstore Pop” Single of Activity 

Activity Chains Chains Stores in 2022 

Number of orders processed 150 360 1,490 $85,000 

Number of line items ordered 1,980 4,500 14,520 69,300 

Number of store deliveries made 122 278 1,050 72,500 

Number of cartons shipped to stores 37,000 24,200 17,000 78,200 

Shelf-stocking (hours) 390 200 110 14,000 

Required 

1. Compute the August 2022 gross margin percentage for each of Pharmacare’s three market segments. 

2. Compute the August 2022 per-unit cost driver rate for each of the five activity areas. 

3. Use the ABC information to allocate the $319,000 of “other operating costs” to each of the market segments. 

Compute the operating income for each market segment. 

4. Comment on the results. What new insights are available with the activity-based information? 

5-36 Choosing cost drivers, activity-based costing, activity-based management. Pumpkin 

Bags (PB) is a designer of high-quality backpacks and purses. Each design is made in small batches. Each 
spring, PB comes out with new designs for the backpack and for the purse. They use these designs for one 

year and then move on to the next trend. The bags are all made on the same fabrication equipment that is 

expected to operate at capacity. The equipment must be switched over to a new design and set up to pre- 

pare for the production of each new batch of products. When completed, each batch of products is immedi- 

ately shipped to a wholesaler. Shipping costs vary with the number of shipments. Budgeted information for 

the year is as follows: 

Pumpkin Bags 

Budgeted Costs and Activities 

for the Year Ended February 28 

Direct materials—purses $ 362,000 

Direct materials—backpacks 427,000 

Direct labour—purses 98,000 

Direct labour—backpacks 115,597 

Setup 64,960 

Shipping 72,065 

Design 167,000 

Plant utilities and administration 225,000 

Total $1,531,622 



Other information: 

Backpacks Purses Total 

Number of bags 6,000 3,150 9,150 

Hours of production 1,560 2,600 4,160 

Number of batches 133 70 203 

Number of designs 3 2 5 

Required 

1. Identify the cost hierarchy level for each cost category. 

2. Identify the most appropriate cost driver for each cost category. Explain briefly your choice of cost 
driver. 

3. Calculate the cost per unit of cost driver for each cost category. 
4. Calculate the total costs and cost per unit for each product line. 
5. Explain how you could use the information in requirement 4 to reduce costs. 

5-37 Unused capacity, activity-based costing, activity-based management. Zarson’s Netballs is 
a manufacturer of high-quality basketballs and volleyballs. Setup costs are driven by the number of setups. 
Equipment and maintenance costs increase with the number of machine-hours, and lease rent is paid per 

square foot. Capacity of the facility is 14,000 square feet, and Zarson is using only 80% of this capacity. 
Zarson records the cost of unused capacity as a separate line item and not as a product cost. The following 

is the budgeted information for Zarson: 

Zarson’s Netballs 

Budgeted Costs and Activities 
For the Year Ended December 31 

Direct materials—basketballs $ 168,100 

Direct materials—volleyballs 303,280 

Direct manufacturing labour—basketballs 111,800 

Direct manufacturing labour—volleyballs 100,820 

Setup 157,500 

Equipment and maintenance costs 115,200 

Lease rent 210,000 

Total $1,166,700 

Other budget information follows: 

Basketballs Volleyballs 

Number of balls 58,000 85,000 

Machine-hours 13,500 10,500 

Number of setups 450 300 

Square footage of production space used 3,200 8,000 

Required 

1. Calculate the budgeted cost per unit of cost driver for each indirect cost pool. 
2. Whatis the budgeted cost of unused capacity? 
3. What is the budgeted total cost and the cost per unit of resources used to produce (a) basketballs and 

(b) volleyballs? 
4. Why might excess capacity be beneficial for Zarson? What are some of the issues Zarson should 

consider before increasing production to use the space? 

5-38 ABC, implementation, ethics. (CMA, adapted) Plum Electronics, a division of Berry Corporation, 
manufactures two large-screen television models: the Mammoth, which has been produced since 2017 and 

sells for $990, and the Maximum, a newer model introduced in early 2019 that sells for $1,254. Based on the 
following income statement for the year ended November 30, 2021, senior management at Berry have 
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decided to concentrate Plum’s marketing resources on the Maximum model and to begin to phase out the 

Mammoth model because Maximum generates a much bigger operating income per unit. 

Plum Electronics 

Income Statement for the 

Fiscal Year Ended November 30, 2021 

Mammoth Maximum Total 

Revenues $21,780,000 $5,016,000 $26,796,000 

Cost of goods sold 13,794,000 3,511,200 17,305,200 

Gross margin 7,986,000 1,504,800 9,490,800 

Selling and administrative expense 6,413,000 1,075,800 7,488,800 

Operating income $ 1,573,000 $ 429,000  $ 2,002,000 

Units produced and sold 22,000 4,000 

Operating income per unit sold Sie 1:50 $ 107.25 

Details for cost of goods sold for Mammoth and Maximum are as follows: 

Mammoth Maximum 

Total Per Unit Total Per Unit 

Direct materials $ 5,033,600 $ 228.80 $2,569,600 $642.40 

Direct manufacturing labour® 435,600 19.80 184,800 46.20 

Machine costs® 3,484,800 _ 158.40 316,800 279120 

Total direct costs $ 8,954,000 $ 407.00 $3,071,200 $767.80 

Manufacturing overhead costs® $ 4,840,000 $ 220.00 $ 440,000 $110.00 

Total cost of goods sold $13,794,000 $ 627.00 $3,511,200 $877.80 

8 Mammoth requires 1.5 hours per unit and Maximum requires 3.5 hours per unit. The direct manufacturing labour cost 
is $13.20 per hour. 
® Machine costs include lease costs of the machine, repairs, and maintenance. Mammoth requires 8 machine-hours 

per unit and Maximum requires 4 machine-hours per unit. The machine-hour rate is $19.80 per hour. 

° Manufacturing overhead costs are allocated to products based on machine-hours at the rate of $27.50 per hour. 

Plum’s controller, Steve Jacobs, is advocating the use of activity-based costing and activity-based 

management and has gathered the following information about the company’s manufacturing overhead 
casts for the year ended November 30, 2021. 

Units of the Cost-Allocation Base 

Activity Centre (Cost-Allocation Base) Total Activity Costs © Mammoth Maximum Total 

Soldering (number of solder points) $ 1,036,200 1,185,000 385,000 1,570,000 

Shipments (number of shipments) 946,000 16,200 3,800 20,000 

Quality control (number of inspections) 1,364,000 56,200 21,300 77,500 

Purchase orders (number of orders) 1,045,440 80,100 109,980 190,080 

Machine power (machine-hours) 63,360 176,000 16,000 192,000 

Machine setups (number of setups) 825,000 16,000 14,000 30,000 

Total manufacturing overhead $ 5,280,000 

After completing his analysis, Jacobs shows the results to Charles Clark, the Plum division president. 

Clark does not like what he sees. “If you show headquarters this analysis, they are going to ask us to 

phase out the Maximum line, which we have just introduced. This whole costing stuff has been a major 
problem for us. First Mammoth was not profitable and now Maximum.” 



“Looking at the ABC analysis, | see two problems. First, we do many more activities than the ones you 

have listed. If you had included all activities, maybe your conclusions would be different. Second, you 

used number of setups and number of inspections as allocation bases. The numbers would be different 

had you used setup-hours and inspection-hours instead. | know that measurement problems precluded 

you from using these other cost-allocation bases, but! believe you ought to make some adjustments to our 
current numbers to compensate for these issues. | know you can do better. We can’t afford to phase out 

either product.” 

Jacobs knows that his numbers are fairly accurate. As a quick check, he calculates the profitability 

of Maximum and Mammoth using more and different allocation bases. The set of activities and activity 

rates he had used results in numbers that closely approximate those based on more detailed analyses. He 

is confident that headquarters, knowing that Maximum was introduced only recently, will not ask Plum to 

phase it out. He is also aware that a sizable portion of Clark’s bonus is based on division revenues. Phasing 

out either product would adversely affect his bonus. Still, he feels some pressure from Clark to do 
something. 

Required 

1. Using activity-based costing, calculate the gross margin per unit of the Maximum and Mammoth 

models. 

2. Explain briefly why these numbers differ from the gross margin per unit of the Maximum and Mammoth 

models calculated using Plum’s existing simple costing system. 

3. Comment on Clark’s concerns about the accuracy and limitations of ABC. 

4, How might Plum find the ABC information helpful in managing its business? 

5. What should Steve Jacobs do in response to Clark's comments? 

Mini-Case 

5-39 Using ABC for activity-based management (ABM). Jenny Chen is in charge of marketing at 

General Mills. Jenny reports to Mark Hamin, vice-president of product development. Mark has tasked Jenny 

with analyzing the different channels used to market its Colombo frozen yogurt products to find the best path 

to profitability. 

Jenny has decided to take an ABC/ABM approach to analyzing the operations at General Mills. Cur- 

rently, General Mills charged the same prices and provided the same promotions—$3 per case—to its 

customers, whether the customer was in the grocery channel (food purchased for later consumption or 

preparation at home) or the food-service (outside of home, immediate consumption) channel. Jenny 

quickly noticed there were two segments within food service: destination yogurt shops or restaurants and 

impulse locations, located in business cafeterias and on school campuses and military bases. She also 

noticed that sales dollars for frozen yogurt products were relatively constant, but profits were declining. 

Jenny sensed that destination yogurt shops might be more profitable than impulse locations, but the com- 

pany didn’t have the information about profit differences to make changes. The case sales data and 

income statements for last year, by segment, looked like this: 

Category Impulse Location Yogurt Shops Total 

Sales in cases 1,200,000 300,000 1,500,000 

Sales revenue $23,880,000 $5,970,000 $29,850,000 

Less: Promotions 3,600,000 900,000 4,500,000 

Net sales 20,280,000 5,070,000 25,350,000 

Cost of goods sold 13,800,000 3,450,000 17,250,000 

Gross margin 6,480,000 1,620,000 8,100,000 

Less: Merchandising 1,380,000 345,000 1,725,000 

Less: Selling, general, and admin. expenses 948,000 237,000 1,185,000 

Netincome $ 4,152,000 $1,038,000 $ 5,190,000 
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Additional cost data: Cost of goods sold includes $14,250,000 for ingredients, packaging, and storage, 
and $3,000,000 for picking, packing, and shipping. The product is the same across segments, so cost 

to produce is the same. However, picking, packing, and shipping costs vary if the order is for a full pallet. 

Full pallets cost $75 to pick and ship, whereas individual orders cost $2.25 per case. There are 75 cases In 
a pallet, with pallet and case usage by segment shown here: 

Segment 

Impulse Location Yogurt Shops Total 

Cases in full pallets 60,000 240,000 300,000 

Individual cases 1,140,000 60,000 1,200,000 

Total cases 1,200,000 300,000 1,500,000 

Sales and merchandising kits sell for $500 each. A total of 3,450 kits were delivered in the period, 90 of 
them to yogurt shops. For selling, general, and administration, costs were allocated to products based on 
gross sales dollars. 

Jenny investigated and found when a random sample of the sales force was asked to keep diaries for 

60 days, the resulting data revealed they spent much more time per sales dollar on yogurt sales than other 
General Mills products. Jenny found when selling, general, and administration costs were allocated based 
on time, the total allocation to yogurt products jumped from $1,185,000 to $3,900,000. Of the total time spent 
on selling Colombo frozen yogurt, only 1% of that time was spent in shops. 

Required 

1. How do the two segments identified by Jenny for Colombo frozen yogurt sales differ from each other? 
2. Using ABC analysis, restate the income statements above to show new net income (Hint; add a line 

item for shipping). Whatis “per case” net income? 

3. Based on your analysis in requirement 2, what changes should General Mills make? 

(IMA adapted; Colombo Frozen Yogurt by Jon Guy from Cases from Management Accounting Practice 
by Wayne Bremser. Copyright © 2000. Used by permission of Institute of Management Accountants.) 

‘TRY IT! > SOLUTIONS 

We first calculate the budgeted indirect cost rate for the overhead cost pool. 

Total budgeted direct manufacturing labour-hours = 0.5 hrs. x 20,000 + 0.6 hrs. x 5,000 

= 13,000 hours 

Budgeted total costs in indirect-cost pool 

Budgeted total quantity of cost-allocation base 

we $234,000 

~~ 13,000 direct manufacturing labour-hours 

$18 per direct manufacturing labour-hour 

Budgeted indirect-cost rate = 

20,000 5,000 

Basic Lamps Designer Lamps 

per Unit per Unit Total 

Total (1) (2) =(1) + 20,000 Total (3) (4)=(3)+5,000 (5) =(1) + (3) 

Direct materials $160,000 $ 8 $ 75,000 $15.00 $235,000 

Direct manufacturing labour 200,000 10 60,000 12.00 260,000 

($20 x 0.5 hrs. x 20,000; 
$20 x 0.6 hrs. x 5,000) 

Total direct costs (Step 2) 360,000 18 135,000 27.00 495,000 

Indirect costs allocated (Step 6) 

$18 X 10,000 hours; 180,000 g 54,000 10.80 234,000 
$18 X 3,000 hours 

Total costs $540,000 $27 $189,000 $37.80 $729,000 
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We first calculate the overhead rates for each indirect cost pool. 

Basic Lamps Designer Lamps Total 

1 Quantity of lamps produced 20,000 lamps 5,000 lamps 

2 Number of lamps produced 
per batch 250 lamps per batch 50 lamps per batch 

3 =(1) + (2) Number of 
batches 80 batches 100 batches 

4 Setup time per batch 1 hour per batch 3 hours per batch $114,000 

5 =(3) x (4) Total setup-hours 80 setup-hours 300 setup-hours 380 setup-hours 

6 General manufacturing over $120,000 
head costs 

7 Direct manufacturing 

labour-hours per lamp 0.5 hours 0.6 hours 

8 =(1) X (7) Total direct 
manufacturing labour-hours 10,000 hours 3,000 hours 13,000 hours 

Budgeted total costs in indirect-cost pool 

Budgeted total quantity of cost-allocation base 

~ $114,000 

~ 380 setup labour-hours 

= $300 per setup labour-hour 

Budgeted total costs in indirect-cost pool 

Budgeted total quantity of cost-allocation base 

$120,000 

13,000 direct manufacturing labour-hours 

= $9.2308 per direct manufacturing labour-hour 

Il Budgeted indirect-cost rate 

Budgeted indirect-cost rate = 

20,000 5,000 

Basic Lamps Designer Lamps 

Total per Unit Total per Unit Total 

(1)  (2)=(1)+20,000 (3)  (4)=(3)+5,000 (5)=(1) +(3) 

Direct materials $160,000 $ 8.00 $ 75,000 $15.00 $235,000 

Direct manufacturing labour 200,000 10.00 60,000 12.00 260,000 

($20 x 0.5 hrs. x 20,000; 
$20 x 0.6 hrs, x 5,000) 

Total direct costs (Step 2) 360,000 18.00 135,000 27.00 495,000 

Indirect costs of activities 

Setup of machines 

Basic: $300 x 80 
setup-hours 24,000 1.20 

Designer: $300 x 300 
setup-hours 90,000 18.00 114,000 

General manufacturing 

overhead 

Basic: $9.2308 x 10,000 
labour-hrs. 

Designer: $9.2308 x 3,000 
labour-hrs. 27,692 5.54 120,000 

Indirect costs allocated 

(Step 6) 116,308 5.82 117,692 23.54 234,000 

Total costs $476,308 $23.82 $252,692 $50.54 $729,000 

92,308 4.62 
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Master Budget and Responsibility 
Accounting 

Learning Objectives 
@ Distinguish the long-term 

from the short-term benefits 

of budgets (pro forma financial 

statements). 

@ Prepare a master operating 
budget and all supporting 

budgets or schedules. 

© Prepare a cash budget. 

@ Contrast responsibility and 
controllability. 

® Appendix 6A: Distinguish 
among sensitivity analysis, 

Kaizen budgeting, and 

activity-based budgeting. 

CPA Competencies* 
This chapter covers material 5 . 
outiined in Section 3: Budgets Communicate Choices 
Management Accounting of ; ; F 2 
the CPA Competency Map. The Fiat Chrysler’s budget forecasts how changes in the business and economic 

Learning Objectives in this chapter environment are likely to affect Fiat Chrysler’s financial health: Fiat Chrysler has 

have been aligned with the CPA limited resources, and its budgets represent choices about where those resources 
Competency Map to ensure the will be used, based on both experience from the past and assumptions about the 

best coverage possible. future. A budget reports pro forma, or expected, financial results in standard financial 
3.2.1 Develops or evaluates statement format. The pro forma financial reports are performance targets that Fiat 

information inputs for operational Chrysler’s managers have committed to achieving. In part, it is budgeting that enabled 
plans, budgets, and forecasts Fiat Chrysler, North America’s third-largest automaker, to return to profitability faster 

3.2.2 Prepares, analyzes, or than expected after the world financial crisis in 2008. In 2018, Chrysler reported a 

evaluates operational plans, budgets, €285 million profit. 
and forecasts 

3.2.3 Computes, analyzes, or 

assesses implications of variances 

3.4.1 Evaluates sources and 

drivers of revenue growth 

3.6.2 Evaluates performance of 

responsibility centres 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada. 

Source: Fiat Chrysler Automobiles. 2019. 2018 Annual Report, February 22 (https://www.fcagroup.com/en-US 
/investors/financial_regulatory/financial_reports/files/FCA_NV_2018_Annual_Report.pdf) 
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Financial budgets such as pro forma income statements, statements of cash flow, and balance 

sheets report expected results in ASPE/IFRS-compliant formats. Nonfinancial budgets report 
on both the timing and quantity of resources required to achieve predicted financial results. 
The key purpose of nonfinancial budgets is coordination of all business functions in the value 
chain. With coordination comes control. Once in place, the predicted outcomes can be com- 
pared against actual outcomes with the goal of improving on any unfavourable actual 
performance relative to what was expected in the budget. As one observer has said, “Few 
businesses plan to fail, but many of those that flop failed to plan.”! 

Budgets help managers: 

1. Communicate directions and goals to different departments of a company to help 
them coordinate the actions they must pursue to satisfy customers and succeed in the 
marketplace. 

2. Judge performance by measuring financial results against planned objectives, activi- 
ties, and time lines and learn about potential problems. 

3. Motivate employees to achieve their goals. 

This chapter presents the budgeting process used to create an operating budget (reported 
as a pro forma income statement), a cash budget, and a pro forma balance sheet. These pro 
forma statements are predictions, not historical outcomes; therefore, they are never audited. 

The Decision Framework and Budgets 

A budget is a quantitative expression of a proposed (future) plan of action by management 
for a set time period. It is because resources are constrained that choices must be made to 
obtain the maximum benefit of the resources available for use. The budget constraints 
describe the combination of limitations on nonfinancial and financial resources within a 
company’s management control. 

The master budget summarizes all the financial and nonfinancial plans into a single 
document. The financial predictions are reported according to ASPE/IFRS standards and 
are supported by nonfinancial schedules. The term master in master budget means it is a 
comprehensive, coordinated, organization-wide set of schedules and a budget. 

The terminology used to describe budgets varies among organizations. For example, 
budgeted financial statements are sometimes called pro forma statements (or forecasted 
or estimated statements). Some organizations refer to budgeting as targeting. Indeed, to 
give a more positive thrust to budgeting, many organizations—for example, Nissan Canada 
and Bombardier—describe the budget as a profit plan. 

Budgets are the result of a simultaneous set of complex decision processes. 

Step 1: Identify the Problem and Uncertainties All organizations must both plan and 
control their activities and costs to meet their budget resource constraints. The problem is 
how to maximize profit and thrive in the long term. Like all well-disciplined team decision 
making, the process begins with discussion to identify and understand any control and 
planning issues. Once key issues are identified and ordered in priority, the management 
team can begin the budget process as a coordinated response to the issues. The issue iden- 
tification and prioritization will, to a large extent, be driven by the organization’s strategy. 

Step 2: Obtain Information Evidence to justify various opinions must be gathered both 
internally from the MIS and externally from the political, economic, social, technological, 
environmental, and legal context (commonly known as a PESTEL analysis) and the indus- 
trial context. There will be detailed gathering of information upon which to create the 
various schedules that will justify the final budget. Throughout the process, however, 
many decisions will be made about resource allocation to support the core production 
process or service provision activities of a company. 

Step 3: Make Predictions About the Future Budgets themselves are predictions about 
the future that represent choices among alternative uses of available resources. Intelligent 

! This is a paraphrase of similar quotes attributed to Sir Winston Churchill, Alan Lakein, and Ben Franklin. 

LOO 
Distinguish the long-term 

from the short-term benefits 

of budgets (pro forma 

financial statements). 



174 Chapter 6 Master Budget and Responsibility Accounting 

assumptions, based on the management team’s understanding of its own strengths and 
weaknesses as well as the external opportunities and threats, are central to budgets. 

L 

Step 4: Decide On and Implement One of the Available Alternatives Implementation in 

well-managed organizations usually follows four steps in the budgeting cycle: 

1. Plan the performance of organizational sub-units and coordinate into a whole. The 
entire management team must agree with what is expected and commit to achieving 

the budget targets. 

2. Provide a frame of reference—a set of specific expectations against which actual 
results can be compared. Budget targets are not discretionary but mandatory achieve- 
ments. If one sub-unit fails, then failure may cascade through the rest of the units. 

3. Investigate variations from the original budget. If necessary, corrective action follows 
investigation so the budget will be met in the future. 

4, Plan again, based on feedback from changed conditions and actual performance. 

The prevalence of budgets in companies of all sizes is evidence that the benefits of 
budgeting processes outweigh their costs. Executive support is especially critical for 
obtaining active line participation in the formulation of budgets and for successful admin- 
istration of budgets. The “garbage in, garbage out” maxim applies to budgets. At all levels 
in a company, managers must understand and support both the budget and the control it 
imposes on their decision making. 

Budgets need to be somewhat flexible, because changing conditions call for changes in 
plans. A manager may commit to the budget, but opportunities often develop where some 
unexpected repairs or a special advertising program would better serve the interests of the 
organization. Deferring the repairs or the advertising to meet the budget is foolish if it will 
hurt the organization in the long run. Attaining the budget should never be an end in itself. 

Often, but not always, budgeted amounts are also standards. A standard is a carefully 
predetermined price, cost, or quantity used for judging performance (see Chapter 7, 
Appendix 7A). The term is frequently used to refer to amounts estimated from either engi- 
neering or time-motion studies. Standard amounts are usually expressed on a per-unit 
basis (e.g., per hour, per square metre, per task, per output, etc.). Not all budgeted costs, 
however, are standard costs. Many budgeted costs are based on historical data and the 
assumption that they can be used to predict the future. Managers can use time series lin- 
ear regression, but this approach fails to examine whether history represents the best or 
even good performance levels in any competitive situation. 

There is a danger when companies rely entirely on internal data to set standards. 
Their more successful competitors clearly have achieved higher standards. To improve 
their own performance, companies need to look outside the firm. This type of standard is 
often referred to as a benchmark. It arises from a broader scope of information sought 
outside the company. Benchmarks encourage the setting of stretch goals, those that chal- 
lenge managers to achieve excellent performance rather than maintain the status quo. 

Step 5: Implement the Decision, Evaluate Performance, and Learn Probably the most 

disliked application, but at the same time the most important, is the evaluation of actual 
results against predicted or budgeted performance. Actual outcomes that fall short of 
expectations may indicate a problem with the original budget (e.g., it was unrealistic), a 
problem with implementation of the budget, or changing external factors that weren’t 
considered or anticipated in the original budget. Often managers are paid bonuses for 
exceeding, not for failing to meet, expectations. Without feedback, however, there is no 
basis upon which to analyze how the failure occurred and remedy it. 

Advantages of Budgets 

Budgets are a major feature of most management control systems. When administered 
intelligently, budgets 

s Compel planning and monitoring of the implementation of plans. 

s Provide reliable performance assessment criteria. 

s Promote communication and coordination within the organization. 
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Budgeting is most useful when it is part of a company’s strategic analysis.* Strategic 
analysis is the evaluation of how well the organization has matched its own capabilities 
with the relevant features of the competitive environment to progress toward its future 
success. For the strategy to succeed, the company also needs to match its activities to the 
strategy ina reliable way. 

Approaches to Budgeting 

There are many different approaches to budgeting. The following is a list of selected 
examples; 

w Traditional (historic) incremental/decremental approach. This is the classic “every 
department gets a 4% (or whatever amount) increase (or decrease) next year.” While 
easier to implement than other, more effective approaches to budgeting, it is funda- 
mentally flawed because it starts from the basic assumptions that the organization is 
currently healthy and resources are allocated effectively. Therefore, any increase or 
decrease in resources should be shared equally. While this makes the budget process 
simple for senior management (if anyone complains about not getting enough new 
resources or, alternatively, losing resources, senior management can simply say that 
everyone is in the same boat and being treated equally), it can be tremendously dam- 
aging. Unless the “across the board” increase/decrease is just a one-time event, it 
means that ineffective parts of the organization will continue to be given new 
resources, while effective parts of the organization are being (comparatively) starved 
for resources. Or even worse, in a budget-cut scenario, profitable/growing depart- 
ments will be cut by the same amount that unprofitable/shrinking departments are 
cut. This approach is often referred to as the “death of a thousand cuts.” 

a Priority approach. This type of budgeting is in direct contrast to the traditional 
approach discussed above. In priority-based budgeting, the organization uses its stra- 
tegic plan to establish the priorities for allocating new resources or areas that need to 
be protected if resources have to be cut. While this approach may require some diffi- 
cult decisions to be made (it may result in entire activities/products/regions being cut), 
it is considered to be much more effective in helping the organization reach its strate- 
gic goals, The examples in this chapter assume that a priority-based approach is being 
used to make the budgeting decisions. 

a Zero-based budgeting. Zero-based budgeting involves all areas of the organization 
building their budgets from the “ground up” or from a starting point of zero. 
Essentially, every expense and revenue has to be justified as essential to the organi- 
zation’s operations. Frequently this type of budgeting exercise can identify signifi- 
cant cost savings and/or opportunities to reallocate existing resources. Unfortunately, 
zero-based budgeting is very time consuming, anxiety provoking, and process 
intensive. Organizations have to make sure that the items to be cut are, indeed, not 
needed. For zero-based budgeting to be successful, management typically needs 
to be trained in zero-based methodology, budget time lines need to be extended 
(to ensure that changes are adequately evaluated), and senior management must 
commit to minimizing any impact on the current workforce (albeit with possible 
reallocation or retraining), Without these steps, zero-based budgeting often does 
not achieve any significant savings or fails entirely due to organizational resis- 
tance. Also, zero-based budgeting should not be used continuously; instead it 
might be an approach that an organization uses periodically but infrequently (e.g., 
once every five years). 

n Activity-based budgeting. This is an extension of the concepts introduced in Chapter 5 
around activity-based costing. Activity-based budgeting (ABB) develops budgets 
based on the level of the various activities needed to fulfill the organizational goals. 
Instead of the number of units of product or hours of service being the basis for the 
budget, activity costs are calculated based on the level of activity needed to meet 

2 See J. Hope and R. Fraser, Beyond Budgeting (Boston, MA: Harvard Business School Press, 2003) for several examples. 
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EEcriaese Strategic 
Analysis in the Formulation 
of Long-Run and Short- 
Run Budgets 

forecasted demand. This approach helps management to focus on the activities and 
costs needed to achieve the organization’s goals. (For a more detailed discussion, see 
Appendix 6A.) ‘ 

2 Kaizen budgeting. This approach to budgeting is related to (and supports) the concept 
of continuous improvement and lean manufacturing. It establishes steadily decreasing 
budget numbers or targets (for costs) as a way to motivate less waste and more effi- 
ciency. Rather than sudden, annual decreases in resources (typified by traditional 
approaches to budget reductions), Kaizen budgeting builds small decreases into every 
monthly/quarterly/yearly budget. (For a more detailed discussion, see Appendix 6A.) 

Operating and Strategic Performance Assessment 

Budgeted performance measures need to overcome two key limitations of using past per- 
formance as a basis for judging actual results. For example, past results incorporate past 
mistakes and substandard performance. There is clearly a problem if past sales records are 
used when the departed employees selling the product did not understand their customers. 
Using the sales records of those departed employees would set the performance bar for 
knowledgeable salespeople far too low. 

Another limitation of past performance is that the anticipated future may be very 
different from the past. Looking at the following data, what would have been an appro- 
priate 2022 revenue growth target for this company? 

2021 2022 2022 

Actual Forecasts Actual 

Company revenue growth 10% ? 20% 

Industry revenue growth N/A 40% 50% 

If the company had used the 2021 actual performance as a basis for setting 2022 tar- 
gets, then the 2022 actual of 20% would probably have looked very good. On the other 
hand, if the 2022 industry forecast of 40% had been used as a basis for the 2022 com- 
pany target, then the 20% actual would probably be considered disappointing. 

Exhibit 6-1 illustrates the strategic analysis and planning processes. The dual-direc- 
tional arrows indicate the interdependence among these activities and outcomes. The 
cycle of planning and budgeting is continuous as actual results provide feedback regard- 
ing how well managers forecast future results. When the feedback is negative, it is sensible 
for managers to reassess their long-run and short-run plans to determine where changes 
can be made to improve the achievement of their financial and nonfinancial goals. 

Coordination and Communication 

Coordination is the meshing and balancing of all factors of production or service and of 
all the departments and business functions so that the company can meet its objectives. 
Communication is getting those objectives understood and accepted by all employees. 

Coordination forces executives to think of relationships and interdependencies among 
individual operations, departments, and the company as a whole. Purchasing officers 
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make material purchase plans based on either production, service, or merchandising 
requirements. Reduction in purchasing costs can improve profitability in other value-chain 
functions because of interdependence. In a manufacturing setting, after marketing manag- 
ers forecast future demand, production managers plan personnel and machinery needs to 
produce the number of products necessary to meet revenue forecasts. 

How does a budget lead to coordination? Consider Snapple Beverage Corporation. 
Production managers, who are evaluated on maximizing output while keeping unit costs 
per bottle low, would prefer long production runs with very few changeovers of flavours. 
But if the output cannot be sold, Snapple may find itself awash in a costly inventory 
buildup of an unpopular flavour. The budget achieves coordination by constraining pro- 
duction managers to produce only what marketing forecasts. 

Communication is key to coordination. Production managers must know the sales 
plan, purchasing managers must know the production plans, and so on. A formal docu- 
ment, such as the budget, is an effective means of communicating a consistent set of plans 
to the organization as a whole. 

The Master Operating Budget 

Time Coverage 

The purpose(s) for budgeting should guide the time period chosen for the budget. Con- 
sider budgeting for a new Harley-Davidson motorcycle. If the purpose is to budget for the 
total profitability of this new model, a five-year period (or more) may be appropriate 
because it covers design, manufacture, sales, and after-sale support. In contrast, consider 

budgeting for a school Christmas play. If the purpose is to estimate all cash outlays, a six- 
month period from the planning to staging of the play may be adequate. 

The most frequently used budget period is one year. The annual budget is often sub- 
divided by months for the first quarter and by quarters for the remainder of the year. The 
budgeted data for a year are frequently revised as the year unfolds. For example, at the 
end of the first quarter, the budget for the next three quarters is changed in light of new 
information gathered from actual experience. 

Businesses increasingly use rolling budgets. A rolling budget is a budget or plan that 
is always available for a specified future period by adding a month, quarter, or year in the 
future as the current month, quarter, or year is completed. Thus, a 12-month rolling con- 
tinuous budget for the March 2021 to February 2022 period becomes a 12-month rolling 
budget for the April 2021 to March 2022 period the next month, and so on. This way 
there is always a 12-month budget in place. Rolling budgets motivate managers to look 
forward 12 months, regardless of the month at hand. 

Steps in Developing an Operating Budget 

Budgeting, like swimming, is best learned by doing. We will move through the develop- 
ment of an actual master budget because it provides a comprehensive picture of the 
entire budgeting process. Our example is a mid-size, owner-managed manufacturer of 
aircraft replacement parts, Halifax Engineering. Its job-costing system for manufactur- 
ing costs has two direct cost categories, direct materials and direct manufacturing labour, 
as well as one indirect cost pool, manufacturing overhead. Manufacturing overhead 
(both variable and fixed) is allocated to output units using direct manufacturing labour- 
hours as the allocation base. The company manufactures specialized parts for the aero- 
space industry. 

Exhibit 6-2 illustrates the flow among the various parts of the master budget for 
Halifax Engineering. The master budget summarizes the anticipated financial out- 
comes of all the organization’s individual budgets. The result is a set of related finan- 
cial statements for a set time period, usually a year. The schedules in Exhibit 6-2 
illustrate the logical flow among budgets that together are often called the operating 
budget. The operating budget presents the results of operations in many value-chain 
business functions prior to financing and taxes. Later in this chapter you will learn 
how the remaining budget information is produced to create a budgeted or pro forma 
income statement. 

LO® 
Prepare a master operating 

budget and all supporting 
budgets or schedules. 
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(SU kee) Overview of the Master Budget for Halifax Engineering 
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The operating budget and budgeted income statement are new elements introduced in 
this chapter. 

The dual-direction arrows in Exhibit 6-2 indicate interdependencies among ele- 
ments. For example, the operating budget will be amended to include added deprecia- 
tion if the demand forecast indicates that a permanent increase in production is 
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required. A permanent increase in production means the purchase of long-term assets 
would be added to the capital budget. Financing the purchase of the long-term 
assets and the interest incurred would be recorded in the cash budget and would affect 
the pro forma income statement. Alternatively, if Halifax Engineering cannot access 
the financing to increase its capacity, then production must be decreased and the oper- 
ating budget changed. Similarly, if the interest expense indicates that Halifax Engineer- 
ing will be “in the red” with a negative net profit, the company may decide to postpone 
its expansion plans. 

The financial budget is that part of the master budget that comprises the capital budget, 
cash budget, budgeted balance sheet, and budgeted cash flow statement. 

The master budget reports a large amount of nonfinancial data from various value- 
chain functions. The managers at the company use these data to create forecasts of the 
drain on or contribution to financial resources. 

The dual-direction arrow between the budgeted income statement and the budgeted 
balance sheet indicates interdependencies. For example, net income is one of the financial 
elements included in shareholders’ equity on the balance sheet. While budgeting is not 
financial accounting, the quality of the financial accounting data in the management 
information system is crucial to good budgeting. 

Basic Data and Requirements 

Halifax Engineering is a machine shop that uses skilled labour and metal alloys to manu- 
facture two types of aircraft replacement parts—Regular and Heavy-Duty. Halifax man- 
agers are ready to prepare a master budget for the year 2022. To keep our illustration 
manageable for clarifying basic relationships, we make the following assumptions: 

1. The only source of revenue is sales of the two parts. Non-sales-related revenue, such 
as interest income, is-assumed to be zero. 

2. Work-in-process inventory is negligible and is ignored. Ending inventory is a planned 
quantity, not a.remainder. 

3. Direct materials inventory and finished goods inventory are costed using the first-in, 
first-out (FIFO) method. 

4. Unit costs of direct materials purchased and finished goods sold remain unchanged 
throughout the budget year (2022). 

5. Variable production (inventoriable) costs are variable with respect to direct manu- 
facturing labour-hours. Variable nonproduction (period) costs vary with respect to 
revenue. These simplifying assumptions are made to keep our example relatively 
straightforward. 

6. For calculating inventoriable costs, a// manufacturing costs (fixed and variable) are 
assigned using direct manufacturing labour-hours as the cost-allocation base. 

After carefully examining all relevant factors, the executives of Halifax Engineering 
forecast the following for 2022: 

Material 111 alloy $7 per kilogram 

Material 112 alloy per kilogram 

4 | Direct manufacturing labour ps0 —perhour | 
8 Content of Each Product Unit Heavy-Duty 

Direct materials 111 alloy—kilograms er i ee 

8 | Direct materials 112 alloy—kilograms See Cee. Beet | 

Direct manufacturing labour-hours (DMLH) 
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All direct manufacturing costs are variable with respect to the units of output pro- 
duced. Additional information regarding the year 2022 is as follows: 

| Veh 2 on) Product, alse ay 
2 
3 | Expected sales in units 

4 | Selling price per unit 

5 | Target ending inventory in units* 1,100 50 

6 | Beginning inventory in units 

7 Beginning inventory value in dollars $35,800 $24,200 

Direct Materials 

=k «oo Beginning inventory in kilograms 7,000 kg 6,000 kg 

12 | Target ending inventory in kilograms* 8,000 kg 2,000 kg 

*Target inventories depend on expected sales, expected variation in demand for products, and management 
philosophies such as just-in-time (JIT) inventory management. 

At the anticipated output levels for the Regular and Heavy-Duty aircraft parts, man- 
agement believes the manufacturing overhead costs will be incurred as shown below. 
Notice that depreciation of the manufacturing plant and equipment is included in the cost 
of goods sold (COGS). To keep this example simple, it is assumed that there is no depre- 
ciation expense reported in the non-inventoriable (period cost) schedule. 

a ne 
[Manufacturing OverbeadCoss | 
um ioe oe 
ee Ce 

4] indrectmanifacurnglabour ———SSCSC~dtCSCt Cd 
iS Direct and indirect manufacturing labour fringe nl cst el 

costs @ 15.4% (rounded) 

— Ea See 

| area ei 
ee Depreciation oe ee 
Be Property taxes 80,000 | 
Hem Propertyineurance'’ [p00 
H12[ Supervision(includestringe costs) | = t00,000 S| 
- i ae eer 
[14 Maimenance —SSSSSCSCS~™CSCS CO] 
ae 
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The period or nonproduction overhead costs are 

A 

Other (Non-manufacturing or Period) Costs scladt sol seteeikne eanaieiin 64“ 4 

Variable: ici atm ttile barsitice nits 
Seg TOTS eam SIH R&D/product design 

Marketing 92,600 

Distribution 66,500 

Customer service 47,600 

Administrative _ 78,000 

ixed: 

R&D/product design 45,000 

Marketing 35,000 

Distribution 28,000 

12 Customer service 16,870 

[18 |_Adminsratve SY 09 
ee a aa oe a a te aH 

Our task at hand is to prepare a budgeted income statement for the year 2022. As 
shown in Exhibit 6-2, this is one component of Halifax’s master budget. Other components 
of the master budget—the budgeted balance sheet and the cash budget—are discussed in 
the next section of this chapter. 

The following supporting budget schedules will be prepared when developing 
Halifax’s budgeted income statement: 

$340,700 

Oo 

. Revenue budget. 

. Production budget (in units). 

. Direct materials usage budget and direct materials purchases budget. 

. Direct manufacturing labour budget. 

. Manufacturing overhead budget (which includes manufacturing plant and equipment 
depreciation, an expense that is also included in the cost of goods sold budget). 

MB WN 

ON . Ending inventory budget. 

7. Cost of goods sold (COGS) budget. 

8. Other (nonproduction) costs budget. 

While specific budget details differ among organizations, the sequence of events out- 
lined below is common for developing a budgeted income statement. Beginning with the 
revenue budget, each budget is developed in logical fashion. In most cases, computer soft- 
ware speeds the budget calculations. 

Preparing a Master Operating Budget 

w Schedule 1: Revenue budget. The revenue budget (Schedule 1) is the usual starting 
point for budgeting. The reason is that production (and hence costs) and inventory 
levels generally depend on the forecasted level of revenue. 

Ee Schedule 1: Revenue Budget 

For the Year Ended December 31 

wri bs elias Bal 
ec 

| Price =| Revenues 

Pee Heaw-Duy | to | | 800 
eae aan Me a 
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The $3.8 million is the amount of revenue in the budgeted income statement. The rev- 
enue budget results from elaborate information gathering and intense discussions among 
sales managers and field sales representatives. 

Pressures can exist for budgeted revenue to be either overestimates or underestimates 
of the expected amounts. Pressure for employees to underestimate budgeted revenue can 
occur when a company uses the difference between actual and budget amounts to evaluate 
managers. These managers may respond by giving highly conservative forecasts. Padding 
the budget or introducing budgetary slack refers to underestimating budgeted revenue 
(or overestimating budgeted costs) to make budgeted targets easier to achieve. From the 
marketing manager’s standpoint, budgetary slack hedges against unexpected downturns 
in demand. Similarly, managers can build in slack or pad the budget when it comes to 
expenses. If expenses are overestimated, it is that much easier for the actual expenses 
to come in below budget, thus making the company more likely to reach any operating 
income goals that might have been established as part of the budget process. 

One way to address this potential for budgetary slack is to use external data 
(e.g., standards, benchmarks, peer companies, or industry data) to establish budget tar- 
gets. This will help to offset the temptation for managers to “game” the budget system 
(and their performance bonuses) by setting easily achievable targets.? However, their 
superiors know this game and, in turn, they set more challenging targets. Negotiating 
then begins among the levels of the organization’s managers to decide what the bud- 
get will be. General Electric’s former CEO Jack Welch maintained that demanding, yet 
achievable, goals created anxiety for managers but improved corporate performance. 
He perceived these “stretch” goals as a means of motivating creative change. 

Occasionally, revenue is limited by available production capacity. For example, 
unusually heavy market demand, shortages of labour or resources, or strikes may cause a 
company to exhaust its finished goods inventory completely. Additional sales cannot be 
made because no stock of the product is available. In such cases, the production capacity— 
the factor that limits revenue—is the starting point for preparing the revenue budget. 

w Schedule 2: Production budget (in units). After revenue is budgeted, the production 
budget (Schedule 2) can be prepared. The total finished goods units to be produced 
depends on planned sales and expected changes in inventory levels: 

Target ending Beginning 
Budgeted Budgeted finished goods finished goods 
production = sales ate inventory = inventory 

(units) (units) (units) (units) 

ee Schedule 2; Production Budget 

Ee For the Year Ended December 31, 2022 

eee ee ee 
| 5 | Budgeted sales (Schedule 1) | 6,000 1,000 

[6 | Add: Target ending finished goods inventory =| 1100 
fee Total requirements Bt 1.080 
| 8 | Deduct: Beginning finished goods inventory | (100) | 50) 
[a [unisiotepoaeed Ya 

When unit sales are not stable throughout the year, managers must decide whether 
(1) to adjust production levels periodically to minimize inventory held or (2) to main- 
tain constant production levels and let inventory rise and fall. Increasingly, managers are 
choosing to adjust production in order to minimize inventory levels. 

3 For a more detailed discussion, see R. Varnick, G. Wu, and C. Heath, “Raising the Bar on Goals,” Graduate School of Business 
Publication, University of Chicago, Spring, 1999. 
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Jimenez Corporation manufactures and sells two types of decorative lamps, Knox 
and Ayer. The following data are available for the year 2021. 

Product 

Ayer 

10,000 

$ 40 

1,000 

1,000 

Knox 

21,000 

Selling price $ 25 

2,000 

3,000 

Expected sales in units 

Target ending inventory in units 

Beginning inventory in units 

Calculate the revenues budget (label it Schedule 1) and the production budget in 
units (label it Schedule 2) for year ending December 31, 2021. 

u Schedule 3: Direct materials usage budget and direct materials purchases budget. The 
decision on the quantity of each type of output unit produced (Schedule 2) provides 
the data required to calculate the quantities of direct materials used. Information 
from purchasing will provide the cost data to produce Schedule 3A. 

183 

Direct materials to be used in production of Regular parts 
(6,000 units) x 12 and 6 kilograms 

Cost of direct materials to be used from beginning inventory (a) 

Cost of direct materials to be used from purchases (b) 

reas 
TT] Sehedule 34 Direct Materials Usage Budget in Kiograms and Dollrs = 
Le 
See ee ee 
ae ae Aes ea ma | 

Direct materials to be used in production of Heavy-Duty . 

(1,000 units) x 12 and 8 kilograms 12,000 kg 8, 

Total direct materials to be used 84,000 kg 44,000 kg 

72,000 kg 36,000 kg see Schedule 2 

see Schedule 2 

Direct materials to be used from beginning inventory 
(assume FIFO cost flow) 7,000 kg 6,000 kg 

Po | Multiply by: Cost per kilogram of beginning inventory Sara $ x 10 ee ae 

Direct materials to be used from purchases (84,000 kg — 7,000 kg; 
44,000 kg — 6,000 kg) 77,000 kg 38,000 kg 

a Multiply by: Cost per kilogram of purchased materials 

14 | Total costs of direct materials to be used (a) + (b) $588,000 $440,000 

$ 49,000 $ 60,000 $ 109,000 

$539,000 $380,000 $ 919,000 

$1,028,000 
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e Schedule 3B computes the budget for direct materials purchases, which depends on 
the budgeted direct materials to be used, the beginning inventory of direct materials, 
and the target ending inventory of direct materials: 

Purchases Usage Target ending Beginning 
of direct = ofdirect + inventoryof — _ inventory of 
materials materials direct materials direct materials 

Te sare oer 
“1 ] Schedule 38: Direct Materials Purchases Budget inKiloprams and Dollars 
Pop «Cth YearEndod Decombers.amz 
ire ee 
a ig Peay 
[5 [Drectmatereistobe usedinproducion | ssoonkg | ssooneg | 
8 [Ade Target ending direct materials inventory | _s000kg | 200089 | 
8 [Deduct Beginning drectnateratsinvenory | mag / (60omig| 
[2 [Directmateriaistobe purchases —_—_——~S*d~Cs Kg | e000 | 
0 [Mutpiyby Costner klogram of purchesedmaterals [S_x_7 [Sx 0 | 

Total direct materials purchase costs $ 595,000 $ 400,000 $995,000 

Schedule 4: Direct manufacturing labour budget. These costs depend on wage rates, 
production methods, and hiring plans. The computations of budgeted direct manu- 
facturing labour costs appear in Schedule 4. 

Schedule 4: Direct Manufacturing Labour Budget 

For the Year Ended December 31, 2022 

(Schedule 2) 

$480,000 
120,000 

a Sono 
w Schedule 5: Manufacturing overhead budget. The total of these costs depends on how 

individual overhead costs vary with the assumed cost-allocation base, direct manufac- 
turing labour-hours. The calculations of budgeted manufacturing overhead costs 
appear in Schedule 5. Notice that manufacturing equipment and plant depreciation 
has been transferred from the schedule of Manufacturing Overhead Costs and included 
in this budget. This means some depreciation expense is included in the Cost of Goods 
Sold (COGS) budget and is allocated to each unit of output. The remaining deprecia- 
tion, if any, of nonproduction long-term assets is included in fixed non-inventoriable 
or period costs, a separate schedule. 
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Supplies 

Indirect manufacturing labour 190,000 

Direct and indirect manufacturing labour fringe costs 121,689 
@ 15.4% (rounded) 

Sa 
Depreciation* } Ee EN ES 1 

a a ae ee 
He Propertyinsurence | to | 
[15 | Supervision(incudesfringe costs) | tooo | | 
A a ee ee er 
He) Meintonence | 18.000 | anon [| 
ea TT Ts 
20 | *The annual depreciation expense becomes part of COGS (Schedule 7). 

Jimenez Corporation manufactures and sells two types of decorative lamps, Knox 
and Ayer. It expects to manufacture 20,000 Knox lamps and 10,000 Ayer lamps in 
2021. The following data are available for the year 2021. 

Direct materials 

Metal $3 per kilogram (same as in 2020) 

Fabric $4 per metre (same as in 2020) 

Direct manufacturing labour $20 per hour 

Content of Each Product Unit 

Product 

Knox Ayer 

Metal 2 kilograms 3 kilograms 

Fabric 1 metres 1.5 metres 

Direct manufacturing labour 0.15 hours 0.2 hours 

Direct Materials 

Metal Fabric 

Beginning inventory 12,000 kilograms 7,000 metres 

Target ending inventory 10,000 kilograms 5,000 metres 

Calculate (a) the direct materials usage budget in quantity and dollars (label it 
Schedule 3A), (b) the direct materials purchase budget in quantity and dollars (label 
it Schedule 3B), and (c) the direct manufacturing labour costs budget (label it 
Schedule 4) for the year ending December 31, 2021. 
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Schedule 5 reports two costs, power and maintenance, as both variable and fixed costs. 
This suggests that most of these two manufacturing overhead cost pools vary with some 
common input measure. Managers at Halifax Engineering have decided that the $22,000 
of fixed power costs and $18,000 of fixed maintenance costs are material and should be 
reported separately as a fixed manufacturing overhead cost pool. Halifax treats all MOH as 
inventoriable costs and does not separate variable from fixed in this cost pool.* 

a Schedule 6: Ending inventory budget. Schedule 6A shows the computation of unit 
costs for the two products. These unit costs are used to calculate the costs of target 
ending inventories of direct materials and finished goods in Schedule 6B. 

a 
“T[ Seen 6a Computation of Units Coss of Meufacuring 
week 
ee ee 
Mac iss iscesbs ss 
mnaoose input 

[Meera tiay | s7 | 2 | se [| a | sm 
cr [wweratesty se Ps 

eee 
a [Manufacturing overhead | S03" 134 

ee a >a 
*ln Se or hours. 
** total unit costs rounded. 

13 | ‘Data are from p. 184. 

*Direct manufacturing labour-hours is the sole allocation base for manufacturing overhead (both variable and fixed), 
The budgeted manufacturing overhead rate per direct manufacturing labour-hour is $33.39 (= $1,001,689 + 30,000 
budgeted DMLH). 

i 

= ——— For the Year Ended December 31, 2022 

Pe se eae 
eae ee 

LI a ee Sage 
| 6 | 111 alloy 8,000* $7 $756,000: | aaa 

112 alloy 2,000* $10 _ 20,000 $ 76,000 

| eee 
a 
Mig, Reger |, i $358" $393,800** 

2] Heavy-Duty | sot age 2 200 
| ET CL 
14 | 
M15 | *Data are from p. 184. 

**total costs rounded. 

_ ‘Data are from p. 184. 

*From Schedule 6A: This is based on 2022 costs of manufacturing finished goods because, under the FIFO costing 
method, the units in finished goods ending inventory consist of units that are produced during 2022. 

‘ This inventory costing method is termed full absorption costing because the costs of production, including fixed manufacturing 
overhead, are recorded in COGS and recovered in the price of the outputs sold. 
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Jimenez Corporation manufactures and sells two types of decorative lamps, Knox TRY IT! 6.3 
and Ayer. The following data are available for the year 2021. Machine setup-hours 
is the only driver of manufacturing overhead costs. Jimenez has a setup capacity of 
1,100 hours. 

Knox Ayer 

1. Quantity of lamps to be produced 20,000 lamps 10,000 lamps 

2. Number of lamps to be produced per batch 100 lamps/batch 80 lamps/batch 

3. Setup time per batch 3 hours/batch 4 hours/batch 

Variable cost = $60 per setup-hour 

Fixed cost = $77,000 

Calculate the manufacturing overhead costs budget (label it Schedule 5). 

w Schedule 7: Cost of goods sold budget. The information from Schedules 1 to 6 leads 
to Schedule 7 

eee | 
FT] Schedule 7:Costof Goods SoldBudgot 
[Z| Fortho Year Ended December 31,202 
— a 
[4 [Beginning frished goods inventory January 2022 | Given | __—~|S 0,000 
5 |Directmateriasused | BA 81,028,000, 
6 [Direct manufacturnglebour ——=~SCS~*~rCSC*~i«*SCS*~*dC« 
| 7 | Manufacturing overhead | 1,001,689 | 
[8 | Costofgoods manufactured | S|, 629,689 
[9 | Costofgoodsavailableforsale | || 2,689,689 
4. Deduct: Ending finished goods inventory, camibas Gabe So 

December 31, 2022 2 —_ site 

a The annual depreciation expense ee eS been included in manufacturing overhead and therefore is 
part of COGS. 

Note that the following holds: 

Cost of Beginning Cost of goods Ending 
goods sold = finished goods + manufactured — finished goods 

inventory inventory 

Jimenez Corporation manufactures and sells two types of decorative lamps, Knox TRY IT! 6.4 
and Ayer. The following data are available for the year 2021. 

Product 

Knox Ayer 

Target ending inventory in units 2,000 1,000 

Direct materials 

Metal $ 3 per kilogram (same as in 2020) 

Fabric $ 4 per kilogram (same as in 2020) 

Direct manufacturing labour $ 20 per hour 

Machine setup overhead $130 per hour 
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Content of Each Product Unit 

Product 

Knox Ayer 

Metal 2kilograms 3kilograms 

Fabric 1 metre 1.5 metres 

Direct manufacturing labour ‘0.15 hours 0.2 hours 

Machine setup overhead 0.03 hours 0.05 hours 

Direct Materials 

Metal Fabric 

Target ending inventory 10,000 kilograms 5,000 metres 

Calculate (1) the budgeted unit costs of ending finished goods inventory on December 31, 
2021 (label it Schedule 6A), and (2) the ending inventories budget on December 31, 2021 
(label it Schedule 6B). 

u Schedule 8: Other (nonproduction) costs budget. Schedules 2 to 7 cover budgeting for 
Halifax’s production area of the value chain. For brevity, other areas of the value 
chain are combined into a single schedule. 

ee ee 
| 1| Schedule 8: Other (Nonproduction) Costs Budget 
Ge For the Year Ended December 31, 2022 

, Eee ee 
fee Veriablecosts, ee ae 
| 5 | R&D/productdesion =| $6000 | || 
a ee 

Sf Disributon | ot) | 
Soreness —— eae es a 
[2 |General and adminitatve | _7e000 | sworn | | 
Fintan) — = wae on ea 
[11 | R&D/productdesion | 45000 | | | 
foe Marketing | 138.0001] seen ah oak a 
Sey Distribution No inf 28,000 lvoe so | eta 
ee] Customerservice ©) | h1¢.87000)] neti a | ive ae 
15 | General and administrative | 100000 | _224e70 | | 
fs[ toalotereess TS Be | 

w Schedule 9: Budgeted income statement. Schedules 1, 7, and 8 provide the necessary 
information to complete the budgeted operating income statement, shown in 
Exhibit 6-3. Of course, more details could be included in the income statement and 
then fewer supporting schedules would be prepared. 

Remember that a budget is a forecast of anticipated future performance—it can be 
changed. Exhibit 6-3 illustrates a pro forma operating income statement. Almost all 
companies own long-term assets that generate depreciation, or depletion, which is 
reported on the income statement. But Halifax Engineering reports no depreciation 
expense under its period costs. The reason is clear if you refer to the Manufacturing 
Overhead Costs and the Other (Non-manufacturing) Costs data, which are reported as 
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IESE] Budgeted 
Income Statement for 

Halifax Engineering for the 
Year Ended December 31, 

2022 

aes en 
7 [Budgeted Operating income Statement forHalifex Engineering 
of ——_—ortho Year Ended December 31,2022 
fe [Reems «i Schedule | iY 
sei maNc me SiGe Ree mae 
fs | Costofgoodesold ——=—S~«*~rS ete | 
nmi or 
7 | Operating teerodieoss Ci 
fe | RaD/productdesign costs ——~«(Schedule’ | Siorooo | 
fa | Marketngcosts———=SSCS*S*«~r Schl | tego | 
Tio] Distibuion costs ~*~ tele] 
[it] Customersenice cons _———*([ Schedules | saga | 
2] Administrative costs ~~ Schedule | _r7eo00 | 565570 
fs [Orwoinncone CR 

Schedule 5 and Schedule 8, respectively. In order to keep the example simple, all depre- 
ciation expenses for Halifax Engineering, a machine shop, are assumed to be related to 
the manufacturing plant and equipment. This non-cash cost has been correctly reported, 
in full ASPE/IFRS compliance, as an inventoriable cost and included in the COGS 
amount in Exhibit 6-3. This is why there is no depreciation expense reported in the 
Operating (Period) Cost section. 

Top management’s strategies for achieving revenue and operating income goals influ- 
ence the costs planned for the different business functions of the value chain. In particular, 
all direct variable costs will change as volumes change, while all indirect variable costs 
will change as the quantities of common inputs consumed change. If a large expansion is 
planned, then the depreciation expense as well as fixed costs, such as insurance and taxes, 
may also change. The actual financial results will be compared to budgeted results. 
Management can then evaluate whether the operating plan has been successful and 
change the future plan if necessary. 

ANALYTICS 
i INSIGHTS 

Budget Analytics 

The master budget is a source of massive amounts of organizational information, consoli- 
dating data that flows into it from subordinate budgets such as those of sales or produc- 
tion, while providing important information on the workings of the firm. The process of 
consolidation of financial data into the master budget can sometimes make important 
information, such as trends in production costs or marketing expenses, less visible. One 
of the advantages that analytics can provide is active insight into how data, like market- 
ing and sales data, will impact the budget, without losing nuance and context. Intema 
and SqueezeCMM are two Canadian companies working together to leverage market 
data in order to understand how small changes that might otherwise go missed can 
impact overall budgets. 

Source: Financial Post. 2019, “Intema and SqueezeCMM Form Strategic Martech Partnership for Cross-platform 
Analytics and Advanced Email Deployment,” November 27 (https://business.financialpost.com/pmn/press-releases 
-pmn/business-wire-news-releases-pmn/intema-and-squeezecmm-form-strategic-martech-partnership-for-cross 
-platform-analytics-and-advanced-email-deployment), 
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LO ® 
Prepare a cash budget. ~ 

Preparing the Cash Budget 

So far this chapter has featured the Operating budget, which reports the expected invento- 
riable and period costs for Halifax Engineering but does not report the interest expense, 
tax expense, or net income. Without these estimates, the company will not be able to 
complete any of its financial budgets. In this section we focus on developing the cash bud- 
get. The cash budget is a schedule of expected cash receipts and disbursements, and is 
essential for forecasting any expected interest expense as a result of borrowing. Once 
interest expense has been estimated, Halifax Engineering can prepare a pro forma income 
statement in proper financial format. 

Typically, all cash flows from operations shown in a cash budget will differ from the 
revenue, COGS, and operating expenses in the supporting schedules. This is because there 
is a time lag between when sales are made and when accounts are paid by purchasers. 
At year-end, there is always some revenue that has not been realized as a cash payment by 
customers. There is also a time lag between when companies are invoiced and when they 
pay the invoice. At the end of the year, some bills owing have not been paid in cash. 
Accrual accounting in compliance with ASPE/IFRS results in these timing differences 

exe) \\(ej-i-aeom Web-Enabled Budgeting and 
Hendrick Motorsports IN ACTION 

In recent years, an increasing number of companies 
have implemented comprehensive software packages that 
manage budgeting and forecasting functions across the 
organization. One such option is Microsoft Forecaster, 

which was originally designed by FRx Software for 
businesses looking to gain control over their budgeting 
and forecasting process within a fully integrated web-based 
environment. 

Among the more unusual companies implementing 
web-enabled budgeting is Hendrick Motorsports. Featuring 
champion drivers Jeff Gordon and Jimmie Johnson, Hendrick 
is the premier NASCAR Sprint Cup stock car racing 
organization. According to Forbes magazine, Hendrick is 
NASCAR’s most valuable team, with an estimated value 
of US$350 million, Headquartered on a 12 building, 
600,000-square-foot campus near Charlotte, North Caro- 
lina, Hendrick operates four full-time teams in the Sprint 
Cup series, which runs annually from February through 
November and features 36 races at 22 speedways across 
the United States. The Hendrick organization has annual 
revenues of close to US$195 million and more than 
500 employees, with tasks ranging from accounting and 
marketing to engine building and racecar driving, Such an 
environment features multiple functional areas and units, 
varied worksites, and ever-changing circumstances. Patrick 
Perkins, director of marketing, noted, “Racing is a fast busi- 
ness. It’s just as fast off the track as it is on it. With the work 
that we put into development of our teams and technologies, 
and having to respond to change as well as anticipate change, 
Tlike to think of us in this business as change experts.” 

Microsoft Forecaster, Hendrick’s web-enabled 
budgeting package, has allowed Hendrick’s financial 
managers to seamlessly manage the planning and budgeting 
process. Authorized users from each functional area or 
team sign on to the application through the corporate 
intranet. Security on the system is tight: Access is limited to 

only the accounts that a manager is authorized to budget. 
(For example, Jeff Gordon’s crew chief is not able to see 
what Jimmie Johnson’s team members are doing.) Fore- 
caster also allows users at the racetrack to access the 
application remotely, which allows managers to receive or 
update real-time “actuals” from the system. This way, 
team managers know their allotted expenses for each race. 
Forecaster also provides users with additional features, 
including seamless links with general ledger accounts and 
the option to perform what-if (sensitivity) analyses. Scott 
Lampe, chief financial officer, said, “Forecaster allows us 

to change our forecasts to respond to changes, either rule 
changes [such as changes in the series’ points system] or 
technology changes [such as pilot testing NASCAR’s new, 
safer “Car of Tomorrow”] throughout the racing season.” 

Hendrick’s web-enabled budgeting system frees the 
finance department so it can work on strategy, analysis, 
and decision making. It also allows Hendrick to complete 
its annual budgeting process in only six weeks, a 50% 
reduction in the time spent budgeting and planning, 
which is critical given NASCAR’s extremely short off- 
season. Patrick. Pearson from Hendrick Motorsports 
believes the system gives the organization a competitive 
advantage: “In racing, the team that wins is not only the 
team with the fastest car, but the team that is the most 
disciplined and prepared week in and week out. Forecaster 
allows us to respond to that changing landscape.” 

Sources: J. Gage. 2009. “Nascar’s Most Valuable Teams.” Forbes.com, 
June 3 (http//www.forbes.com/2009/06/03/nascar-most-valuable-teams-busi- 
nesssports-nascarhtml); J. Goff. 2004. “In the Fast Lane,” CFO Magazine, 
December 1; Hendrick Motorsports. 2010, About Hendrick Motorsports. 
Hendrick Motorsports website, May 28 (www.hendrickmotorsports,com); S. 
Lampe. 2003. “NASCAR Racing Team Stays on Track with FRx Software’s 
Comprehensive Budget Planning Solution,” DM Review, July 1; Microsoft 
Corporation, 2009. Microsoft Forecaster: Hendrick Motorsports customer 
video. October 8 (http://www.microsoft.com/BusinessSolutions/frxhendrick- 
video.mspx); R. Nate. 2006. “Hendrick Empire Strikes Back with Three 
Contenders in chase for the Nextel Cup,” USA Today, September 17. 
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between when a benefit or obligation must be reported for financial accounting purposes 
and when the cash inflow or outflow actually occurs. 

The following table shows the anticipated cash receipts and disbursements for each 
quarter of the 2022 budget year. These are generated from quarterly versions of the preced- 
ing schedules (i.e., Schedules 1 to 8) with adjustments for the timing of the cash flows. 
In some instances, even more detailed schedules may be required. For example, see Exhibit 6-8 
on page 196 for details of how Quarter 3’s cash collection of $950,000 is calculated. 

Quarters 

(1) (2) (3) (4) Total 

Collections from customers $800,000 $700,000 $950,000 $918,400 $3,368,400 

Disbursements: 

Direct materials 350,000 230,000 200,000 230,000 1,010,000 

Payroll 312,000 242,000 226,000 231,689 1,011,689 

Other costs 246,000 233,000 227,000 229,570 935,570 

Income taxes 50,000 47,912 47,912 47,912 193,736 

Office equipment purchase 35,080 35,080 

Note: These cash receipts and disbursements are used in Exhibit 6-5, 

We have included disbursements for income taxes in the table above; however, a discus- 
sion of corporate income tax installments is beyond the scope of this text. It is sufficient to 
assume that the budgeted quarterly tax payments are based on the previous year’s actual tax 
expense, This is the typical approach taken by businesses that are required to make install- 
ment payments for the current year before the actual net income (for the entire year) is 
known. The Quarter 1, payment of $50,000 is equal to the income taxes payable shown on 
the 2021 balance sheet (Exhibit 6-4). The remaining quarterly payments are one-third of the 
remaining balance of the 2021 income tax expense of $193,736 (assumed for this budget). 
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ee 
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nomen oe bem le 
A 
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Sheet for Halifax 

Engineering as of 

December 31, 2021 

(Actual) 
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The actual balance sheet for Halifax Engineering for the year ended December 31, 
2021, is reported in Exhibit 6-4; these will be the opening balances for the 2022 cash 
budget. The cash budget for 2022 will affect all the amounts on the balance sheet except 
those reported for land and common shares. The capital budget is necessary for the prepa- 
ration of the pro forma balance sheet; this is addressed in Chapter 21. 

Halifax Engineering budgets for a $35,000 minimum cash balance at the end of each 
quarter. The company can borrow or repay exactly the amount required at an annual 
interest rate of 6%. The terms of the agreement with the bank call for the company to 
pay interest at the end of each borrowing period (in this case, quarters) and as much 
of the principal outstanding as possible. Interest each quarter is at a quarterly rate of 
1.5% (=0.06 + 4 quarters = 0.015 or 1.5% per quarter). Assume that any borrowing of 
principal happens at the beginning of the quarter in question and any repayment of prin- 
cipal occurs at the end of that quarter. For simplicity’s sake, assume that interest payments 
on any outstanding balances are made in the following quarter. 

Interest is calculated to the nearest dollar. Tax expense has been rounded to the nearest 
dollar, using a 40% tax rate. 

There are three facts to remember when preparing cash budgets: 

= The ending balance (EB) of the previous quarter must be the beginning balance (BB) 
of the next quarter, 

uw The “Year as a Whole” column reports the total cash receipts and disbursements 
for four quarters. This is because the BB for 2022 quarter 1 is the year-end balance 
for 2021, which is also the BB for the year 2022. The EB for this “Year as a 
Whole” column must be the same as the EB for Quarter 4 because there is no fur- 
ther activity in cash inflow or outflow. 

« Depreciation is not a cash disbursement and is therefore not reported in the cash 
budget. A sophisticated approach would be to use the actual capital cost allowance 
(CCA) and estimated taxes. These refinements are presented in Chapter 21. 

The company must now prepare the cash budget in a logical flow: 

1. Prepare a statement of cash receipts and disbursements by quarters, including details 
of borrowing, repayment, and interest expense. 

2. Prepare a budgeted balance sheet. 

3. Prepare a budgeted income statement, including the effects of interest expense and 
income taxes, Assume that income tax expense for 2022 is at a rate of 40%. 

Preparation of the Cash Budget 

1. The cash budget (Exhibit 6-5) details expected cash receipts and disbursements quar- 
ter by quarter. It predicts the effects on the cash position at a given level of operations. 
Each quarter, this budget clearly shows the impact of cash flow timing on bank loans 
and their repayment. In practice, monthly—and sometimes weekly—cash budgets are 
helpful for cash planning and control, depending on the company’s needs. Cash bud- 
gets help avoid unnecessary idle cash and unexpected cash deficiencies. Ordinarily, 
the cash budget has the following main sections: 

a. The beginning cash balance plus cash receipts equals the total cash available for 
needs. Cash receipts depend on collections of accounts receivable, cash sales, and 
miscellaneous recurring sources such as rental or royalty receipts. Information on 
the prospective collectibility of accounts receivable is needed for accurate predic- 
tions. Key factors include bad debt (uncollectible accounts) experience and average 
time lag between sales and collections. 

b. Cash disbursements include the following items: 
i. Direct materials purchases, which depend on credit terms extended by suppliers 

and bill-paying patterns of the buyer. 
ii, Direct labour and other wage and salary outlays, which depend on payroll 

dates. 
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Cash Budget for Halifax Engineering for the Year Ended December 31, 2022 
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ili, Other costs that depend on timing and credit terms. Depreciation is not a cash 
outlay. 

iv. Other disbursements are cash outlays for property, plant, and equipment, as 
well as long-term investments. 

c. Financing requirements depend on how the cash balance before borrowing, 
keyed as (a) — (b) in Exhibit 6-5, line 14, compares with the minimum cash bal- 

ance desired, keyed as (d), line 15. The financing plans will depend on the rela- 
tionship between the cash balance before borrowing and the minimum cash 
balance desired. If there is excess cash, loans may be repaid or temporary invest- 
ments made. The outlays for interest expense (f) are usually shown in this sec- 
tion of the cash budget. Interest payment calculations present an interesting 
“Alice through the looking glass” problem for cash flow budgets. Assume that 
in a given quarter the budget shows a need to borrow $100,000. If the interest 
payment for borrowing the $100,000 (for that quarter) is added to that quarter’s 
budget, your required borrowing will now be more than $100,000 (due to the 
interest payment). That, in turn, will increase the interest payment, which will 
increase the required borrowing, and so on! While this type of situation can be 
solved in a computer spreadsheet formatted budget (because it can calculate all 
the required iterations), it would be prohibitively time consuming to do this 
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manually. A common approach to this problem is to assume that while the bor- 
rowing takes place in one period (e.g., t,), the interest payment happens in the 
following period (e.g., ¢,), and, as a result, the borrowing requirements (in ¢,) 

will not change. 
d, Ending cash balance reports the net effect of the financing decisions on the cash 

budget. When the cash balance before financing (c) is negative as it is at the end of 
the first quarter $(128,000), the company must borrow enough to cover this short- 

fall plus $35,000 to achieve its desired ending balance for the quarter. From the 
cash budget, Halifax managers can forecast their annual interest payment and pro- 
ceed to calculate pre-tax income and estimate tax at 40% on their budgeted income 
statement for 2022. 

The cash budget in Exhibit 6-5 shows the short-term self-liquidating cycle 
of cash loans. Seasonal peak load on production or sales often results in heavy 
cash disbursements for purchases, payroll, and other operating outlays as the 
products are produced and sold. Cash receipts from customers typically lag 
behind sales, The loan is self-liquidating in the sense that the borrowed money 
is used to acquire resources that are combined for sale, and the proceeds from 
sales are used to repay the loan. This self-liquidating cycle—sometimes called 
the working capital cycle, cash cycle, or operating cycle—is the movement of 
cash from producing inventories to receivables (from sales) and back to cash 
(from collections), 

2. The budgeted balance sheet is presented in Exhibit 6-6. Each item is projected in light 
of the details of the business plan as expressed in all the previous budget schedules. 
The beginning balances for this pro forma balance sheet for 2022 were, of course, the 
ending balances for the actual balance sheet for 2021. 

3. The budgeted income statement is presented in Exhibit 6-7. It is merely the budgeted 
operating income statement in Exhibit 6-3 expanded to include interest expense and 
income taxes, It would have been impossible to forecast the interest expense without 
the cash budget, and without that estimate Halifax could not calculate its pre-tax 
income. Once the cash budget is complete, Halifax can forecast its net income and 
calculate retained earnings for the budgeted year 2022. The managers begin with the 
actual ending balance in retained earnings in 2021 and add the forecast income for 
2022 to obtain the forecast 2022 retained earnings. 

Depreciation of the new office equipment is reported as a period cost in Exhibit 6-7. 
Because the expected acquisition of a long-term asset is not manufacturing plant or equip- 
ment, the depreciation is reported as a period cost and there has been no change in the 
total COGS reported. 

For simplicity, the cash receipts and disbursements were given explicitly in this illus- 
tration of a cash budget. Frequently, there are lags between the items reported on the 
accrual basis of accounting in an income statement and their related cash receipts and 
disbursements. 

The cash collection budget (Exhibit 6-8) requires detailed analysis of the different 

ways that customers can pay for their purchases. Halifax managers have assumed (based 
on past experience) that 10% of monthly sales will be paid in cash. They assume that the 
remaining 90% will be on credit with a 30-day payment term. However, past experience 
tells them that only 50% of the credit sales are collected in the month following the sale, 
while the remaining 50% are collected two months after the month of sale. Therefore, the 

remainder of May’s sales will be collected in July. 
Of course, such schedules of cash collections depend on credit terms, collection histo- 

ries, and expected bad debts. Similar monthly schedules can be prepared for operating 
costs and their related cash disbursements. 
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Budgeted 
Income Statement for 

Halifax Engineering for the 
Year Ended December 31, 

2022 
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Incremental expense has been calculated by applying the half-year rule, assuming a useful life of 10 years and no 
residual value, 

Projected Quarter 3, 2022 Cash Collections for Halifax Engineering 

Cash Collections 

Be tie in Quarter 3 
| June | as a Whole 

A ptliscacanes| cash budget for Halifax assumes 
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July credit sales collections from June; 50% x $297,000 = $148,500 

July credit sales collections from May; 50% x $275,400 = $137,700 17 
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Responsibility Versus Controllability 

Organizational Structure and Responsibility 

Organizational structure is the arrangement of centres of responsibility within an entity. 
A company like Petro-Canada may be organized primarily by business function: exploration, 
refining, and marketing. Another company like Procter & Gamble, a household-products 
giant, may be organized by product or brand line. 

Managers and executives are assigned responsibility and held accountable for achiev- 
ing specific financial and nonfinancial performance targets. A responsibility centre is a 
part, segment, or sub-unit of an organization whose manager is accountable for a speci- 
fied set of activities. The higher the manager’s level, the broader the responsibility centre 
he or she manages and, generally, the larger the number of subordinates who report to 
him or her. Responsibility accounting is a system that measures the plans (by budgets) 
and actions (by actual results) of each responsibility centre. The complexity of the pro- 
cesses in a company often requires decentralizing both authority and responsibility. Four 
major types of responsibility centres are as follows: 

1. Cost centre. The manager is accountable for costs only, not revenue. Some managers 
may have authority over subordinate managers responsible for the outcomes of quan- 
tity, price, and scheduling decisions; others may not. The scope of authority, and 
therefore the amount of decentralization, will depend on the organizational structure. 

2. Revenue centre. The manager is accountable for revenue only, not costs incurred to 
generate the revenue. Some managers of revenue centres may have authority over 
subordinate managers responsible for the outcomes of quantity and unit price deci- 
sions; others may not. 

3. Profit centre. The manager is accountable for revenue and costs and has some author- 
ity over others who decide upon key factors affecting both revenue and cost. A 
profit-centre manager can coordinate among those responsible for either costs or 
revenue; however, this increases centralization. 

4, Investment centre. The manager is accountable for investments, revenue, and costs. 

The maintenance department of a Delta hotel is a cost centre if the maintenance manager 
is responsible only for costs; the budget would also emphasize costs. The sales department of 
the hotel is a revenue centre if the sales manager is responsible only for revenue, and the bud- 
get would emphasize revenue. The hotel manager might be considered as a profit centre if he 
or she is accountable for both revenue and costs, and the budget would then emphasize both. 
The regional manager responsible for investments in new hotel projects and for revenue and 
costs generated by those investments could be in charge of an investment centre; revenue, 
costs, and the investment base would be emphasized in the budget for this manager. 

Responsibility accounting affects behaviour. Consider the following incident: 

The sales department requests a rush production run. The plant scheduler argues that 
it will disrupt production and will cost a substantial, though not clearly determined, 
amount of money. The answer coming from sales is, “Do you want to take responsi- 
bility for losing X Company as a customer?” Of course, the production scheduler 
does not want to take such a responsibility and gives up, but not before a heavy 
exchange of arguments and the accumulation of a substantial backlog of ill feeling. 

The controller proposes an innovative solution. He analyzes the payroll in 
the assembly department to determine the costs involved in getting out rush 
orders. This information eliminates the cause for argument. Henceforth, any rush 
order is accepted by the production scheduler, “no questions asked.” The extra 
costs are duly recorded and charged to the sales department. 

As a result, the tension created by rush orders disappears, and the number 
of rush orders requested by the sales department is progressively reduced to an 
insignificant level.° 

5R, Villers, “Control and Freedom in a Decentralized Company,” Harvard Business Review, 32.2: 95. 

LOo® 
Contrast responsibility and 
controllability. 
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Responsibility accounting assigns accountability to 

2 The individual who has the best knowledge about why the costs arose 

ws The individual undertaking the activity that caused the costs 

In this incident, the cause was the sales activity, and the resulting costs were charged 
to the sales department. If rush orders occur regularly, the sales department might have a 
budget for such costs, and the department’s actual performance would then be compared 
against the budget. 

Feedback 

When applied to budgets, responsibility accounting provides feedback to top management 
about the performance of different responsibility-centre managers relative to the budget. 
Differences between actual results and budgeted amounts—also called variances (see 
Chapter 7)—if properly used, can be helpful in three ways: 

1. Early warning. Variances alert managers early to events neither easily nor immedi- 
ately evident. Managers can then take corrective actions or exploit the available 
opportunities. 

2. Performance evaluation. Variances inform managers about how well the company has 
performed in implementing its strategies. Were materials and labour used efficiently? 
Was R&D spending increased as planned? Did product warranty costs decrease as 
planned? 

3. Evaluating strategy. Variances sometimes signal to managers that their strategies are 
ineffective. For example, a company seeking to compete by reducing cost and improv- 
ing quality may find that it is achieving these goals but with little effect on sales and 
profits. Top management may then want to reevaluate the strategy. 

Definition of Controllability 

Controllability is the degree of authority that a specific manager has over costs, revenue, 
or other items in question. A controllable cost is any cost that is primarily subject to the 
authorization of a specific manager of a specific responsibility centre for a specific time 
span. A responsibility accounting system could either exclude all uncontrollable costs 
from a manager’s performance report or segregate such costs from the controllable costs. 
It is a widely accepted organizational behaviour theory that if an individual is held respon- 
sible for something they cannot control, the likely result is frustration and reduced moti- 
vation (to achieve the stated organizational goals). 

Recall the separation of variable from fixed costs of manufacturing overhead. Fixed 
costs comprised items such as insurance, property taxes, lease costs, depreciation, and 
management salaries. These costs are rarely controllable. Insurance companies set premi- 
ums with executives of corporations rather than plant managers; and cities, provinces, 
and countries set tax policies independent of corporations (not to mention individuals). 
While some negotiation of insurance premiums may be possible from year to year, gov- 
ernments do not negotiate tax increases. Other examples include foreign currency 
exchange rates, commodity prices, and interest rates. All are important factors over which 
individual companies and managers have no control. 

Within a corporation, for example, a machining supervisor’s performance report 
might be confined to quantities (not costs) of direct materials, direct manufacturing 
labour, power, and supplies. Unless the machining supervisor has the authority to set the 
price at which materials are procured, this approach is fair to the supervisor. Assume the 
purchasing manager has the authority to decide at what price materials will be purchased. 
The problem of cost control arises because the supervisor may order a lower quantity 
than required, or incur more than the expected level of waste in a time period. To meet 
customer demand, the supervisor will request a rush order. The purchasing manager has 
no authority to refuse and knows the cost of a rush order is higher than orders with a 
normal delivery time. Who is responsible for any cost overrun: the supervisor who needs 
the materials or the purchasing manager who negotiates prices with suppliers? 
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In practice, controllability is difficult to pinpoint: 

1; Few costs are clearly under the sole influence of one manager. For example, costs of 
direct materials may be influenced by a purchasing manager, but such costs also 
depend on market conditions beyond the manager’s control. Quantities used may be 
influenced by a production manager but also depend on the quality of materials pur- 
chased. Moreover, managers often work in teams. How can individual responsibility 
be evaluated in a team decision? 

2. With a long enough time span, all costs will come under somebody’s control. How- 
evet, most performance reports focus on periods of a year or less. A current manager 
may have inherited problems and inefficiencies from his or her predecessor. For exam- 
ple, current managers may have to work under undesirable contracts with suppliers 
or labour unions that were negotiated by their predecessors. How can we separate 
what the current manager actually controls from the results of decisions made by 
others? Exactly what is the current manager accountable for? 

Emphasis on Information and Behaviour 

Responsibility accounting focuses on information and knowledge, not control. To succeed, 
however, other incentive systems must be aligned to the goal of free exchange of accurate 
information. 

Performance reports for responsibility centres may also include uncontrollable items 
because this approach could change behaviour for the better. For example, some compa- 
nies have changed cost centres to profit centres to motivate a change in managers’ deci- 
sions and actions. A cost-centre manager may emphasize production efficiency and 
deemphasize the pleas of sales personnel for faster service and rush orders. In a profit 
centre, the manager is responsible for both costs and revenue. Although the manager still 
has no control over sales personnel, the manager will now more likely weigh the impact 
of his or her decisions on costs amd revenue rather than solely on costs. 

Human Aspects of Budgeting 

Why did we cover three major topics—master budgets, cash budgets, and responsibility 
accounting—in the same chapter? Primarily to emphasize that human factors are crucial 
aspects of budgeting. The budgeting techniques themselves are free of emotion; however, 
their administration requires education, persuasion, and intelligent interpretation. To be 
effective, budgeting requires honest communication about the business from subordi- 
nates and lower-level managers to their bosses. But budgeting also generates human 
responses that senior management must be prepared for. Some examples (and possible 
solutions) are 

s Subordinates may be tempted to “pad” or build in budgetary slack. Here are several 
things that top management can do to obtain accurate budget forecasts from lower 
level managers: 

s Obtain independent standards or benchmarks to compare to the firm’s forecasts. 
Managers would be expected (as part of the regular budgeting process) to explain 
any material differences.® 

a Senior managers should regularly involve themselves in understanding the opera- 
tional activities happening within their span of control. Regular interactions with 
subordinates allow managers to become knowledgeable about operations and 
diminish the ability of subordinates to create slack in their budgets. 

= Senior managers should create core values and norms that discourage budgetary 
slack. An important part of this is senior managers’ being seen to set reasonable 
budgets for their own areas (and to achieve them). 

6 For an excellent discussion of these issues, see Chapter 14 (“Formal Models in Budgeting and Incentive Contracts”) of 
R.S, Kaplan and A.A. Atkinson, Advanced Management Accounting, 3rd ed. (Upper Saddle Rivet, NJ): Prentice Hall, 1998. 
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SUSTAINABILITY 
IN ACTION 

24 Hour Fitness is one of the largest fitness-club chains in 
the United States, with nearly 4 million members, more than 
450 clubs in 16 states, and $1.5 billion in annual revenues. 
The company uses Longview, an internet-based software 
platform, to manage its planning and budgeting process. 

Using detailed operational statistics including number 
of members, number of workouts, and hours worked by 
each category of staff, accounting and finance managers 
sign on to the platform and develop budgets for each 
club. Using Longview at 24 Hour Fitness has resulted in 
more accurate budgets and forecasts being developed in 
less time. Managers can also conduct “what if” budget 
scenario analysis. Advertising costs are allocated to each 
club based on the size, age, and traffic of each club. 

The platform also allows each club manager to track 
very detailed revenue and expense data covering individual 
aspects of club activity, including juice bars, personal 

Chapter 6 Master Budget and Responsibility Accounting 

24 Hour Fitness and 

Internet-Based Budgeting 

Mike Patano, Senior Director of Financial Planning & 
Analysis, summarized, “Day to day, it’s about being able 
to thoroughly understand our business, benchmark the 
performance of our clubs, and understand our business 
drivers much better and quicker.” 

training sessions, product sales, and credit-card member- 
ship dues and to take corrective action. It also enables 
staff to better support senior management decision making 
by responding more quickly to information requests. 

Sources: Longview Solutions. 2014. Longview Case Study: 24 Hour 
Fitness (http://info.longview.com/CaseStudy-24HourFitness.html); 
24 Hour Fitness. 2019. About Us (http://www.24hourfitness.com 
/company/about_us). 

s Some firms, like IBM, have designed performance-evaluation measures that reward 
managers based on the subsequent accuracy of the forecasts used in preparing 
budgets. 

ws Subordinates may regard budgets negatively. Frequently, budgets are viewed as pro- 
cesses by which departments may lose staff, operating budgets, or capital items (or all 
three!). Top management must convince them that budgets are a tool that can be used 
to justify operating levels and can help them to set and reach goals. 

» Budget systems often appear to reward bad performance and penalize good perfor- 
mance. Take the example of the department that goes over budget (in regard to 
expenditures) one year, only to use that performance to justify asking for a larger 
budget in the next budget cycle. Conversely, consider the department that manages, 
through careful expenditures and creative solutions, to come in under budget, only to 
find that in the next budget cycle it gets a smaller budget (since the employees appar- 
ently didn’t need the budget they had!). 

= Organizations can set incentives and consequences for budget performance. Some 
firms have moved to budget models that require (over a number of periods) repay- 
ments (from the future budget amounts) of any over-expenditures. For units that 
don’t use all of their current budget, organizations make some portion of the savings 
available for use in future budget cycles. 

Budgeting: A Process in Transition 

Many areas of management accounting are subject to ongoing debate. Budgeting is no 
exception. Advocates of new proposals invariably include criticisms of the so-called “tradi- 
tional budgeting.” Exhibit 6-9 summarizes six proposals designed to address some of the 
shortcomings of traditional budgeting systems. Earlier sections of this chapter have men- 
tioned the importance of avoiding many of these problems. 
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Criticisms of Traditional Budgeting and Proposals for Change 

Criticism of Traditional Budgeting | Proposal for Change 

Consumes large amounts Budget by major groups/programs/departments rather than a line-by-line approach. This type of 

of management time aggregated budgeting allows managers to keep the “big picture” in view. 

Based on old data Adopt rolling quarterly budgets instead of annual budgets. Rolling budgets are prepared more 

frequently, but with more current data. This makes them more relevant and useful. 

Doesn't motivate desired Use relative targets (e.g., sales per employee) or benchmarked targets instead of absolute targets 

behaviours (e.g., $10 million sales for the department). This allows for changes in the environment that a fixed 

budget does not. 

Doesn't promote strategic Make sure that the budgeting process starts with the strategic intent of the firm. The Balanced 

direction of the firm 

Look at processes as the base for the budgeting activity instead of units or departments. This 
encourages cross-department planning and cooperation. 

Scorecard is an excellent tool for this. 

Source: Adapted from Prof. Peter Horvath “Why Budgeting Fails: One Management System Is Not Enough.” 

Ensure that nonfinancial objectives/targets are developed (in addition to the traditional financial 
targets) as part of the budgeting process. 

Pulling It All Together—Problem for Self-Study 

(Try to solve this problem before examining the solution that follows.) 

Problem 

Consider the Halifax Engineering example described in this chapter. Suppose Halifax 
Engineering managers wanted to know how the budgets would be impacted by a 10% 
price increase in material 112 alloy from $10 to $11; a 12% increase in the variable sup- 
plies cost; a 22% increase in power costs to account for an unexpected jump in oil prices; 
and a corresponding 22% increase in distribution costs to account for ground and air 
transportation cost increases together with an oil-price increase. 

1. What are the benefits of budgeting for these specific changes now? @ Required 
2. Before preparing a budgeted income statement, identify the supporting budget sched- @ 

ules that will not change as a result of this sensitivity analysis. 
3. Prepare the budgeted operating income statement, including all necessary supporting @ 

schedules. 
4, Discuss the results. Focus on any important changes that can be planned should the @ 

increases happen. 
5. Discuss how responsibility and controllability will affect Halifax Engineering’s response © 

to the events noted in the sensitivity analysis. 

Solution 

1. In the short term, the budget constraints for Halifax have changed. Only by recalcu- 
lating the affected schedules can the company’s managers understand what remedies 
may be available to reduce the effects of these cost increases. The team can agree in 
advance what responses may be made to sustain operating profits. The managers are 
already anticipating how to protect the company from external threats over which 
the company itself has no control. 
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In the long run, the managers can assess if their current strategy will respond to 
these changes in the critical success factors of their environment. If the management 
team believes that key input prices can increase by such a large percentage, one stra- 
tegic response may be to change how its products are distributed. In the long run, 
existing transportation contracts can be amended to share the risk of fuel price 
increases and managers can undertake hedging strategies. Halifax may also be able to 
renegotiate contracts with its purchasers to place the burden of transportation costs 
on them. 

2. The revenue, production, and direct manufacturing labour budgets (Schedules 1, 2, 
and 4) will not change as a result of this sensitivity analysis. 

3. The change in the cost of 112 alloy is shown in Schedule 3A. In total, the costs of 
direct materials to be used has increased from $1,028,000 to $1,066,000. 

Le Schedule 3A: Direct Materials Usage Budget in Kilograms and Dollars 

For the Year Ended December 31, 2022 

 *—E e 
Direct materials to be used in production of Regular parts (6,000 units) x 12 

and 6 kilograms 

Direct materials to be used in production of Heavy-Duty (1,000 units) x 12 and 
8 kilograms 12,000 8,000 

7 | Total direct materials to be used (in kilograms) 84,000 44,000 

72,000 36,000 

Multiply by: Cost per kilogram of beginning inventory 7 0 

10 | Cost of direct materials to be used from beginning inventory $ 49,000 | $ 60,000 

Direct materials to be used from purchases (84,000 kg — 7,000 kg; 
44,000 kg — 6,000 kg) 77,000 38,000 

0 

11 

12 | Multiply by: Cost per kilogram of purchased materials $ 7|$ 11 

13 Cost of direct materials to be used from purchases $539,000 | $418,000 

14 | Total costs of direct materials to be used (a) + (b) $588,000 | $478,000 

Total 

see Schedule 2 

see Schedule 2 

8 | Direct materials to be used from beginning inventory (assume FIFO cost flow) 7,000 6,000 ; 

$ 109,000 (a) 

957,000 (b) 

$ 1,066,000 

Changes to Schedule 3B, below, reflect the increase in cost of 112 alloy. The direct 
materials purchase cost for this alloy has increased from $400,000 to $440,000. 
Overall, the total direct materials purchase cost has also increased $40,000. 

10 | Multiply by: Cost per kilogram of purchased materials $ 

i eee 
"1 [ Schedule 36: Direct Metarias Purchase Budget in Kilorams and Dollars 
Pat _—Fortho Yor Endod Decemborst,20@2 
ie 
a 
5 [Drectmateralstobe vsedinprodefontinklograms) | e4a00 | 4on0 |_| 
Fs [Add Tergetending crectmaterilsinventoy | _gao0 | 2000 |_| 
7 [Totarequiemens(inklograms) ~~~ | sono | 
[| Deduct Beginning erectmaterilsiventoy | _(mao0) | (6000 |__| 
[2 [Directmatarials tobe purchased {inklograma) | esao0 | «ano |__| 
11 | Total direct materials purchase costs $595,000 | $440,000 | $1,035,000 

eS 
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In Schedule 5, the variable manufacturing overhead supplies has increased from 
$90,000 to $100,800, power has increased from $120,000 to $146,400, and the total 
manufacturing overhead budget has also increased $37,200 to $1,038,889: 

SS ee 
| eC 
[2[____Ferthe YearEnded Decomber31,2022 
eS ee 
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The change in Schedule 6A reflects both the change in direct materials and in variable 
manufacturing overhead: 
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12 | *In kilograms or hours, 

13 | tData are from p. 184. 

*Direct manufacturing labour-hours is the sole allocation base for manufacturing overhead (both variable and fixed). 
The budgeted manufacturing overhead rate per direct manufacturing labour-hour is $34.63 (= $1,038,889 + 30,000 
budgeted direct manufacturing labour-hours). 
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The change in Schedule 6B also reflects the change in direct materials on the value of 
total ending inventory: : 

_ iin 
TT] Sehedule 6 Ending inventryBudget | 
[2[ Forth VearEnded Decomberst,2m@ Sid 
PPC ee 
ee 
a a 
iia | aoe fe] Beto | 
Pa] estoy te | anon 8 | 
Po 
PET ee 

a fistedok ee | 
a 
fia | Hee-buy dahon | 0 
fs [Toaleinginenoy +d —* Ca 

aa eee 
15 | *Data are from p. 184. 
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The changes to inventoriable costs result in the following Cost of Goods Sold Budget, 
Schedule 7 

il RSE GREENER 
Pi] Schedule 7Costot Goods Sold Budget 
ra] Forthe Year Endod December31,2022 
ee ee 

[4 | Besining ished goodsinvenon, Janveryi.a0@ | Gwen | | $e0000 | 
5 [Directmatealsuseu(iowinerease) =A ~C*d mo | 
(8 [Directmanufactnglebour ————SC~SSC co | 
Ea ening ewe sa 
ra [cestafgcods manures ————SSCSCiSSSCSCSC~drSSCSSCd CR 
a [costo aoodsavaiableforsale———~—SidSSSSSCS*dCS*S 
7 EES 
fii] Decemberaizm SSS 
| no ea ys 
a *Given in the description of basic data and requirements (Regular $38,400, Heavy-Duty $26,200). 
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The change to distribution costs is reflected in the non-manufacturing costs budget, 
Schedule 8: 
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The result of these changes on operating income for Halifax Engineering is 
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4. The operating margin percentage without the sensitivity was approximately 25% 

(= $960,518 + $3,800,000), while after the sensitivities it decreased to about 23% 
(= $885,811 + $3,800,000). This is unsurprising given all the sensitivities were cost 
increases while revenue has remained constant. 

5. Halifax changed its assumptions about the purchase price of direct materials. If an 
ongoing increase in prices is forecast and if Halifax has no special bargaining power 
with suppliers, it has no control over price. Those people in purchasing will have the 
greatest knowledge about likely future prices and sources of supply. In the short term, 
they can advise Halifax of the availability of long-term contracts and the likelihood of 
new suppliers entering the-market for alloy 112. 
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The production engineers, however, will have the greatest knowledge about the 
current performance and safety specifications that require the use of alloy 112. The 
engineers can advise Halifax about the likelihood of switching to a less expensive 
direct material input or of redesigning the part to use less of this alloy without jeop- 
ardizing performance and safety. 

Those in the marketing function will have the greatest knowledge about the needs 
of customers. The engineering specifications in a contract will require Halifax to take 
extreme care prior to making changes. 

Halifax must communicate across the functions in the value chain to obtain the best 
advice from marketing, engineering, and purchasing. The responsibility for developing 
a plan to respond to the potential increase in direct materials price is spread throughout 
the company. The sensitivity analysis should direct Halifax to begin the consultation 
process and involve each responsibility centre in assessing the best strategic response. 

The other changes in the sensitivity analysis to variable supplies and fuel costs, 
which affect costs of power and distribution, will also require input from several 
responsibility centres. 
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Distinguish among 

sensitivity analysis, Kaizen 

budgeting, and activity- 

based budgeting. 

Three Budget Strategies: Sensitivity 

Analysis, Kaizen Budgeting, and 
Activity-Based Budgets 

Exhibit 6-1 illustrated the interrelationships among strategic analysis, planning, and bud- 
geting. The value of budgets to managers in their strategic analysis and planning is 
enhanced by conducting sensitivity analysis. Sensitivity analysis is a “what if” technique 
that examines how a result will change if the original predicted data are not achieved or if 
an underlying assumption changes. A handheld calculator is adequate to do the basic 
budget calculations. Commercial software packages such as Microsoft FRx, however, 
make important tests such as sensitivity analysis, continuous improvement planning, and 
ABB accessible even to small owner-managed enterprises. 

The financial planning model from which the master budgets and schedules were 
calculated for Halifax Engineering assumes the following: 

u Direct materials and direct manufacturing labour costs vary proportionately with 
the quantities of Regular and Heavy-Duty parts produced. 

a Variable manufacturing overhead costs vary with direct manufacturing labour-hours. 
a Variable non-manufacturing costs vary with revenue dollars. 
s Target ending inventories remain unchanged. 

Sensitivity Analysis: A Form of Strategic Analysis 

The budget and schedules are simply quantified reports of expectations; they are not actual 
achievements. Some assumptions are more critical to the company’s success than others. 

Recall that one tool for strategic analysis requires identifying critical factors. Exhibit 6A-1 
presents the budgeted operating income for three changes in each of three critical factors 
for Halifax Engineering: 

= Scenario 1: A 3% decrease in the selling price of the Regular part and a 3% decrease 
in the selling price of the Heavy-Duty part 

w Scenario 2: A 4% decrease in units sold of the Regular part and a 4% decrease in 
units sold of the Heavy-Duty part 

m Scenario 3; A 5% increase in the price per kilogram of 111 alloy and a 5% increase 
in the price per kilogram of 112 alloy 

Exhibit 6A-1 indicates that, relative to the master budget, budgeted operating income 
decreases by 12% under scenario 1, by 10% under scenario 2, and by 5% under scenario 3. 
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Effect of Changes in Budget Assumptions on Budgeted Income for Halifax Engineering 
AAS NE IT TIN IIS EEL LE ER DEL LEED LESLIE IIL DIGI ISIE SES SD ESE LEE NRE LESS ARIE 

Key Assumptions 
Budgeted 

Units Sold Selling Price Direct Materials Cost* Operating Income 

What-if Change from 

Scenario Regular Heavy-Duty Regular Heavy-Duty 111 Alloy 112 Alloy Dollars Master Budget 

Master budget 5,000 1,000 $600 $800 $7.00 $10.00 $960,987" _ 

Scenario 1 5,000 1,000 582 776 7.00 10.00 846,518 11.9% decrease 

Scenario 2 4,800 960 600 800 7.00 10.00 864,678 10.0% decrease 

Scenario 3 5,000 1,000 600 800 7.35 10.50 914.568 4.8% decrease 

*Per kilogram 
TFrom Exhibit 6-7 

Managers can use this information to plan actions if faced with these scenarios, rather than 
scrambling in a crisis if such changes occur. 

Kaizen Budgeting: Implementing Continuous 

Quality-Improvement Strategies 

Continuous improvement is one of the key issues facing management today. Kaizen 
budgeting implements a strategy of systematic elimination of waste in every business 
process.’ A key assumption is that attention is focused on eliminating activities that create 
cost but add no value. The improvements gained through Kaizen budgeting arise from 
many small changes made during the budget period as a result of employees’ suggestions. 
Kaizen is most commonly identified with Toyota and the strategy of lean management. 

Consider our Halifax Engineering example in Schedule 4. The 2022 budget assumes 
that it will take 4.0 and 6.0 manufacturing labour-hours respectively for each Regular 
and Heavy-Duty aircraft part. A Kaizen budgeting approach would incorporate contin- 
ual reduction in these manufacturing labour-hour requirements during 2022. Assume 
Halifax budgets the following labour-hour amounts: 

Budgeted Amounts (Labour-Hours) 

Regular Heavy-Duty 

January-March 2022 4.00 6.00 

April-June 2022 3.90 5,85 

July-September 2022 3,80 5.70 

October-December 2022 3.70 5.55 

Unless Halifax meets these continuous improvement goals, unfavourable variances 
will be reported. Note that in the Halifax budget, the implications of these direct labour- 
hour reductions would extend to reductions in variable manufacturing overhead costs, 
given that direct manufacturing labour-hours is the driver of these costs. 

Activity-Based Budgeting 

Activity-based cost (ABC) assignment systems can lead to improved decision making. ABC 
principles also extend to budgeting. Activity-based budgeting (ABB) is a strategy that focuses 
on the cost of activities necessary to produce and sell products and services. A survey of UK 
managers reported the following ranking of the benefits from ABB: (1) ability to set more 
realistic budgets, (2) better identification of resource needs, (3) linking of costs to outputs, 
(4) clearer linking of costs with staff responsibilities, and (5) identification of budgetary slack.® 

7 For an overview of Japanese management accounting, see R. Cooper, “Japanese Cost Management Practices,” CMA Maga- 
zine, October 1994, . 

8 J, Innes and F. Mitchell, “A Survey of Activity-Based Costing in the U.K.’s Largest Companies,” Management Accounting 
Research, 6; 137-53. 
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The example in Exhibit 6-2 assumed a budget was produced for business functions in 
the value chain. Activities, especially those at the batch, product, and facilities levels, will 
cross boundaries among business functions and highlight interdependencies among them. 
We will use a new example, Bradford Aerospace, to illustrate how ABB requires sched- 
ules and budgets for different activities rather than different business functions. 

The key difference between the two approaches is that in ABB, the operating loop 
must be completed first within the resource-budget constraints. Then the financial budget 
is produced,’ Both approaches begin with the forecast demand for outputs. Managers 
using ABB focus their efforts on matching forecast demand to the rates at which different 
activities are consumed at specified activity levels to fulfill a single unit of demand. Recall 
that these are conversion activities and that cost drivers measure the resources consumed 
during conversion. In this approach, the measure of the quantities of cost drivers will be 
the basis for calculating the costs of activities. The second stage is the financial loop, the 
goal of which is to match various measures of rates of return (e.g., net profit, operating 
profit, return on assets) with the demanded rate of return. 

ABB also follows a logical order: 

s Determine the budgeted costs of performing each unit of activity for each activity 
area. 

s Determine the demand for each individual activity at the product level based on, for 
example, budgeted new product R&D, production, marketing, and so on. Budgets 
and schedules are also needed for existing products. Adding or dropping a product 
will change both the activity and the cost pool. 
Calculate the costs of performing each activity. 
Describe the budget as costs of performing various activities (rather than budgeted 
costs of functional or conventional value-chain spending categories). 

This approach highlights imbalances among demand for and supplies of resources at 
the unit, batch, product (or service), and facilities levels that are not readily apparent 
from the traditional approach. As with the ABC costing approach, ABB ensures that 
managers will not focus on individual business functions but rather on the interdepen- 
dencies among the functions. 

Consider ABB for the R&D/product design parts of the value chain at Bradford 
Aerospace. Five activity areas and their cost drivers have been identified. The budgeted 
2022 rates for the costs in each activity area are as follows: 

Activity Cost Driver/Budgeted Cost Rate 

Computer-aided design (CAD)—using computer software to design aircraft parts CAD hours, $80 per hour 

Manual design—manually designing aircraft parts Manual design hours, $50 per hour 

Prototype development—building actual versions of aircraft parts Prototyping hours, $60 per hour 

Testing—examining how new aircraft parts “perform” in different operating conditions Testing-hours, $40 per hour 

Procurement—purchasing supplies and component parts Purchase orders, $25 per purchase order 

Exhibit 6A-2 presents the activity-based budget for January to December 2022. 
Bradford budgets usage of the cost driver in each activity area based on budgeted produc- 
tion and new product development. This budgeted usage of the cost driver for each activ- 
ity is multiplied by the respective budgeted cost rates per activity to obtain the budgeted 
activity costs. The budgeted total costs for R&D/product design is the sum of the bud- 
geted costs of the individual activities in that part of the value chain. 

The activity-based budget in Exhibit 6A-2 is for one part of Bradford’s value chain. 
In many cases, the same activity will appear in more than one part of the value chain. 
For example, procurement activities such as purchase ordering and supplier payment are found 
in most areas of the value chain. Companies using ABB may choose to present their budgets 
at either the individual value-chain level or at some more basic activity level, such as procure- 
ment, by combining budgeted procurement costs from different parts of the value chain. 

? §.C. Hansen, D.T. Otley, and W.A. Van der Stede, “Recent Developments in Budgeting: An Overview and Research Perspec- 
tive,” Journal of Management Accounting Research, 15 (2003): 95-116. 



Decision Points 209 

Activity-Based Budget for R&D/Product Design Costs of Bradford Aerospace: January to December 2022 

Activity Area 

Computer-aided design 

Manual design 

Prototype development 

Testing 

Procurement 

Total 

Budgeted Budgeted Rate Budgeted 

Usage of Driver per Cost Driver Activity Costs 

200 hours $80 $16,000 

70 hours 50 3,500 

80 hours 60 4,800 

280 hours 40 11,200 

120 purchase orders 25 __ 3,000 

$34,500 

The following question-and-answer format summarizes the chapter's learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives 

1. What are the long-term and 
short-term benefits of budgets? 

2. Why is a master budget useful? 

3. What is a cash budget, and why 
is it useful? 

4, How does responsibility differ 
from controllability? 

Guidelines 

Budgets look forward to the future to anticipate financial and nonfinancial 
achievements of the company. In the long term, an annual budget cycle is inte- 
gral to strategic analysis—the evaluation of how well the company fits with its 
environment. In the short term, budgets provide financial targets and a frame- 
work for operating performance measurement and control. 

A master budget summarizes all the projections (plans) of the managers in 
different areas of the company. It presents in a familiar and standardized 
financial statement format how the financial future of a company will arise, 
quarter by quarter, month by month, or even week by week. The familiar 
format coordinates and communicates where the company is, where it wants 
to go, and how it will get there. The output from a master budget is an 
operating budget. 

A cash budget summarizes the timing and amount of cash inflows and out- 
flows for a company over a specified time period. The cash budget depends on 
the facts summarized in the operating budget. One result of the cash budget is 
anticipated interest expense, which enables companies to produce a pro forma 
or budgeted income statement. Input into the cash budget includes any capac- 
ity expansion requiring the acquisition of long-term assets reported in the capi- 
tal budget. Together, these budgets lead to the pro forma or budgeted balance 
sheet and cash flow statement. 

Responsibility refers to holding accountable for achievement of performance 
targets those people who know best how to do so. The complexity of most 
organizations means one person cannot be responsible for every decision 
without slowing decision making to a halt. It is a decentralized type of bud- 
geting that should converge with both incentives and compensation and 
organizational structure. Individuals responsible for achievement of organi- 
zational targets rarely control all the factors contributing toward that 
achievement. Controllability means the decisions about different key factors 
affecting cost, revenue, investment, or some combination of the three are 

within an individual’s control, even though the individual may not be 
responsible for them. 
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5. Appendix 6A: How do the strate- Sensitivity analysis is a way to alter the assumptions of the master budget. This 
gies of sensitivity analysis, Kaizen —_ analysis permits managers to establish plans in advance of possible adverse 
budgeting, and ABB differ? events. Kaizen budgeting is incremental cost reduction through elimination of 

waste in various business processes. ABB is the reduction of non-value-added 
activities that fail to contribute to the customers’ value proposition. They are 
all long-term strategies to reduce costs. 

Terms to Learn 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

benchmark (p. 174) 

budget (p. 173) 

budget constraints (p. 173) 

budgetary slack (p. 182) 

budgeting cycle (p. 174) 

cash budget (p. 190) 

cash cycle (p. 194) 

activity-based budgeting (ABB) (p.175) —_ financial budgets (p. 173) responsibility accounting (p. 197) 

investment centre (p. 197) responsibility centre (p. 197) 

Kaizen budgeting (p. 207) revenue centre (p. 197) 

master budget (p. 173) . rolling budget (p. 177) 

nonfinancial budgets (p. 173) self-liquidating cycle (p. 194) 

operating budget (p. 177) standard (p. 174) 

operating cycle (p. 194) strategic analysis (p. 175) 

organizational structure (p. 197) stretch goals (p. 174) 

padding (p. 182) working capital cycle (p. 194) controllability (p. 198) 

controllable cost (p. 198) 

cost centre (p. 197) 

profit centre (p. 197) 

pro forma statements (p. 173) 

| Assignment Material ‘ 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 

can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

6-1 

6-2 

6-3 

6-4 

6-5 

6-6 

6-7 

6-8 

6-9 

6-10 

6-11 

6-12 

6-13 

6-14 

What are the four elements of the budgeting cycle? 

Define master budget. 

lf actual results do not match the budget, what should managers do? 

“Strategy, plans, and budgets are unrelated to one another.” Do you agree? Explain. 

“Budgeted performance is a better criterion than past performance for judging managers.” Do you 
agree? Explain. 

How might a company benefit by sharing its own internal budget information with other companies? 

Define rolling budget. Give an example. 

Outline the steps in preparing an operating budget. 

“The revenue budget is the cornerstone for budgeting.” Why? 

How can the use of sensitivity analysis increase the benefits of budgeting? 

Explain “padding” and why managers might be motivated to employ this negative budget behaviour. 
What are some of senior management's options to address this behaviour? 

Describe how non-output-based cost drivers can be incorporated into budgeting. 

Explain how the choice of the responsibility centre type (cost, revenue, profit, or investment) affects 
budgeting. 

When governments reduce their funding to hospitals and universities, often the executives respond 
with a demand for an equal percentage reduction in costs by all business functions. Is this the best 
strategic approach? 



Exercises 

6-15 Terminology. A number of terms are listed below: 

budget constraint(s) budgetary slack 

cash cycle controllable cost 

investment budget operating cycle 

rolling budget self-liquidating cycle 

Required 

Select the terms from the above list to complete the following sentences. 

1.A , also Known as an , is the movement of cash 

arising from business functions to inventories, to receivables, and back to cash when outputs are sold. 

2. Itisa where all costs of a corporation are recovered when output is sold. 
3. is the practice of underestimating revenue and overestimating costs to make 

the less challenging. 

4, Once the corporate budget is produced, all managers make a commitment to reach budget targets. 

They are responsible for that must be at or below the budget constraint during 

each reporting time period. 

5. Some companies produce a that adds a reporting time period as one is 

completed. 

6. An affects the inflow and outflow of cash either to make the investment or 
to pay to finance it. 

6-16 Responsibility and controllability. Consider each of the following independent situations: 

1. A very successful salesperson at Amcorp Computers regularly ignores the published sales catalogue 

and offers lowered prices to customers in order to close sales. The VP of sales notices that revenue is 
substantially lower than budgeted. 

2. Every “special deal” offered-to a customer by any salesperson at Amcorp Computers has to be cleared 

by the VP of sales. Revenue for the second quarter has been lower than budgeted. 
3. The shipping department of Amcorp has limited capacity, and sales orders are being cancelled by 

customers because of delays in delivery. Revenue for the past month has been lower than budgeted. 

4. At Planetel Corp., a manufacturer of telecommunications equipment, the production supervisor notices 

that a significantly larger number of direct manufacturing labour-hours were used than had been bud- 

geted. Investigation reveals that it was due to a decline in educational standards required by the human 
resources department when it interviewed applicants for hourly production jobs six months earlier. 

5. At Planetel Corp., a relatively new production supervisor finds that more direct manufacturing labour- 

hours were used than had been budgeted. Interviews revealed that workers were unhappy with the 

supervisor's management style and were intentionally working slowly and inefficiently. 

6. At Planetel Corp., the production supervisor traces the excessive consumption of direct materials (rela- 

tive to the budget) to the fact that waste was high on machines that had not been properly maintained. 

Required 

For each situation described, determine where (i.e., with whom) (a) responsibility and (b) controllability lie. 
Suggest what might be done to solve the problem or to improve the situation. 

6-17 Sales budget, service setting. In 2021, McGrath & Sons, a small environmental-testing firm, performed 

11,000 radon tests for $250 each and 15,200 lead tests for $200 each. Because newer homes are being built 

with lead-free pipes, lead-testing volume is expected to decrease by 10% next year. However, awareness of 

radon-related health hazards is expected to result in a 10% increase in radon-test volume each year in the 

near future. Jim McGrath feels that if he lowers his price for lead testing to $190 per test, he will have to face 
only a 5% decline in lead-test sales in 2022. 

Required 

1. Prepare a 2022 sales budget for McGrath & Sons assuming that McGrath holds prices at 2021 levels. 
2. Prepare a 2022 sales budget for McGrath & Sons assuming that McGrath lowers the price of a lead test 

to $190. Should McGrath lower the price of a lead test in 2022 if its goal is to maximize sales revenue? 

6-18 Sales and production budget. The Russell Company expects 2022 sales of 145,000 units of serving trays. 
Russell's beginning inventory for 2022 is 11,500 trays; target ending inventory: 16,500 trays. 

Required 

Compute the number of trays budgeted for production in 2022. 

Assignment Material 211 

LO®© 

LO@ 
1, Total revenue, $5,761,000 

LO® 
Total requirements, 161,500 
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LO ® 
Total requirements (bottles), 

2,475,000 

LO® 
54,350 production units 

LO® 
2, Units to be produced 

5,680,000 

LOo® 
3, Total budgeted per-unit cost of 

blue rug Is $1,127.30 

6-19 Direct materials budget. The wine-producing company Lebeau Vineyard expects to produce 2.4 million 
3-litre bottles of Chablis in 2022. Lebeau purchases empty glass bottles from a reliable supplier. The target 
ending inventory of such bottles is 75,000; the beginning inventory is 25,000. For simplicity, ignore loss due to 

breakage. 

Required 

Compute the number of bottles to be purchased in 2022. 

6-20 Budgeting material purchases. In the preparation of the sales budget for the next three-month period, the 
Westing Company determined that 52,250 finished units would be needed to fulfill sales obligations. The 
company has an inventory of 27,300 units of finished goods on hand at December 31 and has a target fin- 

ished goods inventory of 29,400 units at the end of the succeeding quarter. 
It takes three litres of direct materials to make one unit of finished product. The company has an inven- 

tory of 117,350 litres of direct materials at December 31 and has a target ending inventory of 110,000 litres. 

Required 

How many litres of direct materials should be ordered for delivery during the three months ending March 31? 

6-21 Revenues and production budget. Saphire, Inc., bottles and distributes mineral water from the company’s 

natural springs in northern Oregon. Saphire markets two products: 12-ounce disposable plastic bottles and 
1-gallon reusable plastic containers. Managers are planning for 2021. 

Required 

1. For 2021, Saphire marketing managers project monthly sales of 500,000 12-ounce bottles and 130,000 

|-gallon containers. Average selling prices are estimated at $0.30 per 12-ounce bottle and $1.60 per 

j-gallon container. Prepare a revenues budget for Saphire, Inc., for the year ending December 31, 2021. 
2. Saphire begins 2021 with 980,000 12-ounce bottles in inventory. The vice-president of operations 

requests that 12-ounce bottles ending inventory on December 31, 2021, be no less than 660,000 bottles. 
Based on sales projections as budgeted previously, what is the minimum number of 12-ounce bottles 

Saphire must produce during 2021? 

3. The VP of operations requests that ending inventory of 1-gallon containers on December 31, 2021, be 
300,000 units. If the production budget calls for Saphire to produce 1,200,000 1-gallon containers during 

2021, what is the beginning inventory of 1-gallon containers on January 1, 2021? 

6-22 Budgeting; direct material usage, manufacturing cost, and gross margin. Xander Manufacturing Company 

manufactures blue rugs, using wool and dye as direct materials. One rug is budgeted to use 36 skeins of 
wool ata cost of $2 per skein and 0.8 gallons of dye at a cost of $6 per gallon. All other materials are indirect. 

At the beginning of the year Xander has an inventory of 458,000 skeins of wool at a cost of $961,800 and 4,000 
gallons of dye at a cost of $23,680. Target ending inventory of wool and dye is zero. Xander uses the FIFO 
inventory cost flow method. 

Xander blue rugs are very popular and demand is high, but because of capacity constraints the firm 
will produce only 200,000 blue rugs per year. The budgeted selling price is $2,000 each. There are no rugs 
in beginning inventory. Target ending inventory of rugs is also zero. 

Xander makes rugs by hand, but uses a machine to dye the wool. Thus, overhead costs are accumu- 
lated in two cost pools—one for weaving and the other for dyeing. Weaving overhead is allocated to 
products based on direct manufacturing labour-hours (DMLH). Dyeing overhead is allocated to products 
based on machine-hours (MH). 

There is no direct manufacturing labour cost for dyeing. Xander budgets 62 direct manufacturing 
labour-hours to weave a rug at a budgeted rate of $13 per hour. It budgets 0.2 machine-hours to dye each 
skein in the dyeing process. 

The following table presents the budgeted overhead costs for the dyeing and weaving cost pools: 

Dyeing (based on 1,440,000 MH) Weaving (based on 12,400,000 DMLH) 

Variable costs 

Indirect materials $ 0 $15,400,000 

Maintenance 6,560,000 5,540,000 

Utilities 7,550,000 2,890,000 

Fixed costs 

Indirect labour 347,000 1,700,000 

Depreciation 2,100,000 274,000 

Other 723,000 5,816,000 

Total budgeted costs $17,280,000 $31,620,000 



Required 

. Prepare a direct materials usage budget in both units and dollars. 

. Calculate the budgeted overhead allocation rates for weaving and dyeing. 

. Calculate the budgeted unit cost of a blue rug for the year. 

. Prepare a revenues budget for blue rugs for the year, assuming Xander sells (a) 200,000 or (b) 185,000 
blue rugs (i.e., at two different sales levels). 

. Calculate the budgeted cost of goods sold for blue rugs under each sales assumption. 

. Find the budgeted gross margin for blue rugs under each sales assumption. 

. What actions might you take as a manager to improve profitability if sales drop to 185,000 blue rugs? 

. How might top management at Xander use the budget developed in requirements 1-6 to better manage 
the company? 

Fwd — 

conto ol 

6-23 Revenue, production, and purchases budget. The Suzuki Company in Japan has a division that manufac- 

tures two-wheel motorcycles. Its budgeted sales for Model G for the year are 985,000 units. Suzuki's target 
ending inventory is 115,000 units, and its beginning inventory is 152,000 units. The company’s budgeted sell- 
ing price to its distributors and dealers is 505,000 yen (¥) per motorcycle. 

Suzuki buys all its wheels from an outside supplier. No defective wheels are accepted, (Suzuki's 
needs for extra wheels for replacement parts are ordered by a separate division of the company.) The 
company’s target ending inventory is 28,000 wheels, and its beginning inventory is 19,000 wheels. The bud- 
geted purchase price is ¥21,300 per wheel. 

Required 

1. Compute the budgeted revenue in yen. 

2. Compute the number of motorcycles to be produced. 

3. Compute the budgeted purchases of wheels in units and in yen. 

6-24 Budgets for production and direct manufacturing labour. (CMA, adapted) The All Frame Company makes and 
sells artistic frames for pictures of weddings, graduations, and other special events. Martin Flack, the 
company controller, is responsible for preparing the master budget and has accumulated the following 
information for the year: 

2022 

“January February March April += May 
Estimated sales in units 10,000 12,000 8,000 9,000 9,000 

Selling price $54.00 $51.50 $51.50 $51.50 $51.50 

Direct manufacturing labour-hours per unit 2.0 2.0 1.5 1.5 1.5 

Wage per direct manufacturing labour-hour $10.00 $10.00 $10.00 $11.00 $11.00 

Direct manufacturing labour-related costs include pension contributions of $0.50 per hour, workers’ 

compensation insurance of $0.15 per hour, employee medical insurance of $0.40 per hour, and employment 
insurance, in addition to wages. Assume that as of January 1, 2022, the employment insurance rates are 

7.5% of wages for employers and 7.5% of wages for employees. The cost of employee benefits paid by All 
Frame for its employees is treated as a direct manufacturing labour cost. 

All Frame has an employee labour contract that calls for a wage increase to $11.00 per hour on 
April 1, 2022. New labour-saving machinery has been installed and will be fully operational by March 1, 2022. 

The controller has been informed that the company expects to have 16,000 frames on hand on 

December 31, 2021, and has a policy of carrying an end-of-month inventory of 100% of the following 

month’s sales plus 50% of the second following month's sales. 

Required 

Prepare a production budget and a direct manufacturing labour budget for the All Frame Company by month 

and for the first quarter of 2022. The direct manufacturing labour budget should include labour-hours and 

show the details for each labour cost category. 

6-25 Cash flow analysis. (CMA, adapted) TabComp Inc. is a retail distributor for MZB-33 computer hardware 

and related software and support services. TabComp prepares annual sales forecasts of which the first six 

months for the year are presented here. Cash sales account for 25% of TabComp’s total sales, 30% of the 

total sales are paid by bank credit card, and the remaining 45% are on open account (TabComp’s own 
charge accounts). The cash sales and cash from bank credit card sales are received in the month of the 
sale. Bank credit card sales are subject to a 4% discount deducted at the time of the daily deposit. The 
cash receipts for sales on open account are 70% in the month following the sale and 28% in the second 
month after the sale. The remaining accounts receivable are estimated to be uncollectible. 
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LOo® 
1, Total budgeted indirect cost, 

$27,147 

€ 

LO® 
1, Total budgeted indirect cost for 

March 2022, $27,025 

TabComp’s month-end inventory requirements for computer hardware units are 30% of the next 

month's sales. A one-month lead time is required for delivery from the manufacturer. Thus, orders for com- 
puter hardware units are placed on the 25th of each month to assure that they will be in the store by the 

first day of the month needed. The computer hardware units are purchased under terms of n/45 (payment 

in full within 45 days of invoice), measured from the time the units are delivered to TabComp. TabComp’s 

purchase price for the computer units is 70% of the selling price. 

TabComp Inc. 

Sales Forecast for First Six Months 

Hardware Sales Software Sales 

Units Dollars and Support Total Revenues 

January 130 $ 390,000 $160,000 $ 550,000 

February 120 360,000 140,000 500,000 

March 110 330,000 150,000 480,000 

April 90 270,000 130,000 400,000 

May 100 - 300,000 125,000 425,000 

June 125 375,000 225,000 600,000 

Total $675 $2,025,000 $930,000 $2,955,000 

Required 

1. Calculate the cash that TabComp Inc. can expect to collect during April. Be sure to show all of your 
calculations, 

2. TabComp Inc. is determining how many MZB-33 computer hardware units to order on January 25. 

a. Determine the projected number of computer hardware units that will be ordered. 

b. Calculate the dollar amount of the order that TabComp will place for these computer hardware 

units. 

3. As part of the annual budget process, TabComp prepares a cash budget by month for the entire year. 
Explain why a company such as TabComp would do this. 

6-26 Activity-based budgeting. The Parksville location of Your Mart (YM), a chain of small neighbourhood 

grocery stores, is preparing its activity-based budget for January 2022. YM has three product categories: 

soft drinks, fresh produce, and packaged food. The following table shows the four activities that consume 

indirect resources at the Parksville store, the cost drivers and their rates, and the cost driver amount 

budgeted to be consumed by each activity in January 2022. 

January 2022 Budgeted Amount January 2022 : 
Budgeted of Cost Driver Used 

Cost Driver Soft Fresh Packaged 

Activity Cost Driver Rate Drinks Produce Food 

Ordering Number of purchase orders $90.00 14 24 14 

Delivery Number of deliveries 82.00 12 62 19 

Shelf-stocking Hours of stocking time 21.00 16 172 94 

Customer support Number of items sold 4 20:18 4,600 34,200 10,750 

Required 

1. What is the total budgeted indirect cost at the Parksville store in January 2022? What is the total 

budgeted cost of each activity at the Parksville store for January 2022? What is the budgeted indi- 

rect cost of each product category for January 2022? 
2. Which product category has the largest fraction of total budgeted indirect costs? 
3. Given your answer in requirement 2, what advantage does YM gain by using an activity-based 

approach to budgeting over, say, allocating indirect costs to products based on cost of goods sold? 

6-27 Kaizen approach to activity-based budgeting. Your Mart (YM) has a Kaizen (continuous improvement) 

approach to budgeting activity area costs for each month of 2022. Each successive month, the budgeted 

cost driver rate decreases by 0.2% relative to the preceding month (e.g., February's budgeted cost driver 

rate is 0.998 times January's budgeted cost driver rate, and March's budgeted cost driver rate is 0.998 times 
the budgeted February 2022 rate). YM assumes that the budgeted amount of cost driver usage remains the 

same each month. 



Required 

1, Whatis the total budgeted cost for each activity and the total budgeted indirect cost for March 2022? 
2. What are the benefits of using a Kaizen approach to budgeting? What are the limitations of this 

approach, and how might YM management overcome them? 

Problems 

6-28 Revenue and production budgets. (CPA, adapted) Two products are manufactured by the Fraser Corporation: 

Widgets and Thingamajigs. In July 2021, the controller of Fraser, upon instructions from senior management, 

had the budgeting department gather the following data in order to prepare budgets for 2022: 

2022 Projected Sales 

Product Units Price 

Widget 60,000 $198 

Thingamajig 40,000 $300 

2022 Inventories in Units 

Expected Target 
Product January 1,2022 December 31, 2022 

Widget 22,000 27,000 

Thingamajig 10,000 11,000 

The following direct materials are used to produce one unit of Widget and Thingamajig: 

Amount Used per Unit 

Direct Material Unit Widget Thingamajig 

A Kilograms 4 5 

B Kilograms 2 3 

C Each 0 1 

Projected data for 2022 with respect to direct materials are as follows: 

Expected Target 
Anticipated Inventories, Inventories, 

Direct Material Purchase Price January 1, 2022 December 31, 2022 

A $14 32,000 kilograms 36,000 kilograms 

B $7 29,000 kilograms 32,000 kilograms 

C $5 6,000 units 7,000 units 

Projected direct manufacturing labour requirements and rates for 2022 are as follows: 

Hours per Rate per 
Product Unit Hour 

Widget 2 $15 

Thingamajig 3 19 

Manufacturing overhead is allocated at the rate of $24 per direct manufacturing labour-hour. 

Required 

Based on the preceding projections and budget requirements for Widgets and Thingamajigs, prepare the 

following budgets for 2022: 

1. Revenue budget (in dollars). 
2. Production budget (in units). 
3. Direct materials purchases budget (in quantities). 
4, Direct materials purchases budget (in dollars). 
5. Direct manufacturing labour budget (in dollars). 
6. Budgeted finished goods inventory at December 31, 2022 (in dollars). 
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LO @ 6-29 Budgeted income statement. (CMA, adapted) Easecom Company is a manufacturer of video conferencing 

Operating income, $1,161 products. Regular units are manufactured to meet marketing projections, and specialized units are made 
after an order is received. Maintaining the video-conferencing equipment is an important area of customer 

satisfaction. With the recent downturn in the computer industry, the video-conferencing equipment seg- 

ment has suffered, leading to a decline in Easecom’s financial performance. The following income statement 

shows results for the year. 

Easecom Company 
Income Statement 

For the Year Ended December 31 (in $ thousands) 

Revenues: 

Equipment $6,000 

Maintenance contracts _1,800 

Total revenues $7,800 

Cost of goods sold 4,600 

Gross margin 3,200 

Operating costs: 

Marketing 600 

Distribution 150 

Customer maintenance 1,000 

Administration __900 

Total operating costs _2,650 

Operating income $ 550 

1. Selling prices of equipment are expected to increase by 15% as the economic recovery begins. 

The selling price of each maintenance contract is expected to remain unchanged. 
2. Equipment sales in units are expected to increase by 6%, with a corresponding 6% growth in units of 

maintenance contracts. 
3. Cost of each unit sold is expected to increase by 3% to pay for the necessary technology and quality 

improvements. 

4. Marketing costs are expected to increase by $250,000, but administration costs are expected to remain 
at the same levels. 

5, Distribution costs vary in proportion to the number of units of equipment sold. 

6. Two maintenance technicians are to be hired at a total cost of $130,000, which covers wages and 

related travel costs. The objective is to improve customer service and shorten response time. 
7. There is no beginning or ending inventory of equipment. 

Required 

Prepare a budgeted income statement for the year ending December 31. 

LO @ 6-30 Budget schedules for a manufacturer. Hale Specialties manufactures, among other things, woolen blan- 

kets for the athletic teams of the two local high schools. The company sews the blankets from fabric and 
sews on a iogo patch purchased from the licensed logo store site. The teams are as follows: 

= Broncos, with red blankets and the Broncos logo 

m Rams, with black blankets and the Rams logo 

Also, the black blankets are slightly larger than the red blankets. 

The budgeted direct-cost inputs for each product in 2021 are as follows: 

Broncos Blanket Rams Blanket 

Red wool fabric 5 yards 0 yards 

Black wool fabric 0 6 

Broncos logo patches 1 0 

Rams logo patches 0 1 

Direct manufacturing labour 4 hours 5 hours 



Unit data pertaining to the direct materials for March 2021 are as follows: 

Actual Beginning Direct Materials Inventory (3/1/2021) 

Broncos Blanket Rams Blanket 

Red wool fabric 40 yards 0 yards 

Black wool fabric 0 20 

Broncos logo patches 50 0 

Rams logo patches 0 65 

Target Ending Direct Materials Inventory (3/31/2021) 

Broncos Blanket Rams Blanket 

Red wool fabric 30 yards 0 yards 

Black wool fabric 0 20 

Broncos !ogo patches 30 0 

Rams logo patches 0 30 

Unit cost data for direct-cost inputs pertaining to February 2021 and March 2021 are as follows: 

February 2021 (actual) March 2021 (budgeted) 

Red wool fabric (per yard) $10 $11 

Black wool fabric (per yard) 14 13 

Broncos logo patches (per patch) 8 8 

Rams logo patches (per patch) i g 

Manufacturing labour cost per hour 27 28 

Manufacturing overhead (both variable and fixed) is allocated to each blanket on the basis of budgeted 
direct manufacturing labour-hours per blanket. The budgeted variable manufacturing overhead rate for 

March 2021 is $17 per direct manufacturing labour-hour. The budgeted fixed manufacturing overhead 

for March 2021 is $14,625. Both variable and fixed manufacturing overhead costs are allocated to each unit 

of finished goods. 

Data relating to finished goods inventory for March 2021 are as follows: 

Broncos Blankets Rams Blankets 

Beginning inventory in units 14 19 

Beginning inventory in dollars (cost) $1,960 $2,945 

Target ending inventory in units 24 29 

Budgeted sales for March 2021 are 140 units of the Broncos blankets and 195 units of the Rams blankets. 

The budgeted selling prices per unit in March 2021 are $305 for the Broncos blankets and $378 for the 

Rams blankets. Assume the following in your answer: 

m Work-in-process inventories are negligible and ignored. 

= Direct materials inventory and finished goods inventory are costed using the FIFO method. 

w Unit costs of direct materials purchased and finished goods are constant in March 2021. 

Required 

1. Prepare the following budgets for March 2021: 

. Revenues budget 

. Production budget in units 

. Direct material usage budget and direct materials purchases budget 

. Direct manufacturing labour costs budget 

. Manufacturing overhead costs budget 

Ending inventories budget (direct materials and finished goods) 

. Cost of goods sold budget 
2. Suppose Hale Specialties decides to incorporate continuous improvement into its budgeting process. 

Describe two areas where it could incorporate continuous improvement into the budget schedules in 

requirement 1. 

eq -o 20 & ® 
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Loe 6-31 Revenue and production budgets. (CPA, adapted) The Chen Corporation manufactures and sells two 

products: Thingone and Thingtwo. In July 2020, Chen's budget department gathered the following data to 
prepare budgets for 2021: 

2021 Projected Sales 

Product Units Price 

Thingone 69,000 $160 

Thingtwo 44,000 $258 

2021 Inventories in Units 

Expected Target 

Product January 1, 2021 December 31, 2021 

Thingone 24,000 29,000 

Thingtwo +. 27,000 8,000 

The following direct materials are used in the two products: 

Amount Used per Unit 

Direct Material Unit Thingone Thingtwo 

A pound 6 7 

B pound 4 5 

C each 0 3 

Projected data for 2021 for direct materials are 

Expected Target 
Anticipated Inventories Inventories 

Direct Material Purchase Price January 1, 2021 December 31, 2021 

A $13 36,000 Ib. 38,000 Ib. 

B 8 31,000 Ib. 34,000 Ib. 

C cog ee], 9,000 units 12,000 units 

Projected direct manufacturing labour requirements and rates for 2021 are 

Hours per Rate per 
Product Unit Hour 

Thingone 4 $13 

Thingtwo 5 18 

Manufacturing overhead is allocated at the rate of $24 per direct manufacturing labour-hour. 

Required 

Based on the preceding projections and budget requirements for Thingone and Thingtwo, prepare the fol- 
lowing budgets for 2021: 

1. Revenues budget (in dollars) 
2. What questions might the CEO ask the marketing manager when reviewing the revenues budget? 

Explain briefly. 

3. Production budget (in units) 
4. Direct material purchases budget (in quantities) 
5. Direct material purchases budget (in dollars) 
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. Direct manufacturing labour budget (in dollars) 

. Budgeted finished goods inventory at December 31, 2021 (in dollars) 

. What questions might the CEO ask the production manager when reviewing the production, direct 
materials, and direct manufacturing labour budgets? 

. How does preparing a budget help Chen Corporation's top management better manage the 
company? 

6-32 Comprehensive operating budget. Skulas, Inc., manufactures and sells snowboards. Skulas manufactures LO © 

a single model, the Pipex. In late 2021, Skulas'’s management accountant gathered the following data to 
prepare budgets for January 2022: 

Materials and Labour Requirements 

Direct materials 

Wood 9 board feet (b.f.) per snowboard 

Fibreglass 10 yards per snowboard 

Direct manufacturing labour 5 hours per snowboard 

Skulas’s CEO expects to sell 2,900 snowboards during January 2022 at an estimated retail price of $650 per 

board. Further, the CEO expects 2022 beginning inventory of 500 snowboards and would like to end 

January 2022 with 200 snowboards in stock. 

Direct Materials Inventories 

Beginning Inventory 1/1/2022 Ending Inventory 1/31/2022 

Wood 2,040 b.f. 1,540 bf. 

Fibreglass 1,040 yards 2,040 yards 

Variable manufacturing overhead is $7 per direct manufacturing labour-hour. There are also $81,000 

in fixed manufacturing overhead costs budgeted for January 2022. Skulas combines both variable and 

fixed manufacturing overhead into a single rate based on direct manufacturing labour-hours. Variable 

marketing costs are allocated at the rate of $250 per sales visit. The marketing plan calls for 38 sales 

visits during January 2022. Finally, there are $35,000 in fixed nonmanufacturing costs budgeted for 

January 2022. 

Other data include 

2021 Unit Price 2022 Unit Price 

Wood $32.00 per b.f. $34.00 per b.f. 

Fibreglass $ 8.00 per yard $ 9.00 per yard 

Direct manufacturing labour $28.00 per hour $29.00 per hour 

The inventoriable unit cost for ending finished goods inventory on December 31, 2021, is $374.80. Assume 

Skulas uses a FIFO inventory method for both direct materials and finished goods. Ignore work-in-process in 

your calculations. 

Required 

. Prepare the January 2022 revenues budget (in dollars). 

. Prepare the January 2022 production budget (in units). 

. Prepare the direct material usage and purchases budgets for January 2022. 

. Prepare a direct manufacturing labour costs budget for January 2022. 

. Prepare a manufacturing overhead costs budget for January 2022. 

. Whatis the budgeted manufacturing overhead rate for January 2022? 

. What is the budgeted manufacturing overhead cost per output unit in January 2022? 

. Calculate the cost of a snowboard manufactured in January 2022. 

. Prepare an ending inventory budget for both direct materials and finished goods for January 2022. 

. Prepare a cost of goods sold budget for January 2022. 

. Prepare the budgeted income statement for Skulas, Inc., for January 2022. 

. What questions might the CEO ask the management team when reviewing the budget? Should the CEO 

set stretch targets? Explain briefly. 
. How does preparing the budget help Skulas's management team better manage the company? 
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LO® 

LOo® 
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520 Dog-eriffic, 285 

6-33 Cash budgeting, budgeted balance sheet. Refer to the information in Problem 6-32. 

Budgeted balances at January 31, 2022 are as follows: 

Cash ? 

Accounts receivable ? 

Inventory ? 

Property, plant, and equipment (net) $1,175,600 

Accounts payable ? 

Long-term liabilities 182,000 

Shareholders’ equity ? 

Selected budget information for December 2021 follows: 

Cash balance, December 31, 2021 $ 124,000 

Budgeted sales 1,650,000 

Budgeted materials purchases 820,000 

Customer invoices are payable within 30 days. From past experience, Skulas’s accountant projects 

40% of invoices will be collected in the month invoiced, and 60% will be collected in the following month. 

Accounts payable relates only to the purchase of direct materials. Direct materials are purchased on 

credit with 50% of direct materials purchases paid during the month of the purchase, and 50% paid in the 

month following purchase. 

Fixed manufacturing overhead costs include $64,000 of depreciation costs and fixed nonmanufactur- 

ing overhead costs include $10,000 of depreciation costs. Direct manufacturing labour and the remaining 

manufacturing and nonmanufacturing overhead costs are paid monthly. 
All property, plant, and equipment acquired during January 2022 were purchased on credit and did 

not entail any outflow of cash. 

There were no borrowings or repayments with respect to long-term liabilities in January 2022. 

On December 15, 2021, Skulas’s board of directors voted to pay a $160,000 dividend to shareholders 

on January 31, 2022. 

Required 

1. Prepare a cash budget for January 2022. Show supporting schedules for the calculation of collection of 
receivables and payments of accounts payable, and for disbursements for fixed manufacturing and 
nonmanufacturing overhead. 

2. Skulas is interested in maintaining a minimum cash balance of $120,000 at the end of each month. Will 

Skulas be in a position to pay the $160,000 dividend on January 31? 

3. Why do Skulas’s managers prepare a cash budgetin addition to the revenue, expenses, and operating 
income budget? 

4, Prepare a budgeted balance sheet for January 31, 2022 by calculating the January 31, 2022 balances in 
(a) cash (b) accounts receivable (c) inventory (d) accounts payable and (e) plugging in the balance for 
shareholders’ equity. 

6-34 Comprehensive problem with ABC costing. Pet Transport Company makes two pet carriers, the Cat-allac 

and the Dog-eriffic. They are both made of.plastic with metal doors, but the Cat-allac is smaller. Information 

for the two products for the month of April is given in the following tables: 

Input Prices 

Direct materials 

Plastic $ 4 per kilogram 

Metal $ 3 per kilogram 

Direct manufacturing labour $10 per direct manufacturing labour-hour 

Input Quantities per Unit of Output 

Cat-allac Dog-eriffic 

Direct materials 

Plastic 4 kilograms 6 kilograms 

Metal 0.5 kilograms 1 kilogram 

Direct manufacturing labour-hours (DMLH) 3 hours 5 hours 

Machine-hours (MH) 10 MH 18 MH 



Inventory Information, Direct Materials 

Plastic Metal 

Beginning inventory 250 kilograms 60 kilograms 

Target ending inventory 380 kilograms 55 kilograms 

Cost of beginning inventory $950 $180 

Pet Transport accounts for direct materials using a FIFO cost flow assumption. 

Sales and Inventory Information, Finished Goods 

Cat-allac Dog-eriffic 

Expected sales 500 units 300 units 

Selling price $ 160 $ 250 

Target ending inventory 35 units 15 units 

Beginning inventory 15 units 30 units 

Beginning inventory value $ 1,500 $ 5,580 

Pet Transport uses a FIFO cost flow assumption for finished goods inventory. 

Pet Transport uses an activity-based costing system and classifies overhead into three activity pools: 

Setup, Processing, and Inspection. Activity rates for these activities are $100 per setup-hour, $5 per 
machine-hour, and $16 per inspection-hour. Other information follows: 

Cost Driver Information 

Cat-allac Dog-eriffic 

Number of units per batch 20 15 

Setup time per batch 1.5 hours 1.75 hours 

Inspection time per batch 0.5 hour 0.6 hour 

Nonproduction fixed costs for March equal $36,000, of which half are salaries. Salaries are expected to 
increase by 5% in April. The only variable nonproduction cost is sales commission, equal to 1% of sales 

revenue. 

Required 

Prepare the following for April: 

1. Revenue budget 

. Production budget in units 

. Direct material usage budget and direct material purchases budget 

. Direct manufacturing labour cost budget 

. Manufacturing overhead cost budgets for each of the three activities 

. Budgeted unit cost of ending finished goods inventory and ending inventories budget 

. Cost of goods sold budget | 

. Non-manufacturing costs budget 

9. Budgeted income statement (ignore income taxes) 

on Oo S WwW PDP 

6-35 Cash budget (continuation of 6-34). Assume the following: Pet Transport (PT) does not make any sales on 
credit. PT sells only to the public, and accepts cash and credit cards. Of its sales, 90% are to customers 

using credit cards, for which PT gets the cash right away, less a 3% transaction fee. 

Purchases of materials are on account. PT pays for half the purchases in the period of the purchase 

and the other half in the following period. At the end of March, PT owes suppliers $8,500. PT plans to replace 

a machine in April at a net cash cost of $13,700. Labour, other production costs, and nonproduction costs are 

paid in cash in the month incurred except, of course, depreciation, which is not a cash flow. For April, 

$20,000 of the production cost and $10,000 of the nonproduction cost is depreciation. 
PT currently has a $2,000 loan at an annual interest rate of 12%. The interest is paid at the end of each 

month. If PT has more than $10,000 cash at the end of April, it will pay back the loan. PT owes $5,000 in 

income taxes that need to be remitted in April. PT has cash of $5,360 on hand at the end of March. 

Required 

Prepare a cash budget for April for Pet Transport. 

Assignment Material 221 

LO © 
Ending cash balance, $20,740 



222 Chapter 6 Master Budget and Responsibility Accounting 

Loo 6-36 Responsibility and controllability. Sylvain Durier is the purchasing agent for Food Manufacturing Company. 
Marge Belvedere is head of the production planning and control department. Every six months, Belvedere 

gives Durier a general purchasing program. Durier gets specifications from the engineering department. 

He then selects suppliers and negotiates prices. When he took this job, Durier was informed very clearly that 

he bore responsibility for meeting the general purchasing program once he accepted it from Belvedere. 

During week 24, Durier was advised that Part No. 1234—a critical part—would be needed for assem- 
bly on Tuesday morning of week 32. He found that the regular supplier could not deliver. He called every- 

where and finally found a supplier across the country and accepted the commitment. 

He followed up by mail. Yes, the supplier assured him, the part would be ready. The matter was so 

important that on Thursday of week 31, Durier checked by phone. Yes, the shipment had left on time. Durier 

was reassured and did not check further. But on Tuesday of week 32, the part had not arrived. Inquiry 

revealed that the shipment had been misdirected by the railroad and was stuck in Winnipeg. 

Required 

Which department should bear the costs of time lost in the plant? Why? As a purchasing agent, do you think 

it fair that such costs be charged to your department? 

LOO 6-37 Budgeting and governance. Duncan Company manufactures a variety of products in a variety of depart- 

ments, and evaluates departments and departmental managers by comparing actual costs and outputs 

relative to their budgets. Departmental managers help create the budgets and usually provide information 
about input quantities for materials, labour, and overhead costs. Sheryl Maki is the manager of the depart- 

ment that produces Product Z. Maki has estimated these inputs for Product Z: 

Input Budget Quantity per Unit of Output 

Direct materials 3 kilograms 

Direct manufacturing labour 20 minutes 

Machine time 10 minutes 

The department produces about 100 units of Product Z each day. Maki's department always gets 

excellent evaluations, sometimes exceeding budgeted production quantities. Each 100 units of Product Z 

uses, on average, about 32 hours of direct manufacturing labour (four people working eight hours each), 
295 kilograms of materials, and 16.5 machine-hours. 

Top management of Duncan Company has decided to implement budget standards that will challenge 

the workers in each department, and it has asked Maki to design more challenging input standards for 

Product Z. Maki provides top management with the following input quantities: 

Input Budget Quantity per Unit of Output 

Direct materials 2.95 kilograms 

Direct manufacturing labour 19.2 minutes 

Machine time 9.9 minutes 

Required 

Discuss the following: 

1. Are these challenging standards for Maki's department? 

2. Why do you suppose Maki picked these particular standards? 

3. What steps can Duncan Company top management take to make sure Maki's standards really meet the 
goals of the firm? 

LO@ 6-38 Comprehensive budgeting problem; activity-based costing, operating and financial budgets. Tyva makes a very 

popular undyed cloth sandal in one style, but in Regular and Deluxe. The Regular sandals have cloth soles 

and the Deluxe sandals have cloth-covered wooden soles. Tyva is preparing its budget for June and has 

estimated sales based on past experience. 
Other information for the month of June follows: 

Input Prices 

Direct materials 

Cloth $5.25 per yard 

Wood $7.50 per board foot 

Direct manufacturing labour $15 per direct manufacturing labour-hour 



Input Quantities per Unit of Output (per pair of sandals) 

Regular 

Direct materials 

Cloth 1.3 yards 

Wood 0 

Direct manufacturing labour-hours (DMLH) 5 hours 

Setup-hours per batch 2 hours 

Inventory Information, Direct Materials 

Cloth 

Beginning inventory 610 yards 

Target ending inventory 386 yards 

Cost of beginning inventory $3,219 

Tyva accounts for direct materials using a FIFO cost-flow assumption. 

Sales and Inventory Information, Finished Goods 

Regular 

Expected sales in units (pairs of sandals) 2,000 

Selling price $ 120 

Target ending inventory in units 400 

Beginning inventory in units 250 

Beginning inventory-in dollars $23,250 

Tyva uses a FIFO cost-flow assumption for finished goods inventory. 
All the sandals are made in batches of 50 pairs of sandals. Tyva incurs manufacturing overhead costs, 

marketing and general administration, and shipping costs. Besides materials and labour, manufacturing 
costs include setup, processing, and inspection costs. Tyva ships 40 pairs of sandals per shipment. Tyva 
uses activity-based costing and has classified all overhead costs for the month of June as shown in the 
following 

Cost Type 

chart: 

Denominator Activity 

Manufacturing 

Setup Setup-hours 

Processing Direct manufacturing 
labour-hours (DMLH) 

Inspection Number of pairs of 
sandals 

Nonmanufacturing 

Marketing and general administration 

Shipping 

Required 

Sales revenue 

Number of shipments 

1. Prepare each of the following for June: 
a, Revenues budget 
b. Production budget in units 
c. Direct material usage budget and direct material purchases budget in both units and dollars; round 

to dollars 

se ~“~o a 

. Direct manufacturing labour cost budget 

. Manufacturing overhead cost budgets for setup, processing, and inspection activities 
Budgeted unit cost of ending finished goods inventory and ending inventories budget 

, Cost of goods sold budget 
. Marketing and general administration and shipping costs budget 
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Deluxe 

1.5 yards 

2 bf. 

7 hours 

3 hours 

650 

$92,625 

Rate 

$18 per setup-hour 

$1.80 per DMLH 

$1.35 per pair 

8% 

$ 15 per shipment 
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3, Budgeted net income, $999 

2. Tyva’s balance sheet for May 31 follows. 

Tyva Balance Sheet as of May 31 

Assets 

Cash $ 9,435 

Accounts receivable $324,000 

Less: Allowance for bad debts 16,200 307,800 

Inventories 

Direct materials 9,279 

Finished goods 115,875 

Fixed assets $870,000 

Less: Accumulated depreciation 136,335 733,665 

Total assets $1,176,054 

Liabilities and Equity 

Accounts payable $ 15,600 

Taxes payable 10,800 

Interest payable 750 

Long-term debt 150,000 

Common shares 300,000 

Retained earnings 698,904 

Total liabilities and equity $1,176,054 

Use the balance sheet and the following information to prepare a cash budget for Tyva for June. Round to 
dollars. 

All sales are on account; 60% are collected in the month of the sale, 38% are collected the following 

month, and 2% are never collected and written off as bad debts. 

All purchases of materials are on account. Tyva pays for 80% of purchases in the month of pur- 

chase and 20% in the following month. 

All other costs are paid in the month incurred, including the declaration and payment of a $15,000 

cash dividend in June. 

Tyva is making monthly interest payments of 0.5% (6% per year) on a $150,000 long-term loan. 

Tyva plans to pay the $10,800 of taxes owed as of May 31 in the month of June. Income tax expense 
for June is zero. 

30% of processing, setup, and inspection costs and 10% of marketing and general administration 

and shipping costs are depreciation. 

3. Prepare a budgeted income statement for June and a budgeted balance sheet for Tyva as of June 30. 

Mini-Cases 

6-39 Comprehensive budgeting problem; activity-based costing, operating and financial budgets. Grant Shew is the 

product manager at Yummi-Lik. Yummi-Lik sells really big lollipops in two sizes, large and giant lollipops to 

convenience stores, at fairs, and to schools for fundraisers, as well as a bulk channel on the internet. The 

lollipops are handmade, mostly out of sugar, and attached to wooden sticks. Grant is preparing the sales 

budget for the summer, knowing a successful sales season will have a big impact on his performance 
review. Expected sales are based on past experience. 

Other information for the month of June follows: 

Input Prices 

Direct materials 

Sugar $0.50 per kilogram (Ib) 

Sticks $0.30 each 

Direct manufacturing labour 0.008 per direct manufacturing labour-hour 



Input Quantities per Unit of Output 

Direct materials 

Sugar 

Sticks 

Direct manufacturing labour-hours (DMLH) 

Setup-hours per batch 

Inventory Information, Direct Materials 

Beginning inventory 

Target ending inventory 

Cost of beginning inventory 

Yummi-Lik accounts for direct materials using a FIFO cost flow assumption. 

Large 

0.25 Ib 

1 

0.20 hours 

0.08 hours 

Sugar 

125 |b 

240 !b 

$64 

Sales and Inventory Information, Finished Goods 

Expected sales in units 

Selling price 

Target ending inventory in units 

Beginning inventory in units 

Beginning inventory in dollars 

Yummi-Lik uses a FIFO cost flow assumption for finished goods inventory. 

Large 

3,000 

200 

$ 500 

Assignment Material 225 

Giant 

0.50 Ib 

1 

0.25 hours 

0.09 hours 

Sticks 

350 

480 

$105 

Giant 

1,800 

$ 4 

180 

150 

$ 474 

All the lollipops are made in batches of 10. Yummi-Lik incurs manufacturing overhead costs, and mar- 

keting and general administration costs, but customers pay for shipping. Other than manufacturing labour 

costs, monthly processing costs are very low. Yummi-Lik uses ABC and has classified all overhead costs 
for the month of June as shown in the following chart: 

Cost Type 

Manufacturing: 

Setup 

Processing 

Non-manufacturing: 

Marketing and general administration 

Required 

1. Grant needs to prepare a full set of budgets for June: 

. Revenue budget 

. Production budget in units 

. Direct manufacturing labour cost budget 

. Cost of goods sold budget 

se ~oaawrD 

Denominator Activity 

Setup-hours 

Direct manufacturing 

labour-hours (DMLH) 

Sales revenue 

. Direct material usage budget and direct material purchases budget 

. Manufacturing overhead cost budgets for processing and setup activities 

Budgeted unit cost of ending finished goods inventory and ending inventories budget 

. Marketing and general administration costs budget 

Rate 

$20 per setup-hour 

$1.70 per DMLH 

10% 

Grant knows that 80% of sales are on account, of which half are collected in the month of the sale, 49% 

are collected the following month, and 1% are never collected and written off as bad debts, which has an 

impact on net revenues. In addition to this, all purchases of materials are on account. Yummi-Lik pays for 

70% of purchases in the month of purchase and 30% in the following month. However, all other costs are 
paid in the month incurred. Knowing this, Grant has to create 
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2. A cash budget for Yummi-Lik for June 
3. A budgeted income statement for June and a budgeted balance sheet for Yummi-Lik as of June 30 

The following information is necessary: 

i. Yummi-Lik’s balance sheet for May 31 follows. Use it and the following information to prepare a cash 
budget for Yummi-Lik for June. 

ii. Yummi-Lik is making monthly interest payments of 1% (12% per year) on a $20,000 long-term loan. 

iii. Yummi-Lik plans to pay the $500 of taxes owed as of May 31 in the month of June. Income tax expense 
for June is zero, 

iv. 40% of processing and setup costs, and 30% of marketing and general administration costs, are 

depreciation, 

Yummi-Lik Balance Sheet May 31 

Assets 

Cash $ 587 

Accounts receivable $ 4,800 

Less: Allowance for bad debts 96 4,704 

Inventories: 

Direct materials 169 

Finished goods 974 

Fixed assets 190,000 

Less: Accumulated depreciation 55,759 134,241 

Total assets $140,675 

Liabilities and Equity 

Accounts payable $ 696 

Taxes payable 500 

Interest payable 200 

Long-term debt 20,000 

Common shares 10,000 

Retained earnings 109,279 

Total liabilities and equity $140,675 

6-40 University department, budget revision options. David Tax is the athletics director of Maritime University (MU). 

He has been director for more than 10 years. MU is a men’s football and basketball powerhouse. The women’s 
athletics program, however, has had less success. Last year, the women’s basketball team finally had more 
wins than losses. 

Tax has just had a meeting with Laura Medley, the newly appointed president of MU. It did not go 

well. Medley and Tax discussed what she called “Draft |" of the 2022 athletics department budget. He had 
believed it was the final draft. Medley expressed four grave concerns about Draft | in particular and about 
the MU athletics program in general: 

= Concern 1. The athletics department was budgeting a loss of more than $3.6 million in 2022. Given the tight 

fiscal position of the university, this was unacceptable. A budgeted loss of $1.2 million was the most she 
would tolerate for 2022. Draft Il of the 2022 budget was due in two weeks’ time. By 2023, the athletics 
department had to operate with a balanced budget. She told Tax this was nonnegotiable. 

w Concern 2. There was very little money allocated to the women’s athletics program. Frontline, a tabloid 

television show, recently ran a program titled “It's a Man's World at the Maritime University Athletics 
Program.” Medley said Tax was treating female athletes as “third-class citizens.” 

8 Concern 3. The men’s football athletes, many of whom had full scholarships, had poor academic perfor- 
mance. Medley noted that the local TV news recently ran an interview with three football team students, 
none of whom “exemplified the high academic credentials she wanted Maritime to showcase to the 
world.” She called one student “incoherent” and another “incapable of stringing sentences together.” 

= Concern 4, The salary paid to Bill Madden, the football coach, was outrageous. Medley noted it was twice 
that of the highest-paid academic on campus, a Nobel Prize winner! Moreover, Madden received other 
payments from his “Football the Atlantic Way” summer program for high school students. 

The following exhibit is a summary of the Draft | athletics department budget for 2022. 
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Revenues: 

Men's athletics programs $12,420 

Women’s athletics programs 0.936 

Other (endowment income, gifts) __ 4.080 

Costs: 

Men’s athletics programs 13.248 

Women’s athletics programs 3,360 

Other (not assigned to programs) 4.440 

Operating income 

Men's Athletics Programs 

Football Basketball Swimming 

Revenues $10.320 $1.800 $0.120 

Costs 8.880 3.240 0.360 

Full student scholarships 37 21 6 

Women's Athletic Programs 

Basketball Swimming 

Revenues $0.720 $0.096 

Costs 2.160 0.240 

Full student scholarships 1 4 

Instructions 

$ 17.436 

Other 

$0,120 

0.960 

2 

Form groups of two or more students to complete the following requirement. 

Required 

Total 

$12.420 

13.248 

68 

Total 

$0.936 

3.360 

17 

Your group should discuss the concerns noted both from quantitative and qualitative perspectives. What 

should be addressed in preparing Draft Il of the athletics department's 2022 budget? This draft will form the 

basis of a half-day meeting Tax will have with key officials of the athletics department. 

Schedule 1: Revenues Budget 

for the Year Ending December 31, 2021 

Units 

21,000 

10,000 

Sellin g Price 

$25 

40 

SOLUTIONS << TRY IT! 

Total Revenues 

$525,000 

400,000 

$925,000 

Schedule 2: Production Budget (in Units) 

for the Year Ending December 31, 2021 

Budgeted sales in units (Schedule 1) 

Add target ending finished goods inventory 

Total required units 

Deduct beginning finished goods inventory 

Units of finished goods to be produced 

Knox 

21,000 

2,000 
23,000 

3,000 
20,000 

Product 

Ayer 

10,000 

1,000 
11,000 

1,000 
40,000 
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Schedule 3A: Direct Material Usage Budget in Quantity and Dollars 
for the Year Ending December 31, 2021 

Material 

Metal Fabric Total 

Physical Units Budget 

Direct materials required for Knox lamps 40,000 kilograms 20,000 metres 
(20,000 units < 2 kilograms and 1 metres) 

Direct materials required for Ayer lamps 30,000 kilograms 15,000 metres 
(10,000 units x 3 kilograms and 1.5 metres) 

Total quantity of direct materials to be used 70,000 kilograms 35,000 metres 

Cost Budget 

Available from beginning direct materials 
inventory (under a FIFO cost-flow 

assumption) (Given) 

Metal: 12,000 kilograms X $3 per kilograms $ 36,000 

Fabric: 7,000 metres X $4 per metre $ 28,000 

To be purchased and used this period 

Metal: (70,000 — 12,000) kilograms 174,000 
x $3 per kilograms 

Fabric: (35,000 — 7,000) metres 112,000 
x $4 per metres 

Direct materials to be used this period $210,000 $140,000 $350,000 

Schedule 3B: Direct Material Purchases Budget 

for the Year Ending December 31, 2021 

Material 

Metal Fabric Total 

Physical Units Budget 

To be used in production 70,000 kilograms 35,000 metres 
(from Schedule 3A) 

Add target ending inventory 10,000 kilograms _5,000 metres 

Total requirements 80,000 kilograms 40,000 metres 

Deduct beginning inventory 12,000 kilograms _7,000 metres 

Purchases to be made 68,000 kilograms 33,000 metres 

Cost Budget 

Metal: 68,000 kilograms X $3 per kilogram $204,000 

Fabric: 33,000 metres x $4 per metre $132,000 

Direct materials to be purchased this period $204,000 $132,000 $336,000 

Schedule 4: Direct Manufacturing Labour Costs Budget 
for the Year Ending December 31, 2021 

Direct 
Output Units Manufacturing 

Produced Labour-Hours Hourly Wage 
(Schedule 2) per Unit Total Hours Rate Total 

Knox 20,000 0.15 3,000 $20 $ 60,000 

Ayer 10,000 0.2 2,000 20 40,000 

Total 5,000 $100,000 



Assignment Material 

Knox Ayer 

1. Quantity of lamps to be produced 20,000 lamps 10,000 lamps 

2. Number of lamps to be produced per batch 100 lamps/batch 80 lamps/batch 

3. Number of batches (1) + (2) 200 batches 125 batches 

4, Setup time per batch 3 hours/batch 4 hours/batch 

5. Total setup-hours (3) x (4) 600 hours 500 hours 

Schedule 5: Manufacturing Overhead Costs Budget 
for the Year Ending December 31, 2021 

Machine Setup Overhead Costs 

Variable costs ($60 per setup-hour X 1,100 setup-hours) $ 66,000 

Fixed costs (to support capacity of 1,100 setup-hours) 77,000 

Total machine setup overhead costs $143,000 

Total manufacturing overhead costs $143,000 

Schedule 6A: Budgeted Unit Costs of Ending Finished 
Goods Inventory December 31, 2021 

Product 

Knox Ayer 

Costper  lnput per Unit Input per Unit 
Unit of Input —_— of Output Total of Output Total 

Metal Sar 2kilograms  $ 6.00 Skilograms  $ 9.00 

Fabric 1 metre 4.00 1.5 metres 6.00 

Direct manufacturing labour 0.15 hrs. 3.00 0.2 hrs. 4,00 

Machine setup overhead 0.03hrs. — 3.90 0.05 hrs. _ 6.50 

Total $16.90 $25.50 

Under the FIFO method, managers use this unit cost to calculate the cost of target ending 

inventories of finished goods in Schedule 6B. 

Schedule 6B: Ending Inventories Budget December 31, 2021 

Quantity Cost per Unit 

Direct materials 

Metal 10,000 $ 3.00 $30,000 

Fabric 5,000 4.00 _ 20,000 $ 50,000 

Finished goods 

Knox 2,000 $16.90 $33,800 

Ayer 1,000 25.50 _25,500 59,300 

Total ending inventory $109,300 
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Learning Objectives 
@ Distinguish between a static 

budget and a flexible budget. 

@ Develop Level 2 flexible budgets, 
and calculate flexible-budget 

and sales-volume variances. 

© Develop Level 3 rate and 
efficiency variances for direct 

manufacturing costs. 

@ Undertake variance analysis in 
activity-based costing systems. 

@ Describe how managers use 
variance analysis. 

@ Appendix 7A: Distinguish 
among standards, budgets, 
and benchmarks. 

@ Appendix 7B: Distinguish 
between Levels 3 and 4 variance 

analysis for substitutable inputs, 

and calculate Level 4 direct mix 

and yield variances. 

CPA Competencies* 
This chapter covers material 

outlined in Section 3: 

Management Accounting of 

the CPA Competency Map. The 

Learning Objectives in this chapter 

have been aligned with the CPA 

Competency Map to ensure the 

best coverage possible. 

3.2.1 Develops or evaluates 

information inputs for operational 

plans, budgets, and forecasts 

3.2.2 Prepares, analyzes, or 
evaluates operational plans, 

budgets, and forecasts 

3.2.3 Computes, analyzes, or 

assesses implications of variances 

3.4.1 Evaluates sources and 

drivers of revenue growth 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada. 
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Flexible Budgets, Variances, 
and Management Control: | 

Keeping It Real 
At McDonald’s, “Would you like fries with that?” is cross-selling. lf diners say yes, 
then the larger sale contributes to the restaurant’s sales targets and profitability. 

McDonald’s focuses the directed selling to suggest items (e.g., fries) that generate 

high margins, as opposed to those that might not. Managers track both actual 

sales and costs. Budgeted food and labour costs are compared to actual restaurant 
performance. Any significant differences between the budgeted and actual results 

must be explained. If the differences are unfavourable, variance analysis helps 

managers find the appropriate remedies and then implement them quickly. 
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Managers quantify their operating and strategic plans for the future in the form of bud- 
gets, which summarize a series of complex decisions. A variance is the difference between 
the budgeted (predicted) results and the actual results. Variance analysis is a management 
control tool that enables management by exception, the practice of focusing management 
attention on areas where performance fails to meet expectations. By analyzing the excep- 
tions, managers can examine why actual results failed to meet expectations. 

Variances are often referred to as favourable or unfavourable. A favourable (F) 
variance will result in an actual operating income that exceeds the budgeted amount. 
An unfavourable (U) variance will result in an actual operating income that is less than 
the budgeted amount. The logic of variance analysis is clear. All other things being equal, 
unfavourable variances are when either actual revenue is less than expected or actual 
expenses are more than projected. 

The 5 DM Framework and Variance Analysis 

Step 1: Identify the Problem and Uncertainties The first step in any decision process is to 
identify or frame the problem. Management can use flexible budgets and variance analy- 
sis to help identify problem areas. Usually the results of variance analysis focus on fail- 
ure, but a management team can also learn from success and then intentionally repeat it. 

Step 2: Obtain Information Variance analysis depends on the availability and communi- 
cation of timely, reliable financial accounting information reported in good form. 
The management information system (MIS) supplies the basic budgeted and actual data, 
then managers analyze it to produce a variance report. These reports are feedback on 
how well the organization achieved its predicted targets. 

Step 3: Make Predictions About the Future Because the future is uncertain, the one sure 
thing about budgeted values is that they will be wrong. The question is whether or not 
the inaccuracies are tolerable. Are they so large or critical that they threaten the eco- 
nomic health of the organization? 

Step 4: Decide On and Implement One of the Available Alternatives If the variances are 

likely to harm the organization, the managers must identify what caused the failures and 
find remedies. Unfavourable variances indicate that actual results failed to meet what 
was budgeted. In some cases, the remedy is to change expectations and revise the budget. 
Usually, however, an unfavourable variance indicates the need to regain control of costs 
by changing operations. 

Step 5: Implement the Decision, Evaluate Performance, and Learn Quick identification 
of the cause of unfavourable variances improves results and allows the management 
team to learn from its past mistakes. Future budgets may incorporate the results of cur- 
rent variance analysis through changed standards (expectations) or through changed 
practices (management of the organization). Causes of variances should be documented 
so that they are available for future analyses. 

Static and Flexible Budgets 

A static budget is a budget that is based on one level of output. It is not adjusted or altered 
after it is set. It usually represents the original plan (budget) or expectations for a period 
of time (e.g., month, quarter, or year). A static-budget variance is the difference between 
the actual results and the static-budget numbers. Unfortunately, the static-budget variance 
analysis has limited use. For example, if the volume of sales is higher than expected, all 
other things being equal the operating income variance will be favourable. However, this 
can be deceptive. Some costs vary directly with the quantity produced and sold (i.e., vari- 
able costs). As a result, actual direct material costs, for example, will be greater than the 
budgeted because an increased quantity produced and sold. Higher variable costs are 
caused by the higher sales volume, not by some inefficiency in the purchase and use of 
direct materials (which is what variance analysis is meant to predict). In a static-budget 
analysis, this cost variance would be reported as unfavourable (because it causes operating 

LOO 
Distinguish between a 

static budget and a flexible 

budget. 
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income to decrease), even though it is predictable as a result of the higher-than-expected 
sales volume. 

To avoid wasting time investigating predictable variances, the flexible budget is more 
effective than the static-budget analysis. After each time period (e.g., month, quarter, or 
year), the budgeted variable costs and budgeted revenue amounts will be adjusted accord- 
ing to the actual quantity produced and sold. So, the flexible budget is the hypothetical 
budget that an organization would have prepared at the start of the budget period if it had 
correctly forecast the actual output. A flexible budget enables managers to calculate a 
more informative set of variances in order to provide more useful feedback. 

Budgets, both static and flexible, can differ in their level of detail. In this text, the 
term Level followed by a number denotes the amount of detail indicated by the vari- 
ance(s) isolated. Level 0 reports the least detail; Levels 1, 2, 3, and 4 offer progressively 
more detailed information. Detail is also referred to as fineness in financial accounting. 
Fineness is a characteristic of reliable information that identifies cause with effect and cost 
with benefit. The finer the detail and the clearer the cause-effect and cost-benefit rela- 
tionships, the more readily costs can be controlled. 

The Costing System at Webb Company 

We will use information from Webb Company’s costing system to illustrate static and 
flexible budgets. Webb manufactures and sells a single product, a distinctive jacket, which 
is wholesaled to independent clothing stores and retail chains. Production of the finished 
goods requires different raw materials, tailoring, and hand and machine operations. 
Webb’s costing system classifies the direct and indirect costs of manufacturing into four 
cost pools as shown. The non-manufacturing costs are represented by the three down- 
stream cost pools for marketing; one is direct and two are indirect. 

Direct Costs Indirect Costs 

Manufacturing Direct materials Variable manufacturing overhead 

Direct manufacturing labour Fixed manufacturing overhead 

Marketing Direct marketing labour Variable marketing overhead 

Fixed marketing overhead 

Webb’s marketing division has estimated budgeted revenue (budgeted selling price x 
budgeted units sold) for the year and per month. Other operating division managers have 
estimated budgeted costs for the year and per month based on the sales estimates. Once a 
budget is developed, this provides Webb’s management team with all the relevant infor- 
mation required to do a very fine (detailed) level of variance analysis. 

Before starting our discussion about budgeting, we will make four simplifying 
assumptions: 

1. The monthly estimates are 1/12 of the annual amounts. 

2. Each jacket requires identical amounts of both labour and machine time. 

3. The quantity (Q) produced equals the quantity sold or, in other words, there is zero 
finished goods inventory at the end of each month. 

4. The variable direct costs and revenues have an identical driver (Q). 

It is important to note that many firms use standard costs as the basis for many of 
their budgeted cost figures. A standard is a carefully predetermined amount based on 
investigation of external performance achieved by similar processes. A standard is usually 
expressed on a per-unit basis and communicates an average amount indicating what 
should be achieved by any similar process each time period that performance measures 
are taken. A more complete discussion of standards is found in Appendix 7A. 

The variable manufacturing overhead costs (VMOH) are allocated using direct 
machine-hours (DMH) as the cost driver, while the variable period or non-manufacturing 
overhead costs (VPOH) are allocated using the cost driver direct marketing labour-hours 
(DLH). Exhibit 7-1 reports data available in Webb’s costing MIS. 
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| Budgeted Actual Company’s Accounting 
Unit sales price per jacket $180.00 $185.00 System Data 

Q=Relevant range of jackets produced and sold _—-8,000-16,000 10,000 

Budgeted The traceable costs per jacket are 
Q Cost Budgeted Budgeted direct materials (DM) purchased 

Budgeted ODriverper Costper Costper Ad ca cae tla 
Cost Category per Jacket Cost Driver Jacket InputUnit Jacket purchased in square metres (m2). 

Direct materials (DM) measured in square The direct manufacturing labour- 
metres (m2) m? 2.000 $30.00 $60.00 hours (DMLH) and direct marketing 

‘ ‘ labour-hours (DLH) are traced to 
Direct manufacturing labour (DMLH) DMLH 0.800 20.00 16.00 seth jacks! praducediand sold 

Variable manufacturing overhead (VMOH*) DMH 0.400 30.00 12.00 The direct machine-hours (DMH) 

Total budgeted variable manufacturing costs are not traced but are used in 
per jacket 88.00 fixed cost allocation and indirect 

, variance analysis. 
Direct marketing labour downstream (DLH) DLH 0.250 24.00 6.00 

Variable marketing overhead downstream 

(VPOH**) DLH 0.125 40.00 5.00 

Total budgeted variable period costs per jacket 11.00 

Total budgeted variable costs per unit $99.00 

Fixed costs of production (FMOH*) $276,000 

Fixed period costs (FPOH**) 434,000 

Total budgeted fixed costs $710,000 

*VMOH and FMOH refer to manufacturing overhead for variable and fixed costs. 
**VPOH and FPOH refer to period overhead for variable and fixed non-manufacturing overhead costs. 

Period costs include downstream marketing costs, which are traced to each jacket. 
The downstream distribution, customer service, and advertising costs form the variable 

period overhead cost pool and are allocated costs. The relevant range for both the manu- 
facturing and period cost drivers is from 8,000 to 16,000 units. 

Static-Budget Variances 

Webb’s actual results and the static-budget amounts for operating income in April 2021, 
in operating income format, are as follows: 

LEVEL 0 Variance Analysis 

Actual Static-Budget Variance  Static-Budget Amount 

Operating income $25,000 $(237,000) U $262,000 

Interpretation of Level O Results 

Webb’s managers receive limited useful feedback from a Level 0 variance analysis report. 
While it is clear is that the actual performance failed to meet the budget, there is no indi- 
cation as to why. The static-budget variance of $(237,000) U is based on the actual result 
of $25,000 less the operating income of $262,000 that was forecast. Level 0 variance 
analysis provides a signal but no insight to the management team about how the large 
unfavourable variance arose. 

Webb can improve the quality of feedback by using a contribution margin format as 
shown in Exhibit 7-2. This format encourages a line-by-line variance analysis that provides 
the management team with insight about the budget shortfall. This is a Level 1 variance 
analysis. The Level 0 and 1 variance analysis are compared in Exhibit 7-2. 

The table in Exhibit 7-2 provides a number of insights: 

s An unfavourable revenue variance of $310,000 (row 5) resulted from Webb’s failure 

to sell the predicted volume of Q = 12,000 jackets 
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Comparison 
of Levels 0 and 1 Static- 

Budget Variance Analysis 

LEVEL 0 Variance Analysis 

‘Actual Static-Budget Static-Budget 
Results Variance Amount 

Operating income $25,000 $(237,000) U $262,000 

LEVEL 1'Variance Analysis 

pt] tus | _Static- Bulga Static-Budget 
rat S*dRts | aviance | Amount | 
| 4 | Jackets Q sold 10,000 (2,000) U | 00a 
| 5 | Totalrevenue S| _—_ $1,850,000 $(310,000) U $2,160,000 
| 6 | Total variable costs 1,120,000 (68,000) F 1,188,000 

Contribution margin 730,000 (242,000) U 972,000 
| 8 | Fixed costs 705,000 (5,000) F 710,000 
| 9 | Operating income $ 25,000 $(237,000) U $ 262,000 

— eee ee | szarooU | | 
12 | Total static-budget variance 

w A favourable total variable cost variance of $68,000 occurred because Webb pro- 
duced and sold only 10,000 jackets instead of the original (static-budget) amount of 
12,000 jackets. 

a As production was within the relevant range, the fixed cost variance may have been due 
to an unpredictable change in period costs (e.g., a decrease in insurance premiums). 

a The total actual variable costs (row 6) are less than the predicted variable costs by 
$(68,000). Webb’s actual costs are under budget. All other things equal, the result is 
good news because less will be paid out for materials, labour, and machine use. 

s The actual contribution margin (row 7) is less than the predicted contribution margin 
by $(242,000). Webb’s actual contribution margin is under budget. All other things 
equal, the result is bad news because there is less contribution from operations avail- 
able to pay fixed costs. 

Note: A variance is either favourable (F) or unfavourable (U) based on the impact on 
operating income, not on whether it is a positive or negative number in the above table. 

For the rest of the exhibits and examples in this chapter (and the remainder of the text), brackets will not be 

used with variances. In keeping with commonly accepted varlance reporting practice, unfavourable varlances 

are signified with a U and favourable variances with an F. 

Interpretation of Level 1 Results 

At Level 1, the variance analysis in Exhibit 7-2 reveals additional interesting information. 
The actual unit sales price per jacket was $185 (= $1,850,000 + 10,000 jackets), not the 
budgeted $180 per jacket shown in Exhibit 7-1. The total variable costs were actually 
$112 per jacket (= $1,120,000 + 10,000 jackets), not the budgeted $99 per jacket shown 
in Exhibit 7-1. On a per-jacket basis, the revenue was $5 favourable and the variable cost 
was $13 unfavourable. 
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- Level 0 

Level 1 

The budgeted contribution margin percentage of 45.0% (= $972,000 + $2,160,000) 
decreases to 39.5% (= $730,000 + $1,850,000) for the actual results. This is, in fact, the 
most important information provided—it answers the question of what effect the net 
change of actual performance had on operating income. Unfortunately, it does not tell 
management what caused a significant unfavourable variance. To do so requires more 
data and the creation of a more dynamic budget, the flexible budget. The reconciliation of 
the Level 0 and Level 1 variance analysis is illustrated in Exhibit 7-3. The two values in 
Level 1 add to the value in Level 0. 

Steve-A-Rena’s coffee shop at the Farmer’s Market makes fruit salads as a refreshing 
and healthy snack for its customers. Each fruit salad requires %2 kilogram of fruit, 
which costs $8/kg. Steve pays his staff $20/hr. Each salad requires 6 minutes of vari- 
able overhead time at a cost of $0.60 per salad. Calculate the standard cost for 
direct materials, direct labour, and variable overhead for the fruit salad operation. 

Relationship 
Between Cost Variance 

Analysis Levels 0 and 1 

Developing a Flexible Budget From Cost Data 
Webb’s MIS report in Exhibit 7-1 summarizes relevant data from the budget schedules. 
Exhibit 7-4 demonstrates how, by using more of the data available, the management team 
can develop a flexible budget and improve the feedback to a finer or more detailed Level 2 
variance analysis. Flexible budgets give management an approximate idea of the various 
outcomes (i.e., revenues, costs, and operating incomes) that might result from different levels 
of activity using the same assumptions about selling prices, costs, and productivity that were 
used to create the static budget. In a manner of speaking, they represent a type of sensitivity 
analysis. Of particular interest is the flexible budget that reflects the activity level that is the 
same as the actual activity level achieved in the budget year. This specific flexible budget is, 
in effect, what the static budget would have looked like if management could have been 
100% accurate with regard to the quantity (Q) that was produced and sold. 

For example, to generate three different flexible budgets, instead of multiplying by 
Q = 12,000 produced and sold, the price per jacket and each variable cost per jacket are 
multiplied by three different Q. Keep in mind that any variable cost amounts will change 
as Q changes, but fixed costs will not. The three Q are within the relevant range of 8,000 
to 16,000 jackets produced and sold. The results of Q = 10,000 are reported in column (3), 
Q = 12,000 in column (4), and Q = 16,000 in column (5). Actual results are reported in 

column (6). 
Having developed the flexible-budget amounts and included the actual results, the 

management team will focus on the differences between them. This begins the Level 2 
analysis. 

Flexible-Budget Variances and Sales-Volume Variances 

The Level 2 flexible-budget variance analysis will help Webb Company identify where the 
unfavourable difference of $237,000 arose. The Level 2 results are compared to the Level 
0 static-budget variance analysis in Exhibit 7-5. Only the lines in the contribution format 
of the statement of comprehensive income have been analyzed. 

LO® 
Develop Level 2 flexible 

budgets, and calculate 

flexible-budget and sales- 

volume variances. 
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Flexible-Budget Data for Webb Company for April 2021 

Budgeted Flexible-Budget Amounts for | Actual 

| Amount | Alternative Loves of Output Units Sod 
Line Item | _perUnit | 10,000 | 12000 || ~—16,000_—|_ 10,000 Units 

1 

2 

3 

4 

5 AL ae] 

Be veintcom ee met Te nT 
9 Direct manufacturing labour 16 160,000 

10 Direct marketing labour 6 60,000 

Fit] Variable manufacturing overioad | 2 | _Yanooo | _vasooo | 182000 | _ran500__| 
— 50000 [0000 | __ anon | __ 45700 | 

3 | _Totalvarable costs === «|= —aeomo | ——ta8000 | 104000 | 1120000 _| 
[14 |Contributionmargin | = S 81| 810,000 | © _ 972000 | 1,296,000 | 730,000 | 
Ba ficdcoms el 
16 | Manufacturing vertead (| ——=S=SSC*;CSC OOD | ~<a | eran | e500 _—| 
[iT | Marketing overread «| S* Canon | —_anonn | esau | e000 | 
ie | Toutes costs ——SS«d;SSS*;C ito | —_ room | roo | _7oso00 | 
fia [Totalcoss ——SSSSCSC*dtC*‘“‘“‘C‘*r;C TOON stC.ON—|—zzono0n | D5. 000 | 
20 | Operatingincome = | Ss $100,000 $ 262,000 $ 586,000 $ 25,000 

The total Level 0 unfavourable static-budget variance has two sources: 

w The first is the flexible-budget variance, which is the total of the differences between 
the actual results and the flexible-budget amounts. In Exhibit 7-4, subtracting the last 
amount in column (3) from the last amount in column (6) equals the flexible-budget 
variance. This variance arose because the actual revenues and actual costs for the 
10,000 jackets produced and sold were different from the forecasted flexible-budget 
amounts for 10,000 jackets: 

Flexible-budget variance = Actual results — Flexible-budget amount 

= $25,000 — $100,000 

= $75,000 U 

Relationship 
Between Cost Variance 

Analysis Levels 0 and 2 Level 0 

Level 2 
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u The second source of static-budget variance is the sales-volume variance. The 
sales-volume variance is the difference between the flexible-budget and static-budget 
amounts. These variances arise because the actual number of units sold, Q = 10,000, 
was lower than the static-budget quantity of Q = 12,000: 

Sales-volume variance = Flexible-budget amount — Static-budget amount 

= $100,000 — $262,000 

= $162,000 U 

Using contribution margin information available at Level 2, the third line in Exhibit 7-5 
indicates that there are three sources of flexible-budget variance of $75,000 U. The first is 
the difference between actual and flexible-budget revenue arising from the difference in 
selling price: 

Selling-price ae ee selling Budgeted ) Actual units 

variance price selling price sold 

= ($185 — $180) x 10,000 

= $50,000 F 

The second and third sources contributing to the total flexible-budget variance are 
the variable and fixed cost pool variances. In Exhibit 7-4, the total actual variable cost is 
$1,120,000 (column 6) and the total flexible-budget variable cost is $990,000 (column 3), 
The difference is 

Variable cost variance = Actual variable cost — Flexible-budget variable cost 

= $1,120,000 — $990,000 

= $130,000 U 

For the fixed costs, the difference between the total actual fixed costs of $705,000 
and the flexible-budget fixed costs of $710,000 is 

Fixed cost variance = Actual fixed cost — Flexible-budget fixed cost 

= $705,000 — $710,000 
= $5,000 F 

The two sets of variance calculations are in column (2) of Exhibit 7-6. The actual 
results are in column (1). In column (3), all the flexible-budgeted values are reported as if 
managers could tell the future perfectly and budget for Q = 10,000 jackets produced and 
sold in April. The values indicate what Webb should have paid to produce the jackets, 
what it should have recovered when the jackets were sold, and what it should have earned 
if the team had achieved its budget. 

The difference reported in column (2) is the difference between what did happen and 
what should have happened at the actual Q produced and sold. In column (2) the reasons 
for the variable and fixed cost variances are found by investigating the direct and indirect 
factors of production for the 10,000 jackets. The reasons for the sales-volume variance 
(column 4) are found by investigating why there was a difference between expected and 
actual consumer demand for jackets. This is covered in Chapter 17. 

Interpretation of Level 2 Results 

Looking at the selling-price variance, there is no information suggesting that Webb’s jack- 
ets are differentiated from others by especially desirable attributes for which customers 
will pay more. Customers set the price for the product, and Webb, along with its compet- 
itors, is a price-taker. Webb’s profitability depends on cost leadership. By keeping a sharp 
focus on controlling its costs, Webb could earn more profit from each jacket at $180 than 
competitors with a lessor focus on cost control. It is possible that Webb’s customers simply 
switched from the jacket costing $185 to purchase similar jackets costing $180. So, while 
the increase in the selling price results in a favourable flexible-budget selling-price variance 
of $50,000 F, it may have also caused the reduction in the quantity of jackets sold (from 
the expected static-budget Q = 12,000 to the actual Q = 10,000). This is reflected in the 
unfavourable sales-volume revenue variance of $360,000 U. It is the task of the marketing 
division to investigate this possibility. 

237 
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Flexible-Budget-Based Level 2 Variance Analysis for Webb Company for April 2021 

LEVEL 2 Variance Analysis 

Fixed costs 

LO ® 
Develop Level 3 rate and 

efficiency variances for 

rif Aetwat | Flexiblo-Budgot | Flexible | SaleeVolume | Static | 
rene eee ec 
| 4[Unitssold =| 10,000 — 10,000 2,000 U 12,000 

| [Revenue ~ Se 
| 6 | Variable costs 

a Contribution margin 

Note: Pay careful attention because the variances in columns (3) and (5) depend on how the variance affects operating income. 

direct manufacturing costs. 

Variances Budget 

$1,850,000 $ 50,000 F $1,800,000 $360,000 U $2,160,000 

1,120,000 430,000 U _ 990,000 
730,000 80,000 U $ 810,000 
706,000 _5,000 F __710,000 

$ _ 25,000 $ 75,000 U $ 100,000 $162,000 U $262,000 

icp exgte2 000 te tlie Sno am 
Total flexible-budget variance Total sales-volume variance 

a Pe ees) 
liege beeen static-budget variance fico. we) Soe 

It is interesting that Webb’s actual fixed costs were less than the flexible-budget 
amount. It may be because insurance premiums or perhaps property taxes decreased 
unexpectedly. This change is likely to persist, and the budget should be revised. Alterna- 
tively, perhaps a salaried manager resigned in April. In this case, the unexpected change is 
temporary until a replacement is hired, and no change should be made to the budget. 

Webb also exceeded its flexible-budgeted variable costs by approximately 13% 
(= $130,000 + $990,000), which might be considered a significant amount of variance. 
Depending on the industry and situation, different levels of variances for different types of 
costs might be considered acceptable or not acceptable. Some firms set guidelines that con- 
sider both monetary (dollar) and relative (percentage) amounts. For example, a firm might 

have a policy that any variance exceeding $5,000 or 5% of the budgeted cost (whichever is 
lower) should be investigated. The Level 2 analysis has helped clarify how the overall 
$237,000 U static-budget variance came about. Additional information is needed to identify 
what changes happened to the quantities and unit rates generating the variable costs. Webb 
must use more of the information already reported in its MIS. Important non financial data 
are also reported in Exhibit 7-1 on the budgeted quantities of different inputs purchased 
and used as well as cost-allocation bases for the indirect costs. The level of detail in the exist- 
ing MIS is fine enough to isolate the effect of changes in quantities from changes in cost per 
input and provide feedback sufficient to do a Level 3 analysis. 

Direct Variable Rate and Efficiency Variances 

The added value of a Level 3 analysis is to direct attention to specific elements of produc- 
tion that are outside of the expected parameters. Conventional terms may be somewhat 
confusing at first. We can refer to the cost per unit of input as its rate (i.e., dollar amount), 
input rate, or rate per unit. A rate variance is the difference between the actual rate and the 
budgeted rate multiplied by the actual quantity of input in question (such as direct materi- 
als purchased or used). This is sometimes also referred to as an input price variance. 

An efficiency variance is the difference between the actual quantity of input used 
(such as metres of cloth in direct materials) and the budgeted quantity of input that should 
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Detailed Variable Cost Sources of Variance 
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Static-Budget Variance 
pele $237,000 U 

Flexible-Budget Variance Sales-Volume Variance 
$75,000 U $162,000 U* 

Variable Cost Pool Fixed Cost Pool Selling-Price 
Level 2 _ Variance - Variance** Variance 

$130,000 U $5,000 F $50,000 F 

‘Direct Direct 
Materials” _ Manufacturing 
Variance - Labour Variance 

$88,200 U- $38,000 U 

Direct ‘Direct ee mie 
. "Materials: eu Nettieey - Labour babe 

Variance ‘Variance CNeneiie "vacances 
$66,000 0 $18,000 —-$20,000 U 

*Chapter 16 
**Fixed $5,000 F and variable overhead $6, 200 U analyses are in Chapter 8, 

have been used, multiplied by the budgeted rate to obtain the flexible-budget value. Effi- 
ciency variances are sometimes also called input-efficiency variances or usage variances. 

The relationship of these two direct variable cost variances is shown in Exhibit 7-7. 
The manufacturing costs are in the boxes shaded blue, the colour of the production busi- 
ness function. The non-manufacturing costs are shaded yellow, the colour of the market- 
ing function in the value chain. Indirect variances (variable and fixed) are analyzed in 
Chapter 8. 

In reality, managers are responsible for controlling efficiency variances and have the 
authority to do so. This is not usually the case with rate variances. Unless the company is a 
very large consumer (a monopsony) of direct materials or direct labour, it has little power to 
affect the cost per unit of those items. This is especially true if there is only one supplier (a 
monopoly), The company depends on astute negotiation with the supplier or the union to 
obtain the lowest possible rate per unit at the right quality level and at the right time. 
Managers remain responsible for explaining rate variance but have little control over it. 

An Illustration of Rate and Efficiency 

Variances for Inputs 

Consider Webb’s three direct cost categories of materials, manufacturing labour, and mar- 
keting labour. For simplicity, assume that direct materials used is equal to direct materials 
purchased; therefore, there will be no ending inventory. At this point in our analysis, we 
do not want to complicate the variance analysis with questions of inventory valuation. 
(See “Impact of Inventories” at the end of the chapter, which addresses inventory issues, 
direct materials, and direct material variances.) By expanding the data in Exhibit 7-1 to 
include actual results, Exhibit 7-8 shows the basis for a Level 3 analysis. 

Variable Indirect 
(Overhead) 
Variance** 
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P\Xy\e@ apcessss Procurement Analytics 
climes and Variance Detection 

Richard Waugh, vice-president of Zycus, a procurement automation company, suggests 
“integrating data along the .. . value chain is key to procurement reaching its full potential,” 
and that data analytics improves functionality and the user experience. Although procure- 
ment is often associated with the primary resources for service and product delivery, it also 
relates to the indirect costs of the organization, such as office supplies and other resources. 
Workflows can be accelerated to ensure optimal volumes and pricing on supply chain 
inputs. Procurement also reduces the overall impacts of overhead operational costs. 

Data analytics can go beyond sourcing procurement functions to include monitoring 
of supplier performance or financial risks associated with materials acquisition and use. 
Access to all data along the process allows useful analysis and predictions. By replacing 
manual processes, a company can accelerate the data integration and streamline analysis, 
as well as overcome language differences. This can identify savings opportunities and cost 
drivers in underlying commodity price movements. 

Source: Zycus. 2019. “Pulling Out All the Stops for Better Procurement,” The Telegraph, December 2 
(https://www.telegraph.co.uk/business/business-reporter/procurement-data-analytics/) 

Detailed Variable Cost Sources of Variance 

LEVEL 2 ANALYSIS 
a ee ee 
P| Budgeted Actual 
| 2 | Unit sales price per jacket $ 180.00 $ 185.00 
| 3 | Q = Relevant range of jackets produced and sold 

Actual 

Budgeted Q Cost Actual Actual 
Cost per Driver Cost per | Cost per 

Cost Driver | per Jacket | Input Unit Jacket per Jacket | Input Unit | Jacket 

Cost Category per Jacket (0) (1) (2) (1) x (2) (3) (4) (3) x (4) 

measured in square metres (m?) | m2 2.000 $ 30.00 $60 2.2200 $ 31.00 $ 68.82 

i PPP labour (DMLH) DMLH 0.800 0.9000 22.00 19.80 

Passa low [om [mn |e | oe an | overhead (VMOH)* DMH 0.400 30.00 ue 0.4500 29.00 _ 13.05 

ae costs per jacket 88 101.67 

a [Direct marketing labour(OLR) [DIN | 0250 | zaoo | 6 | oz | 2500 | 576 | 
Variable marketing overhead 

(VPOH)t DLH 0.125 40.00 0.1828 25.00 4.57 

Total variable period 

costs per jacket mil 

| 13 | Fixed costs of production (FMOH) | $276,000 he scrptast Parl ete duel? iudialaa$2B5,000 4) Siac take anal 
[14 [Fred period cons POH) | _aaow [||| ——~d uno [sd 
[is [Toslfredcoss ————~| sroow | | id —* rsae 

*Budgeted VMOH is $12/jacket or $144,000 + 12,000 jackets. The standard of 0.40 DMH/jacket at a rate of $30/DMH is derived in Chapter 8. 
Non-manufacturing cost allocation is discussed in Chapter 15. 

Q Cost Budgeted 
Budgeted Driver Cost per 
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We can summarize the data for all direct inputs that are the first stage of a Level 2 
analysis as follows: 

Actual Flexible- 
Results Budget Variances Flexible 

(1) (2) = (1) — (3) Budget (3) 

Direct materials (22,200  $31/m?) $688,200 $ 88,200 U $600,000 (20,000 < $30/m2) 

Direct manufacturing labour (9,000 x $22/DMLH) 198,000 38,000 U 160,000 (8,000 x $20/DMLH) 

Direct marketing labour (2,304 x $25/DLH) 57,600 2,400 F 60,000 (2,500 x $24/DLH) 

Total $943,800 $123,800 U $820,000 

But this tells us only how the flexible-budget variances are distributed among the three 
direct inputs; we do not know what caused the variances. Was it rates, efficiency, or a com- 
bination of both? The data summarized in Exhibit 7-8 are sufficient to more sharply focus 
the attention of Webb’s management team on what items require the most immediate atten- 
tion to bring their costs back under control, the costs per unit or the quantities used. 

Rate Variances 

The formula for computing a rate variance is 

Rate ea. rate Budgeted cs eae 
; = ‘ = x of input 

variance of input of input 
purchased 

Based on the formula, the rate variances for each of Webb’s three direct cost catego- 
ries are as follows: 

Actual Less Actual Quantity Input Rate 

Budgeted Rate of Input Units Variance 
per Unit (1) Purchased (2) = (1) x (2) 

Direct materials ($31/m? — $30/m?) x 22,200 m? $1.00 22,200 = $22,200 U 

Direct manufacturing labour ($22/DMLH — $20/DMLH) x 9,000 DMLH 2.00 9,000 = 18,000 U 

Direct marketing labour ($25/DLH — $24/DLH) x 2,304 DLH 1.00 2,304 = 2,304 U 

$42,504 U 

All three rate variances are unfavourable (they reduce operating income) because the 

actual direct rate per input unit exceeds the budgeted rate. In total, Webb incurred more 
direct cost per input unit than was budgeted. 

Interpretation of Level 3 Result of Rate Variance Analysis 

Generally speaking, the management team’s attention will be directed to the largest U 
variance, in this case, the direct materials rate variance. But more investigation is needed 
because there are many potential reasons for the rate variance: 

= Budgeted purchase rates for Webb’s materials were set without careful analysis of its 
suppliers. 

us Webb’s purchasing manager negotiated less skilfully than was committed to in the 
budget. 

m Webb’s purchasing manager bought in smaller lot sizes than budgeted, even though 
quantity discounts were available for the larger lot sizes. 

w Materials rates unexpectedly increased because of unanticipated increases in market 
demand or unanticipated increases in costs of transportation from the supplier to 
Webb. 

a The specified quality of materials required was discontinued by suppliers. Quality of 
the replacement materials purchased exceeded the production specifications, leading 
to higher rates. 
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The first step is to identify the cause, which will affect the remedy. If Webb identifies 
the reason as poor negotiating by its purchasing officer, then the remedy may be to invest 
more in training this officer in negotiation. Alternatively, Webb may decide to hire a more 
skilful purchasing officer. Another alternative is to negotiate long-term fixed-rate con- 
tracts to ensure no future unfavourable rate variance for the life of the contract. 

Efficiency Variances 

For any actual level of output, the efficiency variance is the difference between the actual 
and budgeted quantity of inputs multiplied by the budgeted rate per input. An organization 
is inefficient if it uses more inputs than budgeted for the actual output units achieved; it is 
efficient if it uses fewer inputs than budgeted for the actual output units achieved. Holding 
the rate constant isolates the effect of variance in quantity purchased and used from any 
change in rate: 

Efficiency _ Gee: quantity _ Budgeted quantity of input eH . Budgeted rate 

variance of input used for actual output units achieved of input 

The efficiency variances for each of Webb’s direct cost categories are as follows: 

Actual Less Budgeted Input- 

Budgeted Quantity Rate per Unit _ Efficiency 
per Input Unit Purchased — _‘~Variance 

(1) (2) (1) x (2) 

Direct materials [22,200 m? — (10,000 units of 2,200 x $30 = $66,000 U 
output x 2 m?)] x $30/m? 

Direct manufacturing labour [9,000 — (10,000 units of 1,000 x 20 = 20,000 U 
output X 0.80)] x $20/DMLH 

Direct marketing labour [2,304 — (10,000 units of 196 x 24 = 4,704 F 
output x 0.25)] x $24/DLH 

Total $81,296 U 

The two manufacturing-efficiency variances (direct materials and direct manufacturing 
labour) are both unfavourable because more input was used than was budgeted, resulting 
in a decrease in operating income. The marketing-efficiency variance is favourable because 
less input was used than was budgeted, resulting in an increase in operating income. 

Interpretation of Level 3 Result of Efficiency Variance Analysis 

Like the rate variance, the largest efficiency variance also arises from direct materials. 
But the management team must consider a range of intertwined reasons for efficiency 
variances. The direct materials variance could be influenced by the unfavourable direct 
manufacturing labour variance. Webb’s unfavourable direct manufacturing labour vari- 
ance could be due to one or more of the following reasons: 

= Budgeted time standards were set without careful analysis of the operating conditions 
and employees’ skills. 

s Webb’s human resources manager hired underskilled workers, or their training was 
inadequate, 

a Webb’s production process was reorganized or a new machine was installed, creating addi- 
tional direct manufacturing labour time per jacket as workers learned the new process. 

a Webb’s production scheduler inefficiently scheduled work, resulting in more direct 
manufacturing labour time per jacket. 

a Webb’s marketing department promised early deliveries to clients, which created too 
many rush order interruptions that led to overtime. 

= Webb’s maintenance department did not properly maintain machines, resulting in addi- 
tional direct manufacturing labour time per jacket to avoid damage done by the machines. 
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The first step is to identify the cause of the unfavourable variance. If the cause was 
poor machine maintenance, then one reasonable response is to create a team consisting of 
plant machine engineers and machine operators who will develop a new maintenance 
schedule so that there will be less materials spoilage. Another alternative is to remove any 
incentives in the marketing area to place rush orders. Additionally, it may be time for 
Webb to replace obsolete machines to reduce spoilage and maintenance hours. 

Presentation of Rate and Efficiency Variances for Inputs 

Note how the sum of the direct cost rate variance and the efficiency variance equals the 
direct cost flexible-budget variance as reported in the fourth row of Exhibit 7-7: 

Input Rate Input-Efficiency Flexible-Budget 

Variances Variances Variance 

Direct materials $22,200 U $66,000 U $ 88,200 U 

Direct manufacturing labour 18,000 U 20,000 U 38,000 U 

Direct marketing labour __ 2,304 U __ 4,704 F 2,400 F 

Total $42,504 U $81,296 U $123,800 U 

Input Rate Input-Efficiency Flexible-Budget 

Variances Variances Variance 

Direct materials 17.93% U 53.31% U 71.24% U 

Direct manufacturing labour 14.54 U 16.16 U 30.70 U 

Direct marketing labour __1.86U __3.80F 1.94 F 

Total 34.33% U 65.67% U 100.00% U 

Exhibit 7-9 integrates-the actual and budgeted input information used to compute the 
rate and efficiency variances for direct materials and direct manufacturing labour. 

Columnar Presentation of Direct Materials and Direct Manufacturing Labour Variance Analysis for Webb 
Company for April 2021 

LEVEL 3 ANALYSIS 
Flexible Budget 

Actual Costs Incurred (Budgeted Input Allowed 
(Actual Input x Actual Input x for Actual Output Achieved x 

Actual Rate) Budgeted Rate Budgeted Rate) 

(1) (2) (3) 

(22,200 x $31) (22,200 x $30) (20,000 x $30) 
$688,200 $666,000 $600,000 

| $22,200 U | $66,000 U | 

Rate variance Efficiency variance 

Direct 
Materials $88,200 U 

Flexible-budget variance 

(9,000 x $22) (9,000 x $20) 
$198,000 $180,000 

(8,000 x $20) 

$160,000 

A $18,000 U A $20,000 U A : 

Rate variance Efficiency variance 
Direct 

Manufacturing 
Labour $38,000 U 

Flexible-budget variance 
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A comparison of the fineness among three levels of variance analysis is reported. 
Notice that as the fineness increases, the insight with respect to what has caused the vari- 
ance becomes clearer. But Webb’s value-added activities in its chain of business functions 
are not separate but rather interdependent on one another. What explains one variance 
may explain several. 

LEVEL 0 Variance Analysis 

Static-Budget 
Actual Variance Static Budget 

Operating income $25,000 $237,000 U $262,000 

LEVEL 1 Variance Analysis 

Static-Budget 
Actual Variance Static Budget 

Jackets Q sold 10,000 2,000 U 12,000 

Total revenue $1,850,000 $310,000 U $2,160,000 

Total variable costs 1,120,000 68,000 F 1,188,000 

Contribution margin 730,000 242,000 U 972,000 

Fixed costs 705,000 5,000 F 710,000 

Operating income $ 25,000 $237,000 U $ 262,000 

$237,000 U 

Total static-budget variance 

LEVEL 2 Variance Analysis* 

Flexible- 

Actual Budget Flexible Sales-Volume Static 
Results Variances Budget Variances Budget 

(1) (2) = (1) — (3) (3) (4) = (3) — (5) (5) 

Units sold 10,000 — 10,000 2,000 U 12,000 

Revenue $1,850,000 $ 50,000 F $1,800,000 $360,000 U $2,160,000 

Variable costs 1,120,000 130,000 U 990,000 198,000 F 1,188,000 

Contribution margin 730,000 80,000 U 810,000 162,000 U 972,000 

Fixed costs 705,000 5,000 F 710,000 = 710,000 

Operating income $ 25,000 $ 75,000 U $ 100,000 $162,000 U $ 262,000 

$ 75,000 U $162,000 U 

Total flexible-budget variance Total sales-volume variance 

$237,000 U 

Total static-budget variance 

*Pay careful attention because the variances reported in columns (3) and (5) show how the variance affects operating income. 



Flexible Budgeting and Activity-Based Costing 

LEVEL 2 Variance Analysis—More Detail 

Flexible- Sales- 

Actual Budget Flexible Volume Static 
Results Variances Budget Variances Budget 

(1) (2) = (1) — (3) (3) (4) = (3) — (5) (5) 

Units sold 10,000 -- 10,000 2,000 U 12,000 

Revenue $1,850,000  $50,000F $1,800,000  $360,000U $2,160,000 

Variable costs — -— 

Direct materials 688,200 88,200 U 600,000 120,000 F 720,000 

Direct manufacturing labour 198,000 38,000 U 160,000 32,000 F 192,000 

Direct marketing labour 57,600 2,400 F 60,000 12,000 F 72,000 

Variable manufacturing overhead* 130,500 10,500 U 120,000 24,000 F 144,000 

Variable marketing overhead* 45,700 4,300 F 50,000 10,000 F 60,000 

Total variable costs 1,120,000 130,000 U 990,000  198,000F 1,188,000 

Contribution margin 730,000 80,000 U 810,000 162,000 U 972,000 

Fixed manufacturing costs 285,000 9,000 U 276,000 — 276,000 

Fixed marketing costs 420,000 14,000 F 434,000 a 434,000 

Operating income $ 25,000  $75,000U $ 100,000 $162,000U $ 262,000 

*Total flexible-budget variable overhead variance is $6,200 U ($4,300 F— $10,500 U). 

Flexible Budgeting and Activity-Based Costing 

Activity-based costing (ABC) systems focus on individual activities that occur throughout 
the value-chain functions. ABC systems classify the costs of various activities into a cost 
hierarchy—output unit-level costs, batch-level costs, product-sustaining costs, and facility- 
sustaining costs. The two common direct cost categories—direct materials costs and direct 
manufacturing labour costs—are examples of output unit-level costs. In this section, we 
focus on batch-level costs to show how the basic principles and concepts of flexible bud- 
gets and variance analysis can be applied to other levels of the cost hierarchy. Batch-level 
costs are the costs of activities related to a group of units of products or services rather 
than to each individual unit of product or service. 

Relating Batch Costs to Product Output 

Consider Lyco Brass Works, which manufactures Jacutaps, a line of decorative brass fau- 
cets for home spas. Lyco produces Jacutaps in batches. For each product line, Lyco dedi- 
cates materials-handling labour to bring materials to the manufacturing area, transport 
work-in-process from one work centre to the next, and take the finished product to the 
shipping area. Hence, materials-handling labour costs are direct costs of Jacutaps. Because 
the materials for a batch are moved together, materials-handling labour costs vary with 
the number of batches rather than with the number of units in a batch. Materials-handling 
labour costs are variable direct batch-level costs. 

Information regarding Jacutaps for 2021 is as follows: 

Static-Budget Actual 
Amounts Amounts 

1. Units of Jacutaps produced and sold 180,000 151,200 

2. Batch size (units per batch) 150 140 

3. Number of batches (Line 1 + Line 2) 1,200 1,080 

4, Materials-handling labour-hours per batch 5 5.25 

5. Total materials-handling labour-hours (Line 3 x Line 4) 6,000 5,670 

6. Cost per materials-handling labour-hour $ 14.00 $ 14.50 

7. Total materials-handling labour costs $84,000 $82,215 

245 

LOO 
Undertake variance analysis 
in activity-based costing 
systems. 
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To prepare the flexible budget for materials-handling labour costs, Lyco starts with 
the actual units of output produced, 151,200 units, and proceeds as follows: 

w Using budgeted batch size, calculate the number of batches that should have been 
used to produce the actual output. At the budgeted batch size of 150 units per batch, 
Lyco should have produced the 151,200 units of output in 1,008 batches (= 151,200 
units + 150 units per batch). ’ 

s Using budgeted materials-handling labour-hours per batch, calculate the number of 
materials-handling labour-hours that should have been used. At the budgeted quantity 
of 5 hours per batch, 1,008 batches should have required 5,040 materials-handling 
labour-hours (= 1,008 batches x 5 hours per batch). 

= Using budgeted cost per materials-handling labour-hour, calculate the flexible-budget 
amount for materials-handling labour-hours. The flexible-budget amount is 5,040 
materials-handling labour-hours X $14 budgeted cost per materials-handling labour- 
hour = $70,560. 

Note how the flexible-budget calculations for materials-handling costs focus on batch- 
level quantities (materials-handling labour-hours) rather than on output unit-level amounts 
(such as materials-handling labour-hours per unit of output). The flexible-budget variance 
for materials-handling costs can then be calculated as 

Flexible-budget variance = Actual costs — Flexible-budget costs 

= (5,670 hours X $14.50 per hour) — (5,040 hours X $14 per hour) 

= $82,215 — $70,560 = $11,655, or $11,655 U 

The unfavourable variance indicates that materials-handling labour costs were 
$11,655 higher than the flexible-budget target. 

Rate and Efficiency Variances 

We develop insight into the possible reasons for this $11,655 unfavourable variance by 
examining the rate and efficiency components of the flexible-budget variance: 

Rate eg leas rate _ Budgeted a Actual quantity 

of input of input of input 

= ($14.50 per hour — $14 per hour) X 5,670 hours 

= $0.50 per hour X 5,670 hours 

= $2,835, or $2,835 U 

variance 

The $14.50 actual cost per materials-handling labour-hour exceeds the $14.00 budgeted 
cost, indicating an unfavourable rate variance for materials-handling labour. This variance 
could be due to (1) Lyco’s human resources manager negotiating less skilfully than was 
planned in the budget or (2) unexpected wage rate increases due to scarcity of labour. 

There is also an unfavourable efficiency variance: 

Efficiency iS. eae quantity _ Budgeted quantity of ie bs Budgeted rate 

of input used allowed for actual output of input 

= (5,670 hours — 5,040 hours) X $14 per hour 

= 630 hours X $14 per hour 

= $8,820, or $8,820 U 

variance 

The 5,670 actual materials-handling labour-hours exceeded the 5,040 materials-han- 
dling labour-hours that Lyco should have used for the number of batches it produced, 
indicating an unfavourable efficiency variance. Two reasons for the unfavourable effi- 
ciency variance are 

a Smaller actual batch sizes of 140 units, instead of the budgeted batch sizes of 
150 units, resulting in Lyco producing the 151,200 units in 1,080 batches instead of 
1,008 (= 151,200 = 150) batches 
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a Higher actual materials-handling labour-hours per batch of 5.25 hours instead of 
budgeted materials-handling labour-hours of 5 hours 

Reasons for smaller-than-budgeted batch sizes could include 

= Quality problems if batch sizes exceed 140 faucets 

a High costs of carrying inventory 

Reasons for higher actual materials-handling labour-hours per batch could include 

s Inefficient layout of the Jacutap production line relative to the layout proposed in the 
budget 

a Materials-handling labour having to wait at work centres before picking up or deliv- 
ering materials 

a Unmotivated, inexperienced, or underskilled employees 

a Standards for materials-handling time that are too tight 

Identifying the reasons for the efficiency variance will help Lyco’s managers develop a 
plan for improving materials-handling labour efficiency. 

Focus on Hierarchy 

The greatest improvement in control will arise if managers focus the flexible-budget 
quantity computations at the appropriate level of the cost hierarchy. For example, 
because material handling is a batch-level cost, the flexible-budget quantity calculations 
are made at the batch level—the quantity of materials-handling labour-hours that Lyco 
should have used based on the number of batches it should have taken to produce the 
actual quantity of 151,200 units. If a cost had been a product-sustaining cost—such as 
product design—the flexible-budget quantity computations would focus on the prod- 
uct-sustaining level, for example, by evaluating the actual complexity of product design 
relative to the budget. 

Managerial Uses of Variance Analysis 

Performance Evaluation 

The increased access to organizational data from information systems and market data LO® 
from a variety of data streams and “Big Data” sources has increased the ability for man- | Describe how managers 
agement to perform deeper levels of analysis on the operations of an organization, most | use variance analysis. 
commonly seen in performance evaluations and performance metrics. A key use of vari- 
ance analysis is in performance evaluation. Two attributes of performance are commonly 
measured: 

a Effectiveness: The degree to which a predetermined objective or target is met 

s Efficiency: The relative amount of inputs used to achieve a given level of output 

To illustrate the difference, consider that killing a fly with a sledgehammer will be effec- 
tive (if you hit the fly), but not efficient, since you will expend a lot of extra energy. Kill- 
ing a fly with a fly swatter is both effective and efficient. 

Managers must be careful to understand the cause(s) of a variance before using it as a 
performance measure. Assume that a Webb purchasing manager has just negotiated a deal 
resulting in a favourable rate variance for materials. The deal could have achieved a 
favourable variance for any or all of three reasons: 

a The purchasing manager bargained effectively with suppliers. 

ws The purchasing manager accepted lower-quality materials at a lower rate. 

= The purchasing manager secured a discount for buying in bulk. However, he or she 
bought higher quantities than necessary for the short run, which resulted in excessive 
inventories. 
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If the purchasing manager’s performance is evaluated solely on materials rate vari- 
ances, only the first reason will be considered acceptable, and the evaluation will be 
positive. The second and third redsons will be considered unacceptable and will likely 
cause the company to incur additional costs, such as higher inventory storage costs, 
higher quality inspection costs, higher costs to repair or replace defects, and higher 
materials scrap costs. Managers should not automatically interpret a favourable vari- 
ance as “good” news. 

Financial and Nonfinancial Performance 

Measures 

Almost all organizations use a combination of financial and nonfinancial performance 
measures rather than relying exclusively on either type. Control is often exercised by 
focusing on nonfinancial measures like combining the least expensive quantities in a prod- 
uct mix. But overall cost leadership is not a simple matter. Managers are evaluated on 
financial measures of results. This introduces conflict of interest. Depending on the level 
of the cost hierarchy of an activity, cutting a volume of input to the benefit of one business 
function may increase costs throughout the entire value chain. 

Performance measures should focus managers’ attention on reducing the total costs 
incurred by the entire company. When a single performance measure (e.g., a direct mate- 
rials variance) receives excessive emphasis, managers tend to make decisions that will 
maximize their own reported performance based on favourable direct materials variance. 
A focus on cost control for functions at a high level in the hierarchy will motivate deci- 
sions to benefit the entire company. 

Ironically, long-term profitability and cost control often mean more costs in the 
short run to achieve long-run benefit. A new machine might result in unfavourable 
efficiency variances in the short run as workers are not familiar with the new equip- 
ment (learning curve effect). But in the longer run, the new equipment might result in 
increased efficiency (less labour input per unit) and possibly increased quality. This, 
in turn, might give the firm a competitive advantage that would allow it to sell more 
units and/or raise its price. Additional cost reductions may also result if there are 
fewer returns. 

s 

SUSTAINABILITY 
IN ACTION 

: Sustainability and Variance Analysis 

Companies are able to use the massive amounts of data 
collected in the MIS to better understand how products 

Such initiatives require organizations to re-examine 
how they source direct material in terms of quantity, 

are produced and ultimately supplied to their custom- 
ers. In efforts to manage both costs and goals for more 
sustainable operations, a number of organizations are 
re-engineering their operations using fine-tuned analysis 
of production and sales variances to understand where 
changes can most effectively be made. Since 2010, Kraft 
has been experimenting with reductions in the amount of 
plastics used in their bottles and bottle-caps, creating thin- 
ner but more resilient packaging. Similarly, McDonald’s 
has been piloting different approaches to beef farming to 
better understand how quality can be maintained while 
costs might be reduced and more sustainable approaches 
to industrial farming can be achieved. 

quality, and the physical distance of the supply chain 
(distance often equates to less sustainable models); as 
well as price standards. Re-engineering these processes 
will also result in changes to manufacturing overhead, 
with new equipment, changes in transportation timing, 
and cost (lighter products are cheaper to ship). Organiza- 
tions are also creating standards for the management of 
waste and pollution to create a more sustainable business 
environment. 

Adapted from K. Welshans. 2016. “McDonald’s Concludes Sustainable 
Beef Pilot Project,” Feedstuffs, August 10 (http://feedstuffs.com/story 
-medonalds-concludes-sustainable-beef-pilot-project-45-145136). 
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Flexible-Budget Variable Direct Variances, Levels 0, 1, 2, 3, and 4 

} 

Level 0, 1 

Level 2 

Direct — Direct — 
Materials Manufacturing 
Variance Y= Labour. =... 
Se Tey _ Variance 

“Direct ~=—S«éOirect ; 
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*Fixed and variable overhead costs variances are analyzed in Chapter 8. 

**VPOH is variable period overhead (marketing), and FPOH is fixed period overhead (marketing). 
tSee Appendix 7B for a discussion of Level 4 yield and mix variances. 

When to Investigate Variances 

Exhibit 7-10 illustrates all four levels of variance analysis possible within a very simple cost- 
ing system for products with substitutable inputs. This type of production process is most 
recognizable in industrial food processing and resource refining. It seems almost inevitable 
that for any specific time period there will be an unfavourable variance somewhere. When 
to use expensive and scarce management time to investigate and explain variances depends 
on the situation. Usually this feedback directs attention to the largest U variance first. 

For critical items, however, a small variance may prompt follow-up. For other items, a 
minimum dollar variance or a specific percentage of variance from budget may prompt inves- 
tigations. Of course, a 4% variance in direct materials costs of $1,000,000 may deserve more 
attention than a 20% variance in repair costs of $10,000. Therefore, rules such as “investigate 
all variances exceeding $5,000 or 5% of budgeted costs, whichever is lower” are common. 

Continuous Improvement 

The most important task in variance analysis is to interpret and learn from variance anal- 
ysis. At each opportunity for feedback, small improvements can be made to control vari- 
ances. Continuous improvement is a budgeted cost that is successively reduced over 
succeeding time periods. Improvement opportunities can be easier to identify at the initial 
stages of production, but for mature internal processes this becomes more difficult. Some 
companies use Kaizen budgeting to target explicit amounts of reductions in budgeted costs 
over successive periods. 
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feve)\ (ej :a858 Starbucks Reduces Direct-Cost Variances 
to Brew a Turnaround IN ACTION 

Along with coffee, Starbucks brewed profitable growth 
for many years. From Seattle to Singapore, customers 
lined up to buy $4 lattes and Frappuccinos. Walking 
around with a coffee drink from Starbucks became an 
affordable-luxury status symbol. But when consumers 
tightened their purse strings amid the recession, the com- 
pany was in serious trouble. With customers cutting back 
and lower-priced competition—from Dunkin’ Donuts and 
McDonald’s among others—increasing, Starbucks’s profit 
margins were under attack. 

For Starbucks, profitability depends on making each 
high-quality beverage at the lowest possible costs. As a 
result, an intricate understanding of direct costs is critical. 
Variance analysis helps managers assess and maintain 
profitability at desired levels. In each Starbucks store, the 
two key direct costs are materials and labour. 

Materials costs at Starbucks include coffee beans, 
milk, flavouring syrups, pastries, paper.cups, and lids. To 
reduce budgeted costs for materials, Starbucks focused on 
two key inputs: coffee and milk. For coffee, Starbucks 
sought to avoid waste and spoilage by no longer brewing 
decaffeinated and darker coffee blends in the afternoon 
and evening, when store traffic is slower. Instead, baristas 
were instructed to brew a pot only when a customer 
ordered it. With milk prices rising (and making up 

around 10% of Starbucks’s cost of sales), the company 
switched to 2% milk, which is healthier and costs less, 
and redoubled efforts to reduce milk-related spoilage. 

Labour costs at Starbucks, which cost 24% of com- 
pany revenue annually, were another area of variance focus. 
Many stores employed fewer baristas. In other stores, Stat- 
bucks adopted many “lean” production techniques. With 
30% of baristas’ time involved in walking around behind 
the counter, reaching for items, and blending drinks, Star- 
bucks sought to make its drink-making processes mote effi- 
cient. While the changes seem small—keeping bins of coffee 
beans on top of the counter so baristas don’t have to bend 
over, moving bottles of flavoured syrups closer to where 
drinks are made, and using coloured tape to quickly differ- 
entiate between pitchers of soy, nonfat, and low-fat milk— 
some stores expetienced a 10% increase in transactions 
using the same number of workers or fewer. 

The company took additional steps to align labour 
costs with its pricing. Starbucks cut prices on easier-to-make 
drinks like drip coffee, while lifting prices by as much as 
30 cents for larger and more complex drinks, such as a 
venti caramel macchiato. 

Starbucks’s focus on reducing year-over-year variances 
paid off. In fiscal year 2009, the company reduced its 
store operating expenses by $320 million, or 8.5%. 
Continued focus on direct-cost variances will be critical 
to the company’s future success in any economic climate. 

Sources: Lisa Baertlein, Uday Sampath Kumar, 2017. “Starbucks Cuts 
Profit Outlook as Competitors Close in,” Reuters, November 2 (https:// 
www.reuters.com/article/us-starbucks-tesults/starbucks-cuts-profit 
-outlook-as-competitots-close-in-idUSKBN1D22QZ); J. Adamy. 2009. 
“Starbucks Brews up New Cost Cuts by Putting Lid on Aftetnoon Decaf,” 
Wall Street Journal, January 28; J. Adamy, 2008. “New Starbucks Brew 
Attracts customers, Flak,” Wall Street Journal, July 1; C. Harris. 2007. 
“Starbucks Slips; Lattes Rise,” Seattle Post Intelligencer, July 23; J. Jargon. 
2010. “Starbucks Growth Revives, Perked by Via,” Wall Street Journal, 
Januaty 21; J. Jargon. 2009. “Latest Starbucks Buzzword: ‘Lean’ Japanese 
Techniques,” Wall Street Journal, August 4; D. Kesmodel. 2009. “Starbucks 
Sees Demand Stirring Again,” Wall Street Journal, November 6. 

For example, the budgeted direct materials cost for each jacket that Webb Company 
manufactured in April 2021 is $60 per unit. The budgeted cost for variance analysis for 
subsequent periods could be based on a targeted 1% reduction each period: 

Prior Month's Reduction in Revised 
Month Amount Budgeted Amount Budgeted Amount 

April 2021 -- — $60.00 

May 2021 $60.00 $0.600 (= 0.01 x $60.00) 59.40 

June 2021 59.40 0.594 (= 0.01 x 59.40) 58.81 

July 2021 58.81 0.588 (= 0.01 x 58.81) 58.22 

The source of the 1% reduction in budgeted direct materials costs could be efficiency 
improvements or rate reductions. By using continuous-improvement budgeted costs, an 
organization signals the importance of constantly seeking ways to reduce total costs. 
For example, managers could avoid unfavourable materials efficiency variances by con- 
tinuously reducing materials waste. 
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Impact of Inventories 

Our Webb Company illustration assumed the following: 

= All units are manufactured and sold in the same accounting period. There was no 
work-in-process or finished goods inventory at either the beginning or the end of the 
accounting period. 

s All direct materials were purchased and used in the same accounting period. There 
was no direct materials inventory at either the beginning or the end of the period. 

Both assumptions can be relaxed without changing the key concepts introduced in 
this chapter. However, changes in the computation or interpretation of variances would 
be required when beginning or ending inventories exist. Suppose direct materials are pur- 
chased some time before their use and the beginning direct materials inventories are 
almost always non-zero. The direct materials purchased do not equal the direct materials 
used. Managers typically want to pinpoint variances at the earliest possible time to regain 
control over costs quickly. 

For direct materials rate variances with inventories, the purchase date will almost 
always be the earliest possible time to isolate a variance. As a result, many organizations 
calculate direct materials rate variances using the quantities purchased in an accounting 
period. In contrast, the direct materials efficiency variance is calculated using the amount 
of inputs that were used in the accounting period (as opposed to the amount purchased). 
This method of calculating direct material variances is sometimes referred to as the 4-peg 
analysis. This method is illustrated below in the Problem for Self-Study, which shows how 
to calculate the direct materials variances when the materials purchased and the materials 
used are two different amounts. 

aul iiiare mime Ni pukele(=14a(=1 ge adgele)(-lsalice)g@e-{-))mr- alle bY, 

Try to solve this problem before examining the solution that follows. Note: In this situa- 
tion, the amount of direct materials purchased does not match the amount of direct mate- 
rials used. This results in a slightly different approach to calculating the rate variance 
(where the amount of materials purchased is used in the calculation) and the efficiency 
variance (where the amount of materials used is the basis for the calculation.) This type of 
variance analysis is sometimes referred to as a “4-peg analysis.” 

Problem 

O’Shea Company manufactures ceramic vases. It uses its standard-costing system when 
developing its flexible-budget amounts. In April 2021, 2,000 finished units were pro- 
duced. The following information is related to its two direct manufacturing cost catego- 
ries of direct materials and direct manufacturing labour. 

Direct materials used were 4,400 kilograms. The standard direct materials input 
allowed for one output unit is 2 kilograms at $15 per kilogram, and 5,000 kilograms of 
materials were purchased at $16.50 per kilogram, for a total of $82,500. 

Actual direct manufacturing labour-hours were 3,250 at a total cost of $66,300. 
Standard manufacturing labour time allowed is 1.5 hours per output unit, and the stan- 
dard direct manufacturing labour cost is $20 per hour. 

1. Calculate the direct materials rate and efficiency variances and the direct manufactur- @ Required 
ing labour rate and efficiency variances. The direct materials rate variance will be 
based on a flexible budget for actual quantities purchased, but the efficiency variance 

will be based on a flexible budget for actual quantities used. 
2. Prepare journal entries for a standard-costing system that isolates variances as early @ 

as feasible. . 
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Columnar Presentation of Variance Analysis: Direct Materials and Direct Manufacturing Labour 

Level 3 Analysis 

Direct 

materials 

Direct 

manufacturing 

labour 

& 

Flexible Budget 
(Budgeted Input 

Actual Costs Incurred Allowed for Actual 
(Actual Input x Actual Input x Output Achieved x 
Actual Rate) Budgeted Rate Budgeted Rate) 

(1) (2) (3) 

(5,000 kg x $16.50/kg) (5,000 kg x $15/kg) (4,400 kg X $15/kg) (2,000 units x 2 kg/unit x $15/kg) 
$82,500 $75,000 $66,000 $60,000 

$7,500 U $6,000 U 

Rate variance Efficiency variance 

(3,250 hrs x $20.40/hr) (3,250 hrs x $20/hr) (2,000 units x 1.5 hrs/unit x $20/hr) 

$66,300 $65,000 . $60,000 

o 60 @ 

A $1,300 U A $5,000 U A 

Rate variance Efficiency variance 

3. Based on these results, list in order from most to least important the variances you 
would investigate. Explain briefly what you considered in your ranking. 

4. Give three alternative explanations for the most important variance. 
5. Give reasons why the flexible-budget variance analysis is more helpful than a static- 

budget variance analysis for O’Shea. 
6. O’Shea likely produces vases in a variety of shapes and colours. What advantages might 

arise from using the strategy of ABC budgeting and variance analysis? 

Solution 

1. Exhibit 7-11 shows how the columnar presentation of variances introduced in 
Exhibit 7-9 can be adjusted for the difference in timing between the purchase and 
use of materials. In particular, note the two sets of computations in column 2 for 
direct materials. The $75,000 pertains to the direct materials purchased; the $66,000 
pertains to the direct materials used. 

2. Materials Control (5,000 kilograms x $15/kg) $75,000 

Direct Materials Rate Variance (5,000 kilograms x $1.50/kg) 7,500 

Accounts Payable Control (5,000 kilograms < $16.50/kg) $82,500 

Work-in-Process Control (2,000 units x 2 kg/unit x $15/kg) 60,000 

Direct Materials Efficiency Variance (400 kilograms X $15/kg) 6,000 

Materials Control (4,400 kilograms X $15/kg) 66,000 

Work-in-Process Control (2,000 units x 1.5 hrs/unit x $20/hr) 60,000 

Direct Manufacturing Labour Rate Variance (3,250 hours x $0.40/hr) 1,300 

Direct Manufacturing Labour Efficiency Variance (250 hours x $20/hr) 5,000 

Wages Payable Control (3,250 hours x $20.40/hr) 66,300 

3. In order, the most important variances from most to least important are direct mate- 
rials rate variance of $7,500 U; direct materials efficiency variance of $6,000 U; direct 
manufacturing labour efficiency variance of $5,000 U; and direct manufacturing 
labour rate variance of $1,300 U. No guidelines are provided; therefore, the only rea- 
son for this ranking is the level of materiality—the highest unfavourable variance first 
followed by the lower unfavourable variances, in order. 
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4. The direct materials rate variance could have several explanations. The rate variance is 
accompanied by an almost equally high efficiency variance, which suggests the two may 
be linked. An explanation could be poor scheduling of production that led to emer- 
gency orders of additional material that cost more per unit. The rate variance is also 
accompanied by a labour efficiency variance, which means more labour was consumed 
than was budgeted. Of course, the purchasing department may have simply failed to 
negotiate an appropriate rate or failed to order appropriate quantities on time. 

The value of the variance itself is a good signal of potential problems but provides 
no conclusive explanation of what caused the unfavourable variances. If the variances 
are beyond what O’Shea considers normal, an investigation is needed. 

5. A static-budget analysis may have shown a variable cost variance without comparing 
the actual to budgeted quantity of output produced and sold. If the actual quantity 
produced and sold was higher than the pro forma amounts, then variable costs must 
increase relative to the pro forma amounts. This level of analysis fails to signal when 

actual performance is outside of an expected range. 
6. ABC requires a focus on activities that occur throughout a set of value-chain functions. 

The activities are undertaken to obtain batches of similar outputs and different products. 
ABC budgeting would help O’Shea understand the interdependencies among value- 
chain functions and how these contribute to favourable or unfavourable variances. 

PN olel=lalelh ara.\ 

Budgets, Benchmarks, and Standards 

In our analyses we referred to the static- and flexible-budget data. Webb’s budget data Loe 
were the result of careful planning. The management team used its experience to examine Distinguish among 
all the amounts used to create the budget schedules. standards, budgets, and 

Budgeted amounts are often predictions based on past actual input rates and quanti- | benchmarks. 
ties. Past data are available at a-relatively low cost from the company’s MIS. The limita- 
tions of using this source are (1) past data include past inefficiencies and (2) past data do 
not incorporate any planned changes that are expected to occur in the budget period. 

Benchmarking 

An ideal rather than average performance may be chosen as the budgeted threshold. 
A benchmark typically reflects the best possible performance achieved anywhere in any 
industry using a similar process. Unless, however, external and internal conditions match 
those in the benchmarked company, this standard cannot be achieved. Using a benchmark 
requires commitment to internal change. If this is absent then, inevitably, Webb would 
report unfavourable variances and part of the explanation would always be that ideal con- 
ditions did not prevail. 

Benchmarking reports are based on the costs of other companies and may be developed 
for many activities and products. For example, Webb Company could estimate (possibly 
with the aid of consultants) the materials cost of the jackets manufactured by its competitors. 
The materials cost estimate of the lowest-cost competitor could be used as the budgeted 
amounts in its variance computations. However, Webb needs to be careful in choosing the 
firms that it looks at when it develops its benchmarks. Very large firms may experience econ- 
omies of scale and/or scope (and therefore, lower unit costs) than smaller firms in the same 
industry. Obviously, it would serve little purpose to select a benchmark that is unreasonably 
low (or high) and, in fact, could result in demotivating managers trying to achieve the budget 
targets. An unfavourable materials efficiency variance would signal that Webb has a higher 
materials cost than “best cost practice” in its industry. The magnitude of the cost difference 
would be of great interest to Webb. It could prompt Webb to do an extensive search into how 
to bring its own cost structure in-line with that of the lowest in the industry. 



254 Chapter 7 Flexible Budgets, Variances, and Management Control: | 

Standards 

A standard is a carefully predetermined amount based on investigation of external perfor- 
mance achieved by similar processes. A standard is usually expressed on a per-unit basis 
and communicates an average amount indicating what should be achieved by any simi- 
lar process in each time period that performance measures are taken. Once a standard is 
set, it remains unchanged over time. Standards differ from budget amounts because bud- 
get amounts change from one time period to the next. Standards differ from benchmarks 
because they are average, not ideal, amounts. 

Assume Webb uses industry time-and-motion and engineering studies to determine 
its standard amounts. Each task involved in making a jacket, for example, is assigned a 
standard amount of time based on work by an experienced operator using equipment 
operating in an efficient manner. 

Webb has developed standard inputs and standard costs per unit for each of its vari- 
able cost items. A standard input is a predetermined average quantity of inputs (such as 
kilograms of materials or hours of labour time) required for one unit of output. A standard- 
cost method is based on either a predetermined average cost per input or a predetermined 
average total input cost per unit of output. Webb’s budgeted cost for each variable cost 
item is calculated using the following formula: 

Standard inputs allowed for one output unit X Standard cost per input unit 

And the variable cost items are 

s Direct materials: a standard of 2 square metres (m*) of cloth input allowed per 
output unit (jacket) manufactured, at $30 standard cost per square metre: 

Standard cost = 2 X $30 = $60 per output unit manufactured 

s Direct manufacturing labour: 0.80 manufacturing labour-hours of input allowed per 
output unit manufactured, at $20 standard cost per hour: 

Standard cost = 0.80 X $20 = $16 per output unit manufactured 

= Direct marketing labour: 0.25 marketing labour-hours of input allowed per output 
unit sold, at $24 standard cost per hour: 

Standard cost = 0.25 X $24 = $6 per output unit sold 

a Variable manufacturing overhead: Allocated based on 0.40 machine-hours per output 
unit manufactured at $30 standard cost per machine-hour: 

Standard cost = 0.40 x $30 = $12 per output unit manufactured 

2 Variable marketing overhead: Allocated based on 0.125 direct marketing labour-hours 
per output unit sold at $40 standard rate per hour: 

Standard cost = 0.125 X $40 = $5 per output unit sold 

These standard-cost calculations reconcile to Exhibit 7-8. 

Standard Costing and Information Technology 

Modern information technology greatly facilitates the use of standard-costing systems 
for product costing and control. The company’s MIS can readily store barcode scanner 
or radio frequency identification (RFID) information to record the receipt of materials, 
immediately costing each material using its stored standard rate. The receipt of materials 
is matched with the purchase order to record accounts payable and to isolate the direct 
materials rate variance. 

As output is completed, the standard quantity of direct materials that should have 
been used is computed and compared with the actual quantity requested for direct mate- 
rials that was input into the MIS by an operator on the production floor. This difference 
is multiplied by the standard direct material rate to obtain the direct materials efficiency 
variance. Labour variances are calculated as employees log into production floor termi- 
nals and punch in their employee numbers, start and end times, and the quantity of the 
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product they helped produce. Managers use this instantaneous feedback on variances to 
initiate immediate corrective action, as needed. 

Control Feature of Standard Costs 

We will now illustrate journal entries when standard costs are used. For illustrative pur- 
poses, we will focus on direct materials and direct manufacturing labour and continue with 
the data from the Webb Company illustration with one exception. Assume that during 
April 2021, Webb purchases 25,000 m? of materials. The actual quantity used is 22,200 m2, 
and the standard quantity allowed for the actual output achieved is 20,000 m?. The actual 
purchase cost was $31/m?, while the standard rate was $30/m2. In fact, contrary to the 
budget assumption, Webb had a DM ending inventory of 2,800 m2. 

If Webb’s managers were well-informed when they generated the budget, the perfor- 
mance in April generated unnecessary expense in two ways. First, actual cost exceeded 
budget, although we do not know why. Second, the quantity of DM purchased was 25% 
more than expected ((25,000 m* — 20,000 m2) + 20,000 m2), and 11% more was used than 
expected ((22,200 m? — 20,000 m?) + 20,000 m2). Note that in each of the following entries, 
unfavourable cost variances are always debits because they decrease operating income. 
Favourable cost variances are always credits because they increase operating income. 

a Entry 1(a). Isolate the direct materials rate variance at the time of purchase by 
debiting Materials Control at standard rates. This is the earliest date possible to 
isolate this variance. 

1. a. Materials Control 

(25,000 m2 x $30/m?) 750,000 

Direct Materials Rate Variance 25,000 

(25,000 m2 x $1/m2) 

Accounts Payable Control 775,000 

To record direct materials purchased. 

w Entry 1(b). Isolate the direct materials efficiency variance at the time of usage by 
debiting Work-in-Process Control at standard input quantities allowed for actual 
output units achieved at standard input rates. This approach is consistent with 
Chapter 4, where, under the actual and normal cost methods, the direct costs are 
calculated using actual unit costs, 

1. b. Work-in-Process Control 

(20,000 m? x $30/m?) 600,000 

Direct Materials Efficiency Variance 66,000 
(2,200 m2 x $30/m?) 

Materials Control 666,000 
(22,200 m? x $30/m?) 

To record direct materials used. 

# Entry 2. Isolate the direct manufacturing labour rate and efficiency variances at the 
time this labour is used by debiting Work-in-Process Control at standard quantities 
allowed for actual output units achieved at standard input rates. Note that Wages 
Payable Control measures the payroll liability and hence is always at actual wage 
rates, Because direct manufacturing labour can never be inventoried, there is only 
one journal entry for both the purchase and use of direct manufacturing labour. 

2, Work-in-Process Control 

(8,000 hours X $20/hr) 160,000 

Direct Manufacturing Labour Rate Variance (9,000 hours X $2/hr) 18,000 

Direct Manufacturing Labour Efficiency Variance (1,000 hours x $20/hr) 20,000 

Wages Payable Control (9,000 hours x $22/hr) 198,000 

To record liability for direct manufacturing labour costs. 

255 
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A major advantage of this standard-costing system is its emphasis on the control fea- 
ture of standard costs. All variances are isolated at the earliest possible time, when man- 
agers can make informed decisions based on those variances. 

End-of-Period Adjustments 

There are three approaches to recognizing the underallocated or overallocated manufactur- 
ing overhead at the end of a period: 

a The adjusted allocation rate approach, which adjusts every job-cost record for the 
difference between the allocated and actual indirect cost amounts. 

s The direct write-off approach, which adjusts the cost of goods sold by the amount of 
the variances. This method is particularly appropriate when the amounts are not 
material (i.e., they are small in size). 

a The proration approach, which makes adjustments to one or more of the following 
end-of-period account balances: materials, work-in-process, finished goods, and cost 
of goods sold. 

Rate and efficiency variances can also be disposed of using these same three approaches. 

Benchmarking and Variance Analysis 

If a benchmark is the best possible performance, then theoretically a favourable variance 
will be impossible. Competitive benchmarking, as it is now known, is only one form of 
strategic management accounting. 

Benchmarking is also a useful way to set internal performance standards, especially 
for large multinational companies. Companies also benchmark key competencies, qual- 
ity, product or service attributes, customer profitability, intellectual capital, and environ- 
mental sustainability.! Benchmarking involves continuous change within a company in 
an effort to match or exceed the best performance in some domain. Changes in the out- 
puts offered, design processes, speed of innovation, target markets, and customers served 
are often needed to achieve or exceed a benchmark. Management’s choice to benchmark 
can either support an existing corporate mission and strategy, or signal a change. 

The answer to whether or not benchmarking is the best remedy depends on careful recon- 
sideration of existing strategic choices. 

The benchmarking team may discover that the most important data are only avail- 
able from competitors. The problem is that sharing some competitive information is 
illegal if it leads to price fixing or discourages competition in a market. If, legally, the 
data cannot be shared, then the company must analyze any available information as 
best it can. 

In Canada, an important source of benchmarking data is available through Industry 
Canada (the federal government department responsible for promoting and supporting 
Canadian industry). The small and medium enterprise (SME) benchmarking tool? allows 
firms to compare key business activities across similar-size enterprises. 

Not-for-Profit Benchmarking 

Benchmarking key activities can be even more important in not-for-profit/non-profit (NFP) 
organizations. Without a clear profit objective (and in fact, most NFPs are not allowed 
to generate profits by virtue of the regulations governing NFP entities), it can be difficult 
to measure performance. Instead, they need to rely on measures of efficiency with regard 
to their service delivery mandate (most NFP organizations are involved in service delivery). 
These measures could range from cost per student per course for a university to wait times 
for emergency room patients for a hospital. 

1 W.P, Wong and K.Y. Wong, “A Review on Benchmarking of Supply Chain Performance Measures,” Benchmarking: An Inter- 
national Journal, 15.1 (2008): 25-51. 

* Government of Canada, 2015. Financial Performance Data (http://www.ic.gc.ca/eic/site/pp-pp.nsf/eng/home). 
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For NFP benchmarks to be useful, they should have the following characteristics: 

w Be based on a similar-sized organization. 
m Be froma similar regulatory environment (e.g., similar laws, labour codes, legal 

requirements, etc.). 

w Be ina similar labour environment (union vs. non-union). 

a Have a similar physical environment, if relevant (there’s little point in comparing the 
costs of delivering meals to seniors in an urban setting to the costs of delivery in a 
rural setting). 

s Have a similar physical plant (e.g., buildings, equipment, vehicles, etc.). 

The cost differences in the above-mentioned characteristics can be used by NFPs for a 
variety of purposes. For example, an organization could use the difference in the bench- 
mark costs for new physical plants vs. the benchmark costs for old physical plants as 
support for updating an aging physical plant. 

In contrast to firms in the for-profit sector, NFPs often find it easier to collect data from 
other, similar organizations. This is due to the fact that most NFPs do not see themselves in 
competition with each other. So, for example, a women’s shelter in Toronto may be able to 
get cost and performance data from a similar shelter in Vancouver. Some NFP sectors have 
very effective associations that collect data from individual members and then publish that 
data in aggregate form. In other sectors, the sheer size of the sector means that for-profit 
organizations have developed benchmarking services on a fee-for-service basis. For exam- 
ple, in the United States, healthcare benchmarking for hospitals and health maintenance 
organizations (HMOs) has become a big business. Numerous types of reports and analyses 
are available (for a fee) to help hospitals compare their operating costs, wait times, and sur- 
gical outcomes (to name just a few) to other similar-size hospitals. In Canada, the Canadian 
Institute for Health Information (CIHI), an organization formed by the federal and provin- 
cial governments, provides similar services on a not-for-profit basis.3 

In the case of a hospital, the type of benchmark information could take a variety of 
forms. For example, it could rank one. hospital against other hospitals of a similar size 
and similar function. To make this type of benchmark comparison, a common approach 
is to create a standard “product/service” that can be compared across various organiza- 
tions. In the hospital NFP sector, this standard is called a “case mix group.” 

In Exhibit 7A-1, Panel A, a hypothetical ranking of a group of hospitals is shown 
using this case mix group approach. This benchmarking methodology is used by hospi- 
tals around the world to evaluate performance and costs.* The typical report ranks hos- 
pitals of a similar size and with similar caseloads/medical procedures against each other. 
In Panel A, some hospitals are below the average, while others are above the average (in 
this type of statistical reporting, the median figure is often used as the average measure 
since it is not as influenced by data that are extremely high or low compared with the 
majority of data). Another type of data that is commonly benchmarked is performance 
with regard to specific service activities. In the case of hospital reporting, it is also com- 
mon to report on activities like readmission rates, infection rates, length of stay, etc. 

Panel B reflects this type of report. With these types of benchmarks, a hospital can iden- 
tify how its performance compares to the range of performance achieved by similar hos- 
pitals for the same procedure/activity. 

Cost reports like Exhibit 7A-1 provide an external benchmark that forces hospital 
administrators, boards of directors, and funding agencies to ask why cost and perfor- 
mance levels differ between hospitals and how best practices can be transferred from the 
more efficient to the less efficient hospitals. While this level of analysis is easy to under- 
stand in the case of hospitals, due to the financial implications (for either private or pub- 
licly funded healthcare) and the quality of healthcare, similar benchmarking practices can 
be (and are being) taken in many other NFP sectors. 

3 Canadian Institute for Health Information website (http://www.cihi.ca/CIHI-ext-portal/internet/EN/Home/home/cihi000001). 
4 Ministry of Health. 2010. DHB Hospital Benchmark Information. Report for the Quarter January-March 2010. Wellington: 
Ministry of Health (http://www.moh.govt.nz/notebook/nbbooks.nsf/0/fc0590e749aa6£9 3cc25734e006d039c/$FILE/dhb 
-hospital-benchmark-information-mar2010. pdf), 
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Benchmark Reporting for Hospitals 

Panel A: Cost Comparison for Standard Case Mix Group—Medium-Size Urban Hospital 

Median Cost = $5,461 

Hospital C 

Hospital H 

Hospital E 

Hospital G 

Hospital A 

Hospital D 

Hospital B 

Hospital F 

Better (lower) costs than median Worse (higher) costs than median 

Reflects cost per CMG (case mix group) in Canadian dollars. ; 

Panel B; Examples of Common Hospital Performance Benchmarks 

1. Heart attack readmission rate* 2. Pneumonia 30-day mortality rate* 

(Based on 5,219 hospitals) (Based on 5,212 hospitals) 

25th percentile: 15.9 25th percentile: 12.5 

Median: 17.4 Median: 14.1 

Average (mean) 17.6 Average (mean) 14.0 

75th percentile 19.1 75th percentile 15.2 

The costs and performance benchmarks are hypothetical figures and should not be taken as indicators of actual costs or performance rates. 
*This is the rate per 1,000 patients. 

Source: Ministry of Health. DHB Hospital Benchmark Information. Report for the Quarter January — March 2010. Retrieved from https://www.moh.govt. 

nz/notebook/nbbooks.nsf/0/fc0590e749aa6f93cc25734e006d039c/$FILE/dhb-hospital-benchmark-information-mar2010. pdf 
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Mix and Yield Level 4 Variances 

for Substitutable Inputs 

LO@ For most mass production manufacturing processes—for example, refining oil—the bar- 
Distinguish between Levels | te! of oil from one Hibernia well is the same as the barrel of oil from a different Hibernia 
3 and 4 variance analysis well. These are called substitutable inputs because the manufacturer can readily replace 
for substitutable inputs, and} one with the other. Substitutability enables a more detailed analysis of the direct materials 
calculate Level 4 direct mix | efficiency variance. Both materials and labour inputs may be substitutable in manufactur- 
and yield variances. : ch Hand, ; 

ing, merchandising, or service industries. 
But sometimes the output is distinguished by its taste—for example, wine or ketchup. 

The taste difference is due to the input mix, which is the determination of the standard 
combination and proportion of very similar direct material inputs that may be substi- 
tuted for one another (see Appendix 7A for a discussion of standards). For ketchup, a 
combination of different tomatoes leads to the distinctive taste that distinguishes one 
brand from another. Small differences in the input mix that do not affect taste can reduce 
costs. The managers are given some discretion about the proportions of different toma- 
toes used to give them the flexibility necessary to exercise good cost leadership. 

In changing the input mix, however, managers must ensure that the quantity of out- 
put is unchanged. It is only by selling the finished ketchup that all the costs of inputs can 
be recovered. The yield is the proportion of output obtained from a specified quantity of 
input. It is measured in the same units as inputs. Yield is calculated as the total quantity 
of output units divided by the total quantity of input units. Mix variance measures the 
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Detailed Direct Cost Sources of Materials and Labour Efficiency Variances: Substitutable Inputs 
A ABTA ESI BIT RN SN ETE NS TOIT ET SEEN TNE AICS PON ISS SNS LE ILENE DIET OT ODS ISTE EIS BOTTLES, 

Variable Cost. 
Pool Variance, 

| 

Level 2 

Non-Manufacturing Variable Overhead 
Direct Flexible- Flexible-Budget 
Budget Variance Variance 

Level 3 

Level 4 

variance of actual from expected input mix. The yield variance measures the variance of 
the actual from expected yield of outputs obtained from expected quantity of inputs. The 
relationship among the variance components of the direct materials and labour mix and 
yield variances is shown in Exhibit 7B-1. 

Substitutable Direct Materials Inputs 

To illustrate mix and yield variances, let’s examine Delpino Corporation, which makes 
tomato ketchup. Our example focuses on direct material inputs and substitution among 
three of these inputs, but the same approach can be used to examine substitutable direct 
labour inputs. To produce ketchup of the desired consistency, colour, and taste, Delpino 
mixes three types of tomatoes grown in three different regions—Latin American tomatoes 
(Latoms), California tomatoes (Caltoms), and Florida tomatoes (Flotoms). Delpino’s pro- 
duction standards require 1.60 tons of tomatoes to produce 1 ton of ketchup, with 50% of 
the tomatoes being Latoms, 30% Caltoms, and 20% Flotoms. The direct materials input 
standards to produce 1 ton of ketchup are 

0.80 (= 50% of 1.6) ton of Latoms at $70 per ton $ 56.00 

0.48 (= 30% of 1.6) ton of Caltoms at $80 per ton 38.40 

0.32 (= 20% of 1.6) ton of Flotoms at $90 per ton __ 28.80 

Total standard cost of 1.6 tons of tomatoes $123.20 

Budgeted average cost per ton of tomatoes is $123.20 + 1.60 tons = $77.00 per ton. The 
total quantity of inputs is 1.60 tons regardless of the type of tomato. 

Because Delpino uses fresh tomatoes to make ketchup, no inventories of tomatoes 
are kept. Purchases are made as needed. All rate variances relate to tomatoes purchased 
and used. Actual results for June 2021 show that a total of 6,500 tons of tomatoes were 
used to produce 4,000 tons of ketchup: 

3,250 tons of Latoms at actual cost of $70 per ton $ 227,500 

2,275 tons of Caltoms at actual cost of $82 per ton 186,550 

_ 975 tons of Flotoms at actual cost of $96 per ton 93,600 

6,500 tons of tomatoes 507,650 

Standard cost of 4,000 tons of ketchup at $123.20 per ton 492,800 

Total variance to be explained $ 14,850 U 
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Given the standard ratio of 1.60 tons of tomatoes to 1 ton of ketchup, 6,400 tons of 
tomatoes should be used to produce 4,000 tons of ketchup. At the standard mix, the 
quantities of each type of tomato fequired are as follows: 

Latoms 0.50 < 6,400 = 3,200 tons 

Caltoms 0.30 < 6,400 = 1,920 tons 

Flotoms 0.20 x 6,400 = 1,280 tons 

Direct Materials Rate and Efficiency Variances 

The direct materials rate and efficiency variances are calculated separately for each input 
material and then added together. The variance analysis prompts Delpino to investigate the 
unfavourable rate and efficiency variances—why did they pay more for the tomatoes and 
use greater quantities than they should have? Causes could include a higher market rate 
for tomatoes or poor negotiation by the purchasing department. One is uncontrollable; the 
other is controllable. Inefficiency could also have been due to poor-quality tomatoes with 
too much water content or issues with the processing. To calculate the rate and efficiency 
variances, 

Rate variance = (Actual rate of input — Budgeted rate of input) X Actual quantity of input used 

Efficiency _ ee quantity — Budgeted quantity of input allowed for pase e Budgeted rate 

variance of input used output units achieved of input 

The results are shown in Exhibit 7B-2. The management team will focus on how to 
explain the $4,450 U efficiency variance in terms of input mix or yield variance since the 
rate (price of tomatoes) variance is probably beyond management’s control. 

Direct Materials Mix and Direct 

Materials Yield Variances 

Managers sometimes have discretion to substitute one material for another. For exam- 

ple, the manager of Delpino’s ketchup plant has some leeway in combining Latoms, 
Caltoms, and Flotoms without affecting quality. We will assume that to maintain qual- 
ity, the mix percentages of each type of tomato can vary only up to 5% from the stan- 
dard mix. For example, the percentage of Caltoms in the mix can vary between 25% 
and 35% (= 30% +5%). 

When inputs are substitutable, direct materials efficiency improvements relative to 
budgeted costs can come from two sources: (1) using a cheaper mix to produce a given 

Direct Materials Rate and Efficiency Variances for the Delpino Corporation for June 2021 

Latoms 

Caltoms 

Flotoms 

Level 3 

Level 2 

if Flexible Budget 
Actual Cost Incurred (Budgeted Input Allowed for 

(Actual Input i Actual Rate) Actual Input es Rate Actual Output Fp Rate) 

3,250 x $70 = $227,500 3,250 x $70 = $227,500 3,200 x $70 = $224,000 
2,275 x 82 = 186,550 2,275 x 80 = 182,000 1,920 x 80 = 153,600 
975 x 96 = 93,600 975 x 90 = _ 87,750 1,280 x 90 = _115,200 

$507,650 $497,250 $492,800 

$10,400 U $4,450 U 
Total rate variance Total efficiency variance 

$14,850 U 
Total flexible-budget variance 



Appendix 7B: Mix and Yield Level 4 Variances for Substitutable Inputs 261 

Total Direct Materials Mix and Yield Variances for the Delpino Corporation for June 2021 

Actual Total Quantity Actual Total Quantity Flexible Budget 
of All Inputs Used x of All Inputs Used x (Budgeted Total Quantity of All 
Actual Input Mix x Budgeted Input Mix x Inputs Allowed for Actual Output x 

Budgeted Rate Budgeted Rate Budgeted Input Mix x Budgeted Rate) 

(1) (2) (3) 

Latoms 6,500 x 0.508 x $70 = $227,500 6,500 x 0.50 x $70 = $227,500 6,400 x 0.50 x $70 = $224,000 

Caltoms 6,500 x 0.35 x 80= 182,000 6,500 x 0.30 x 80= 156,000 6,400 x 0.30 x 80= 153,600 

Flotoms 6,500 x 0.15° x 90= 87,750 6,500 x 0.20 x 90= 117,000 6,400 x 0.20 x 90= 115,200 

$497,250 $500,500 $492,800 

$3,250 F $7,700 U 
Level 4 Total mix variance Total yield variance 

$4,450 U 
Level 3 Total efficiency variance 

53,250 + 6,500 

52,275 + 6,500 

°975 + 6,500 

quantity of output or (2) using less input to achieve a given quantity of output. The direct 
materials mix and yield variances divide the efficiency variance into two variances: The 
mix variance focuses on how the multiple types of substitutable materials or labour are 
combined, and the yield variance focuses on how much of those inputs are used. 

Holding constant the actual total quantity of all direct materials inputs used, the 
total direct materials mix variance is the difference between two amounts: (1) the bud- 
geted cost for the actual mix of the total quantity of direct materials used, and (2) the 
budgeted cost of the budgeted mix of the actual total quantity of direct materials used. 
Signify each input as x, and calculate the variance as 

Direct materials mix variance = )/;(Actual — Budgeted input mix x;) x Budgeted rate x; 

Please note that 5) is the Greek letter sigma. In an equation, it means that you need to 
add up (or sum) the various iterations from 1 to ” that can be calculated for that formula. 
In this situation, it is the combinations of the three different types of tomatoes that can be 
used to make the ketchup. The details of the calculation are shown in column format in 
Exhibit 7B-3. 

Holding the budgeted input mix constant, the direct materials yield variance is the 
difference between two amounts: (1) the budgeted cost of direct materials based on the 

actual total quantity of all direct materials inputs used, and (2) the flexible-budget cost of 
direct materials based on the budgeted total quantity of direct materials inputs for the 
actual output. Again, with each input signified as x,, the variance is calculated as 

Direct yield variance = 5)/;(Actual x; x [Actual — Budgeted input mix % «x; ] X Budgeted rate x;) 

Exhibit 7B-3 presents the calculation of total direct materials mix and yield variances for 
the Delpino Corporation. 

Interpretation of Direct Materials Mix Variance 

Compare columns 1 and 2 in Exhibit 7B-3. Both columns calculate cost using the actual 
total quantity of all inputs used (6,500 tons) and budgeted input rates (Latoms, $70; 

Caltoms, $80; and Flotoms, $90). The only difference is that column 1 uses actual input 
mix (Latoms, 50%; Caltoms, 35%; Flotoms, 15%), and column 2 uses budgeted input 
mix (Latoms, 50%; Caltoms, 30%; and Flotoms, 20%). The difference in costs between 
the two columns is the total direct materials mix variance, attributable solely to differences 



262 Chapter 7 Flexible Budgets, Variances, and Management Control: | 

in the mix of inputs used. The total direct materials mix variance is the sum of the direct 
materials mix variances for each input: 

Latoms = (0.50 — 0.50) x 6,500 x $70=0.00 x 6,500 x $70=$ 0 

Caltoms (0.35 x 0.30) x 6,500 x $80=0.05 x 6,500 x $80= 26,000 U 

Flotoms  (0.15—0.20) x 6,500 x $90=0.05 x 6,500 x $90 = 29,250 F 

Total direct materials mix variance $ 3,250 F 

Interpretation of Level 4 Direct Materials Yield Variance 

Compare columns 2 and 3 of Exhibit 7B-3. Column 2 calculates costs using the budgeted 
input mix and the budgeted rates. Column 3 calculates the flexible-budget cost based on 
the budgeted cost of the total quantity of all inputs used (6,400 tons of tomatoes) for the 
actual output achieved (4,000 tons of ketchup) times the budgeted input mix (Latoms, 
50%; Caltoms, 30%; Flotoms, 20%). 

The only difference in the two columns is that column 2 uses the actual total quantity 
of all inputs used (6,500 tons), while column 3 uses the budgeted total quantity of all 
inputs used (6,400 tons). Hence, the difference in costs between the two columns is the 
total direct materials yield variance, due solely to differences in actual and budgeted total 
input quantity used. The total direct materials yield variance is the sum of the direct 
materials yield variances for each input: 

Latoms (6,500 — 6,400) x 0.50 x $70 = 100 x 0.50 x $70 = $3,500 U 

Caltoms (6,500 — 6,400) x 0.30 x $80 = 100 x 0.30 x $80= 2,400 U 

Flotoms (6,500 — 6,400) x 0.20 x $90 = 100 x 0.20 x $90= 1,800 U 

Total direct materials yield variance $7,700 U 

The total direct materials yield variance is unfavourable because Delpino used 6,500 tons 
of tomatoes rather than the 6,400 tons it should have used to produce 4,000 tons of 
ketchup. Holding the budgeted mix and budgeted rates of tomatoes constant, the bud- 
geted cost per ton of tomatoes in the budgeted mix is $77 per ton. The unfavourable yield 
variance represents the budgeted cost of using 100 more tons of tomatoes: (6,500 — 
6,400) x $77 = $7,700 U. The direct materials variances can be summarized as shown in 
Exhibit 7B-4. 

Delpino Corporation’s Flexible-Budget Variable Direct Variances, Levels 2, 3, and 4 

Level 2 

Level 3 

Level 4 

Direct Materials Sioa 
_ Rate Variance Bete Rey eae 

$10,400 U | Variance — 
$4450U 
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The Level 4 direct materials variance analysis of mix and yield extends efficiency and 
effective analysis to substitutable inputs. For perishable food processing such as ketchup, 
olive oil, and imperishable processing of ethanol from corn, an inescapable economic fact 
is that the higher the yield, the lower the costs of finished goods. This is because the fin- 
ished goods are also substitutable. All other things equal, people will find one litre of 
ketchup the same as another. 

The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives 

it . How do flexible budgets differ 
from static budgets, and why 
should companies use flexible 
budgets? 

. How can you develop a Level 2 
flexible budget and calculate 
flexible-budget and sales-volume 
variances? 

. How can you develop Level 3 
rate and efficiency variances 
for direct manufacturing costs? 

. How can variance analysis be 
used with an ABC system? 

. What does variance analysis 
contribute to the critical 

function of management 
control? 

. What is benchmarking, and 
why is it useful? 

Guidelines 

A static budget is based on the level of output planned at the start of the 
budget period. A flexible budget is adjusted (flexed) to recognize the actual 
output level of the budget period. Flexible budgets help managers gain more 
insight into the causes of variances. 

The static-budget variance can be subdivided into a flexible-budget variance 
(the difference between the actual result and the corresponding flexible-budget 
amount) and a sales-volume variance (the difference between the flexible-budget 
amount and the corresponding static-budget amount). 

The computation of efficiency variances helps managers gain insight into 
two different—but not independent—aspects of performance. The efficiency 
variance focuses on the difference between the actual quantity of input and the 
budgeted quantity of input allowed for actual output. When using variances for 
these purposes, managers should consider several variances together rather 
than focusing only on an individual variance. 

Variance analysis can be applied to activity costs (such as setup costs) to gain 
insight into why actual activity costs differ from activity costs in the static 
budget or in the flexible budget. Interpreting cost variances for different 
activities requires understanding whether the costs are output unit-level, 
batch-level, product-sustaining, or facility-sustaining costs. 

Variance analysis is feedback that highlights exceptional performance. 
Unfavourable variances indicate consumption of resources in excess of those 
available. The processes exceed a range of outcomes that would indicate 
they are within control. Variance analysis at a high level of fineness permits 
managers to identify causes of variance and control them. The feedback is 
essential to improve decisions. 

Benchmarking is a strategy to calculate standard costs based on the best 
performance of competitors. This strategy implies the company will undertake 
the continuous process of comparing its level of performance in producing 
products and services and executing activities against the best levels of 
performance. Benchmarking measures how well a company and its managers 
are doing relative to others. 
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7. What is a substitutable product, | Continuous processes such as ketchup manufacturing use different varieties 
and how do input mix an dyield of tomatoes that are almost identical. Varieties are substitutable one for the 
variances improve control? other. The mix of varieties is specified. A significant departure from the mix 

affects both cost and yield. Yield variance is the difference between actual 
quantity of finished goods obtained and predicted quantity that should have 
been obtained. 

a K=\eaatcwitem mct-lae) 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

benchmark (p. 253) flexible budget (p. 232) standard cost (p. 254) 

benchmarking reports (p. 253) flexible-budget variance (p. 236) standard input (p. 254) 

continuous improvement (p. 249) input mix (p. 258) static budget (p. 231) 

direct materials mix variance (p. 261) input price variance (p. 238) © substitutable inputs (p. 258) 

direct materials yield variance (p. 261) input-efficiency variance (p. 239) unfavourable (U) variance (p. 231) 

effectiveness (p. 247) management by exception (p. 231) usage variance (p. 239) 

efficiency (p. 247) mix variance (p. 258) variance (p. 231) 

efficiency variance (p. 238) rate variance (p. 238) variance analysis (p. 231) 

favourable (F) variance (p. 231) sales-volume variance (p. 237) yield (p. 258) 

fineness (p. 232) standard (p. 254) yield variance (p. 259) 

| Assignment Material 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

7-1 How does static-budget variance analysis mislead those assessing actual performance against pro 

forma performance indicators? 

7-2 What is the relationship between management by exception and variance analysis? 

7-3 Distinguish between a favourable variance and an unfavourable variance. 

7-4 What is the key difference between a static budgetand a flexible budget? 

7-5 Describe the steps in developing a flexible budget. 

7-6 List four reasons for using standard costs. 

7-7 List three causes of a favourable materials rate variance. 

7-8 Describe why direct materials rate variance and direct materials efficiency variance may be com- 
puted with reference to different points in time. 

7-9 Describe three reasons for an unfavourable direct manufacturing labour efficiency variance. 

7-10 Distinguish between processes where the inputs are nonsubstitutable and where they are 

substitutable. 

7-11 Explain how the direct materials mix and direct materials yield variances provide additional informa- 

tion about the direct materials efficiency variance. 

7-12 How does variance analysis help in continuous improvement? 

7-13 Why might an analyst examining variances in the production area look beyond that business function 
for explanations of those variances? 

7-14 Comment on the following statement made by a plant supervisor: “Meetings with my plant accountant 

are frustrating. All he wants to do is pin the blame for the many variances he reports.” 
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Exercises 

7-15 Terminology. A number of terms are listed below: 

direct materials mix variance fineness management by exception 

favourable (F) variance input mix input rate variance 

flexible-budget variance sales-volume variance efficiency variance 

rate variance unfavourable (U) variance flexible budget 

substitutable inputs yield variance mix variance 

yield variance analysis static budget 

direct materials yield variance static budget variance variance 

Required 

Select the terms from the above list to complete the following sentences. 

1. The question is whether or not the actual results met expectations, exceeded expectations, or failed to 
meet expectations and a will respond to this question. A is the result of subtracting the 

budgeted or predicted outcome from the actual outcome. 

2. A means the effect of the variance is to increase operating income. An means the effect 

of the variance is to decrease operating income. 

3. A simply fails to reflect the routine effect of changes in quantity produced and sold on the reve- 
nue and the variable costs. 

4. A does reflect the routine changes to be expected when the quantity produced and sold fluctu- 

ates from what was predicted. The permits more in the report of non-routine variances 
and . The plus the equals the : 

5. When quantities of direct materials purchased and used differ from budget, the variance can be the 

result of either a arising in an unexpected difference in the cost/unit or an arising 

from an unexpected difference in the quantity of the input used, or a combination of both. 

6. When a direct materials has , both the and the become important. 

7. These elements of a Level 4 analysis permit the managers to assess how changes from what was 

expected affected the i 

7-16 Flexible budget. Brabham Enterprises manufactures tires for the Formula | motor racing circuit. For LO @ 
August, it budgeted to manufacture and sell 4,000 tires at a variable cost of $77 per tire and total fixed costs 1, Total sales-volume variance, 

of $64,000. The budgeted selling price was $115 per tire. Actual results in August were 3,800 tires manufac- $7,600 U 
tured and sold at a selling price of $117 per tire. The actual total variable costs were $304,000, and the actual 

total fixed costs were $62,000. 

Required 

1. Prepare a performance report (akin to Exhibit 7-6) that uses a flexible budget and a static budget. 
2. Comment on the results in requirement 1. 

7-17 Flexible budget. Connor Company's budgeted prices for direct materials, direct manufacturing LO ® 
labour, and direct marketing (distribution) labour per attaché case are $40, $8, and $12, respectively. The Flexible-budget variance, 
president is pleased with the following performance report: $24,000 U 

Actual Costs Static Budget Variance 

Direct materials $364,000 $400,000 $36,000 F 

Direct manufacturing labour 78,000 80,000 2,000 F 

Direct marketing (distribution) labour 110,000 120,000 10,000 F 

Actual output was 8,800 attaché cases. Assume all three direct cost items above are variable costs. 

Required 

Is the president's pleasure justified? Prepare a revised performance report that uses a flexible budget and 

a static budget. 

7-18 Materials and manufacturing labour variances. Consider the following data collected for Loe 
Blakes Construction Trailers: Direct manufacturing labour 

q efficiency variance, $6,000 U 
Direct Direct Manufacturing 

Materials Labour 

Costs incurred: Actual inputs X actual rates $200,000 $90,000 

Actual inputs x standard rates 214,000 86,000 

Standard inputs allowed for actual outputs x standard rates 225,000 80,000 



LO ® 
2. Price variance, $1,680 F 

Lo@e 
Static-budget variance $52,900 

LOo@® 
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Required 

Compute the rate, efficiency, and flexible-budget variances for direct materials and direct manufacturing 

labour. t 

7-19 Rate and efficiency variances. Doux Dulce manufactures kale salads. For January, it budgeted to 
purchase and use 20,000 kilograms of kale at $1.18 per kilogram; budgeted output was 70,000 salads. Actual 

purchases and use for January were 21,000 kilograms at $1.10 per kilogram; actual output was 71,400 salads. 

Required 

1. Calculate the flexible-budget variance. 
2. Calculate the price and efficiency variances. 

3. Comment on the results in requirements 1 and 2. 

7-20 Flexible-budget and sales volume variances. Cascade, Inc. produces the basic fillings used in 
many popular frozen desserts and treats—vanilla and chocolate ice creams, puddings, meringues, and 
fudge. Cascade uses standard costing and carries over no inventory from one month to the next. The 

ice-cream product group's results for June were as follows: 

Be Reo woe ore Oe en ee ee 
pale Performance Report, June 

Actual 

Results | Static Budget 

| 3 |Units (pounds) 460,000 | __447,00( 
| 4 |Revenues $2,626,600 | $2,592,600 
| 5 |Variable manufacturing costs | 1,651,400 1,564,500 

|g {Contribution margin 

Jeff Geller, the business manager for ice-cream products, is pleased that more pounds of ice cream were 
sold than budgeted and that revenues were up. Unfortunately, variable manufacturing costs went up, too. 

The bottom line is that contribution margin declined by $52,900, which is just over 2% of the budgeted rev- 

enues of $2,592,600. Overall, Geller feels that the business is running fine. 

Required 

1. Calculate the static-budget variance in units, revenues, variable manufacturing costs, and contribution 

margin. What percentage is each static-budget variance relative to its static-budget amount? 
2. Break down each static-budget variance into a flexible-budget variance and a sales-volume variance. 
3. Calculate the selling-price variance. 

4, Assume the role of management accountant at Cascade. How would you present the results to Jeff 
Geller? Should he be more concerned? If so, why? 

7-21 Flexible-budget preparation and analysis. Trustex Printers Inc. produces luxury chequebooks 
2. Total flexible-budget variance, with three cheques and stubs per page. Each chequebook is designed for an individual customer and is 

| $57,000F — ordered through the customer's bank. The company’s operating budget for September included these data: 

Number of chequebooks 15,000 

€ Selling price per book $ 20 

Variable costs per book ° $ 8 

| Total fixed costs for the month $145,000 

The actual results for September were 

Number of chequebooks produced and sold 10,000 

Average selling price per book $ 25.20 

Variable costs per book $ 7 

Total fixed costs for the month $150,000 

The executive vice-president of the company observed that the operating income for September was 
much less than anticipated, despite a higher-than-budgeted selling price and a lower-than-budgeted vari- 
able cost per unit. You have been asked to provide explanations for the disappointing September results. 

Trustex develops its flexible-budget-based budgeted revenue per output unit and variable costs per 
output unit without a detailed analysis of budgeted inputs. 



Required 

1. Prepare a Level 1 analysis of the September performance. 
2. Prepare a Level 2 analysis of the September performance. 

3. Why might Trustex find the Level 2 analysis more informative than the Level 1 analysis? Explain your 
answer. 

7-22 Flexible budget, working backward. The Clarkson Company produces engine parts for car man- 

ufacturers. A new accountant intern at Clarkson has accidentally deleted the company’s variance analysis 

calculations for the year ended December 31. The following table is what remains of the data. 

Performance Report, Year Ended December 31 
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LOoO®e 
Total static-budget variance = $0 

Flexible-Budget 

Actual Results} Variances 
Flexible Budget | S2!es-Volume 

Variances | Static Budget 

| 4 [Units sold 130,000 120,000 
| 5 |Revenues (sales) $715,000 $420,000 
| 6 |Variable costs 515,000 240,000 

Contribution margin 200,000 | 180,000 

| g_ |Fixed costs 140,000 120,000 
| 9 |Operatingincome | $ 60,000 $ 60,000 

Required 

1. Calculate all the required variances. (If your work is accurate, you will find that the total static-budget 

variance is $0.) 
2. What are the actual and-budgeted selling prices? What are the actual and budgeted variable costs per 

unit? 

3. Review the variances you have calculated and discuss possible causes and potential problems. What 

is the important lesson learned here? 

7-23 Price and efficiency variances. Sunshine Foods manufactures pumpkin scones. For January, it 

budgeted to purchase and use 14,750 kilograms of pumpkin at $0.92 a kilogram. Actual purchases and usage 
for January were 16,000 kilograms at $0.85 a kilogram. Sunshine budgeted for 59,000 pumpkin scones. Actual 
output was 59,200 pumpkin scones. 

Required 

1. Compute the flexible-budget variance. 

2. Compute the price and efficiency variances. 
3. Comment on the results for requirements 1 and 2 and provide a possible explanation for them. 

7-24 Materials and manufacturing labour variances, standard costs with inventory. Keats Inc. is 
a privately held furniture manufacturer. For August, the company had the following standards for one of its 

products, a wicker chair: 

Standards per Chair 

Direct materials 2 square metres of input at $5 per square metre 

Direct manufacturing labour 0.5 hours of input at $10 per hour 

The following data were compiled regarding actual performance: actual output units (chairs) pro- 

duced, 2,000; square metres of input purchased and used, 3,700; price per square metre, $5.10; direct 

manufacturing labour costs, $8,820; actual hours of input, 900; labour price per hour, $9.80. 

Required 

1. Show your computations on the rate and efficiency variances for direct materials and for direct manu- 
facturing labour. Give a plausible explanation of why the variances occurred. 

2. Suppose 6,000 square metres of materials were purchased (at $5.10 per square metre) even though 
only 3,700 square metres were used. Suppose further that variances are identified with their most likely 

control point; accordingly, direct materials price variances are isolated and traced to the purchasing 

department rather than to the production department. Compute the rate and efficiency variances under 

this approach. 

LOoO® 
2, Flexible-budget variance 

is $16F 

LOo® 
1. Direct materials price variance, 

$370 U 
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LO® 

LoO® 
Total efficiency variance is $2,210 

LO ® 

7-25 Journal entries and T-accounts (continuation of 7-24). Prepare journal entries and post them to 
T-accounts for all transactions in Exercise 7-24, including requirement 2. Summarize how these journal 

entries differ from normal-costing entries: 

7-26 Direct materials and direct manufacturing labour variances. Rugged Life, Inc., designs and 
manufactures fleece quarter-zip jackets. It sells its jackets to brand-name outdoor outfitters in lots of one 
dozen. Rugged Life’s May static budget and actual results for direct inputs are as follows: 

Static Budget 

Number of jacket lots (1 lot= 1 dozen) 300 

Per Lot of Jackets: 

Direct materials 18 metres at $4.65 per metre = $83.70 

Direct manufacturing labour 2.4 hours at $12.50 per hour = $30.00 

Actual Results 

Number of jacket lots sold 325 

Total Direct Inputs: 

Direct materials 6,500 metres at $4.85 per metre = $31,525 

Direct manufacturing labour 715 hours at $12.60 = $9,009 

Rugged Life has a policy of analyzing all input variances when they add up to more than 8% of the total 

cost of materials and labour in the flexible budget, and this is true in May. The production manager dis- 

cusses the sources of the variances: “A new type of material was purchased in May. This led to faster 
cutting and sewing, but the workers used more material than usual as they learned to work with it. For 

now, the standards are fine.” 

Required 

1. Calculate the direct materials and direct manufacturing labour price and efficiency variances in May. 
What is the total flexible-budget variance for both inputs (direct materials and direct manufacturing 

labour) combined? What percentage is this variance of the total cost of direct materials and direct 

manufacturing labour in the flexible budget? 

2. Comment on the May results. Would you continue the “experiment” of using the new material? 

7-27 Price and efficiency variances, journal entries. The Schuyler Corporation manufactures 
lamps. It has set up the following standards per finished unit for direct materials and direct manufacturing 

labour: 

Direct materials: 10 kg at $4.50 per kg $45.00 

Direct manufacturing labour: 0.5 hour at $30 per hour 15.00 

The number of finished units budgeted for January was 10,000; 9,850 units were actually produced. 
Actual results in January were as follows: 

Direct materials: 98,055 kg used 

Direct manufacturing labour: 4,900 hours $154,350 

Assume that there was no beginning inventory of either direct materials or finished units. 

During the month, materials purchased amounted to 100,000 kg, at a total cost of $465,000. Input price 

variances are isolated upon purchase. Input-efficiency variances are isolated at the time of usage. 

Required 

1. Compute the January price and efficiency variances of direct materials and direct manufacturing 
labour. 

2. Prepare journal entries to record the variances in requirement 1. 

3. Comment on the January price and efficiency variances of Schuyler Corporation. 

4. Why might Schuyler calculate direct materials price variances and direct materials efficiency vari- 

ances with reference to different points in time? 



Problems 

7-28 Variance analysis, non-manufacturing setting. Stevie McQueen has run Lightning Car Detailing 

for the past 10 years. His static-budget and actual results for June are provided below. Stevie has one 

employee who has been with him for all 10 years that he has been in business. He has not been as lucky with 
his second and third employees. Stevie is hiring new employees in those positions almost every second 

month. It usually takes 2 hours to detail a vehicle. It takes as long for the seasoned employee as for the new 

ones, as the former tends to put more into the job. Stevie pays his long-term employee $20 per hour and the 

other two employees $10 per hour. Stevie pays all employees for 2 hours of work on each car, regardless of 

how long the work actually takes them. There were no wage increases in June. 

Lightning Car Detailing 

Actual and Budgeted Statement of Comprehensive Income 

For the Month Ending June 30 

Budget Actual 

Cars detailed __200 _- 225 

Revenue $30,000 $39,375 

Variable costs: 

Costs of supplies 1,500 2,250 

Labour __ 5,600 _ 6,000 

Total variable costs _ 7,100 _ 8,250 

Contribution margin 22,900 31,125 

Fixed costs __ 9,500 __ 9,500 

Operating income $13,400 $21,625 

Required 

1, Prepare a statement of the static-budget variances that Stevie would be interested in. 

2. 
3. 

Compute any flexible-budget variances that you believe would be appropriate. 

What information, in addition to that provided in the statements of comprehensive income, would you 

want Stevie to gather if you wanted to improve operational efficiency? 

How many cars, on average, did Stevie budget for each employee? How many cars did they actually 

detail? 
What advice would you give Stevie about motivating his employees? 

4. 

7-29 Materials and manufacturing labour variances, standard costs. Dawson, Inc., is a privately 

held furniture manufacturer. For August, Dawson had the following standards for one of its products, a 
wicker chair: 

Standards per Chair 

3 square metres of input at $5.50 per square metre 

0.5 hour of input at $10.50 per hour 

Direct materials 

Direct manufacturing labour 

The following data were compiled regarding actual performance: actual output units (chairs) produced, 
2,200; square metres of input purchased and used, 6,200; price per square metre, $5.70; direct manufactur- 

ing labour costs, $9,844; actual hours of input, 920; labour price per hour, $10.70. 

1. Show computations of price and efficiency variances for direct materials and direct manufacturing 

labour. Give a plausible explanation of why each variance occurred. 
Suppose 8,700 square metres of materials were purchased (at $5.70 per square metre), even though 
only 6,200 square metres were used. Suppose further that variances are identified at their most timely 

control point; accordingly, direct materials price variances are isolated and traced at the time of pur- 

chase to the purchasing department rather than to the production department. Compute the price and 

efficiency variances under this approach. 

2. 

7-30 Journal entries and T-accounts (continuation of 7-29). Prepare journal entries and post them to 
T-accounts for all transactions in Exercise 7-29, including requirement 2. Summarize how these journal 
entries differ from the normal-costing entries described in Chapter 4. 
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LO © 
2, Flexible-budget variance for 

labour, $300 F 

€ 

LOo® 

LO® 
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LO @ 
1, Standard DMLH for actual output 

achieved, 2,000 hours 

LO® 
1, Direct manufacturing labour rate 

variance, $16,000 F 

€ 

7-31 Direct materials and manufacturing labour variances, solving unknowns. (CPA, adapted) 

On May 1, Terra Company began the manufacture of a new internet paging device known as Flare. The 
company installed a standard-costing system to account for manufacturing costs. The standard costs for a 

unit of Flare are as follows: 

Direct materials (3 kg at $5/kg) $15.00 

Direct manufacturing labour (0.5 hours at $20 per hour) 10.00 

Manufacturing overhead (75% of direct manufacturing labour costs) 7.50 

$32.50 

The following data were obtained from Terra’s records for the month of May: 

Debit Credit 

Revenues $125,000 

Accounts payable control 68,250 

(for May's purchases of direct materials) 

Direct materials rate variance $3,250 

Direct materials efficiency variance 2,500 

Direct manufacturing labour rate variance 1,900 

Direct manufacturing labour efficiency variance 2,000 

Actual production in May was 4,000 units of Flare, and actual sales in May were 2,500 units. The amount 

shown for direct materials price variance applies to materials purchased during May. There was no begin- 

ning inventory of materials on May 1. 

Required 

Compute each of the following items for Terra for the month of May. Show your computations. 

1. Standard direct manufacturing labour-hours (DMLH) allowed for actual output achieved 
2. Actual direct manufacturing labour-hours (DMLH) worked 
3. Actual direct manufacturing labour wage rate 

4, Standard quantity of direct materials allowed (in kilograms) 

5. Actual quantity of direct materials used (in kilograms) 
6. Actual quantity of direct materials purchased (in kilograms) 
7. Actual direct materials rate per kilogram 

7-32 Direct manufacturing labour and direct materials variances, missing data. (CMA, adapted) 

Hang9 manufactures fibreglass paddleboards. The standard cost of direct materials and direct manufactur- 

ing labour is $100 per board. This includes 20 kilograms of direct materials, at the budgeted price of $2 per 

kilogram, and 5 hours of direct manufacturing labour, at the budgeted rate of $12 per hour. Following are 
additional data for the month of July: 

Units completed 6,000 units 

Direct material purchases 150,000 kilograms 

Cost of direct material purchases . $292,500 

Actual direct manufacturing labour-hours 32,000 hours 

Actual direct-labour cost $368,000 

Direct materials efficiency variance $ 12,500 U 

There were no beginning inventories. 

Required 

1. Compute direct manufacturing labour variances for July. 

2. Compute the actual number of kilograms of direct materials used in production in July. 

3. Calculate the actual price per kilograms of direct materials purchased. 
4. Calculate the direct materials rate variance. 
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7-33 Flexible budget, direct materials, and direct manufacturing labour variances. Emerald LO © 
Statuary manufactures bust statues of famous historical figures. All statues are the same size. Each unit 

requires the same amount of resources. The following information is from the static budget for 2021: 

Expected production and sales 7,000 units 

Expected selling price per unit $ 680 

Total fixed costs $1,400,000 

Standard quantities, standard prices, and standard unit costs follow for direct materials and direct manu- 
facturing labour: 

Standard Quantity Standard Price Standard Unit Cost 

Direct materials 10 kilograms $ 8 per kilogram $ 80 

Direct manufacturing labour 3.7 hours $50 per hour $185 

During 2021, actual number of units produced and sold was 4,800, at an average selling price of $720, Actual 

cost of direct materials used was $392,700, based on 66,000 kilograms purchased at $5.95 per kilogram. 
Direct manufacturing labour-hours actually used were 18,300, at the rate of $48 per hour. As a result, actual 
direct manufacturing labour costs were $878,400. Actual fixed costs were $1,170,000. There were no begin- 

ning or ending inventories. 

Required 

1. Calculate the sales-volume variance and flexible-budget variance for operating income. 

2. Compute price and efficiency variances for direct materials and direct manufacturing labour. 

7-34 Variance analysis, nonmanufacturing setting. Joyce Brown has run Medical Maids, a specialty LO® 
cleaning service for medical and dental offices, for the past 10 years. Her static budget and actual results 
for April are shown below. Joyce has one employee who has been with her for all 10 years that she has 
been in business. In addition, at-any given time she also employs two other less-experienced workers. It 
usually takes each employee 2 hours to clean an office, regardless of his or her experience. Brown pays her 
experienced employee $30 per office and the other two employees $15 per office. There were no wage 
increases in April. 

Medical Maids Actual and Budgeted Income 
Statements for the Month Ended April 30 

Budget Actual 

Offices cleaned _ 140 __160 

Revenue $26,600 $36,000 

Variable costs: 

Costs of supplies 630 680 

Labour _ 3,360 _ 4,200 

Total variable costs __ 3,990 __ 4,880 

Contribution margin 22,610 31,120 

Fixed costs _ 4,900 _ 4,900 

Operating income $17,710 $26,220 

Required 

1. How many offices, on average, did Brown budget for each employee? How many offices did each 
employee actually clean? 

2. Prepare a flexible budget for April. 
3, Compute the sales price variance and the labour efficiency variance for each labour type. 
4, What information, in addition to that provided in the income statements, would you want Brown to 

gather if you wanted to improve operational efficiency? 

7-35 Variances in the service sector. Derek Wilson operates Clean Ride Enterprises, an auto detailing LO® 
company with 20 employees, Jamal Jackson has recently been hired by Wilson as a controller. Clean Ride's 

previous accountant had done very little in the area of variance analysis, but Jackson believes that the 
company could benefit from a greater understanding of his business processes. Because of the labour-in- 
tensive nature of the business, he decides to focus on calculating labour variances. 
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LO ® 

Jackson examines past accounting records, and establishes some standards for the price and quantity of 
labour. While Clean Ride’s employees earn a range of hourly wages, they fall into two general categories: 

skilled labour, with an average wage of $20 per hour, and unskilled labour, with an average wage of $10 per 

hour. One standard 5-hour detailing job typically requires a combination of 3 skilled hours and 2 unskilled hours. 

Actual data from last month, when 600 detailing jobs were completed, are as follows: 

Skilled (2,006 hours) $39,117 

Unskilled (944 hours) 9,292 

Total actual direct-labour cost $ 48,409 

Looking over last month’s data, Jackson determines that Clean Ride’s labour price variance was 
$1,151 favourable, but the labour efficiency variance was $1,560 unfavourable. When Jackson presents his 

findings to Wilson, the latter is furious. “Do you mean to tell me that my employees wasted $1,560 worth of 

time last month? I've had enough. They had better shape up, or else!” Jackson tries to calm him down, 

saying that in this case the efficiency variance doesn't necessarily mean that employees were wasting 

time. Jackson tells him that he is going to perform a more detailed analysis, and will get back to him with 

more information soon. 

Required 

1. What is the budgeted cost of direct labour for 600 detailing jobs? 

2. How were the $1,151 favourable price variance and the $1,560 unfavourable labour efficiency variance 

calculated? What was the company’s flexible-budget variance? 

3. What do you think Jackson meant when said that “in this case the efficiency variance doesn’t neces- 
sarily mean that employees were wasting time”? 

4. For the 600 detailing jobs performed last month, what is the actual direct labour input mix percentage? 

What was the standard mix for labour? 

5. Calculate the total direct labour mix and yield variances. 

6. How could these variances be interpreted? Did the employees waste time? Upon further investigation, 

you discover that there were some unfilled vacancies last month in the unskilled labour positions that 

have recently been filled. How will this new information likely impact the variances going forward? 

7-36 Direct manufacturing labour variances: price, efficiency, mix, and yield. Elena Martinez 

employs two workers in her wedding cake bakery. The first worker, Gabrielle, has been making wedding 

cakes for 20 years and is paid $25 per hour. The second worker, Joseph, is less experienced and is paid 

$15 per hour. One wedding cake requires, on average, 6 hours of labour. The budgeted direct manufacturing 
labour quantities for one cake are as follows: 

Quantity 

Gabrielle 3 hours 

Joseph 3 hours 

Total 6 hours 

That is, each cake is budgeted to require 6 hours of direct manufacturing labour, composed of 50% of 

Gabrielle's labour and 50% of Joseph's, although sometimes Gabrielle works more hours on a particular 
cake and Joseph less, or vice versa, with no obvious change in the quality of the cake. 

During the month of May, the bakery produces 50 cakes. Actual direct manufacturing labour costs 
are as follows: 

Gabrielle (140 hours) $3,500 

Joseph (165 hours) 2,475 

Total actual direct-labour cost $5,975 

Required 

1. What is the budgeted cost of direct manufacturing labour for 50 cakes? 

2. Calculate the total direct manufacturing labour price and efficiency variances. 

3, For the 50 cakes, what is the total actual amount of direct manufacturing labour used? What is the 

actual direct manufacturing labour input mix percentage? What is the budgeted amount of Gabrielle's 

and Joseph's labour that should have been used for the 50 cakes? 
4. Calculate the total direct manufacturing labour mix and yield variances. How do these numbers relate 

to the total direct manufacturing labour efficiency variance? What do these variances tell you? 



7-37 Use of materials and manufacturing labour variances for benchmarking. You are a new 
junior accountant at In Focus Corporation, maker of lenses for eyeglasses. Your company sells generic-quality 

lenses for a moderate price. Your boss, the controller, has given you the latest month's report for the lens trade 

association. This report includes information related to operations for your firm and three of your competitors 

within the trade association. The report also includes information related to the industry benchmark for each 

line item in the report. You do not know which firm is which, except that you know you are Firm A. 

Unit Variable Costs Member Firms 

For the Month Ended September 30 

Firm A Firm B Firm C Firm D Industry Benchmark 

Materials input 2.15 2.00 2.20 2.60 2.15 02z. of glass 

Materials price $ 5.00 $ 5.25 $ 5.10 $ 4.50 $ 5.10 per oz. 

Labour-hours used 0.75 1.00 0.65 0.70 0.70 hours 

Wage rate $14.50 $14.00 $14.25 $15.25 $12.50 per DLH 

Variable overhead rate $ 9.25 $14.00 $ 7.75 $11.75 $12.25 per DLH 

Required 

1. Calculate the total variable cost per unit for each firm in the trade association. Compute the percent of 

total for the material, labour, and variable overhead components. 

2, Using the trade association's industry benchmark, calculate direct materials and direct manufacturing 

labour price and efficiency variances for the four firms. Calculate the percent over standard for each 

firm and each variance. 

3. Write a brief memo to your boss outlining the advantages and disadvantages of belonging to this trade 

association for benchmarking purposes. Include a few ideas to improve productivity that you want 
your boss to take to the department heads’ meeting. 

7-38 Direct-cost and selling-price variances. MicroDisk is the market leader in the Secure 

Digital (SD) card industry and sells memory cards for use in portable devices such as mobile phones, tablets, 

and digital cameras. Its most popular card is the Mini SD, which it sells through outlets such as Target and 

Walmart for an average selling price of $8. MicroDisk has a standard monthly production level of 420,000 Mini 

SDs in its Taiwan facility. The standard input quantities and prices for direct-cost inputs are as follows: 

Standard 

Unit Costs 

3 [Direct materials: | cee oa Connector pins 

i] Wiener 
i 

|g | Direct manufacturing labour: 

$0.05 

Phoebe King, the CEO, is disappointed with the results for June, especially in comparison to her expecta- 
tions based on the standard-cost data. 

Performance Report, June 

Actual Variance 

42,000 

fig | | 
ee ee | 
[45 | Outputunits 

Revenues $3,360,000 $266,700 F 
| Direct materials 1,200,000 987,000 213,000 U 

Direct manufacturing labour | 628,400 588,000 40,400 U 

Assignment Material 

LOO 
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1, Hergonia rate $400,000 U 

King observes that despite the significant increase in the output of Mini SDs in June, the product's contri- 
bution to the company’s profitability has been lower than expected. She gathers the following information 

to help analyze the situation: t 

Specialty polymer 8,300,000 $415,000 

Connector pins 5,000,000 550,000 

Wi-Fi transreceiver 470,000 | reek, $285,000 

Direct manufacturing labour: 

Setup 455,000 in. 182,000 

Fabrication 864,000 in. 446,400 . 

Calculate the following variances. Comment on the variances and provide potential reasons why they 
might have arisen, with particular attention to the variances that may be related to one another: 

Required 

1. Selling-price variance 
2. Direct materials price variance, for each category of materials 

3. Direct materials efficiency variance, for each category of materials 
4, Direct manufacturing labour price variance, for setup and fabrication 

5, Direct manufacturing labour efficiency variance, for setup and fabrication 

7-39 Price and efficiency variances, benchmarking. Nantucket Enterprises manufactures insulated 

cold beverage cups printed with college and corporate logos, which it distributes nationally in lots of 

12 dozen cups. In June, Nantucket produced 5,000 lots of its most popular line of cups, the 24-ounce lidded 
tumbler, at each of its two plants, which are located in Providence and Amherst. The production manager, 
Shannon Bryant, asks her assistant, Joel Hudson, to find out the precise per-unit budgeted variable costs at 
the two plants and the variable costs of a competitor, Beverage Mate, who offers similar-quality tumblers at 
cheaper prices. Hudson pulls together the following information for each lot: 

Per lot Providence Plant Amherst Plant Beverage Mate 

Direct materials 74 lbs. @ $3.20 perlb. 76.5lbs.@$3.10 perlb. 70 lbs. @ $2.90 per Ib. 

Direct manufacturing labour 2.5 hrs.@$12.00 perhr. 2.4hrs.@$12.20 perhr. 2.4 hrs. @ $10.50 per hr. 

Variable overhead $20 per lot $22 per lot $20 per lot 

Required 

1, Whatis the budgeted variable cost per lot at the Providence Plant, the Amherst Plant, and at Beverage 

Mate? 
2. Using the Beverage Mate data as the standard, calculate the direct materials and direct manufactur- 

ing labour price and efficiency variances for the Providence and Amherst plants. 

3. What advantage does Nantucket get by using Beverage Mate's benchmark data as standards in calcu- 

lating its variances? Identify two issues that Bryant should keep in mind in using the Beverage Mate 

data as the standards, 

Mini-Cases 

7-40 Procurement costs, variance analysis, governance. Rashid Daley is the manager of the athletic 
shoe division of Raider Products. Raider is a European-based company that has just purchased Fastfoot, a 

leading European shoe company. Fastfoot has long-term production contracts with suppliers in two East 

European countries: Hergonia and Tanista. Daley receives a request from Karen Neal, president of Raider 
Products. Daley and his controller, Brooke Mullins, are to make a presentation to the next board of directors’ 

meeting on the cost competitiveness of its Fastfoot subsidiary. This should include budgeted and actual 

procurement costs for 2022 at its Hergonia and Tanista supply sources. 



Mullins decides to visit the two supply operations. The budgeted average procurement cost for 2022 

was $14 per pair of shoes. This includes payments to the shoe manufacturer and all other payments to 

conduct business in each country. Mullins reports the following to Daley: 

w Hergonia. Total 2022 procurement costs for 250,000 pairs of shoes were $3,900,000. Payment to the 

shoe manufacturer was $3,108,000. Very few receipts exist for the remaining $792,000. Kickback 
payments are viewed as common in Hergonia. 

a Tanista. Total 2022 procurement costs for 900,000 pairs of shoes were $12,300,000. Payment to the 

shoe manufacturer was $10,136,000. Receipts exist for $827,000 of the other costs, but Mullins is 

skeptical of their validity. Kickback payments are a “way of business” in Tanista. 

At both the Hergonia and Tanista plants, Mullins is disturbed by the employment of young children 

(many of them under 15 years). She is told that all major shoe-producing companies have similar low-cost 

employment practices in both countries. 

Daley is uncomfortable about the upcoming presentation to the board of directors. He was a leading 

advocate of the acquisition. A recent business magazine reported that the Fastfoot acquisition would 

make Raider Products the global low-cost producer in its market lines. The stock price of Raider Products 

jumped 21% the day the Fastfoot acquisition was announced. Mullins, likewise, is widely identified as a 

proponent of the acquisition. She is seen as a rising star due for promotion to a division management post 

in the near future. 

Required 

1. What summary procurement cost variances could be reported to the board of directors of Raider 

Shoes? 
2. What ethical issues do (a) Daley and (b) Mullins face when preparing and making a report to the board 

of directors? 
3. How should Mullins address the issues you identify in requirement 2? 

7-41 Rate and efficiency variances, problems in standard-setting, benchmarking. New Fash- 

ions Inc. manufactures shirts for retail chains. Andy Jorgenson, the controller, is becoming increasingly 

disenchanted with New Fashions’'s standard-costing system. The budgeted and actual amounts for direct 

materials and direct manufacturing labour for June were as follows: 

Budgeted Amounts Actual Amounts 

Shirts manufactured 6,000 6,732 

Direct material costs $30,000 $30,294 

Direct material units (rolls of cloth) 600 612 

Direct manufacturing labour costs $27,000 $27,693 

Direct manufacturing labour-hours (DMLH) 1,500 1,530 

There were no beginning or ending inventories of materials. 

Standard costs are based on a study of the operations conducted by an independent consultant six 

months earlier. Jorgenson observes that, since that study, he has rarely seen an unfavourable variance of 

any magnitude. He notes that even at their current output levels, the workers seem to have a lot of time for 

sitting around and gossiping. Jorgenson is concerned that the production manager, Charlie Fenton, is 

aware of this but does not want to tighten up the standards because the lax standards make his perfor- 

mance look good. 

Required 

1. Compute the rate and efficiency variances of New Fashions for direct materials and direct manufactur- 

ing labour in June. 

2. Describe the types of actions the employees at New Fashions may have taken to reduce the accuracy 

of the standards set by the independent consultant. Why would employees take those actions? Is this 

behaviour ethical? 
3. If Jorgenson does nothing about the standard costs, will his behaviour violate any ethical conduct 

guidelines? 
4. What actions should Jorgenson take? 
5. Jorgenson can obtain benchmarking information about the estimated costs of New Fashions’s major 

competitors from Benchmarking Clearing House (BCH). Discuss the pros and cons of using the BCH 
information to compute the variances in requirement 1. 

Assignment Material 275 

LOoO@e 
1, Direct-materials rate variance 

$306 F 



276 Chapter 7 Flexible Budgets, Variances, and Management Control: | 

“TRY IT! > SOLUTIONS 

Direct Materials = Standard Q X Standard rate 

= 0.5kg X $8/kg 

= $4 per salad 

DirectLabour © = Standard Qoflabour x Standard labour rate 

= (6 minutes per salad/60 minutes per hour) < $20 per hour 

= $2 per salad 

Standard Variable overhead 

= Standard Q X Standard rate 

= 6 minutes X $0.10 per minute 

= $0.60 



Learning Objectives 
@ Assign manufacturing overhead 

(MOH) fixed costs, then 

calculate and analyze flexible- 
budget variances. 

@ Establish variable overhead 

cost-allocation rates; calculate 

and analyze flexible-budget 

variances. 

© Calculate activity-based cost 
(ABC) overhead variances. 

@ Integrate the fixed and variable 

overhead cost variance 

analyses to reconcile the actual 

overhead incurred with 

overhead allocated. 

@ Analyze non-manufacturing 
variances. , 

CPA Competencies* 
This chapter covers material 
outlined in Section 3: 

Management Accounting of the 

CPA Competency Map. The 
Learning Objectives in this chapter 

have been aligned with the CPA 

Competency Map to ensure the 

best coverage possible. 

3.2.1 Develops or evaluates 

information inputs for operational 

plans, budgets, and forecasts 

3.2.2 Prepares, analyzes, or 

evaluates operational plans, 
budgets, and forecasts 

3.2.3 Computes, analyzes, or 

assesses implications of variances 

3.4.1. Evaluates sources and 
drivers of revenue growth 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada. 

Flexible Budgets, Variances, and 
Management Control: II 

Tracking Performance 
Manufacturing and non-manufacturing overhead comprise a large proportion of total 

costs. For extraction industries such as oil, gold, and iron ore, the costs of exploration, 
development, and refining are in the hundreds of millions. For service industries like 
airline transportation, one new aircraft, such as a Boeing 777 that seats as many as 

368 people, required more than $6 billion in development. 

Barrick Gold Corporation, a Canadian company and the largest gold producer in 
the world, explores for, refines, and produces gold, all of which are capital intensive 
activities. In Barrick’s 2018 annual report, its property, plant, and equipment were 

valued at more than $25 billion. Barrick’s long-term profit depends on recovering the 
costs of both its fixed assets and annual costs of operation as it sells each ounce of 
gold. Barrick cannot control the gold price, but it can control costs as long as it knows 

the fixed and variable overhead costs per ounce produced. 

Sources: Kyung Song, “Who builds a better widebody?” Seattle Times, June 4. 2000 (https://www. businessinsider, 
com/boeing-777-history-2017-6); Bartick Gold Corporation. 2019. Annual Report 2018 (http://www. barrick.com 
/files/annual-report/Barrick-Annual-Report-2018.pdf). 
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Assign manufacturing 

overhead (MOH) fixed 

costs, then calculate and 

analyze flexible-budget 

variances. 

This chapter completes the Level 3 flexible-budget variance for both fixed and variable 
manufacturing overhead. Fixed manufacturing overhead (FMOH) costs include property 
taxes, depreciation, lease expenses, insurance, and salaries. Some fixed costs are locked in 
by legal contracts for terms as short as one year, such as salaries and insurance. Others are 
locked in by long-term contracts to purchase or lease plant and equipment. These FMOH 
costs are assigned to each unit of output because companies have only one way to recover 
the costs—charge a reasonable price when they sell output. 

Variable manufacturing overhead (VMOH) costs also contribute to overhead. These 
VMOH costs of shared resources are assigned to each unit of output in proportion to the 
benefit received. VMOH costs can only be recovered in the price charged when output is 
sold, which is why both FMOH and VMOH costs are assigned to units of output. 

Fiexible-Budget MOH Cost Variances 

Continuing our analysis of Webb Company begun in Chapter 7, we simplify the example 
by examining only inventoriable costs or manufacturing overhead costs (MOH). MOH 
costs are defined by ASPE/IFRS and used to estimate both cost of goods sold (COGS) and 
inventory values. Referring back to Exhibit 7-4, this discussion includes only the VMOH 
of $120,000 budgeted for the 10,000-jackets level of output and FMOH of $276,000 
budgeted for the relevant range including 10,000 jackets. The task is to explain the FMOH 
cost pool variance of $9,000 U (= $276,000 — $285,000) and the VMOH cost pool 
variance of $10,500 U (= $120,000 — $130,500). 

Webb’s cost structure illustrates the importance of man- 
Inventoriable product costs are initially recorded on the balance agement planning and control of manufacturing overhead 
sheet as an asset. When the product is sold, the costs move costs. The following percentages of total static-budget costs 
from the balance sheet to the income statement and appear of $1,898,000 (column (4) of Exhibit 7-4) are based on 

as COGS.! 
Webb’s static budget for 12,000 jackets for April: 

Variable Overhead Fixed Overhead Total Overhead 

Costs Costs Costs 

Manufacturing? 7.59% 14.54% 22.13% 

Marketing 3.16 22.87 _ 26.03 

Total 10.75% 37.41% 48.16% 
Total overhead costs are significant and amount to almost half (48.16%) of Webb’s 

total budgeted costs at 12,000 output units per month (= $914,000 + $1,898,000). The 
remainder of the costs (51.86% of the budgeted 12,000 units) are direct costs. Based on 
fixed costs as a percentage of total costs of approximately 37.41% (= $710,000 
+ $1,898,000), Webb may be classified as having a high degree of operating leverage (see 
Chapter 3). As a result, fluctuations in revenues are likely to result in large changes in 
profits. Variable costs for Webb consume $0.55 (or 55%) of every revenue dollar earned 
($1,188,000 + $2,160,000). In other words, $0.45 (or 45%) of every dollar of revenue 
earned contributes toward paying for fixed costs. After breakeven is reached, this propor- 
tion contributes to operating income. 

Given Webb’s fixed costs projected in the static budget, the breakeven point, BEP in 
revenue, is approximately $1,577,778: 

$710,000 

0.45 

In terms of BEP in units, this is equal to 8,766 jackets produced and sold ($1,577,778 
+ $180 SP = 8,765.43 rounded up to 8,766). 

= $1,577,778 (rounded) 

' TAS2—Inventories. Deloitte (http://www.iasplus.com/en/standards/ias/ias2). 

2 VMOHas a percentage of total costs is $144,000 + $1,898,000 = 7.59%, and FMOH is $276,000 + 1,898,000 = 14.54%. 
Total manufacturing overhead is $420,000 + $1,898,000 = 22.13%. Similar calculations will result in the percentages 
shown for marketing overhead costs. The total variable marketing and manufacturing overhead costs as a percentage of total 
costs is ($144,000 + $60,000) + $1,898 ,000 = 10.75%. 
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If Webb achieves its static budget sales, its operating income will be approximately 
$262,000 (= 12,000 jackets — 8,766 BEP jackets = 3,234 jackets x $180 x 0.45). When Webb 
only sold 10,000 jackets (or a 17% decrease in sales), its flexible-budget operating income 
was approximately $100,000 (= 10,000 jackets — 8,766 BEP jackets = 1,234 jackets 
x $180 Xx 0.45). This represents a 62% decrease in operating income [($262,000 — $100,000) 
/ $262,000 = 0.6183]. 

While there was a relatively small decline in sales (17%), Webb’s higher degree of 
operation leverage (amount of fixed costs relative to total costs) resulted in a relatively 
large decrease in operating income (62%). 

This analysis serves to remind us that fixed costs can have a significant impact on a 
firm’s profitability and its ability to withstand unexpected fluctuations. Webb’s recovery 
of overhead and its profits depend on meeting its budget. 

Steve-A-Rena owns a coffee shop at the Farmet’s Market. The budgeted fixed over- 
head costs to rent his booth space are $2,000, advertising is $500, and equipment 
and other expenses are $410. His actual expenses in fixed costs for the month were 
$3,200. Steve had planned on selling 9,600 coffees per month but actually sold 
10,000 this month. What is the fixed overhead budget variance for the month? 

Planning for Overhead Costs 

Effective planning of fixed overhead costs is basically a capacity planning issue. Capacity 
refers to the quantity of outputs that can be produced from long-term resources available 
to the company, and it is acquired through the purchase or lease of long-term assets. This 
means decisions about capacity are strategic decisions. Decisions would include consider- 
ation of current capacity, forecasted future demand and risks, potential alternative uses of 
idle capacity, and ease of disposal of excess capacity. 

The fixed overhead issue is that either the lease or acquisition cost of capacity must be 
recovered through the sale of outputs (goods or services). But Webb is a price-taker; con- 
sumers have set the price they are willing to pay for a jacket at $180. If the management 
team leased or purchased too many machines relative to demand for the jackets, Webb 
would have unutilized or idle capacity. This unutilized capacity cost must be paid for, but 
Webb cannot simply increase its price to cover idle capacity cost per jacket. Competitors 
may not have any or as much idle capacity and, all other things being equal, will achieve 
higher profitability per jacket at $180 than Webb. This means Webb needs to be right 
when it forecasts consumer demand and invests in capacity. 

Capacity cost is a FMOH cost. Webb’s cost system is not an ABC system and, as a 
result, the company collects all FMOH into a single indirect cost pool. While this chapter 
focuses on inventoriable capacity costs, period capacity costs also exist. It is often more 
readily apparent in manufacturing than in service industries what is the most informative 
grouping of capacity costs into overhead cost pools. 

Idle capacity occurs even in well-managed and well-planned companies when 
machines require maintenance to repair the wear and tear arising from normal use. 
Without scheduled idle or down time for maintenance, the machines would break down. 
Good capacity management utilizes excess capacity to make up for output forgone during 
both scheduled maintenance and unexpected breakdowns. See Chapter 9 for a more com- 
plete discussion of capacity. 

In service industries, period overhead costs arise when the same building houses both 
those whose activities generate revenue as well as those who engage in all service-support 
activities. Capacity is related to the people and their intangible skills rather than to tangi- 
ble equipment and property. These intangible skills may be referred to as human capital. 
The labour expense can be recorded, but the benefit is shared throughout the business. 
ASPE/IFRS prohibits accounting for costs of this type in inventory. Period support costs, 
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(ees FMOH Cost Assignment 

Flexible- and Static-Budgeted Amounts for the Year 

FMOH* -DMH/Year Rate per DMH Q Jackets/Year DMH/Jacket Rate per Jacket 

(1) (2) (3) = (1) + (2) (4) (5) = (2) + (4) (6) = (3) x (5) 

$3,312,000 57,600 $57.50 144,000 0.40 $23.00 

*Annual FMOH = $276,000 x 12 

however, must still be recovered when the service is provided or the product is sold. Man- 
agement accountants may use one of five methods (see Chapter 15) to assign period costs 
to distinct output units based on the proportion of benefit to the unit. 

Assigning Fixed Manufacturing Overhead at Webb 

The data in Exhibit 8-1 are available from Webb’s MIS. The FMOH cost-allocation rate 
and cost assigned per jacket can be readily calculated as shown in the exhibit. 

The fixed cost pools do not change when the volume of output changes; therefore, the 
static budget is also the flexible budget. The assignment of budgeted, unitized FMOH 
costs to units of output depends on the quantity of output in the denominator. But first 
the FMOH cost pool is allocated in Webb’s traditional system using direct machine-hours 
(DMH) as the cost-allocation base. This allocation base is sensible if a significant portion 

of the FMOH is due to the amount of machinery used in the production process. 
The economic reality should be that the more DMH used for a distinct type of jacket, the 
higher the cost per jacket and the higher the value added or benefit to the customer. But a 
production denominator level (or volume) that will be divided into the FMOH cost pool 
to calculate the rate per jacket is a measure of capacity available, not actual customer 
demand or capacity used. From four potential choices, Webb’s management team has 
chosen the amount that is ASPE/IFRS-compliant. The alternative denominators are dis- 
cussed in detail in Chapter 9. 

The equipment input capacity budgeted for the year is 57,600 DMH, and the total 
volume of output for the year is budgeted at 144,000 jackets. On a per-unit basis, the rate 
of use is 0.40 DMH/jacket (= 57,600 DMH + 144,000 jackets). The budget for one month 
of output is 4,800 DMH/month (= 0.40 DMH xX 12,000 jackets). The fixed MOH cost 
pool is budgeted at $276,000/month, so the budgeted FMOH rate will be $57.50/DMH 
(= $276,000 + 4,800 DMH). 

Budgeted fixed overhead rate _ Budgeted fixed overhead costs 

per unit of allocation base Budgeted quantity of allocation base units 

= $276,000 + 4,800 DMH 

= $57.50 per DMH 

Fixed Overhead Cost Variance Calculation and Analysis 

The actual results for FMOH are shown in Exhibit 7-4. The static-budget amount for 
FMOH is based on 12,000 output units. Webb’s Level 1 static-budget variance for FMOH 
is $9,000 U: 

FMOH static-budget variance = Actual results — Static-budget amount 

= $285,000 — $276,000 

= $9,000 U 

Given that this static-budget amount is for a fixed cost, $276,000 would also be the 
FMOH budgeted amount for all output levels in the relevant range. There is no “flexing” 
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of fixed costs. Therefore, the flexible-budget amount for FMOH at Q = 10,000 (actual 
output) is $276,000, or the same as the static-budget amount. Thus, the Level 2 flexible- 
budget variance is also $9,000 U: 

FMOH flexible-budget variance = Actual results — Flexible-budget amount 

= $285,000 — $276,000 

= $9,000 U 

Budgeted fixed costs are, by definition, unaffected by changes in the sales volume. 
Within the relevant range (in this case, 8,000 to 16,000 jackets), there will never be a 
sales-volume variance because sales-volume variances only 

ALISE for items affected by changes i the volume of sales Alternatively, the arithmetic also proves that there is no 
(ie, revenues, variable costs, contribution margins, and | variance Flexible budget $276,000 — Static budget $276,000 
operating income). = Sales-volume variance $0). Therefore, the Level 2 sales- 

For a Level 3 analysis (deconstructing the flexible-budget | volume variance is never a variance. 
variance into its rate and efficiency components), the entire 
FMOH flexible-budget variance is attributed to rate variance because efficiency does not 
affect FMOH. The quantity of DMH in the cost-allocation base remains unchanged over 
the relevant range of output produced. Unless the actual quantity produced is outside the 
relevant range, any difference in DMH consumed compared to the quantity in the cost- 
allocation base is irrelevant. Exceeding the relevant range implies (for example) that new 
equipment must be acquired (or leased), which is a strategic decision with long-term 
implications. The Level 3 rate variance is $9,000 U: 

FMOH rate variance = Actual results - Amount allowed for relevant range 

(same as static and flexible amount) 

= $285,000 — $276,000 

= $9,000 U 

The Level 3 efficiency variance is never a variance: 

FMOH efficiency variance = Never a variance 

Interpretation of Fixed Manufacturing Overhead Rate Variance 

The math involved here is simple: The value of FMOH variance analysis arises from find- 
ing the cause or causes of the variance. Reasons for the unfavourable FMOH rate variance 
could include 

s Poor/unrealistic FMOH projections in the original budget process 

=» An unplanned salary increase to retain the plant manager 

a Increased equipment lease or depreciation rates 

= Increased insurance premiums on the production assets 

s Increased property taxes on the production facilities 

Assume Webb investigated and determined that there was a $9,000 per month unex- 
pected increase in its equipment leasing costs. However, management concluded the new 
lease rates were competitive with lease rates available elsewhere. If the rate had not been 
competitive, then the management team could have looked elsewhere to lease equipment 
from other suppliers. The increase was not controllable by individual managers, and it is 
a permanent increase in FMOH. The appropriate response is to change the FMOH bud- 
geted cost pool. Unfortunately, there is no value added to a customer when it costs more 
to run the same equipment, and it is very unlikely that Webb can increase the cost per 
jacket without losing sales. To achieve the budgeted gross margin, the management team 
must find ways to reduce other controllable costs. 

Exhibit 8-2 shows a summary of the Levels 1, 2, and 3 variance analyses for Webb’s 
FMOH in April. 
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ec Levels 1, 2, 
and 3 Fixed Manufacturing 
Overhead Variances 

Level 1 

Level 2 

Fixed Manufacturing = Fixed Manufacturing 
hovel a Overhead Rate Overhead Efficiency 

- Variance Variance 
$9,000U =~—--—s- (Never a Variance) 

Production-Volume Variance Calculation and Analysis 

FMOH variance analysis requires the calculation of one new variance: the production- 
volume variance. The production-volume variance (PVV) arises because of a misalloca- 
tion of FMOH from using the method of normal costing in a traditional system. Normal 
cost assignment for overhead costs multiplies actual quantities by budgeted rates. 
The PVV is the difference between budgeted fixed overhead ($276,000) and the fixed 
overhead that the accounting system assigned for the actual quantity of outputs. The rate 
is constant, but the multiplier changes. Other terms for this variance are denominator-level 
variance and output-level overhead variance. The management team can now analyze the 
PVV to identify how the difference of $55,000 arose between the actual FMOH incurred 
in the month and the FMOH assigned to production by the accounting system. 

The PVV analysis applies what you learned about unitized fixed cost behaviour, as 
illustrated in Exhibit 8-3. The first column in Exhibit 8-3 shows the possible (relevant) 
range of output for Webb. The second column shows the amount of FMOH that would 
be assigned to production, assuming that the original budget anticipated 12,000 jackets 
per month (and a FMOH rate of $23/jacket). The third column reflects the FMOH that is 
budgeted for the relevant range of output (8,000 to 16,000 units). The final column 
reflects the PVV that would exist (as a result of the FMOH assigned to production by the 
accounting system), depending on the actual output level achieved. 

ANALYTICS [7 : 
INSIGHTS | Understanding Overhead 

In many manufacturing operations, overhead costs exceed direct costs of operations, Shifts 
in technology on production floors have changed the balance of human resources from 
being heavily weighted toward technical staff (100 technicians managed by 20 supervisors) 
to a balance favouring management (25 technicians managed by 25 supervisors). The use 
of technologies such as Al-enabled material tracking reduces the manufacturing overhead 
costs resulting from operational inefficiencies and poor coordination. Operations tracking 
and management using real-time tracking of production and inventory using AI and tools 
such as RFID and IoT devices optimizes resource utilization and the prevention of 
mistakes. 

Source: Zycus, 2019. Pulling out all the stops for better procurement. The Telegraph, December 2 (https://www 
telegraph.co.uk/business/business-reporter/procurement-data-analytics/) 
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Production-Volume Assigned Total Cost Behaviour 
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Fixed overhead rate per jacket: $23 400,000 

350,000 
Quantity Total Production- 
Actually FMOH Budgeted Volume 300,000 
Produced Assigned FMOH Variance 

8,000 184,000 276,000 $92,000 U 

10,000 230,000 276,000 46,000 U 

12,000 276,000 276,000 0 

14,000 322,000 276,000 46,000 F 

16,000 368,000 276,000 92,000 F 

250,000 

Variance 

Production- 
Volume 

(PVV) 200,000 

150,000 

100,000 
Total Fixed Costs $ 

50,000 

0 

1,000 4,000 8,000 10,000 

Actual Quantity Produced 

The graph in Exhibit 8-3 compares the total fixed cost behaviour based on the unit- 
ized FMOH rate of $23/jacket with total budgeted FMOH. The budgeted FMOH cost 
pool at Q = 12,000 jackets produced and sold is the straight line at the top of the graph. 
The sloped line indicates what the total FMOH would have been if Webb could have 
matched its capacity available to the actual Q produced and sold and FMOH was able to 
be varied with output levels. At Q = 10,000 produced and sold, the assigned amount 
Webb should have spent is $230,000/month using the budgeted rate. 

The gap between the point on the sloped line and the horizontal line is the PVV. When 
the points on the sloped line are below the horizontal line, the variance is unfavourable. The 
budgeted FMOH cost for the actual output is more than what the accounting system assigned 
(based on the FMOH rate of $23 per jacket) for that level of output. Where the actual and 
the budgeted Q are equal (i.e., 12,000 units), the sloped and horizontal lines intersect and the 
PVV is zero. Where the sloped line exceeds the horizontal line, the budgeted FMOH of 
$276,000 is less than the amount of FMOH assigned (for that level of output) by the account- 
ing system and the PVV is favourable. The calculation of PVV is as follows: 

Production-volume f ; 
= fixed overhead assigned Xx 

variance overhead rate 
for actual output 

Budgeted Total fixed 

overhead 

Budgeted aa 

= $276,000 — (10,000 jackets x 0.40 DMH per jacket x $57.50 per DMH) 

= $276,000 — (4,000 DMH x $57.50 per DMH) 

= $276,000 — $230,000 

= $46,000 U 

Interpretation of Production-Volume Variance 

Exhibit 8-4 shows the Level 3 FMOH variance analysis for Webb Company for the month 
of April. Inevitably, there will almost always be a PVV reported. The capacity level used 
to calculate the fixed overhead rate is the budgeted value selected during the budget pro- 
cess. The FMOH rate is the FMOH cost pool divided by the expected (static) budgeted 
quantity of output (Q), assumed in this example to be Q = 12,000 jackets. PVV can be 
thought of as an opportunity cost. Webb paid for the opportunity, the benefit from pro- 
ducing and selling 12,000 jackets in April, but only produced and sold Q = 10,000. 

Webb’s management team must determine why this occurred. Perhaps the sales price 
of $185/jacket instead of $18O0/jacket affected demand and that is why the amount pro- 
duced and sold was less than what the management team committed to in the budget. 
Webb’s cost of equipment is a sunk cost, and the investment was made in anticipation of 

esse a) 
12,000 14,000 16,000 
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i>alielim=tr-e Level 3 

FMOH Variance Analysis Flexible Flexible Allocated a DMH 

for Webb Company fo Actual FMOH and Static and Static for 10,000 Jackets 

April 2021 : Cost Pool FMOH FMOH x $Rate/DMH 

(0.40 DMH/jacket 
X 10,000 jackets 
X $57.50/DMH) 

$285,000 $276,000 $276,000 $230,000 

$9,000 U $46,000 U 

Rate variance Production-volume 

variance 

f $9,000 U t $46,000 U f 

Flexible-budget Production-volume 
variance variance 

| $55,000 Underallocated f 

Under- or overallocated FMOH 

meeting monthly consumer demand with capacity to produce 12,000 jackets. Overpricing 
may cause a persistent shortfall in profit. 

Perhaps the reduction in Q was due to an unexpected equipment malfunction that 
caused both idle time while repairs were made and overtime to make up volume when 
equipment was operational again. We already know there was an unfavourable rate and 
efficiency variance for direct labour, and equipment malfunction could explain all three 
variances. This is temporary, and the management team would have less cause for con- 
cern. It may be that Webb’s management team increased the price per jacket in the hope it 
would minimize impairment to operating income. In this case the team may have made a 
good decision, and the profit from an extra $5/jacket could persist. 

Journal Entries for Fixed Overhead Costs and Variances 

The journal entries are illustrated below for the month of April using the Fixed Overhead 
Control and the contra account Fixed Manufacturing Overhead (FMOH) Allocated. 
These data are identical to those in Exhibit 8-11, Panel B. The FMOH variances are the 
same as those shown in Exhibit 8-4. The reconciliation of the two data sets will be 
explained by the variable cost variances in the next section. 

1. FMOH Control 285,000 

Salaries, lease, tax, insurance payable 285,000 

To record actual fixed overhead costs incurred 

2. WIP Control 230,000 

FMOH Allocated 230,000 

To record fixed overhead costs allocated 

(0.40 DMH/jacket x 10,000 jackets x $57.50/DMH) 

The costs accumulated in WIP Control are transferred to Finished Goods Control 

when production is completed and into Cost of Goods Sold Control when the goods are 
sold (Chapter 4). 

3. FMOH Allocated 230,000 

FMOH Rate Variance 9,000 

FMOH PVV 46,000 

FMOH Control 285,000 

Records variances for the accounting period 
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The FMOH rate variance and PVV reconcile to the $55,000 (= $285,000 — $230,000) 
of FMOH costs that were incurred but not allocated to the jackets produced. These are 
the under allocated FMOH costs from normal costing. 

How the FMOH variance is treated at the end of the fiscal year depends on its mate- 
riality. If it is immaterial, it may be either written off to COGS or prorated among the 
Work-in-Process Control, Finished Goods Control, and COGS accounts on the basis of 
the fixed overhead allocated to these accounts. Obviously, writing off the amount to 
COGS is the easiest approach. If the amounts are material, some companies combine the 
write-off and proration methods. They write off the portion of variance arising from inef- 
ficiency that could have been avoided, and then prorate the portion that was unavoidable. 
For example, if the balance in the Fixed Overhead Rate Variance account at the end of 
April is also the year-end balance in December and is deemed to be immaterial, then the 
following journal entry records the write-off to COGS: 

Cost of Goods Sold 9,000 

FMOH Rate Variance 9,000 

Also assume that the balance in the Fixed Overhead Production-Volume Variance 
account at the end of April remains unchanged and is the year-end balance in December. 
Assume there is some WIP and finished goods inventory at December 31. There is some 
argument about the appropriate treatment of an unfavourable PVV. Some accountants 
contend that the $46,000 U measures the cost of resources expended in anticipation of 
2,000 jackets that were not produced ($23/jacket X 2,000 jackets = $46,000). Prorating 

would inappropriately allocate fixed overhead costs incurred for jackets not produced to 
those that were produced. In principle, the jackets produced already bear their fair share 
(i.e., $23 per jacket) of the burden of FMOH incurred during the year. This interpretation 
favours charging the unfavourable PVV against the year’s revenue to ensure that the fixed 
costs of unused capacity are not carried in the WIP and finished goods inventories. This 
avoids an understatement of COGS from an overstated inventory valuation. 

This approach is also consistent with ASPE/IFRS requirements for external reporting. 
These standards (IAS 2 and ASPE 3031) state that “unallocated overheads are recognized as 
an expense in the period in which they are incurred.” It should be noted that these standards 
assume that normal capacity is used as the allocation base for the overhead (see Chapter 9 for 
a more complete discussion about capacity-level decisions). They also specify that “the amount 
of fixed overhead allocated to each unit [should] not be increased as a consequence of low 
production or idle plant.” This indicates that an unfavourable PVV (a result of lower- 
than-budgeted output) should be expensed (to COGS) in the period it arises (since the other 
two methods of allocating PVV would increase the amount of MOH allocated to units). 

On the other hand, the standards also specify that “in periods of abnormally high pro- 
duction, the amount of fixed overhead allocated to each unit of production is decreased so 
that inventories are not measured above cost” [emphasis added]. This indicates that a 
favourable PVV, if it is the result of a usual fluctuation in production output, should be 
credited to COGS in the period that it arises. Alternatively, if the PVV is the result of 
abnormally high production output, the implication is that the FMOH allocation rate 
should be recalculated (using the higher actual output) and the inventory unit costs reduced. 

Actual Output More 
Than Expected (But Actual Output More 

Actual Output Less Still Considered a Usual Than Expected and 
FMOH Variance Than Expected Fluctuation) Abnormally High 

Production-volume ¢Unfavourable variance ¢ Favourable variance ¢ Favourable variance 
variance e Expense to COGS ¢ Expense to COGS ¢ Recalculate allocation rate 

and apply to inventories 

Alternatively, some accountants look at the choice of a denominator level as merely 
an estimate of the fixed capacity needed to produce jackets. Unforeseen events happen 

randomly, which can cause the actual available capacity to differ from the denominator 
level. Such random events in April led to the production of 10,000 jackets rather than the 

285 
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fexe)\\(ei=-aa- Cost-Allocation Base Denominator Decision: 
NW easel §6There Is a Right Way 

A lower capacity level avoids unfavourable variances that been applied to 10,000 jackets per month, not 12,000. 
reduce operating income. If Webb’s management team But equipment capacity is a fact, not a choice. To be rele- 
had chosen 48,000 instead of 57,600 direct machine- vant, data such as FMOH rates need to be unbiased or 
hours, then the FMOH cost-allocation rate would have the managers’ decisions will be biased. 

planned 12,000. We know this because there is no systematic and repeated unfavourable 
PVV in months leading to year-end. The budgeted $276,000 supported the cost of manu- 
facturing the 10,000 jackets. Therefore, it is appropriate to also prorate this fixed over- 
head cost to the remaining WIP and finished goods inventories. 

Favourable PVV could also arise. Assume Webb had manufactured and sold 13,800 
jackets in April: . 

Budgeted Fixed overhead allocated using 
Production-volume : 

; = fixed -— the budgeted cost per output unit overhead 
AS overhead allowed for the actual output produced 

= $276,000 — ($23/jacket X 13,800 jackets) 

= $276,000 — $317,400 

= $41,400 F 

The fixed overhead costs of $276,000 in this situation supported the production of all 
13,800 jackets and must be allocated to the actual production volume. The more conserva- 
tive approach is to prorate the favourable PVV of $41,400 to WIP inventory, COGS, and 
finished goods inventory as opposed to simply crediting the entire amount to COGS, The 
prorating approach is more conservative because the amount credited to COGS is less than 
if the entire amount were credited to COGS (which would result in a higher reported oper- 
ating income). That being said, if Webb wrote off the favourable PVV to COGS (as would 

be consistent with ASPE/IFRS for non-abnormal variances), the journal entry would be 

FMOH Production-Volume Variance 41,400 

Cost of Goods Sold 41,400 

Recall that the process of setting standards used for a budget is complex, and if vari- 
ances were written off only to COGS, there would be temptation for managers to set stan- 
dards to affect financial reports rather than to improve operating and strategic management 
decisions. The denominator level could be chosen to increase (for financial-reporting pur- 
poses) or decrease (for tax purposes) the reported operating income. Webb could generate a 
favourable (or unfavourable) PVV by setting the denominator level to allocate fixed over- 
head costs either low (or high) to either increase (or decrease) reported operating income. 

Sustainable Overhead 

The recent years of tough economic conditions and recession have highlighted the impor- 
tance organizations place on optimizing overhead costs. Reactive efforts focused on eco- 
nomic activity often result in short-term measures (e.g., cutting the operating budgets). 
This does little to improve structural functions and overhead in the organization typically 
captured as sales and administration expenses. 

Attenuation to variance analyses can directed insight primary functions (e.g., finance, 
human resources) and reveal specific adjustments that can be made to cost structures and 
processes in manufacturing and service overhead. Understanding of the internal relationships 
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between functional areas enables management to determine how individual operations can 
be more effective, beyond mere efficiencies, to creating sustainable value. For example, mon- 
itoring how maintenance activities relate to the actual production operations (and the associ- 
ated costs) may highlight the need to acquire more specific targeted maintenance programs to 
better serve the processes at play in the organization, rather than simply finding a cheaper 
rate to perform the same maintenance procedures. 

Fiexible-Budget Variable Overhead Variances 

Among Webb’s VMOH costs are energy, machine maintenance, engineering support, indi- 
rect materials, and indirect manufacturing labour. 

Webb’s management team uses direct machine-hours as the cost-allocation base and a 
single VMOH cost pool budgeted at $1,728,000 for the year. Monthly VMOH has been Rost locaton Tales) 

: : Iculate and anal 
budgeted at $144,000, given the same budgeted Q = 12,000 jackets produced and sold. fesble hidden 

LO@ 
Establish variable overhead 

Variable Overhead Cost Variance Calculations 

and Analyses 

The Webb Company summary information for April is as shown: 

Flexible-Budget Amount Static-Budget Amount 

Overhead Category Actual Results (for 10,000 Output Units) (for 12,000 Output Units) 

Variable manufacturing overhead $130,500 $120,000 $144,000 

Variable marketing overhead 45,700 50,000 60,000 

The VMOH cost per input unit is $30/DMH (= $1,728,000 + 57,600 DMH). Webb’s 
cost per output is $12/jacket (at $30/DMH xX 0.40 DMHijacket). This rate will be used in 
both the static budget and the monthly performance reports: 

Flexible- and Static-Budgeted Amounts for the Year 

VMOH* DMH/Year RateperDMH QJackets/Year DMH/Jacket Rate per Jacket 

(1) (2) (3) = (1) + (2) (4) (5) = (2) + (4) (6) = (3) x (5) 

$ 1,728,000 57,600 $ 30.00 144,000 0,40 $ 12.00 

*Annual VMOH = $144,000 x 12. 

The budgeted VMOH and the actual rate per jacket in April has been reported as 

Flexible-Budget Static-Budget 
Amount Amount 

(for 10,000 (for 12,000 
Item Actual Results output units) output units) 

1, Variable overhead costs $130,500 $120,000 $144,000 

2. DMH 4,500 4,000 4,800 

3. Output, jackets 10,000 10,000 12,000 

4, DMH/jacket (Line 2 + Line 3) 0.45 0.40 0.40 

5. VMOH/DMH (Line 1 + Line 2) $ 29.00 $ 30.00 $ 30.00 

6, Variable overhead rate/jacket (Line 4 Xx Line 5) $ 13,05 $ 12,00 $ 12.00 

The discussion of VMOH begins with the Level 1 static-budget variance, which is 
$13,500 F; 

Variable overhead _ Actual _ Static-budget 
static-budget variance results amount 

= $130,500 — $144,000 

= $13,500 F 

Unfortunately, the result of a simple subtraction provides no insight into what caused 
the variance. More insight is gained by analyzing the relationships among the Levels 2 
and 3 variances, as illustrated in Exhibit 8-5. 
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EEE Levels 1, 2, 
and 3 Variable Manufac- 
turing Overhead Analyses Level 1 

Level 2 

-VMOH Rate VMOH Efficiency. 
Level 3 _ Variance Variance 

$4,500F — $15,000U 

Level 2 Variable Manufacturing Overhead 

Variance Analysis 

The Level 2 flexible-budget analysis will get the attention of the management team. The April 
flexible budget for VMOH is $120,000 (= 0.4 X 10,000 X $30). This is the amount Webb 
should have incurred to produce and sell Q = 10,000 jackets, as shown in Exhibit 8-6. 

Static-Budget and Flexible-Budget Analysis of Variable Manufacturing Overhead Costs 

LEVEL 1 ANALYSIS 

Actual Static-Budget Static 
Results Variance Budget 

(1) (2) = (1) — (3) (3) 

Cost driver: Number of : 
units manufactured 10,000 2,000 U 12,000 

Variable manufacturing 
overhead : (0.40 x 12,000 x $30) 

$130,500 $144,000 

| $13,500 F | 

Static-budget variance 

LEVEL 2 ANALYSIS 

Actual Flexible-Budget Flexible Sales-Volume Static 
Results Variance Budget Variance Budget 

(1) (2) = (1) — (3) (3) (4) = (3) - (5) (5) 

Cost driver: Number of 

units manufactured 10,000 _ 10,000 2,000 U 12,000 

Variable manufacturing (0.40 x 10,000 x $30) (0.40 < 12,000 x $30) 
overhead $130,500 $120,000 $144,000 

$10,500 U $24,000 F 

Flexible-budget variance Sales-volume variance 

$13,500 F 

Static-budget variance 
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The actual amount spent on VMOH was higher: 

Variable manufacturing 

overhead flexible-budget = Actual result — Flexible — budget amount 

variance 

= $130,500 — $120,000 

= $10,500 U 

Variable manufacturing 

overhead sales-volume = Flexible-budget amount — Static-budget amount 

variance 

= $120,000 — $144,000 

= $24,000 F 

Interpretation of the Level 2 Variance Analysis 

The VMOH flexible-budget variance reflects that the consumption of common resources 
per jacket exceeded what it should have by $10,500. Either the rate per DMH or the 
amount of DMH per jacket exceeded what managers had committed to spend. 

The favourable sales-volume variance of $24,000 includes only that variance aris- 
ing from lowered shared consumption of the VMOH items as a result of only producing 
and selling Q = 10,000 jackets instead of the originally budgeted Q = 12,000 jackets. 
This is part of the unfavourable total sales-volume variance of $162,000 illustrated in 
Exhibit 7-5. For simplicity, we have excluded discussion of the $50,000 of variable 
marketing (period cost) overhead and the $434,000 of fixed marketing (period cost) 
overhead. 

Webb’s management team now knows that the operations in April produced poor 
results. A Level 3 analysis will give managers insight into why they failed. 

Level 3 Variable Manufacturing Overhead 

Rate and Efficiency Variances 

At Level 3, Webb’s management team will isolate the VMOH variance arising from using 
too many DMH per jacket from the variance arising from paying too high a rate per 
DMH. Recall that overall this company fell short of budget by a total of $237,000, only 
$162,000 of which can be explained by the lower output level, and of that, $24,000 or 

about 15% in savings came from VMOH ($24,000 + $162,000). Of the remaining 

$75,000 (= $237,000 — $162,000) unfavourable flexible-budget variance, approximately 
14% (= $10,500 + $75,000) can be attributed to the VMOH variance. It is a significant 

source of unfavourable variance. 
The variable overhead rate variance measures the effectiveness of purchasing variable 

overhead and controlling the use of the variable overhead driver (since using less driver 
will result in less variable overhead being generated, if it is truly variable and the driver is 
appropriate to the cost pool). It is the difference between actual cost per unit for the 
DMH and budgeted rate per unit of $30/DMH (allocation base), or what should have 
been used. The result of the subtraction is then multiplied by the actual quantity of DMH 
used to produce actual output: 

Actual variable Budgeted variable Actual quantity of variable 
Variable overhead _ | overhead cost _ overhead rate per overhead rate-allocation 

rate variance —__| per unit of cost- unit of cost- base used for actual 
allocation base allocation base output units achieved 

= ($29 per DMH — $30 per DMH) X 4,500 DMH 

= $1 per DMH X 4,500 DMH 

= $4,500 F 

289 
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The variable overhead efficiency variance measures the efficiency with which the 
DMH have been used to produce jackets. It is a way to measure yield. It is the difference 
between the actual amount of DMH used and the budgeted input of 0.40 DMH/jacket for 
the actual amount of output (10,000 jackets). The result of the subtraction is then multi- 

plied by the budgeted rate for the input (DMH): 

Actual units of Budgeted units of 
atin Verbena variable overhead variable overhead Budgeted 
BY PARLE a EIR cost-allocation base — cost-allocation base | X variable overhead 

y used for actual output allowed for actual allocation rate 
units achieved output units achieved 

lI [4,500 DMH — (10,000 units X 0.40 DMH/unit)] X $30 per DMH 

= (4,500 DMH — 4,000 DMH) X $30 per DMH 

= 500 DMH X $30 per DMH 

= $15,000 U 

It is important to remember that although the Level 3 direct and indirect variances 
are called the same, the VMOH is not caused by nor is it explained by the DMH con- 
sumed. The VMOH inputs include janitorial labour and supplies, maintenance labour 
and supplies, and fringe benefits. These inputs are shared throughout the production of 
all jackets. The measure of benefit provided to all jackets is a decision made by Webb’s 
managers. They have decided that the best measure of benefit is direct machine-hours, 
DMH. 

As the DMH/jacket changes, the total VMOH cost pool assigned to each jacket will 
change because of the arithmetic relationship between cost and benefit created by the 
managers. In their judgment this is the best measure of economic reality at Webb. There is 
no direct relationship between the DMH cost driver and the total amount in the VMOH 
cost pool. The relationship is not causal but rather one of cost and benefit. In columnar 
format, Exhibit 8-7 reconciles the Levels 2 and 3 variance analyses. 

Interpretation of the Level 3 Variance Analysis 

Webb’s unfavourable efficiency variance of $15,000 means that actual DMH used per 
jacket exceeded budget. The yield or quantity of jackets produced was too low for the 
DMH used. In fact, at 0.4 DMH/jacket, Webb should have produced 11,250 jackets for 
sale (= 4,500 DMH + 0.4 DMH). Possible causes for the deterioration in the relationship 
between shared input and shared benefit are as varied as the resource costs accumulated 

Columnar Presentation of Variance Analysis: Variable Manufacturing Overhead for Webb Company 
SR eT LL ES TLS TINIE EINES OI TITTIES I TILE ITI, 

LEVEL 3 ANALYSIS 

Flexible Budget: 
Budgeted Input 

Allowed for Actual 
Actual Costs Actual Input x Output Achieved x 

Incurred Budgeted Rate Budgeted Rate 

(1) (2) (3) 

(4,500 x $29) (4,500 x $30) (0.40 < 10,000 x $30) 
$130,500 $135,000 $120,000 

A $4,500 F A $15,000 U A 

Rate variance Efficiency variance 

$10,500 U 

Flexible-budget variance 
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in this single VMOH cost pool. For example, the efficiency variance may have arisen 
because of any of the following reasons: 

a Machine malfunction because of poor maintenance resulting in more time per jacket 
than 0.40 DMH 

# Poor production scheduling resulting in too much idle time waiting for the materials 
to be cut and moved to the sewing area 

» Poor coordination between sales and production resulting in displacement of normal 
batches by rush orders and excessive setup times 

= Poor quality of materials resulting in downtime to clean the machines of debris when 
the materials disintegrated during sewing 

In the analysis of the PVV, the difference in the capacity purchased and the capacity 
used could be explained in part by neglecting machine maintenance. If this was the case, 
then it is reasonable to expect that DMH actually used per jacket would be unfavourably 
affected by downtime. In fact, what the four potential causes have in common is that they 
interrupt access to the benefits provided by well-working machinery. 

The favourable rate variance may arise from the manufacturing labour portion of 
VMOH, any variable utilities costs, or reduction in quantities of supplies purchased and 
used. For example, 

a Probationary workers receiving no paid leave for idle time and no other discretionary 
benefits, resulting in lower fringe benefit costs 

a Statutory holidays resulting in lower custodial costs from fewer cleaning hours paid 
and lower quantity of cleaning supplies used 

# Statutory holidays resulting in lower consumption of utilities 

» Change in classification of an input from an indirect to a direct cost 

The actual costs of individual items included in VMOH cost pools, for example, secu- 
rity or cleaning supplies, could have been lower than expected in April. The favourable 
rates could be the result of skilful negotiation on the part of the purchasing manager or 
oversupply in the market. 

The use of patch labels on jackets illustrates the difference between the efficiency vari- 
ance for direct cost inputs and the efficiency variance for variable overhead cost catego- 
ries. If Webb classifies garment patch labels as a direct cost item, the direct materials 
efficiency will indicate whether more or fewer patch labels per jacket were used (than was 
budgeted for the actual output achieved). If Webb classifies patch labels as an indirect 
cost, then the number of patch labels used will not affect the VMOH efficiency variance 
(because it is determined by the number of direct machine-hours used). In this case, any 
variance in the number of patch labels used would be reflected in the VMOH rate vari- 
ance (because the cost of patch labels used is part of the VMOH actual cost pool). 

Based on their analysis of the situation, the key cause of Webb’s unfavourable flexible bud- 
get manufacturing overhead variance is that the actual use of machine-hours is higher than 
budgeted. Exhibit 8-8 excludes all direct costs and non-manufacturing overhead variances. 

Webb’s costing system distinguished between variable and FMOH cost pools. Some com- 
panies do not segregate their overhead costs this way. For these companies, all overhead costs 
are assumed to be fixed when conducting variance analyses. Any interpretation of the variance 
analysis for these companies will be limited because of the selection of this type of cost system. 

Journal Entries for Variable Overhead Costs 

and Variances 

Variable Manufacturing Overhead VMOH Control and the contra account VMOH Allo- 
cated (are used for the journal entries for April Exhibit 8-8): 

3 Reconciling with Chapter 7, Exhibit 7-7, from data in Exhibit 7-4, non-manufacturing fixed overhead is $14,000 F (= $420,000 
— $434,000), while the FMOH is $9,000 U for net total fixed cost variance of $5,000 F, Variable non-manufacturing overhead 
is $4,300 F (= $45,700 — $50,000), while the VMOH is $10,500 U for a net total variable overhead cost variance of $6,200 U 
(= $4,300 — $10,500). 
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Static-Budget and Flexible-Budget Analysis of Fixed and Variable Manufacturing 
Overhead Costs 

Level 1 

Level 2 

FMOH Rate 
Level 3 _ Variance 

$9,000 U ees 

1. VMOH Control 130,500 

Utilities, wages, and other accounts payable 130,500 

Records actual variable overhead costs incurred 

2. WIP Control 120,000 

VMOH Allocated 120,000 

To record variable overhead costs allocated 

(0.40 DMH/jacket x 10,000 jackets x $30/DMH) 

The costs accumulated in WIP control are transferred to Finished Goods Control 
when production is completed and into Cost of Goods Sold Control when the goods are 
sold (see Chapter 4). 

3. VMOH Allocated 120,000 

VMOH Efficiency Variance 15,000 

VMOH Control 130,500 

VMOH Rate Variance 4,500 

Records variances for the accounting period 

The variances arise because of under- or overallocated VMOH costs. At the end of the 
fiscal year, the treatment of a variance depends on whether it is significant. If the variances 
are not significant, then the variance accounts are written off to COGS, If the variances are 
significant, then they are prorated among WIP Control, Finished Goods Control, and 
COGS accounts on the basis of the VMOH allocated to these accounts. Assume that the 
April variances are also those at the end of the fiscal year and are not significant. The fol- 
lowing journal entry records the write-off of the variance accounts to COGS: 

Cost of Goods Sold 10,500 

VMOH Rate Variance 4,500 

VMOH Efficiency Variance 15,000 
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Activity-Based Costing and Variance Analysis 

ABC systems classify costs of various activities into a cost hierarchy: output unit level, 
batch level, product-sustaining, and facility-sustaining (see Chapter 5). The basic princi- 
ples and concepts for variable and FMOH costs presented earlier in this chapter can be 
extended to ABC systems. In this section, we illustrate variance analysis for variable and 
fixed batch-level setup overhead costs. Batch-level costs are resources sacrificed on activi- 
ties that are related to a group of units of product(s) or service(s) rather than to each 
individual unit of product or service. 

Let’s continue our example from Chapter 7 of Lyco Brass Works, which manufactures 
Jacutaps, a line of decorative brass faucets for Jacuzzis. Lyco manufactures Jacutaps in 
batches. To manufacture a batch of Jacutaps, Lyco must set up the machines and moulds 
to ensure the correct colour is injected into each batch. Setup is a skilled activity. Hence, 
a separate department is responsible for setting up machines and moulds for different 
types of Jacutaps. Lyco regards setup costs as overhead costs of products. Furthermore, 
setup requires that the machines be idle; machines cannot be set up for batches of, say, 
black taps at the same time as they are being used to produce batches of white taps. 

Lyco wants to ensure that the cost of productive capacity is appropriately assigned 
according to benefit for distinct outputs. Lyco cannot run batches of different coloured 
taps unless they idle the machines to set them up. The benefit of setups is shared among 
all taps in that batch, and setup costs are incurred each time a new batch of product is 
going to be produced. In the ABC cost hierarchy, setup cost is a batch rather than a prod- 
uct cost. 

Setup costs consist of some costs that are variable and some costs that are fixed with 
respect to the number of setup-hours. Variable costs of setup consist of hourly wages paid 
to setup labour and indirect support labour, costs of maintenance of setup equipment, and 
costs of indirect materials and energy used during setups. Fixed setup costs consist of sal- 
ary costs of engineers, supervisors, and setup equipment leases. 

Information regarding Jacutaps for 2021 follows: 

Static-Budget Actual 

Amounts Amounts 

1. Units of Jacutaps produced and sold 180,000 151,200 

2. Batch size (units/batch) 150 140 

3. Number of batches (Line 1 + Line 2) 1,200 1,080 

4, Setup-hours per batch 6 6.25 

5. Total setup-hours (Line 3 x Line 4) 7,200 6,750 

6. Variable overhead rate per setup-hour $ 20 $ 21 

7. Variable setup overhead costs (Line 5 x Line 6) $144,000 $141,750 

8. Total fixed setup overhead costs $216,000 $220,000 

ABC Variance Analyses 

To prepare the flexible budget for variable setup overhead costs, Lyco starts with the 
actual units of output produced (151,200 units), then undertakes a series of interdepen- 
dent processes. Development of ABC systems is a complex process. The management team 
at Lyco has carefully considered and chosen the best cost driver or measure of benefit for 
its batches of taps. The batch size (number of coloured taps) has also been selected as well 
as what variable and fixed costs will accumulate in the batch cost pool. 

Now Lyco’s managers can calculate the budgeted variable overhead setup cost driver 
rate per setup-hour. They can also calculate how many batches are required to produce an 
actual quantity of output units (e.g., blue taps) during a specified time period. 

Lyco should have manufactured the 151,200 units of output in 1,008 batches 
(= 151,200 + 150). Based on the quantity of setups, Lyco’s managers calculate the quan- 
tity of setup-hours (cost driver) that should have been consumed for the actual number 

LOO 
Calculate activity-based 
cost (ABC) overhead 
variances. 
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of batches during a specified time period. At the budgeted quantity of 6 setup-hours per 
batch, 1,008 batches should have required 6,048 setup-hours (1,008 batches X 6 setup- 
hours/batch). Notice that this is a flexible-budgeting approach to establishing variable 
overhead cost variances. What has changed is that the unit of measure is a different level 
in the cost hierarchy. 

At this stage in the process, it is relatively straightforward to multiply the variable 
overhead setup cost driver rate by the budgeted (standard or benchmark) flexible quantity 
of setup-hours for the actual output produced. The flexible-budget amount is 6,048 setup- 
hours X $20/setup-hour = $120,960. 

Flexible-budget 

variance for variable = 

setup overhead costs 

Actual _ Flexible-budget 

costs costs 

3 (eas eeu at at ie ee 

xX $21/setup-hour xX $20/setup-hour 

= $141,750 — $120,960 

= $20,790 U 

Exhibit 8-9 presents the variances for variable setup overhead costs in columnar form. 
The flexible-budget variance for variable setup overhead costs can be subdivided into 

rate and efficiency variances. 

Actual variable Budgeted variable 
Variable setup Actual units of variable 

overhead cost overhead cost per 
overhead rate = ‘ = x overhead cost-allocation 

per unit of cost- unit of cost- 
variance : base used for actual output 

allocation base allocation base 

= ($21/setup-hour — $20/setup-hour) X 6,750 setup-hours 

= $1/setup-hour X 6,750 setup-hours 

= $6,750 U 

Interpretation of Variable Setup Overhead Rate Variance 

The unfavourable rate variance indicates that Lyco operated in 2021 with higher-than- 
budgeted variable overhead costs per setup-hour. Two main reasons that could contribute 
to the unfavourable rate variance are (1) the actual prices of individual items included in 

variable overhead, such as setup labour, indirect support labour, or energy, are higher than 
the budgeted prices, and (2) the actual quantity usage of individual items such as energy 
increases more than the increase in setup-hours, due perhaps to setups becoming more 

Columnar Presentation of Variable Setup Overhead Variance Analysis for Lyco 
Brass Works for 2021 

Flexible Budget: 
Budgeted Input 

Allowed for Actual 
Actual Costs Actual Input x Output Achieved x 

Incurred Budgeted Rate Budgeted Rate 

(1) (2) (3) 

(6,750 x $21) (6,750 x $20) (6,048 x $20) 
$141,750 $135,000 $120,960 

A $6,750 U A $14,040 U A 

Rate variance Efficiency variance 

$20,790 U 

Flexible-budget variance 
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complex because of equipment problems. Thus, equipment problems could lead to an 
unfavourable efficiency variance because setup-hours increase, but they could also lead to 
an unfavourable rate variance because each setup-hour requires more resources from the 
setup-cost pool than the budgeted amounts. Identifying the reason for the variances is 
important because it helps managers plan for and take action to regain control. 

Actual units of Budgeted units of 
Variable setup see Budgeted 

variable overhead variable overhead cost- 
ovethead rate = ‘ = xX variable 

. cost-allocation base allocation base allowed 
variance ovethead rate 

used for actual output for actual output 

= ($6,750 setup-hours — 6,048 setup-hours) x $20/setup-hour 

= 702 setup-hours X $20/setup-hour 

= $14,040 U 

Interpretation of Variable Setup Overhead Efficiency Variance 

The unfavourable variable setup overhead efficiency variance of $14,040 arises because 
the actual number of setup-hours (6,750) exceeds the number of setup-hours that Lyco 
should have used (6,048) for the number of units it produced. 

Two possible reasons for the unfavourable efficiency variance are (1) smaller actual 
batch sizes of 140 units instead of budgeted batch sizes of 150 units, which results in Lyco 
producing the 151,200 units in 1,080 batches instead of 1,008 batches, and (2) higher 
actual setup-hours per batch of 6.25 hours instead of the budgeted setup-hours per batch 
of 6 hours. 

Explanations for smaller-than-budgeted batch sizes could include (1) quality prob- 
lems if batch sizes exceed 140 faucets or (2) high costs of carrying inventory. Explana- 
tions for longer actual setup-hours per batch could include (1) problems with equipment, 
(2) unmotivated or inexperienced employees, or (3) inappropriate setup-time standards. 
Now let’s consider fixed setup overhead costs. 

ABC Variance Analysis for Fixed Manufacturing 

Overhead Cost 

For fixed setup overhead costs, the flexible-budget amount equals the static-budget amount 
of $216,000; there is no “flexing” of fixed costs over a relevant range of production. 

Fixed setup overhead _ Actual _ Flexible-budget 
flexible-budget variance costs costs 

= $220,000 — $216,000 

= $4,000 U 

The fixed setup overhead rate variance is also the same amount as the fixed overhead 
flexible-budget variance (because fixed overhead costs have no efficiency variance). 

Fixed setup overhead _ Actual _ Flexible-budget 

rate variance costs costs 

= $220,000 — $216,000 

= $4,000 U 

Interpretation of Fixed Setup Overhead Rate Variance 

The unfavourable fixed setup overhead rate variance could be due to lease costs of new 
setup equipment or higher salaries paid to engineers and supervisors. Lyco may have 
incurred these costs to alleviate some of the difficulties it was having in setting up machines. 

Next Lyco will calculate its PVV. The budgeted cost-allocation rate for fixed over- 
head setup costs for the year used MIS data. The annual budgeted setup-hours are 7,200. 

295 
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Columnar Presentation of Fixed Setup Overhead Variance Analysis 

Flexible Budget: Allocated: 
Same Lump Sum Budgeted Input 

(as in Static Budget) Allowed for 
Actual Costs Regardless of Actual Output x 

Incurred Budgeted Output Level Budgeted Rate 

(1) (2) (3) 

(1,008* x 6 x $30) 
$220,000 $216,000 $181,440 

A $4,000 U** A $34,560 U A 

Rate variance Production-volume variance 

$38,560 Underallocated 

Under- or overallocated fixed overhead 

(Total fixed overhead variance) 

*1,008 batches = 151,200 units + 150 units per batch. 
**Recall that for FMOH, a rate variance equals the flexible-budget variance which equals the static-budget variance. 

The budgeted fixed overhead cost pool for setups is $216,000. The fixed overhead rate 
is $30/setup-hour ($216,000 + 7,200 setup-hours). 

Budgeted fixed setup _ _ Budgeted total costs in overhead cost pool = __ $216,000 

overhead rate ~ Budgeted total quantity of cost-allocation base 7,200 setup-hours 

During 2021, Lyco planned to produce 180,000 units of Jacutaps but actually pro- 
duced only 151,200 units. The unfavourable PVV measures the amount of extra fixed 
setup costs that Lyco incurred for setup capacity it planned to use but did not. 

Production-volume Budgeted fixed Fixed setup overhead allocated 

variance for fixed = setup overhead — using budgeted input allowed for 

setup overhead costs costs actual output units produced 

= $216,000 — (1,008 batches X 6 hours per batch X $30/setup-hour) 

= $216,000 — (6,048 setup-hours x $30/setup-hour) 

= $216,000 — $181,440 

= $34,560 U 

Exhibit 8-10 presents and reconciles the ABC variance analyses of fixed setup over- 
head in columnar form. 

Interpretation of Production-Volume Variance 

One interpretation is that the unfavourable $34,560 PVV represents inefficient utilization 
of setup capacity. However, Lyco may have earned higher operating income by selling 
151,200 units at a higher price than what it would have earned by selling 180,000 units 
at a lower price. The PVV should be interpreted cautiously based on full information. 

Loo Summary of All Overhead Cost Variances 
Integrate the fixed and 2 ; : ; pears 
ahlableqverhaad Gost All of these variances can be summarized in a simple table that eliminates unnecessary 
variance analyses to overhead variances from the model. A VMOH cost pool can never incur a PVV. A FMOH 
reconcile the actual cost pool can never incur an efficiency variance. This simplifies Webb’s presentation con- 
PiMees Aas with siderably. In total, the overhead manufacturing cost variance is $65,500 U, of which the 
Cypteae elccas: majority is opportunity cost arising from underuse of capacity. 
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Four-Variance Analysis 

Rate Efficiency Production-Volume 
Variance Variance Variance 

Variable manufacturing overhead $4,500 F $15,000 U (Never a variance) 

Fixed manufacturing overhead $9,000 U (Never a variance) $46,000 U 

The variances relate to the flexible-budget variance as shown in Exhibit 8-11— 
Panel A summarizes relationships among VMOH variances and Panel B summarizes those 
among FMOH cost variances. In total, the total variance (between actual and allocated) 

Columnar Presentation of Total Manufacturing Overhead Variance Analyses at Webb Company 
LL I NE DIL IR ELD IDI TELE LIED SEIS AE SINE LILLIE LIE LAE ILL EE LEI DDI IESE DIENT ELITES, 

_ PANEL A: VARIABLE MANUFACTURING OVERHEAD 

Flexible Budget: Static Budget: 
Budgeted Input* Budgeted Input* 

Allowed for Actual Allowed for 
Actual Costs Actual Input* x Output Achieved x Expected Output x 

Incurred Budgeted Rate Budgeted Rate Budgeted Rate 

(1) (2) (3) (4) 

(4,500 x $30) (0.40 x 10,000 x $30) (0.40 x 12,000 x $30) 
$130,500 $135,000 $120,000 $144,000 

A $4,500 F A $15,000 U A 

Rate variance Efficiency variance 

A $10,500 U A $24,000 F A 

Flexible-budget variance Sales-volume variance 

; $10,500 Underallocated A 

Under- or overallocated variable overhead 

(Total variable manufacturing overhead variance) 

PANEL B: FIXED MANUFACTURING OVERHEAD 

Flexible Budget Allocated: 

Same as Lump Sum Budgeted Input 
Same Lump Sum (as in Static Budget) Allowed for Actual 

Actual Costs Regardless of Regardless of Output Achieved x 
Incurred Output Level Output Level Budgeted Rate 

(1) (2) (3) (4) 

(0.40 x 10,000 x $57.50) 
$285,000 $276,000 $276,000 $230,000 

$9,000 U $46,000 U 

Rate variance Efficiency variance Production-volume variance 

A (Never a variance) 

$9,000 U $46,000 U 

Flexible-budget variance** Production-volume variance 

A $55,000 Underallocated A 
ee 

Under- or overallocated fixed overhead 

(Total fixed manufacturing overhead variance) 

*For overhead costs, input refers to units of cost-allocation base. 
**Since fixed costs don’t change with sales volume, there is no sales-volume variance for fixed costs. 
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CONCEPTS 
IN ACTION 

for overhead costs is $65,500 U, the sum of the $10,500 U variable overhead variance 
and the $55,000 U fixed overhead variance. 

Reporting overhead variances at this level of detail assists managers in large and complex 
businesses to focus attention on where actual or realized results did not meet expectations. 
In smaller and less complex businesses, managers might choose not to distinguish the variable 
from fixed overhead because they are very familiar with the causes of cost overruns. 

The $65,500 unfavourable total manufacturing overhead variance for Webb Company 
in April 2021 is largely the result of the $46,000 unfavourable production-volume variance. 
Using the four-variance analysis presentation, the next-largest amount is the $15,000 unfa- 
vourable variable overhead efficiency variance. This variance arises from the additional 
500 direct machine-hours used in April above the 4,000 direct machine-hours allowed to 
manufacture the 10,000 jackets. The two rate variances ($4,500 F and $9,000 U) partially 
offset each other. At this point the management team simply knows that some combination 
of changes to expected variable inputs included in the variable cost pool was favourable. 
The unexpected changes to fixed cost wete, on balance, unfavourable during April. 

In the next table, the two rate variances from the four-variance analysis have been 
combined to produce a three-variance analysis in the table. The only loss of information 
in the three-variance analysis is in the overhead tate variance area—only one rate variance 
is reported instead of separate variable and fixed overhead rate variances. Three-variance 
analysis is sometimes called combined-variance analysis because it combines variable cost 
and fixed cost variances when reporting overhead cost variances. Mixed costs have both 
a fixed and a variable component. In some cases, it may not be worthwhile to separate the 
components of these semivariable or semifixed costs, so combining them is sensible. 

Three-Variance Analysis 

Rate Efficiency Production-Volume 
Variance Variance Variance 

Total manufacturing overhead $4,500 U $15,000 U $46,000 U 

The table below combines the rate and efficiency variances from the three-variance 
analysis into a two-variance analysis. The first cost pool includes the variable overhead 
rate and efficiency variances as well as the fixed overhead rate variance. In constructing 
these variances, it is not necessary to know the actual machine-hours because no effi- 
ciency variance is calculated. 

Two-Variance Analysis 

Flexible-Budget Variance Production-Volume Variance 

Total manufacturing overhead $19,500 U $46,000 U 

The single variance of $65,500 U in one-variance analysis is the sum of the flexible- 
budget variance and the PVV under two-variance analysis. This simply reports the vari- 
ance between the $415,500 (= $130,500 + $285,000) total manufacturing overhead 

Interdependencies and Shared Benefits 

Webb’s attention has, so far, been directed by the most customers’ expectations of value in use from the jacket. 
significant unfavourable variance. Yes, direct machine- Customer cost management views Webb’s business func- 
hours is certainly a measurable and required resource, but _ tion value chain through the eyes of the customer. Webb’s 
in the value chain there are business functions beyond team may also look out to those who do similar tasks 
production. The team must be aware of a broader scope best and replace a “do the best we can” with “do the best 
of effects than simply maximizing jackets produced per that can be done” cost management policy. These 
direct machine-hour, approaches to strategic cost management require an 

The reason Webb is successful is beyond its corpo- external perspective. 
rate boundaries. It succeeds because it meets its 
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actually realized in April and the $350,000 (= $120,000 + $230,000) budgeted manufac- 
turing overhead allocated to produce 10,000 jackets (actual output) during that month. 

One-Variance Analysis 

Total Overhead Variance 

Total manufacturing overhead $65,500 U 

Non-Manufacturing Variance Analysis 

The overhead variances discussed in this chapter have been examples of financial perfor- 
mance measures. Services ranging from passenger air transportation to recuperative health- 
care to management accounting are also provided by for-profit companies. A customer’s 
value proposition is the satisfaction or value added the customer expects to receive from 
purchasing the product or service. Value propositions change quickly for service providers. 
To retain customers and remain profitable, service providers must respond quickly and 
appropriately to changes in both what their customers value and attributes for which they 
will pay. 

A value-added cost is one that, if eliminated, would reduce the value customers obtain 

from using the product or service. A non-value-added cost is one that, if eliminated, 
would not reduce the value customers obtain from using the product or service. For exam- 
ple, to offset problems that arise if suppliers fail to meet their delivery schedule, Webb 
inventories rolls of cloth in its warehouse. To the customer, a jacket sewn from cloth 
stored in a warehouse is no different from a jacket sewn from cloth delivered by a supplier 
directly to the production floor. Therefore, the activity of storing cloth is non-value-added 
for the customer, and managers view the manufacturing overhead costs associated with 
warehousing as non-value-added costs. There is a continuum between value-added costs 
and non-value-added costs: Many overhead cost items are in a grey, uncertain area 
between value-adding and non-value-adding costs. 

As Webb’s management team works through a plan to bring costs back under control, 
the focus should be on eliminating non-value-added costs first. This is a strategic cost 
management approach to ensuring that most of Webb’s costs are value added and there- 
fore may be recovered when the jacket is sold. 

Nonfinancial Performance Measures 

Nonfinancial performance measures include market share, on-time delivery performance 
(e.g., Purolator), customer acquisition rate, customer retention rate, and order time to 

completion. These measures will vary from one service industry to another. In the hospi- 
tality industry, a hotel would track nonfinancial measures of satisfaction with hotel loca- 
tion; room availability and reservations; check-in; room security, quietness, cleanliness, 
and amenities; restaurant and bar services; spa services; entertainment; and concierge ser- 
vices.4 While the core services of a hotel are lodging and food, other ancillary services 
contribute to the customer’s positive experience and satisfaction. 

Effective and efficient customer response or agility implies a process of service design, 
implementation, and delivery with flexible performance indicators. It seems that at least 
four standards are required—quality, timeliness, customization, and cost—to capture 
measures of agility. The agile service company has the ability to excel simultaneously in 
quality, delivery time, customization, and cost in a coordinated way.> 

Crucial for a profitable service provider is the customer’s satisfaction. Where the value 
proposition is the customer’s view of cost and benefit, what brings the customer back is 
satisfaction, a nonfinancial measure of value. Management accountants have applied 
cost estimation techniques to identify and measure nonfinancial factors contributing 

4 A. Cuigini, A. Cart, and F. Zerbini, “The Cost of Customer Satisfaction: A Framework for Strategic Cost Management in 
Service Industries,” European Accounting Review, 16.3 (2007): 499-530. 

5 L.J. Menor, A.V. Roth, and C.H. Mason, “Agility in Retail Banking: A Numerical Taxonomy of Strategic Service Groups,” 
Manufacturing and Service Operations Management, 3.4 (Fall 2001): 273-292. 

LO® 
Analyze non-manufacturing 

variances. 
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most to customers’ satisfaction. Within the service sector, the selection of standards is 
difficult to reconcile with the need for agility. Standards make for straightforward 
comparisons between customer segments, but they are, by definition, constant. 
Ironically, agility requires solutions to problems that were not imagined when the 
standards were chosen. The challenge for management accountants is to provide excel- 
lent measures of a service company’s economic reality that reflect a dynamic value 
proposition. 

Strategically, service companies often must both customize their service and exercise ~ 

cost leadership strategies to maintain profitability. Service companies may respond by 
segmenting their services based on types of customers. Satisfaction may arise from flexible 
responses by the provider to purchasing preference (rush orders, standing contracts), 
delivery (face-to-face, electronic), range of services (core, facilitating, peripheral), service 
provision (the vice-president, managers), and after-sale support. Overall, service compa- 
nies can also examine a value chain beginning with the business acquisition and market- 
ing, development of relationships, customer account maintenance, and customer account 
administration overhead. Non-manufacturing overhead or backroom operations would 
include contract management, billing, collections, and general administration such as 
technical and legal support. 

Customer Service Satisfaction 

eee a 
Did the service fill a need? Did | feel better? 

The two dimensions of satisfaction include a thoughtful or cognitive dimension and 
an emotional or affective dimension. For a Starbucks customer, a cognitive response to 
satisfaction could be that a beverage quenched thirst in the anticipated way. The affective 
response could be delight, happiness, or contentment from being pampered at an afford- 
able price. The chairman of Revlon once said, “We don’t sell cosmetics; we sell hope,” in 
an attempt to characterize the difference between the cognitive and affective dimensions 
of Revlon’s products. 

Service attributes such as timeliness appeal to cognitive satisfaction, while those such 
as quality and customization appeal to affective satisfaction. The smell of roasting and 
freshly ground coffee delighted the Starbucks customers who left to quench their thirst 
elsewhere when this perk was eliminated. More careful analysis of the multidimensional 
nature of what a cup of Starbucks meant to customers could have given managers infor- 
mation relevant to their decision, which changed the experience and meaning of purchas- 
ing a cup of Starbucks coffee. 

Even in manufacturing environments, nonfinancial measures have proven value as 
indicators of benefit. Webb Company identified the following: 

= Actual indirect materials usage in metres per machine-hour, compared with budgeted 
indirect materials usage in metres per machine-hour 

= Actual energy usage per machine-hour, compared with budgeted energy usage per 
machine-hour 

s Actual number of spoiled jackets, compared to budgeted spoilage 

A setvice company such as an airline would likely analyze nonfinancial measures of 
satisfaction with the personal space per seat, seat comfort, food, and baggage handling, as 
well as flight availability, on-time take-off and arrival, and convenient connections with 
other flights. Few costs can be traced to these outputs in a cost-effective way. The major- 
ity of airline costs are fixed overhead costs (e.g., costs of equipment, buildings, and staff). 
Using capacity effectively is the key to profitability, and fixed overhead variances can help 
managers in this task. For airlines, the nonfinancial capacity measure is available seat 
miles (ASM) while the financial measures are revenue per ASM (RASM) and costs per 
ASM (CASM),. 

Consider the following data for EasternJet from 2014 to 2020. Available seat miles (ASM) 

are the actual seats in a plane multiplied by the distance travelled. One measure of capacity 
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management is the operating income per ASM (= RASM — CASM), which tells managers 
what EasternJet’s annual operating income has been, given its total capacity of ASM. 

EasternJet Annual Reports 2014-2020 

Total Revenue per Cost per Operating Income per 

ASM (billions) ASM ASM ASM 

Year (1) (2) (3) (4) = (2) - (3) 

2020 22.064 $0.1553 $0.1383 $0.0170 

2019 21.186 0.1450 0.1329 0.0121 

2018 19.535 0.1335 0.1237 0,0098 

2017 17.588 0.1297 0.1177 0.0120 

2016 17.139 0.1488 0.1317 0.0171 

2015 14.139 0.1462 0.1236 0.0226 

2014 12.524 0.1398 0.1210 0.0188 

The global recession hit in 2008, yet despite a dramatic drop in demand for air travel 
in 2008-2010, EasternJet managed to survive. In part this resulted from negotiating flex- 
ible delivery dates for aircraft. The company also increased the distance travelled per 
flight. Relative to the cost of keeping the aircraft aloft, takeoffs and landings comprise 
almost all the operating costs per flight (especially fuel). By lengthening the distances per 
flight, the costs of takeoff and landing were spread over more ASM. EasternJet kept its 
CASM almost constant while RASM increased slightly. It could charge slightly more 
because it was flying passengers farther, a feature for which they were willing to pay. 
The result was steady growth as the company continued to thrive and grow. 

In an industry as equipment intensive as an airline, cost management extends to the 

fourth decimal place. Once committed to lease and purchasing contracts, the company 
cannot change the fixed cost per ASM. The $0.1383/ASM capacity cost in 2020 is a sunk 
cost that will not change. That is why EasternJet enjoys great benefit from either a very 
small increase in RASM or decrease in CASM relative to budgeted values. Fractions of a 
cent will generate a large favourable variance in operating income. The management team 
has also kept most of its fleet to a single aircraft type to reduce maintenance expenses and 
cabin and flight crew training costs and to retain a negotiating advantage with its supplier. 
EasternJet implements its cost leadership strategy through a relentless focus on controlling 
or reducing its cost of capacity use. 

| Pulling It All Toge —Problem for Self-Study ) 

(Try to solve this problem before examining the solution that follows.) 

Dawn Smith is the newly appointed president of Laser Products. She is examining the 
May 2021 results for the Aerospace Products division. This division manufactures exte- 
rior panels for satellites. Smith’s current concern is with manufacturing overhead costs at 
the aerospace products division. Both variable and FMOH costs are allocated to the pan- 

_ els based on laser-cutting-hours. The budgeted cost rates are VMOH of $200 per hour 
and FMOH of $240 per hour. The budgeted laser-cutting time per panel is 1.50 hours. 
Budgeted production and sales for 2021 are 5,000 panels. Budgeted FMOH costs for 
May 2021 are $1,800,000. 

Exterior panels produced and sold 4,800 units 

Laser-cutting-hours used 8,400 hours 

Variable manufacturing overhead costs $1,478,400 

Fixed manufacturing overhead costs $1,832,200 
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Required @ 1, 

® 2. 
Calculate the rate variance and the efficiency variance for VMOH. 
Calculate the rate variance and the production variance for fixed manufacturing 
overhead. L 

3. Give explanations for the variances in requirements 1 and 2 to illustrate how fixed 
and variable overhead cost variances provide integrated relevant information. 

4, What nonfinancial variables could Laser Products use as performance measures? 
5, What customer-satisfaction measures would be important to Laser Products? oo 6 

Solution 

1. and 2. See Exhibit 8-12. 
3. a. VMOH variance ($201,600 F). One possible reason is that the actual prices of indi- 

vidual items included in variable overhead (such as utilities cost) are lower than the 
budgeted prices. A second possible reason is that the percentage increase in the 

Columnar Presentation of Integrated Variance Analysis: Laser Products 

PANEL A: VARIABLE MANUFACTURING OVERHEAD 

Flexible Budget: Allocated: 
Budgeted Input Budgeted Input 
Allowed for Allowed for 

Actual Costs Actual Inputs x Actual Output x Actual Output x 
Incurred Budgeted Rate Budgeted Rate Budgeted Rate 

(1) (2) (3) (4) 

(8,400 x $176) (8,400 x $200) (4,800 < 1.5 x $200) (4,800 < 1.5 X $200) 
(7,200 x $200) (7,200 x $200) 

$1,478,400 $1,680,000 $1,440,000 $1,440,000 

A $201,600 F A $240,000 U A A 

Production-volume 

variance 

(Never a variance) 

A ___ $38,400 U A A 
Flexible-budget variance Production-volume 

variance 

(Never a variance) 

Rate variance Efficiency variance 

PANEL B: FIXED MANUFACTURING OVERHEAD 

Flexible Budget: Allocated: 
Same Lump Sum Same Lump Sum Budgeted Input 

(as in Static Budget) (as in Static Budget) Allowed for 
Actual Costs Regardless of Budgeted Regardless of Budgeted Actual Output x 

Incurred Output Level Output Level Budgeted Rate 

(1) (2) (3) (4) 

(4,800 x 1.5 x $240) 

(7,200 x $240) 
$1,832,200 $1,800,000 $1,800,000 $1,728,000 

$32,200 U $72,000 U 

Rate variance Efficiency variance Production-volume 

(Never a variance) variance 

A $32,200 U i $72,000 U A 

Flexible-budget variance Production-volume 

variance 
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actual quantity usage of individual items in the variable overhead cost pool is less 
than the percentage increase in machine-hours compared to the flexible budget. 

b. VMOH efficiency variance ($240,000 U). One possible reason is inadequate main- 

tenance of laser machines, causing them to take more laser time per panel. A sec- 
ond possible reason is use of less-trained workers with the laser-cutting machines, 
resulting in longer laser time per panel. 

c. FMOH rate variance ($32,200 U). One possible reason is that the actual prices of 

individual items in the fixed cost pool unexpectedly increased from those budgeted 
(such as an unexpected increase in the manager’s salary). Overhead also includes 
maintenance supplies and labour, inspection labour, taxes, and insurance costs. 
It could be that an unanticipated increase in taxes or inspection time caused the 
rate variance for the month. 

d, Production-volume variance ($72,000 U). Actual production of panels is 4,800 units 
compared with the 5,000 units budgeted. One possible reason is demand factors, such 
as a decline in the aerospace program that led to a decline in the demand for panels. 
What is known with certainty is that the use of the laser time exceeded what would 
have been budgeted for 4,800 panels. An actual inefficiency may have caused this 
increased consumption of laser-hours or the company could have chosen an inappro- 
priate denominator level. The increased use of laser-hours could have several causes, 
from ill-trained operators who took more time and caused waste to an improperly 
functioning machine. It may also have been a smart decision by the company not to 
produce 5,000 panels if quality control was an issue or if demand had fallen. 

4. Laser Products is already measuring nonfinancial variables when it measures the 
actual quantity consumed of the cost-allocation base. Other nonfinancial variables 
that could be important would depend upon the competitive environment. If, for 
example, the environment is becoming increasingly competitive, Laser Products may 
want to plan ways of becoming more agile. For a manufacturing company, this could 
involve cross-training equipment operators, and some measure of hours of training 
would be needed. As those purchasing Laser Products parts become more demanding 
and request more customization, the company may choose to analyze the types of 
customers it may be able to serve according to the attributes of the products they 
demand such as physical size, fragility, complexity, and so on. 

5, Customers for exterior panels are unlikely to have an affective response to receiving these 
products. They are focused on how useful the product is, how well it meets engineering 
specifications, and if it is delivered on time within the costs stated in the contract. These 
are cognitive measures of customer satisfaction appropriate to this manufacturing 
setting. 

Decision Points 

The following question-and-answer format summarizes the chapter's learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives Guidelines 

1. How do managers budget pro Managers combine internal experience and external information about competi- 
forma fixed overhead cost rates tors to set a budgeted cost rate per unit of equipment input. They estimate the 
and analyze fixed overhead quantity of input needed to produce a single output unit to calculate an overhead 
variances? cost rate per output unit. Fixed cost variances can arise from unforeseen changes 

in items such as taxes or salaries of production supervisors. The former is per- 
sistent and uncontrollable; the latter is usually temporary and controllable. 
Production-volume variance is an opportunity cost of poor capacity management 

that reports a misallocation of overhead fixed costs to output units actually made. 
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2. How do managers analyze and Variable overhead variances reflect a difference in the actual compared to the 
interpret variable overhead pro forma relationship between variable costs of shared resources and the bene- 
variances? fits to distinctive outputs.from sharing resources. Either the budgeted cost per 

unit of shared resource or the quantity of benefit to the output unit, or both, 
differed from actual amounts. 

3. Can the flexible-budget vari- | Flexible budgeting in ABC systems gives insight into why actual overhead activ- 
ance approach for analyzing _ ity costs differ from budgeted overhead activity costs. The relationship remains 
overhead costs be used in one between the cost for shared activities and a measure of benefit to the out- 
activity-based costing? put unit. 

4. How does increasing detail of | A four-variance analysis presents rate and efficiency variances for variable over- 
variance analyses help reconcile head costs, as well as rate and production-volume variances for fixed overhead 
actual with budgeted overhead costs. By analyzing these variances together, managers can reconcile the actual 
costs? overhead costs with the amount of overhead allocated to output produced 

during a period. 

Indirect cost pools can also be separated by either business function or depart- 
ment, and separate cost-allocation bases selected. These are two alternatives to 
using ABC to refine costing systems. 

5. Of what use are nonfinancial Increasingly, companies must simultaneously manage costs, quality, customi- 
and non-manufacturing perfor- zation, and timely delivery. The separation of cost from value leadership 
mance measures? by differentiating either products or outputs will not accomplish this goal. 

Nonfinancial measures of customer satisfaction and comparisons to some 
pro forma amounts are relevant to important management decisions that 
will affect revenue. 

a=) g aat-m em -r-] ga) , 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

agility (p. 299) ~ denominator-level variance (p. 282) value proposition (p. 299) 

BEP in revenue (p. 278) non-value-added cost (p. 299) variable overhead efficiency 

BEP in units (p. 278) output-level overhead variance (p. 282) variance (p. 290) 

capacity (p. 279) production denominator level (p. 280) variable overhead rate 

capacity cost (p. 279) production-volume variance (p. 282) variance (p. 289) 

combined-variance analysis (p. 298) value-added cost (p. 299) volume (p. 280) 

My A\=t-J(elalaal=lalm\yteiccl are 7 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 

feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

8-1 How do managers plan for variable overhead costs? 

8-2 How does the planning of fixed overhead costs differ from the planning of variable overhead costs? 



8-3 How do standard and actual costing differ? 

8-4 What are the steps in developing a budgeted variable overhead cost-allocation rate? 

8-5 The rate variance for VMOH is affected by several factors. Explain. 

8-6 Assume VMOH is allocated using machine-hours. Give three possible reasons for a $30,000 favourable 
variable overhead efficiency variance. 

8-7 Describe the difference between a direct materials efficiency variance and a VMOH efficiency 
variance. 

8-8 What are the steps in developing a budgeted fixed overhead rate? 

8-9 Why is the flexible-budget variance the same amount as the rate variance for FMOH? 

8-10 Explain how the analysis of fixed overhead costs differs for (a) planning and control on the one hand 
and (b) inventory costing for financial reporting on the other. 

8-11 Provide one caution that will affect whether a production-volume variance is a good measure of the 

economic cost of unused capacity. 

8-12 The production-volume variance should always be written off to “Cost of Goods Sold.” Do you agree? 

Explain. 

8-13 Explain how four-variance analysis differs from one-, two-, and three-variance analysis. 

8-14 “Overhead variances should be viewed as interdependent rather than independent.” Give an 
example. 

Exercises 

8-15 Terminology. A number of terms are listed below: 

agility value-added cost 

capacity capacity cost 

non-value-added cost denominator-level variance 

fixed overhead rate variance production-volume variance 

variable overhead efficiency variance variable overhead rate variance 

Required 

Select the terms from the above list to complete the following sentences. 

1. Interpretation of variances strategically means management teams must place their internal 

performance relative to their competitors and to what their customers value. Decisions about 

incur of ownership and maintenance for the 

long term. 

2. To the customer, however, the cost of unused capacity is a for which they will 

not pay. 

3. This cost arises because the quantity produced is less than the capacity available. The cost is fixed; 
therefore, the burden assigned to each actual unit produced is higher than it should be. This unfavour- 

able outcome is a d 

4, Itis also referred to as the and is an underallocation of capacity costs that will 

persist until consumer demand, actual production, and available capacity intersect. 

5. But fixed costs also include contractual costs such as salaries and regulatory costs of taxes. These 

costs can change unexpectedly and will result in a 

6. Equipment also requires maintenance that, along with custodial and poem costs, are required and 

shared resources that benefit all outputs. When the actual measure of benefit provided exceeds the 

budget, what arises is an unfavourable 

7. When the actual cost per unit of benefit provided euhels budget, there arises an unfavour- 

able . Both are underallocations of variable overhead cost. 

8-16 Variable manufacturing overhead, variance analysis. Young Clothing is a manufacturer of 
designer suits. The cost of each suit is the sum of three variable costs (direct materials costs, direct manu- 

facturing labour costs, and manufacturing overhead costs) and one fixed-cost category (manufacturing 
overhead costs). VMOH costis allocated to each suit based on budgeted direct manufacturing labour-hours 

(DMLH) per suit. For June, each suit is budgeted to take 4 labour-hours. Budgeted VMOH costs per labour- 

hour are $12.00. The budgeted number of suits to be manufactured in June is 1,040. 
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LO® 
1, Flexible-budget variance, 

$1,458 U 
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LO ® 
1, Rate variance, $1,516 U 

LOO 
1, Rate variance, $35,200 F 

Looe 
1, Variable MOH rate variance 

= $90 U 

€ 

Actual VMOH costs in June were $53,298 for 1,080 suits started and completed. There was no begin- 
ning or ending inventory of suits. Actual DMLH for June were 4,536. 

Required t 

1. Calculate the flexible-budget variance, the rate variance, and the efficiency variance for VMOH. 
2. Comment on the results. 

8-17 Fixed manufacturing overhead variance analysis (continuation of 8-16). Young Clothing allo- 
cates FMOH to each suit using budgeted DMLH per suit. Data pertaining to FMOH costs for June are $62,400 
budgeted and $63,916 actual. 

Required 

1. Calculate the rate variance for FMOH. Comment on these results. 
2. Calculate the production-volume variance for June. What inferences can Young Clothing draw from 

this variance? 
3. Calculate the over- or underallocated FMOH. What does this tell the management about June's 

performance? 

8-18 Fixed manufacturing overhead variance analysis. The Lebanese Bakery Inc. also allocates 

FMOH to products on the basis of standard direct manufacturing labour-hours. For the year, FMOH was 
budgeted at $4.00 per DMLH. Actual FMOH incurred during the year was $272,000. 

Baguettes are baked in batches of 100 loaves. Following are some pertinent data for Lebanese 
Bakery Inc.: 

Direct manufacturing labour use 2.00 DMLH per batch 

Fixed manufacturing overhead $4.00 per DMLH 

Lebanese Bakery Inc. recorded the following additional data for the year ended December 31: 

Planned (budgeted) output 3,840,000 baguettes 

Actual production 3,360,000 baguettes 

Direct manufacturing labour 50,400 DMLH 

Actual fixed MOH $272,000 

Required 

1. Prepare.a variance analysis of FMOH costs. 
2. Is fixed overhead under- or overallocated? By how much? 
3. Comment on your results. Discuss the various variances, and explain what may be driving them. 

8-19 Manufacturing overhead, variance analysis. G-Force Corporation is a manufacturer of centri- 
fuges. Fixed and VMOH cost pools are allocated to each centrifuge using budgeted assembly-hours. Bud- 
geted assembly time is two hours per unit. The following table shows the budgeted amounts and actual 

results related to overhead for June. 

Actual Static 
G-Force Corporation (June) Results Budget 

Number of centrifuges assembled and sold 216 200 

Hours of assembly time 411 

Variable manufacturing overhead cost per hour $ 30.00 

of assembly time 

Variable manufacturing overhead costs $12,420 

Fixed manufacturing overhead costs $20,560 $19,200 

Required 

1, Prepare an analysis of all VMOH and FMOH variances using the columnar approach in Exhibit 8-11. 
2. Prepare journal entries for G-Force's June variable and FMOH costs and variances; write off these 

variances to COGS for the quarter ended June 30. 
3. How does the planning and control of VMOH costs differ from the planning and control of FMOH 

costs? 



8-20 Four-variance analysis, fill in the blanks. Pandom Inc. produces chemicals for large biotech 

companies. It has the following data for manufacturing overhead costs during August: 

Variable Fixed 

Actual costs incurred $35,000 $18,200 

Costs allocated to products 33,900 17,400 

Flexible budget: Budgeted input allowed for 33,900 17,900 

actual output produced X budgeted rate 

Actual input X budgeted rate 34,100 17,900 

Required 

Fill in the variances in the table below. Use F for favourable and U for unfavourable. 

Variable Fixed 

1. Rate variance Sead a ee 

2. Efficiency variance hee AS a 

3. Production-volume variance Sana ge » 

4. Flexible-budget variance eee ; ieee 

5. Underallocated (overallocated) | eae 
manufacturing overhead 

8-21 Straightforward four-variance overhead analysis. Singh Company uses a standard cost sys- 

tem in its manufacturing plant for auto parts. The standard cost of a particular auto part, based on a denom- 

inator level of 4,000 output units per year, included 6 machine-hours of VMOH at $8 per hour and 

6 machine-hours of FMOH at $15 per hour. Actual output achieved was 4,400 units. VMOH incurred was 

$245,000. FMOH incurred was $373,000. Actual incurred machine-hours were 28,400. 

Required 

1. Prepare an analysis of all VMOH and FMOH variances, using the four-variance analysis in Exhibit 8-11. 

2. Prepare journal entries using the four-variance analysis. 

3. Describe how individual VMOH items are controlled from day to day. Also, describe how individual 

FMOH items are controlled. 

8-22 Straightforward coverage of manufacturing overhead, standard cost system. The Singapore 

division of a Canadian telecommunications company uses a standard cost system for its machine-based 

production of telephone equipment. Data regarding production during June are as follows: 

Variable manufacturing overhead costs incurred $186,120 

Variable manufacturing overhead costs allocated (per standard $ 14.40 
machine-hour allowed for actual output achieved) 

Fixed manufacturing overhead costs incurred $481,200 

Fixed manufacturing overhead budgeted $468,000 

Denominator level in machine-hours 15,600 

Standard machine-hours allowed per unit of output 0.30 

Units of output 49,200 

Actual machine-hours used 15,960 

Ending work-in-process inventory 0 

Required 

1. Prepare an analysis of all manufacturing overhead variances. Use the four-variance analysis frame- 

work illustrated in Exhibit 8-11. 
2. Prepare journal entries for manufacturing overhead without explanations. 

3. Describe how individual VMOH items are controlled from day to day. Also, describe how individual 

FMOH items are controlled. 

Assignment Material 307 

Looe 
1, Variable MOH rate variance, 

$900 U 

LOo® 
1, Variable MOH rate variance, 

$17,800 U 

LO® 
1, Variable MOH rate variance, 

$43,704 F 
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Loge 8-23 Overhead variances, service sector. Meals on Wheels (MOW) operates a meal home-delivery ser- 
1, Variable MOH rate variance, vice. It has agreements with 20 restaurants to pick up and deliver meals to customers who phone or fax 

$1,716 U orders to MOW. MOW allocates variable and fixed overhead costs on the basis of delivery time. MOW’s 

€ 

LO@ 
First scenarlo: Variable overhead 

rate varlance, cannot be 

determined 

LO ®@ 
Fixed manufacturing overhead 

spending variance = $500 U 

owner, Josh Carter, obtains the following information for May overhead costs: 

Actual Static 
Meals on Wheels (May) Results Budget 

Output units (number of deliveries) 8,800 10,000 

Hours per delivery 0.70 

Hours of delivery time 5,720 

Variable overhead cost per hour of delivery time $ 1.50 

Variable overhead costs $10,296 

Fixed overhead costs $38,600 $35,000 

Required 

1. Calculate rate and efficiency variances for MOW’s variable overhead in May. 

2, Calculate the rate variance and production-volume variance for MOW’s fixed overhead in May. 
3. Comment on MOW’'s overhead variances, and suggest how Josh Carter might manage MOW’s variable 

overhead differently from its fixed overhead costs. 

8-24 Identifying favourable and unfavourable variances. Purdue Inc. manufactures tires for 
large auto companies. It uses standard costing and allocates variable and FMOH based on 

machine-hours. 

Required 

For each independent scenario given, indicate whether each of the manufacturing variances will be favour- 
able or unfavourable or, in case of insufficient information, indicate “cannot be determined.” 

Fixed 

Variable Variable Fixed Overhead 
Overhead Overhead Overhead Production- 

Rate Efficiency Rate Volume 
Scenario Variance Variance Variance Variance 

Production output is 5% more than 
budgeted, and actual FMOH costs 
are 6% more than budgeted 

Production output is 10% more than 
budgeted; actual machine-hours 
are 5% lass than budgeted 

Production output is 8% less than 
budgeted 

Actual machine-hours are 15% 

greater than flexible-budget 
machine-hours 

Relative to the flexible budget, actual 
machine-hours are 10% greater, 

and actual variable manufacturing 
overhead costs are 15% greater 

8-25 Flexible-budget variances, review of Chapters 7 and 8. Eric Williams is a cost accountant and 
business analyst for Diamond Design Company (DDC), which manufactures expensive brass doorknobs. 

DDC uses two direct-cost categories: direct materials and direct manufacturing labour. Williams feels that 
manufacturing overhead is most closely related to material usage. Therefore, DDC allocates manufacturing 
overhead to production based upon kilograms of materials used. 

At the beginning of the year, DDC budgeted annual production of 420,000 doorknobs and adopted the 
following standards for each doorknob: 



Assignment Material 

Input Cost/Doorknob 

Direct materials (brass) 0.3 kg @ $10/kg $ 3.00 

Direct manufacturing labour 1.2 hours @ $17/hour 20.40 

Manufacturing overhead: 

Variable $5/kg X 0.3 kg 1.50 

Fixed $15/kg x 0.3 kg 4.50 

Standard cost per doorknob $29.40 

Actual results for the month of April were as follows: 

Production 29,000 doorknobs 

Direct materials purchased 12,400 kg at $11/kg 

Direct materials used 8,500 kg 

Direct manufacturing labour 

Variable manufacturing overhead 

Fixed manufacturing overhead 

29,200 hours for $671,600 

$ 65,100 

$158,000 

309 

Required 

1. For the month of April, compute the following variances, indicating whether each is favourable (F) or 
unfavourable (U): 

. Direct materials price variance (based on purchases) 

. Direct materials efficiency variance 

. Direct manufacturing labour price variance 

. Direct manufacturing labour efficiency variance 

. Variable manufacturing overhead spending variance 
Variable manufacturing overhead efficiency variance 

. Production-volume variance 

. Fixed manufacturing overhead spending variance 

an Williams use any of the variances to help explain any of the other variances? Give examples. ore -§ononw ® 2. 

Problems 

8-26 Comprehensive variance analysis. Magic Dice manufactures premium food processors. The fol- 

lowing is some manufacturing overhead data for Magic Dice for the year ended December 31. 
LO ® 
1, Budgeted DMH, 2,664 

Manufacturing 
Overhead Actual Results Flexible Budget Amount Allocated 

Variable $ 76,608 $ 76,800 $ 76,800 

Fixed 350,208 348,096 376,320 

Budgeted number of output units: 888 
Planned allocation rate: 2 machine-hours per unit 
Actual number of machine-hours used: 1,824 
Static-budget variable manufacturing overhead costs: $71,040 

Required 

Calculate the following quantities (you should be able to do so in the prescribed order): 

. Budgeted number of machine-hours planned. 

. Budgeted FMOH costs per machine-hour. 

. Budgeted VMOH costs per machine-hour. 

. Budgeted number of machine-hours allowed for actual output achieved. 

. Actual number of output units. 

. Actual number of machine-hours used per output unit. aa rtah — 
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Lovee 

LOO@e 
2, Variable MOH rate variance, 

$475,000 U 

Loo 

LOoO@ 

Looe 

8-27 Journal entries (continuation of 8-26), Refer to Problem 8-26. 

Required 

1. Prepare journal entries for VMOH‘and FMOH (you will need to calculate the various variances to 

accomplish this). 
2. Overhead variances are written off to the COGS account at the end of the fiscal year. Show how COGS 

is adjusted through journal entries. 

8-28 Graphs and overhead variances. Fresh Inc. is a manufacturer of vacuums and uses standard 

costing. Manufacturing overhead (both variable and fixed) is allocated to products on the basis of budgeted 

machine-hours. In 2022, budgeted FMOH cost was $18,000,000. Budgeted VMOH was $9 per machine-hour. 
The denominator level was 1,000,000 machine-hours. 

Required 

1. Prepare a graph for FMOH. The graph should display how Fresh Inc.'s FMOH costs will be depicted for 

the purposes of (a) planning and control and (b) inventory costing. 
2. Suppose that 875,000 machine-hours were allowed for actual output produced in 2022, but 950,000 

actual machine-hours were used. Actual manufacturing overhead was $9,025,000, variable, and 

$18,050,000, fixed. Calculate (a) the VMOH rate and efficiency variances and (b) the FMOH rate and 
production-volume variances. Use the columnar presentation illustrated in Exhibit 8-11. 

3. Whatis the amount of the under- or overallocated VMOH and the under- or overallocated FMOH? Why 

are the flexible-budget variance and the under- or overallocated overhead amount always the same for 

VMOH but rarely the same for FMOH? 
4. Suppose the denominator level were 750,000 rather than 1,000,000 machine-hours. What variances in 

requirement 2 would be affected? Recalculate them. 

8-29 Variable manufacturing overhead variance analysis. The Sourdough Bread Company bakes 

baguettes for distribution to upscale grocery stores. The company has two direct-cost categories: direct 

materials and direct manufacturing labour. Variable manufacturing overhead is allocated to products on the 

basis of standard direct manufacturing labour-hours. Following is some budget data for the Sourdough 

Bread Company: 

Direct manufacturing labour use 0.02 hours per baguette 

Variable manufacturing overhead $10.00 per direct manufacturing labour-hour 

The Sourdough Bread Company provides the following additional data for the year ended December 31: 

Planned (budgeted) output 3,100,000 baguettes 

Actual production 2,600,000 baguettes 

Direct manufacturing labour 46,800 hours 

Actual variable manufacturing overhead $617,760 

Required 

1. What is the denominator level used for allocating variable manufacturing overhead? (That is, for how 

many direct manufacturing labour-hours is Sourdough Bread budgeting?) 
2. Prepare a variance analysis of variable manufacturing overhead. 

3. Discuss the variances you have calculated and give possible explanations for them. 

8-30 Fixed manufacturing overhead variance analysis (continuation of 8-29). The Sourdough Bread 
Company also allocates fixed manufacturing overhead to products on the basis of standard direct manufac- 

turing labour-hours. Fixed manufacturing overhead was budgeted at $3.00 per direct manufacturing labour- 

hour for the year. Actual fixed manufacturing overhead incurred during the year was $294,000. 

Required 

1. Prepare a variance analysis of fixed manufacturing overhead cost. 
2. Is fixed overhead underallocated or overallocated? By what amount? 

3. Comment on your results. Discuss the variances and explain what may be driving them. 

8-31 Identifying favourable and unfavourable variances. Tred-America, Inc. manufactures tires for 

large auto companies. It uses standard costing and allocates variable and fixed manufacturing overhead 

based on machine-hours. For each independent scenario given, indicate whether each of the manufacturing 
variances will be favourable or unfavourable or, in case of insufficient information, indicate “CBD” (cannot 
be determined). 
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Fixed 
Variable Variable Fixed Overhead 

Overhead Overhead Overhead | Production- 

Spending Efficiency Spending Volume 
Scenario Variance Variance Variance Variance 

Production output is 8% more than budgeted, 
and actual fixed manufacturing overhead 

costs are 7% less than budgeted. 

Production output is 11% more than bud- 
geted; actual machine-hours are 5% less 
than budgeted. 

Production output is 15% less than budgeted. 

Actual machine-hours are 18% greater than 

flexible-budget machine-hours. 

Relative to the flexible budget, actual 

machine-hours are 10% greater, and actual 

variable manufacturing overhead costs are 
15% less. 

8-32 Activity-based costing, batch-level variance analysis. Amir's Fleet Feet Inc. produces dance Loe 
shoes for stores all over the world. While the pairs of shoes are boxed individually, they are crated and 1, Statlc-budget number of 

shipped in batches. The shipping department records both variable and fixed overhead costs. The following orates, 20,000 

information pertains to shipping costs for the year. 

Static-Budget Actual ¢ 
Amounts Results 

Pairs of shoes shipped 240,000 180,000 

Average number of pairs of shoes per crate 12 10 

Packing hours per crate 1.2 hours 1 hours 

Variable overhead cost per hour $ 20 $ 21 

Fixed overhead cost $60,000 $55,000 

Required 

1. What is the static-budget number of crates for the year? 
2. What is the flexible-budget number of crates for the year? 
3. Whatis the actual number of crates shipped during the year? 
4. Assuming fixed overhead is allocated using crate-packing hours, what is the predetermined fixed over- 

head allocation rate? 
5. For variable overhead costs, calculate the rate and efficiency variances. 
6. For fixed overhead costs, calculate the rate and the production-volume variances. 

8-33 Activity-based costing, batch-level variance analysis. Jo Nathan Publishing Company spe- LO 98 
cializes in printing specialty textbooks for a small but profitable university market. Due to the high setup 1, Static-budget number of 

costs for each batch printed, Jo Nathan holds the book requests until demand for a book is approximately setups, 400 
500. At that point Jo Nathan will schedule the setup and production of the book. For rush orders, Jo Nathan 
will produce smaller batches for an additional charge of $700 per setup. 

Budgeted and actual costs for the printing process for the year were 

Static-Budget Actual ¢ 
Amounts Results 

Number of books produced 200,000 216,000 

Average number of books per setup 500 480 

Hours to set up printers 6 hours 6.5 hours 

Variable overhead cost per setup-hour $ 100 $ 90 

Total fixed setup overhead costs $72,000 $79,000 
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Required 

1. Whatis the static-budget number of setups for the year? 
. What is the flexible-budget number of setups for the year? 

. Whatis the actual number of setups during the year? 

. Assuming fixed setup overhead costs are allocated using setup-hours, what is the predetermined fixed 

setup overhead allocation rate? 

5. Does Jo Nathan's charge of $700 cover the budgeted variable overhead cost of an order? The bud- 

geted total overhead cost? 
6. For variable setup overhead costs, calculate the rate and efficiency variances. 

7. For fixed setup overhead costs, calculate the rate and the production-volume variances. 

8. What qualitative factors should Jo Nathan consider before accepting or rejecting a special order? 

Ww P 

8-34 Production-volume variance analysis and sales-volume variance. Chart Hills Company 

makes customized golf shirts for sale to golf courses. Each shirt requires three hours to produce because of 

the customized logo for each golf course. Chart Hills uses direct labour-hours to allocate the overhead cost 

to production. Fixed overhead costs, including rent, depreciation, supervisory salaries, and other production 

expenses, are budgeted at $28,500 per month. The facility currently used is large enough to produce 5,000 

shirts per month. 
During March, Chart Hills produced 4,200 shirts and actual fixed costs were $28,000. 

Required 

1. Calculate the fixed overhead spending variance and indicate whether it is favourable (F) or unfavour- 

able (U). 
2. If Chart Hills uses direct labour-hours available at capacity to calculate the budgeted fixed overhead 

rate, what is the production-volume variance? Indicate whether it is favourable (F) or unfavourable (U). 

3. An unfavourable production-volume variance could be interpreted as the economic cost of unused 
capacity. Why would Chart Hills be willing to incur this cost? 

4. Chart Hills’ budgeted variable cost per unit is $18, and it expects to sell its shirts for $35 apiece. Com- 
pute the sales-volume variance and reconcile it with the production-volume variance calculated in 

requirement 2. What does each concept measure? 

8-35 Flexible budgets, four-variance analysis. (CMA, adapted) Wilson Products uses standard costing. It 

allocates manufacturing overhead (both variable and fixed) to products on the basis of standard direct man- 
ufacturing labour-hours (DLH). Wilson Products develops its manufacturing overhead rate from the current 

annual budget. The manufacturing overhead budget for the year is based on budgeted output of 672,000 

units, requiring 3,360,000 DLH. The company is able to schedule production uniformly throughout the year. 

A total of 72,000 output units requiring 321,000 DLH was produced during May. Manufacturing over- 

head (MOH) costs incurred for May amounted to $355,800. The actual costs, compared with the annual 
budget and 1/12 of the annual budget, are as follows: 

Annual Manufacturing Overhead Budget for the Year 

Monthly Actual 

Total Per Output PerDLH MOH MOH Costs 
Amount Unit Input Unit Budget May for May 

Variable MOH 

Indirect manufacturing labour $1,008,000 $1.50 $0.30 $ 84,000 $ 84,000 

Supplies 672,000 1.00 0.20 56,000 117,000 

Fixed MOH 

Supervision 571,200 0.85 0.17 47,600 41,000 

Utilities 369,600 0.55 0.11 30,800 55,000 

Depreciation 705,600 _1.05 0.21 __58,800 __ 58,800 

Total $3,326,400 $4.95 $0.99 $277,200 $355,800 

Calculate the following amounts for Wilson Products for May. Be sure to identify each variance as 
favourable (F) or unfavourable (U). 

Required 

1. Total manufacturing overhead costs allocated 
2. Variable manufacturing overhead spending variance 



3. Fixed manufacturing overhead spending variance 

4, Variable manufacturing overhead efficiency variance 

5. Production-volume variance 

8-36 Review of Chapters 7 and 8, three-variance analysis. (CPA, adapted) Beal Manufacturing 

Company's costing system has two direct cost categories: direct materials and direct manufacturing labour. 

Manufacturing overhead (both variable and fixed) is allocated to products on the basis of standard DMLH. 
At the beginning of 2022, Beal adopted the following standards for its manufacturing costs: 

Cost per 

Input Output Unit 

Direct materials 3 kg at $5 per kg $ 15 

Direct manufacturing labour 5 hours at $15 per hour 75 

Manufacturing overhead: 

Variable $6 per DMLH 30 

Fixed $8 per DMLH _ 40 

Standard manufacturing cost per output unit $160 

The denominator level for total manufacturing overhead per month in 2022 is 40,000 DMLH. Beal's 

flexible budget for January 2022 was based on this denominator level. The records for January indicate 
the following: 

Direct materials purchased 25,000 kg at $5.20/kg 

Direct materials used 23,100 kg 

Direct manufacturing labour 40,100 hours at $14.60/hour 

Total actual manufacturing overhead (variable and fixed) $600,000 

Actual production 7,800 output units 

Required 

1. Prepare a schedule of total standard manufacturing costs for the 7,800 output units in January 2022. 

2. For January 2022, calculate the following variances, indicating whether each is favourable (F) or unfa- 

vourable (U): 
. Direct materials rate variance, based on purchases 

. Direct materials efficiency variance 

. Direct manufacturing labour rate variance 

. Direct manufacturing labour efficiency variance 

. Total manufacturing overhead rate variance 
VMOH efficiency variance 

. Production-volume variance e|eaqnrmo 205 

8-37 Nonfinancial and non-manufacturing variances. Belle’s Treats produces high-quality dog food 
distributed only through veterinary offices. To ensure that the food is of the highest quality and has taste 

appeal, Belle has a rigorous inspection process. For quality-control purposes, Belle has a standard based 

on the number of kilograms inspected per hour and the number of kilograms that pass or fail the 

inspection. 

Belle expects that for every 10,000 kilograms of food produced, 1,000 kilograms of food will be 
inspected. Inspection of 1,000 kilograms of dog food should take 1 hour. Belle also expects that 2% of the 

food inspected will fail the inspection. During the month of May, Belle produced 2,250,000 kilograms of 
food and inspected 200,000 kilograms of food in 210 hours. Of the 200,000 kilograms of food inspected, 

3,500 kilograms of food failed to pass the inspection. 

Required 

1. Calculate two variances that help determine whether the time spent on inspections was more or less 

than expected. (Follow a format similar to the one used for the variable overhead rate and efficiency 

variances, but without prices.) 
2. Calculate two variances that can be used to evaluate the percentage of the food that fails the 

inspection. 
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8-38 Nonfinancial variances. Kathy's Kettle Potato Chips produces gourmet chips distributed to chain sub 
shops throughout California. To ensure that their chips are of the highest quality and have taste appeal, Kathy 
has a rigorous inspection process. For quality control purposes, Kathy has a standard based on the number of 

kilograms of chips inspected per hour and the number of kilograms that pass or fail the inspection. 
Kathy expects that for every 1,000 kilograms of chips produced, 200 kilograms of chips will be 

inspected. Inspection of 200 kilograms of chips should take 1 hour. Kathy also expects that 1% of the chips 

inspected will fail the inspection. During the month of May, Kathy produced 113,000 kilograms of chips and 
inspected 22,300 kilograms of chips in 120 hours. Of the 22,300 kilograms of chips inspected, 215 kilograms 
of chips failed to pass the inspection. 

Required 

1. Compute two variances that help determine whether the time spent on inspections was more or less 
than expected. (Follow a format similar to the one used for the variable overhead spending and effi- 
ciency variances, but without prices.) 

2. Compute two variances that can be used to evaluate the percentage of the chips that fails the inspection. 

8-39 Overhead variances, governance. Levie Company uses standard costing. The company prepared its 

static budget for the year at 2,500,000 machine-hours for the year. Total budgeted overhead cost is $31,250,000. 
The variable overhead rate is $11 per machine-hour ($22 per unit). Actual results for the year follow: 

Machine-hours 2,400,000 hours 

Output 1,245,000 units 

Variable overhead $25,200,000 

Fixed overhead rate variance $ 1,500,000 U 

Required 

1. Calculate for the fixed overhead: 

a. Budgeted amount 
b. Budgeted cost per machine-hour 
c. Actual cost 

d. Production-volume variance 

2. Calculate the variable overhead rate variance and the variable overhead efficiency variance. 

3. Angela Remich, the controller, prepares the variance analysis. Itis common knowledge in the company 
that she and Ronald Monroe, the production manager, are not on the best of terms. In a recent execu- 
tive committee meeting, Monroe had complained about the lack of usefulness of the accounting 

reports he receives. To get back at him, Remich manipulated the actual fixed overhead amount by 

assigning a greater-than-normal share of allocated costs to the production area. And, she decided to 
amortize all of the newly acquired production equipment using the double-declining-balance method 

rather than the straight-line method, contrary to company practice. As a result, there was a sizable 
unfavourable fixed overhead rate variance. She boasted to one of her confidants, “| am just returning 
the favour.” Discuss Remich’s actions and their ramifications. 

8-40 Activity-based costing, batch-level variance analysis. The Saluki Company specializes in 
making fraternity and sorority T-shirts for the university market. Due to the high setup costs for each batch 
printed, Saluki holds the T-shirt requests until demand is approximately 100 shirts. At that point Saluki will 
schedule the setup and production of the shirts. For rush orders, Saluki will produce smaller batches for an 

additional charge of $175 per setup. 
Budgeted and actual costs for the production process for the year were as follows: 

Static-Budget Amounts Actual Results 

Number of shirts produced 125,000 114,000 

Average number of shirts per setup 100 95 

Hours to set up machines 5 5.20 

Direct variable cost per setup-hour $ 30 $82 

Total fixed setup overhead costs $56,250 $56,000 

Required 

1. Whatis the static budget number of setups for the year? 
2. Whatis the flexible-budget number of setups for the year? 
3. What is the actual number of setups during the year? 
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setup overhead allocation rate? 

. Assuming fixed setup overhead costs are allocated using setup-hours, what is the predetermined fixed 

. Does Saluki’s charge of $175 cover the budgeted direct variable cost of an order? The budgeted total cost? 

. For direct variable setup costs, compute the price and efficiency variances. 

. For fixed setup overhead costs, compute the spending and the production-volume variances. 

. What qualitative factors should Saluki consider before accepting or rejecting a special order? 

8-41 Activity-based costing, batch-level variance analysis. Audrina’s Fleet Feet, Inc., produces 

dance shoes for stores all over the world. While the pairs of shoes are boxed individually, they are crated and 

shipped in batches. The shipping department records both variable direct batch-level costs and fixed batch- 

level overhead costs. The following information pertains to shipping department costs for the year. 

Static-Budget Amounts Actual Results 

180,000 

10 

1.1 hours 

$16 

$56,500 

Pairs of shoes shipped 225,000 

Average number of pairs of shoes per crate 15 

Packing hours per crate 0.9 hours 

Variable direct cost per hour $ 18 

Fixed overhead cost $54,000 

Required 

1. Whatis the static budget number of crates for the year? 

2. What is the flexible budget number of crates for the year? 

3. Whatis the actual number of crates shipped during the year? 

4, Assuming fixed overhead is allocated using crate-packing hours, whatis the predetermined fixed over- 

head allocation rate? 

5. For variable direct batch-level costs, compute the price and efficiency variances. 

6. For fixed overhead costs, compute the spending and the production-volume variances. 

8-42 Overhead variance, missing information. Consider the following two situations—cases A and B— 

independently. Data refer to operations for April. For each situation, assume standard costing. Also assume the 
use of a flexible budget for control of variable and fixed manufacturing overhead based on machine-hours. 

(1) 

(2) 

(3) 

(4) 
(5) 

Fixed manufacturing overhead incurred 

Variable manufacturing overhead incurred 

Denominator level in machine-hours 

Standard machine-hours allowed for actual output achieved 

Fixed manufacturing overhead (per standard machine-hour) 

Flexible-Budget Data: 

(6) 

(7) 

(8) 
(9) 

Variable manufacturing overhead (per standard machine-hour) 

Budgeted fixed manufacturing overhead 

Budgeted variable manufacturing overhead? 

Total budgeted manufacturing overhead® 

Additional Data: 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

Standard variable manufacturing overhead allocated 

Standard fixed manufacturing overhead allocated 

Production-volume variance 

Variable manufacturing overhead spending variance 

Variable manufacturing overhead efficiency variance 

Fixed manufacturing overhead spending variance 

Actual machine-hours used 

@For standard machine-hours allowed for actual output produced. 

Required 

Fill in the blanks under each case. 

A 

$27,000 

$10,511 

4,700 

$23,375 

$10,340 

$19,975 

$ 457 U 

Cases 

B 

$132,900 

45,000 

$ 2.10 

$130,500 

$ 580 F 

$ 1,490 F 

$ 1,680 F 
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8-43 Graphs and overhead variances. Best Around, Inc. is a manufacturer of vacuums and uses stan- 

dard costing. Manufacturing overhead (both variable and fixed) is allocated to products on the basis of 

budgeted machine-hours. In 2022, budgeted fixed manufacturing overhead cost was $17,000,000. Budgeted 

variable manufacturing overhead was $10 per machine-hour. The denominator level was 1,000,000 

machine-hours. 

Required 

1. Prépare a graph for fixed manufacturing overhead. The graph should display how Best Around, Inc.'s 

fixed manufacturing overhead costs will be depicted for the purposes of (a) planning and control and 
(b) inventory costing. 

2. Suppose that 1,125,000 machine-hours were allowed for actual output produced in 2022, but 1,200,000 
actual machine-hours were used. Actual manufacturing overhead was $12,075,000, variable, and 

$17,100,000, fixed. Compute (a) the variable manufacturing overhead spending and efficiency variances 
and (b) the fixed manufacturing overhead spending and production-volume variances. 

3. What is the amount of the under- or overallocated variable manufacturing overhead and the under- or 

overallocated fixed manufacturing overhead? Why are the under- or overallocated overhead amount 
and the flexible-budget variance always the same for variable manufacturing overhead but rarely the 

same for fixed manufacturing overhead? 
4, Suppose the denominator level was 1,700,000 rather than 1,000,000 machine-hours. What variances in 

requirement 2 would be affected? Recompute them. 

8-44 Overhead variances, ethics. Carpenter Company uses standard costing. The company has a manufac- 

turing plant in Georgia. Standard labour-hours per unit are 0.50, and the variable overhead rate for the Georgia 
plant is $3.50 per direct labour-hour. Fixed overhead for the Georgia plant is budgeted at $1,800,000 for the 

year. Firm management has always used variance analysis as a performance measure for the plant. 

Tom Saban has just been hired as a new controller for Carpenter Company. Tom is good friends with 
the Georgia plant manager and wants him to get a favourable review. Tom decides to underestimate pro- 

duction, and budgets annual output of 1,200,000 units. His explanation for this is that the economy is slow- 

ing and sales are likely to decrease. 
At the end of the year, the plant reported the following actual results: output of 1,500,000 using 760,000 

labour-hours in total, at a cost of $2,700,000 in variable overhead and $1,850,000 in fixed overhead. 

Required 

1. Compute the budgeted fixed cost per labour-hour for the fixed overhead. 

2. Compute the variable overhead spending variance and the variable overhead efficiency variance. 

3. Compute the fixed overhead spending and volume variances. 

4. Compute the budgeted fixed cost per labour-hour for the fixed overhead if Tom Saban had estimated 

production more realistically at the expected sales level of 1,500,000 units. 

5. Summarize the fixed overhead variance based on both the projected level of production of 1,200,000 

units and 1,500,000 units. 

6. Did Tom Saban’s attempt to make his friend, the plant manager, look better work? Why or why not? 

7, What do you think of Tom Saban’s behaviour overall? 

Mini-Case 

8-45 Standard-setting, benchmarking, governance. Ira Stone is the president of General Hospital, a 
large metropolitan healthcare complex that has had difficulty controlling its accounts receivable. Ira has a 

meeting with the Medical Economics Group (MEG). MEG is a consulting firm in the health services sector. It 
reports that General's costs currently available from the information system are inaccurate and have led to 
gross errors in reports to the various government funding agencies, which have indicated that the hospital 

appears to be operating at a deficit. In addition, billing operations are grossly inefficient. Its standard cost- 
ing per bill is above 90% of the 130 hospitals MEG tracks in its benchmark. 

The accountant of General Hospital provides Ira and MEG with the following for April 2022: 

Variable overhead costs, allowance per standard hour $ 12 

Fixed overhead flexible-budget variance $ 240F 

Total budgeted overhead costs for the bills prepared $ 27,000 

Production-volume variance $ 1,080 F 

Variable cost rate variance $ 2,400 U 

Variable cost efficiency variance $ 2,400 F 

Standard hours allowed for the bills prepared 1,800 labour-hours 
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Ira suspects the billing group deliberately “padded” its standard costs and standard amounts. Despite 

large investment in new information systems, the standards for 2022 were not below actual results for 

2021. He does not want to institute a witch hunt, but he does want to eliminate the excess in General's cost 
structure. 

Required 

1. Ira asks to have Meg calculate: Actual hours of input used; Fixed overhead budget; Fixed overhead 

allocated; Budgeted fixed overhead rate per hour; Denominator level in hours. 
2. How might General's billing operations group have “padded” its standard costs and standard amounts? 

Why might they do this padding? 

3. What steps should Stone take to “reduce the excess” in the overhead costs of the billing operations at 

General Hospital? 

SOLUTIONS < TRY IT! 

The fixed overhead budget variance for the month is $3,200 (actual) — $2,910 (budgeted) = $290. It is 
an unfavourable variance as it will decrease operating income. 



Learning Objectives 
@ Identify the factors important to 

choosing the denominator level 

used to calculate fixed 

overhead allocation rates. 

@ Explain how the choice of 
denominator affects capacity 

management, costing, pricing, 

and performance evaluation. 

© Distinguish absorption costing 
from variable costing; prepare 

and explain the differences in 

operating income under each 

costing policy. 

® Appendix 9A: Distinguish 
throughput costing from 

variable costing and absorption 

costing, and explain differences 

in operating income under each 

costing policy. 

@ Appendix 9B: Explain 
breakeven under each of the 

two costing policies. 

CPA Competencies* 
This chapter covers material 

outlined in Section 3; 

Management Accounting of the 

CPA Competency Map. The 

Learning Objectives in this chapter 

have been aligned with the CPA 

Competency Map to ensure the 

best coverage possible. 

3.2.2 Prepares, analyzes, or 

evaluates operational plans, 

budgets, and forecasts 

3.3.1 Evaluates cost classifications 

and costing methods for manage- 
ment of ongoing operations 

3.3.2 Evaluates and applies cost 

management techniques appropriate 

for specific costing decisions 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada, 
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Capacity-Level Choices 
Intel is a high-operating-leverage company. When it operates at full capacity, the 

higher the production output, the lower the fixed cost rate per unit. There is, however, 

a limit or constraint on just how many chips Intel can produce without purchasing 

more capacity. 

The cost of goods sold includes only the fixed costs of units sold, not units pro- 

duced, and the difference remains in the valuation of work-in-process and finished 
goods inventory. The decision about what capacity will be in the denominator level 
used to calculate the fixed cost manufacturing overhead rate affects the reported 

operating income because it affects both the inventory values and cost of goods sold. 



Denominator Levels: A Complex Decision with Complex Effects 

In this chapter, we examine the capacity choices available to managers who decide on the 
denominator level used to calculate fixed overhead rates. Managers’ capacity choice is called 
the denominator level. This decision affects product costing and pricing, capacity manage- 
ment, governance (compliance with external reporting regulations), and performance evalu- 

ation, This is one of the most strategically important and complex decisions managers face. 
The decision to acquire too much capacity relative to demand will incur idle, unpro- 

ductive capacity costs that often cannot be recovered. Too little capacity relative to 
demand means companies will incur the opportunity cost of lost market share as compet- 
itors serve their customers, who may never return. 

Denominator Levels: A Complex Decision 
with Complex Effects 

There are four choices for the denominator-level decision. The first two choices define the 

denominator based on the firm’s ability to supply output. 

s Theoretical capacity is the amount of output theoretically possible if there were never 
any delays or interruptions in production—a 24/7/365 quantity. 

a Practical capacity is the amount of output practically possible after taking into 
account required idle time for maintenance, safety inspections, holidays, and other 
relevant factors. 

Theoretical capacity must always be greater than practical capacity because practical 
capacity excludes any volume lost through idle time. 

The following two denominator-level choices define output based on the existing 
demand level for the output: 

# Normal capacity is the level of output that will satisfy average customer demand over 
a specified time period and complies with ASPE/IFRS. 

= Master-budget capacity is the level of output that will satisfy customer demand for a 
single budget cycle and complies with Canada Revenue Agency (CRA) for tax purposes. 

Exhibit 9-1 illustrates the four potential choices of capacity and the implications of 
using each capacity option as the denominator level. The decision process itself is in pur- 
ple, and there are two pairs of denominator-level choices: The pair of choices based on 
production capacity is illustrated in blue, and the pair based on demand factors is in gold. 

The issues arising from the selection of the denominator level based on either a supply 
or demand measure of capacity affect both the statement of financial position and the 
statement of comprehensive income. Although high-operating-leverage companies rely 
more heavily on machines (or capital) than labour in the production process, the capacity 
level will also entail changes to labour supply. 

_ Inventory Management 
| and Analytics 

ANALYTICS 
INSIGHTS 

Forbes reports that Lineage Logistics has a unique value proposition for inventory man- 
agement in the food industry. The company’s system strives to keep food cold for grocery 
stores and restaurants. Lineage uses a complex analytic framework support by artificial 
intelligence to predict the optimal utilization rates and delivery times for products to 
reduce the opportunity for unintentional warming. The application can forecast order 
arrival and places items that move more quickly, and thus won’t stay in the warehouse as 
long, in more accessible areas. By implementing smart placement through analytics, 
Forbes reports that Lineage has increased inventory efficiency by 20%. 

Source: Blake Morgan. 2018. “5 Examples of How AI Can Be Used Across the Supply Chain.” Forbes, September 17 
(https://www.forbes,com/sites/blakemorgan/201 8/09/17/5-examples-of-how-ai-can-be-used-across-the-supply-chain 
/#3b70c262342e) 
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E2aaeee2k Stage in the Denominator-Level Choice Process 

Compute the Choose the 
fixed budget 

overhead cost. period (weekly, 
allocation rate(s). quarterly, etc.). 

“Analyze 
and select capacity 

Select benchmark, _ alternative to use 
standard, or budgeted in production- 
cost-allocation base volume cost- 

quantities. ~ allocation: 
base, : 

Select 
homogeneous 

_ inputs for other fixed 
cost allocation 

bases, : 

Analyze and select : 
homogeneous cost 

pools. 

ase sacity Su ply 3 
Theoretical > Practical 

Capacity management 
Inventory value 

Product cost (COGM) — 
Product price (full 
absorption) 

Assume that managers have good business intelligence about the level of demand 
(market size) in the industry and how well their competitors perform (market share). 
The first decision is whether to acquire all the forecast capacity required to supply growth 
in the company’s market share or to make acquisitions as the need arises. Bear in mind that 
most capacity is purchased in large increments (such as the addition of a new production 
line, plant, division, etc.) on the basis that it will provide net cash inflow from sales of 
output. This will sum to a return on investment over the useful life of the capacity. This 
means, for acquisition purposes, that capacity costs are semifixed. The demand, however, 
is usually a continuous growth curve that peaks, then tapers off as the life cycle of the 
product ends. There is no perfect capacity choice to ensure a perfect denominator level 
because the behaviours of fixed costs, demand, and inventory values differ. 

Managers have two sets of objectives to consider—capacity management and perfor- 

mance evaluation—and four different capacity measures to choose from—theoretical, prac- 
tical, normal, and master-budget capacity. Bushells Company produces labelled bottles of 
iced tea for Tazo. The company uses absorption costing (discussed below) for monthly 
internal reporting and for financial reporting to shareholders. Capacity is measured as bot- 
tles of iced tea. The management team determines that for external reporting purposes there 
is no choice. The denominator required by CRA when fixed costs are allocated to cost of 
goods sold and inventory is the denominator used for financial accounting purposes, Income 
tax rules effectively prohibit using either theoretical capacity or practical capacity denomi- 
nator levels. Both would typically result in companies taking write-offs of fixed manufac- 
turing overhead as tax deductions more quickly than desired by the CRA. On the other 
hand, both ASPE and IFRS! require that normal capacity must be the denominator used. 

1 ASPE 3031.14 and IAS 2.13 state that “allocation of fixed production overheads . . . is based on the normal capacity of the 
production facilities.” The authors thank Alison Parker of Camosun College, Victoria, BC, for her insight into this area of 
financial accounting standards, 
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Decline 

Units of Output 

Time 

Semifixed cost of capacity (supply) 

Demand growth for units of output 

Notice that two of the choices are measures of supply of capacity and two are mea- 
sures of demand by customers. The quantity demanded by customers will influence the 
amount of unused capacity. Exhibit 9-2 illustrates this. The dashed, stepped line is a 
stepped or discontinuous capacity. The curved line is the demand assumed over time for 
the product life cycle. The different patterns make it unlikely that the lines will intersect. 
This means that corporations will almost always have a production-volume variance. 
For internal management purposes, the dollar value of that production-volume variance will 
depend on the capacity measure—the denominator level—chosen by managers. 

Notice in Exhibit 9-2 that the distance between the demand curve and the semifixed 
capacity visually represents the presence of production-volume variance. This relationship 
implies that the company has decided the cost of excess capacity is preferable to the 
opportunity cost of being unable to meet demand. 

The Decision Framework and Denominator Choice 

Step 1: Identify the Problem and Uncertainties At Bushells, top management identifies 

the issue as needing to decide on an appropriate denominator level for pricing and inter- 
nal performance evaluation (since the denominator level for external ASPE/IFRS report- 
ing is normal capacity). 

Step 2: Obtain Information Through gathering information, Bushells knows that the 
variable manufacturing costs of each bottle are $0.35. The fixed monthly costs of manu- 
facturing at the bottling plant are $50,000. Bushells can produce 2,400 bottles per hour 
when the line operates at full speed. The labour union has negotiated a maximum of two 
eight-hour shifts per day. The constraint on use of direct manufacturing labour-hours 
reduces the potential output for the plant. 

Supply Measures: Theoretical Capacity or Practical Capacity? 

Theoretical capacity is theoretical in the sense that it does not allow for any plant mainte- 
nance or interruptions from bottle breakages on the filling lines or a host of other factors. 
Although it is a rare plant that is able to operate at theoretical capacity, it can represent a goal 
or target level of usage. The strategic trade-off here is that scheduled idle time for maintenance 
can lengthen the useful life of equipment and the long-term total output, or it can improve 
short-term cost savings. Bushells’s theoretical monthly capacity for a 30-day month is 

2,400 bottles per hour X 16 hours per day X 30 days = 1,152,000 bottles 

Assume that the financial accounting reporting method is used to estimate cost of 
goods manufactured and sold, which includes fixed overhead costs as well as variable 
manufacturing costs. This is called absorption costing or full absorption costing. No idle 
time results in the highest possible supply-side denominator level, the lowest fixed 

(aiid The Product 
Life Cycle, Capacity 

Planning, and Production- 

Volume Variance 

Source: Based on P. Kotler and 
G. Armstrong, Principles of 

Marketing, 13th ed. (Toronto: 
Prentice Hall, 2010), p. 397. 
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overhead cost rate, and the lowest inventory valuation. Since actual production is less 
than theoretical capacity (as it must be), there will be a production-volume variance that 
indicates the opportunity cost of idle productive capacity. This is a non-value-added cost 
to the customer for which a custdmer will not pay. 

Practical capacity reduces theoretical capacity for unavoidable operating interruptions 
such as scheduled maintenance time, shutdowns for holidays, safety inspections, and so on.* 
This type of scheduled idle capacity is often called off-limits idle capacity. Strategically, compa- 
nies might schedule off-limits idle capacity to comply with regulations and safety legislation. 

For example, Transport Canada requires companies in the airline industry to comply 
with numerous safety regulations. After an aircraft has flown a specified number of air 
miles, taken off and landed a specified number of times, and so on, Transport Canada 
requires the aircraft be grounded, and its systems, such as wiring and hydraulics, must be 
rebuilt. The goal of these procedures is to minimize risk to passengers. This illustrates 
why companies in some industries must plan for off-limits idle capacity. 

Another cause of downtime is setups, and at a bottling company like Bushells, custom- 
ers use different size and shape bottles with different labels. This is non-productive idle 
capacity. This type of capacity is not off limits because it can be minimized with excellent 
scheduling or used to accomplish other value-added activities. Bushells may also acquire 
idle capacity to provide some excess resources required if there are unexpected delays in 
obtaining materials or unscheduled interruptions to fill rush orders. 

Practical capacity is not constant over the life of equipment. Process redesign can 
improve labour efficiency, wait time for materials, and scheduling, which would increase 
practical capacity. At Bushells, assume that the practical hourly production rate including 
non-productive and off-limits idle capacity is 2,000 bottles an hour and that the plant can 
operate 25 days a month. The practical monthly capacity is 

2,000 bottles per hour X 16 hours X 25 days = 800,000 bottles 

Corporations cannot purchase long-term capacity in small increments. Investment in 
capacity to meet long-term anticipated normal demand is often made well in advance of 
actually reaching this level. But investments are made to retain and expand market share, 
understanding the risk that normal demand may never match the practical capacity. 

SUSTAINABILITY [@ wa ahili : : 
INW VesaTeyt Sustainability Flying High 

The sustainability processes of lean manufactur- 
ing were intensified to speed up delivery of its 7,570- 
plane backlog. The company continually reconfigured 
old manufacturing processes to be more efficient. As 
a result, 350 airplanes were completed more quickly. 
Further production quality improved 35-55% on all 
new manufactured airplanes, reducing rework, waste, 
and repair, In addition, Airbus claims that lean meth- 
odologies foster greater opportunities for collabora- 
tion and innovation and the development of effective 
sustainability practices. 

Sources; Richard Aboulafia. 2019, “United’s Big Airbus Order 
‘ ’ Shows Boeing Really Needs to Build a Middle Market Plane.” 

After years of record sales, Airbus had a multi-year backlog Forbes, December 6 (https://www.forbes.com/sites/richardaboulafia 
of orders for its Airbus 350 aircraft. Airbus practises lean /2019/12/06/united-airbus-boeing-a321xlr-nma/#38a3850a39e8); 

: 3 ; 5 Nell Walker. 2016. “Airbus to Restructure.” Global Manufacturing. 
manufacturing, which focuses on systematically reducing October 4, (hetps://www.manufacturingglobal.com/lean-manufacturing 
waste within the company’s manufacturing processes, /airbus-restructure). 

? PR. Sopariwala, “Capacity Utilization: Using the CAM-I Capacity Model in a Multi-Hierarchical Manufacturing Environ- 
ment,” Management Accounting Quarterly, 7.2 (Winter 2006): pp. 17-34. 
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Demand Measures: Normal Capacity or Master-Budget Capacity? 

Normal capacity utilization and master-budget capacity utilization measure the denomi- 
nator level in terms of demand for the output. In many cases, demand is well below the 
capacity or supply available, as was illustrated in Exhibit 9-2. Bushells’s senior manage- 
ment believes that over the next one to three years the normal monthly production level 
will be 500,000 bottles. This also explains the distance between the demand and semifixed 
cost lines in Exhibit 9-2. External reporting requires the use of normal capacity in the 
denominator, taking into account off-limits idle capacity. Unallocated overhead (variance) 
is recognized in the time period incurred. ASPE/IFRS also permit the use of actual produc- 
tion level if it is not materially different from normal capacity. 

Strategically, Bushells’s managers may have concluded that the excess non-productive 
capacity can be used in other revenue-generating ways until demand growth accelerates. 
Increased demand by customers may not only be for product but also for services custom- 
ized to their needs. Bushells may also have made this decision as an agility-response strat- 
egy; that is, the managers may have seen the ability to provide faster delivery (using idle 
capacity) as a competitive advantage in acquiring new customers and considered the ben- 
efit greater than the cost of excess capacity. 

Normal capacity utilization is based on the level of capacity utilization that satisfies 
average customer demand over a period (say, of two to three years) that includes sea- 
sonal, cyclical, or other trend factors. Master-budget capacity utilization is based on the 
anticipated level of capacity utilization for the next operating budget period of a month, a 
quarter, or a year. The key difference is the time period under consideration, whether the 
term is long (normal) or short (master), These two denominator levels will differ when 
an industry has cyclical periods of high and low demand or when management believes 
that the budgeted production for the coming period is unrepresentative of “long-term” 
demand. 

Consider our Bushells example. Assume the master budget for 2021 is based on pro- 
duction of 400,000 bottles-per month. Hence, the master-budget denominator level is 
400,000 bottles, which is a short-term estimate of market share for the year 2021. 

Effects on Reporting, Costing, Pricing, 
and Evaluation 

Step 3: Make Predictions About the Future Bushells has budgeted fixed manufacturing 
costs of $50,000 per month. Assume the actual costs are also $50,000. To keep this 
example simple, we assume all fixed manufacturing costs are indirect. Bushells’s top 
management team must now forecast the outcomes from using the different capacity 
alternatives in the denominator. 

Bushells’s budgeted fixed manufacturing overhead rates in May 2021 for the four 
alternative capacity denominator levels are as follows: 

Budgeted Fixed Budgeted Budgeted 

Capacity Manufacturing Capacity Level Manufacturing 
Concept Overhead per Month (in Bottles) Overhead Cost 

(1) (2) (3) Rate (4) = (2) + (3) 

Theoretical capacity $50,000 1,152,000 $0.0434 

Practical capacity 50,000 800,000 0.0625 

Normal capacity utilization 50,000 500,000 0.1000 

Master-budget capacity utilization 50,000 400,000 0.1250 

The budgeted fixed manufacturing overhead rate based on master-budget capacity utiliza- 
tion ($0.1250) represents an increase of more than 188% from the rate based on theoret- 
ical capacity ($0.0434). The fixed cost pool is $50,000 over the relevant range of 400,000 
to 1,152,000 bottles. 

LOo@ 
Explain how the choice of 

denominator affects 

capacity management, 

costing, pricing, and 

performance evaluation. 
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(aie eene) Fixed Cost 
Overhead Rate per Bottle 
at Bushells 

$0.1500 5 

0.1000 

FMOH Rate 0.0500 

0 ee!) 

Theoretical Practical Normal Master 

Budget 

Denominator Choice 

Exhibit 9-3 illustrates the four possible fixed overhead cost rates per bottle as the 
denominator-level choice changes. If the managers decide to use only one system for both 
internal management and external financial reporting purposes, then they will choose 
500,000 (normal capacity) as the denominator level. The company will be consistent with 

ASPE/IFRS and will use full absorption costing to estimate inventory value and cost of 
goods sold. This will lead to applying the full cost of all idle capacity of 752,000 bottles 
(= 1,152,000 — 400,000 bottles) when pricing each of the 400,000 bottles expected to 

be sold. 

Step 4: Decide On and Implement One of the Available Alternatives Deciding on the 

denominator level requires more quantitative input about how the choices will affect 
performance assessment. Assume now that Bushells’s actual production in May 2021 is 
460,000 bottles, Actual sales are 420,000 bottles. Also assume no beginning inventory 
on May 1, 2021, and no rate or efficiency variances for May 2021. The manufacturing 
plant sells the bottles of iced tea to another division for $0.50 per bottle. Its only costs 
are variable manufacturing costs of $0.35 per bottle and $50,000 per month for fixed 
manufacturing overhead. Bushells writes off all variances to cost of goods sold each 
month. 

The budgeted manufacturing costs per bottle of iced tea for each capacity concept are 
the sum of $0.35 in variable manufacturing costs and the budgeted fixed manufacturing 
overhead costs (shown from the preceding table): 

Fixed 
Manufacturing Total 

Variable Overhead Manufacturing 

Manufacturing Costs Cost Rate Costs 

Capacity Concept (1) (2) (3) (4) = (2) + (3) 

Theoretical capacity $0.3500 $0.0434 $0.3934 

Practical capacity 0.3500 0.0625 0.4125 

Normal capacity utilization 0.3500 0.1000 0.4500 

Master-budget capacity utilization 0.3500 0.1250 0.4750 

Each capacity concept will result in a different production-volume variance: 

Budgeted fixed 
Denominator ; 

Production-volume _ ay la fares Actual . manufacturing overhead 

variance , output units rate per output unit 
output units 

Theoretical capacity = (1,152,000 — 460,000) x $0.0434 

= $30,033 U 
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Practical capacity = (800,000 — 460,000) x $0.0625 

= $21,250 U 

Normal capacity utilization = (500,000 — 460,000) x $0.1000 

= $4,000 U 

Master-budget capacity utilization = (400,000 — 460,000) x $0.1250 

= $7,500 F 

Exhibit 9-4 shows how the choice of a denominator affects Bushells’s operating 
income for May 2021. Using the master-budget denominator will mean assigning the 
highest amount of fixed manufacturing overhead costs per bottle to the 40,000 bottles in 
ending inventory. Accordingly, operating income is highest using the master-budget 
capacity utilization denominator. Recall that Bushells had no beginning inventory on 
May 1, 2021, production in May of 460,000 bottles, and sales in May of 420,000 bottles. 
Hence, the ending inventory on May 31 is 40,000 bottles. The differences between the 
operating incomes for the four denominator-level concepts in Exhibit 9-4 are due to dif- 
ferent amounts of fixed manufacturing overhead costs being inventoried: 

Actual sales volume (bottles) 420,000 

Actual output (bottles) 460,000 

Variable manufacturing overhead rate $0.3500 

Denominator-Level Alternatives 

Theoretical _ Practical Normal Master Budget 

Capacity alternative (denominator level) 1,152,000 800,000 500,000 400,000 

Fixed overhead cost rate ~~ $ 0.0434 $ 0.0625 $ 0.1000 $ 0.1250 

Sales, $0.50 x 420,000 $ 210,000 $210,000 $210,000 $210,000 

Cost of goods sold (COGS) 

Beginning inventory 0 0 0 0 

Variable manufacturing costs* 161,000 161,000 161,000 161,000 

Fixed manufacturing overhead costs' 19,964 28,750 46,000 57,500 

Cost of goods available for sale 180,964 189,750 207,000 218,500 

Ending inventory* 15,736 16,500 18,000 19,000 

Total COGS (at standard) 165,228 173,250 189,000 199,500 

Adjustments for variances® 30,033 U 21,250 U 4,000 U (7,500) F 

Total COGS 195,261 194,500 193,000 192,000 

Gross margin 14,739 15,500 17,000 18,000 

Marketing, other expenses 10,000 10,000 10,000 10,000 

Operating income $ 4,739 $ 5,500 $7,000 $ 8,000 

$0.35 x 460,000 = $161,000 Tata 1 MUM eat be Saito sea ay ans 
‘Fixed manufacturing overhead costs 

Production 460,000 460,000 460,000 460,000 

x Rate x $0.0434 x $0.0625 $0.1000 x $0.1250 

FMOH costs $19,964 $28,750 $46,000 $57,500 

*Ending inventory costs 

Variable cost $0.3500 $0.3500 $0.3500 $0.3500 

+ Fixed costs 0.0434 0.0625 0.1000 0.1250 

= Unit cost $0.3934 $0.4125 $0.4500 $0.4750 

X Units in ending inventory x 40,000 x 40,000 x 40,000 x 40,000 

= Ending inventory value $15,736 $16,500 $18,000 $19,000 

5The production-volume variance is calculated elsewhere. It is the only variance Bushells incurred in May 2021, 

nee] Bushells’s 
Company Statement of 

Comprehensive Income 

Effects of Alternative 

Denominator Levels for 

May 2021 
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Fixed Manufacturing Overhead in the May 31, 2021 Inventory Valuation 

Denominator Pro Forma Fixed Overhead Pro Forma 
Level Quantity Rate Inventory 

(1) (2) (3) (4) =(2) x (3) 

Theoretical 40,000 $0.0434 $1,736 

Practical 40,000 0.0625 2,500 

Normal 40,000 0.1000 4,000 

Master-budget 40,000 0.1250 5,000 

Thus, in Exhibit 9-4 the difference in operating income between the master-budget 
capacity utilization concept and the normal capacity utilization concept of $1,000 
(= $8,000 — $7,000) is due to the difference in the amount of fixed manufacturing over- 
head being inventoried ($5,000 — $4,000 = $1,000). 

Product Costing 

Cost data from a standard-costing system are often used in pricing or product-mix deci- 
sions. As the Bushells example illustrates, the different denominator choices present differ- 
ent issues: 

u The use of theoretical capacity results in an unachievably small fixed manufacturing 
overhead cost per bottle because it is based on an unattainable level of capacity utili- 
zation. Theoretical capacity is rarely used as the denominator because it departs sig- 
nificantly from the real capacity available to a company. 

s Many companies favour practical capacity as the denominator to calculate the bud- 
geted fixed manufacturing cost per bottle. Practical capacity in the Bushells example 
represents the maximum number of bottles that Bushells could produce per year. 
If Bushells had consistently planned to produce fewer bottles of iced tea, it would have 
built a smaller plant and incurred lower costs. The drawback is that neither ASPE/ 
IFRS nor CRA accept this denominator for external reporting purposes. But, for 
internal performance measurement and product pricing, this denominator level is 
superior to the others at predicting recoverable costs. It is also appropriate to assess 
production managers’ performances. It is not, however, appropriate to assess the 
marketing function because marketing managers have no control over production 
functions. 

Bushells budgets $0.0625 in fixed manufacturing overhead cost per bottle based on 
the $50,000 it costs to acquire the practical capacity to produce 800,000 bottles. This 
plant capacity is acquired well before Bushells uses the capacity and even before Bushells 
knows how much of the capacity it will actually use. That is, the budgeted fixed manu- 
facturing cost of $0.0625 per bottle measures the cost per bottle of supplying the 
capacity. 

Demand for Bushells’s iced tea bottles in 2021 is expected to be 400,000 bottles lower 
than practical capacity. The cost of supplying the capacity needed to make bottles is still 
$0.0625 per bottle. That’s because capacity is acquired in “lumpy” amounts (i.e., there is 
a step fixed cost), and it costs $50,000 per month to acquire the capacity to make 800,000 
bottles. The capacity and its cost are fixed in the short run; the capacity supplied cannot 
be reduced to match the capacity needed in 2021. As a result, not all of the capacity sup- 
plied at $0.0625 per bottle will be needed or used in 2021. 

Using practical capacity reflects the cost of idle capacity in the fixed overhead cost 
rate. For Bushells, the cost of unused capacity is $25,000 per month (practical capacity of 
800,000 bottles less master-budget capacity of 400,000 bottles = 400,000 bottles of 
unused capacity X FMOH rate of $0.0625/bottle [practical capacity FMOH ate] 
= $25,000/month). Highlighting the cost of capacity acquired but not used directs 
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managers’ attention to managing unused capacity, perhaps by designing new products to 
fill unused capacity or leasing out unused capacity to others. 

= Incontrast, using either of the capacity levels based on the demand for Bushells’s iced 
tea bottles—master-budget capacity utilization or normal capacity utilization—hides 
the amount of unused capacity in the FMOH rate. 

If Bushells had used the master-budget capacity utilization as the capacity level, it 
would have calculated the budgeted fixed manufacturing cost pet bottle as $0.1250 
(= $50,000 + 400,000 bottles). This calculation does not use data about practical capac- 
ity, so it does not separately identify the cost of unused capacity. Note, however, that the 
cost of $0.1250 per bottle includes a charge for unused capacity—the $0.0625 fixed man- 
ufacturing resource that would be used to produce each bottle at practical capacity plus 
the cost of unused capacity allocated to each bottle, $0.0625 per bottle. 

The next section illustrates how the use of normal capacity utilization or master-bud- 
get capacity utilization results in setting selling prices that are not competitive. 

Product Pricing: The Downward Demand Spiral 

The easiest way to understand the downward demand spiral is by an example. The 
downward demand spiral is a progressive reduction in capacity use, which leads to an 
increase in the fixed overhead rate. As sales decrease, the actual capacity used also decreases 
to control the amount in ending inventory. This means that the realized quantity in the 
master-budget denominator of any fixed overhead cost rate decreases, but the fixed cost 
pool remains constant. 

The master-budget fixed overhead rate increases each time the master-budget denom- 
inator decreases. This does not mean, however, that the increased unitized fixed cost can 
be recovered by increasing the price. A decreased quantity of forecast sales must bear 
higher costs per unit—which leads to an increased unit sales price to cover full costs. In a 
competitive market, all else being equal, this will further decrease sales. This is a draw- 
back of using master-budget capacity as the denominator level. The downward demand 
spiral (also sometimes called the “death spiral”) is demonstrated in the following 
situation: 

« Iteration 1. Assume Bushells uses mastet-budget capacity utilization of 400,000 bot- 
tles for full product costing in 2021. The resulting manufacturing cost is $0.4750 
(= $0.35 + $0.125) per bottle. Assume in December 2021 that a competitor, Lipton 
Iced Tea, offers to supply a major customer of Bushells at $0.45 per bottle. Bushells’s 
forecast of sales to this customer was 100,000 bottles in 2021. The Bushells manager, 
not wanting to show a loss on the account of $0.025 per bottle (= $0.45 SP — $0.475 
full cost) and wanting to recoup all costs in the long run, does not match the compet- 
itor’s price, and the account is lost. The lost account means budgeted fixed manufac- 
turing costs of $50,000 will be spread over the remaining master-budget volume of 
300,000 bottles. This means the unitized rate will increase to $0.167 (= $50,000 + 
300,000 bottles) from $0.125 (= $50,000 + 400,000). The variable MOH rate 
remains at $0.35. The new full absorption cost, all other things being equal, will be 
$0.517 per bottle ($0.35 + $0.167 = $0.517). 

« Iteration 2. Suppose then, another customer of Bushells—also accounting for 
100,000 bottles of budgeted volume—receives a bid from a competitor priced at 
$0.45. The Bushells manager compares this bid with his revised unit cost of $0.517, 
declines to match the competition, and the account is lost. The planned output 
would shrink further to 200,000 units. The budgeted fixed manufacturing cost per 
unit for the remaining 200,000 now would be $0.25 (= $50,000 + 200,000 bottles). 
With the variable costs remaining at $0.35, the new full absorption cost will be 
$0.60. 

At the extreme, if Bushells only sold one bottle, its share of the fixed overhead cost 
would be $50,000! The use of practical capacity as the denominator to calculate the 
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If Bushells has adequate business intelligence data to 
benchmark its fixed overhead to become at least as good 
as or better than its competitors, the $0.0625 rate is more 
aggressive than the $0.1250 master-budget rate yet 
remains possible to achieve, while the $0.0434 theoretical 
rate is not. Practical capacity focuses on the supply-con- 
straint on production and does not include any 
non-productive idle capacity cost. It is, by definition, a 
long-term estimate of what Bushells will need in the long 
run to meet demand. But often corporations anticipate 
growth by purchasing capacity before master-budget 
demand requires it. 
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Denominator-Level Choice Reflects 

Recoverable Costs in Strategic Pricing 

In a competitive market where gross margins are 
very slim, the cost of idle capacity is non-value-added to 
the customer, who expects Bushells to either manage its © 
capacity or bear the costs of ineffectiveness. Customers 
are very sensitive to price, and if Bushells tries to recover 
non-value-added expenditures from customers, they will 
simply purchase a less expensive product from a com- 
petitor. In the long run, Bushells must recover all costs 
in its sales price if it is to be profitable. Until actual 
capacity use reaches practical capacity, the difference in 
cost per unit that cannot be recovered will erode gross 
margin. 

budgeted fixed manufacturing cost per bottle avoids the recalculation of unit costs when 
expected demand levels change. This is an example of standard rates used in budgeting 
and variance analysis. The fixed cost rate is calculated based on the standard or practi- 
cal capacity available rather than the capacity used to meet demand. Managers who use 
reported unit costs in a mechanical way to set prices are less likely to promote a down- 
ward demand spiral when they use practical capacity concepts because this quantity 
remains unchanged regardless of demand. Use of either normal capacity or master- 
budget capacity utilization can promote the downward demand spiral as capacity used 
decreases. 

Performance Evaluation 

Step 5: Implement the Decision, Evaluate Performance, and Learn Consider how the 

choice between normal capacity utilization, master-budget capacity utilization, and prac- 
tical capacity affects how a marketing manager is evaluated. Normal capacity utilization 
is often used as a basis for long-term plans. The normal capacity utilization depends on 
the time span selected and the forecasts made for each year. However, normal capacity 
utilization is an average that provides no meaningful feedback to the marketing manager 
for a particular year. Using normal capacity utilization as a reference for judging current 
performance of a marketing manager is an example of misusing a long-run measure for 
a short-run purpose. 

Obtaining feedback after implementation is also something that Bushells needs to 
consider. None of the denominator levels is suitable to all purposes. The master-budget 
capacity utilization, rather than normal capacity utilization or practical capacity, is what 
should be used for evaluating a marketing manager’s performance in the current year. 
This is because the master budget is the principal short-run planning and control tool. 
Managers feel more obligated to reach the levels specified in the master budget, which 
should have been carefully set in relation to the maximum opportunities for sales in the 
current year. 

When large differences exist between practical capacity and master-budget capacity 
utilization, companies routinely classify part of the large difference as planned unused 
capacity, One reason they do so is performance evaluation. At Bushells, for example, the 
managers in charge of capacity planning usually do not make pricing decisions. Top man- 
agement decided to build an iced tea plant with 800,000 bottles of practical capacity, 
focusing on demand over the next five years. Bushells’s marketing managers, who are 
mid-level managers, make the pricing decisions. This group believes it should be held 
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accountable only for the manufacturing overhead costs related to the potential customer 
base in 2021. The master-budget capacity utilization suggests a customer base in 2021 of 
400,000 bottles. Using responsibility accounting principles, part of the budgeted total 
fixed manufacturing costs would be attributed to the fixed capacity costs of meeting 2021 
demand. The remaining costs would be separately shown as the capacity cost of meeting 
long-run demand increases expected to occur beyond 2021. 

Capacity Decisions and Denominator-Level Issues 

The choice of any denominator level introduces rigidity into the budgeting and costing 
system. Standard cost systems do not recognize fluctuations and uncertainty. The manag- 
ers must make a choice despite their knowledge that they will almost certainly be wrong. 
ASPE/IFRS require frequent updating because standards may change quickly over time. 
Managers know that both supply of and demand for capacity is uncertain, if only because 
of random events. Bushells’s plant has an estimated practical capacity of 800,000 bottles. 
The estimated master-budget capacity utilization for 2021 is 400,000 bottles. These esti- 
mates are uncertain. To deal with uncertainty, Bushells more than likely built its current 
plant with an 800,000-bottle practical capacity in part to provide the capability to meet 
unexpected surges in growth in demand. 

Capacity cost issues are also prominent in many service-sector companies, such as 
airlines, hospitals, railroads, and banks, even though these companies carry no inventory 
and have no inventory-costing issues. For example, in calculating the fixed overhead cost 
per patient-day in its obstetrics and gynecology department, a hospital must decide what 
denominator to use—practical capacity, normal utilization, or master-budget utilization. 
Its decision may have implications for capacity management as well as performance 
evaluation. 

Inventory Valuation: Variable and 
Absorption Costing 

The two most common methods of costing inventories in manufacturing companies are 
variable costing and absorption costing. We describe each in this section and then discuss 
them in detail, using a hypothetical telescope-manufacturing company as an example. 

Variable Costing 

Variable costing is a method of inventory costing in which all variable manufacturing 
costs (direct and indirect) are included as inventoriable costs. All fixed manufacturing 
costs are excluded from inventoriable costs and are instead treated as costs of the period 
in which they are incurred. Note that variable costing is an imprecise term to describe this 
inventory-costing method because only variable manufacturing costs are inventoried; vari- 
able non-manufacturing costs are still treated as period costs and are expensed. Another 
common term used to describe this method is direct costing. This term is also imprecise 
because variable costing considers variable manufacturing overhead (an indirect cost) as 
inventoriable, while excluding direct marketing costs, for example. 

Absorption Costing 

Absorption costing is a method of inventory costing in which all variable manufacturing 
costs and all fixed manufacturing costs are included as inventoriable costs. That is, inven- 
tory “absorbs” all manufacturing costs. The job-costing system you studied in Chapter 4 
is an example of absorption costing. 

Under both variable costing and absorption costing, all variable manufacturing costs 
are inventoriable costs and all non-manufacturing costs in the value chain (such as 
research and development and marketing), whether variable or fixed, are period costs and 
are recorded as expenses when incurred. 

LO® 
Distinguish absorption 

costing from variable 
costing; prepare and 

explain the differences in 

operating income under 

each costing policy. 
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Comparing Variable and Absorption Costing 

The easiest way to understand the difference between variable costing and absorption 
costing is with an example. In this chapter, we will study Stassen Company, an optical 
consumer-products manufacturer, and focus on its product line of high-end telescopes. 

Stassen uses standard costing: 

= Direct costs are traced to products using standard prices and standard inputs allowed 
for actual outputs produced. 

a Indirect (overhead) manufacturing costs are allocated using standard indirect rates 
times standard inputs allowed for actual outputs produced. 

Stassen’s management wants to prepare an income statement for 2021 (the fiscal year 
just ended) to evaluate the performance of the telescope product line. The operating infor- 
mation for the year is as follows: 

Direct material cost per unit 

Direct manufacturing labour cost per unit 

Manufacturing overhead cost per unit 

Total variable manufacturing cost per unit 

| 16 | Variable marketing cost per unit sold 
Fixed manufacturing costs (all indirect) $1,080,000 

Fixed marketing costs (all indirect) _ | $1,380,000 

For simplicity and to focus on the main ideas, we assume the following about Stassen: 

a Stassen incurs manufacturing and marketing costs only. The cost driver for all vari- 
able manufacturing costs is units produced; the cost driver for variable marketing 
costs is units sold. There are no batch-level costs and no product-sustaining costs. 

u There are no price variances, efficiency variances, or spending variances. Therefore, 
the budgeted (standard) price and cost data for 2021 are the same as the actual price 
and cost data. 

a Work-in-process inventory is zero. 

= Stassen budgeted production of 8,000 units for 2021. This was used to calculate the 
budgeted fixed manufacturing cost per unit of $135 ($1,080,000/8,000 units).3 

w Stassen budgeted sales of 6,000 units for 2021, which is the same as the actual sales 
for2021, 

w The actual production for 2021 is 8,000 units. As a result, there is no production- 
volume variance for manufacturing costs in 2021. A later example, based on data for 
2021, does include production-volume variances. However, even in that case, the 

income statement contains no variances other than the production-volume variance. 

s Variances are written off to cost of goods sold in the period (year) in which they 
occur, 

w& Throughout this section, we use budgeted output as the basis for calculating the fixed manufacturing cost per unit for ease of 
exposition. In the latter half of this chaptet, we consider the relative merits of alternative denominator-level choices for calcu- 
lating this unit cost. 
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Based on the preceding information, Stassen’s inventoriable costs per unit produced 
in 2021 under the two inventory-costing methods are as follows: 

Variable Costing Absorption Costing 

Variable manufacturing cost per unit produced: 

Direct materials $110 $110 

Direct manufacturing labour 40 40 

Manufacturing overhead 50 $200 50 $200 

Fixed manufacturing cost per unit produced : Nes — a 135 

Total inventoriable cost per unit produced $200 $335 

To summarize, the main difference between variable costing and absorption costing is the 
accounting for fixed manufacturing costs: 

a Under variable costing, fixed manufacturing costs are not inventoried; they are treated 
as an expense of the period. 

# Under absorption costing, fixed manufacturing costs are inventoriable costs. In our 
example, the standard fixed manufacturing cost is $135 per unit ($1,080,000 + 8,000 
units) produced. 

Achilles Auto makes and sells batteries. In 2021, it made 100,000 batteries and sold 
75,000 of them, at an average selling price of $60 per unit. The following additional 
information relates to Achilles Auto for 2021: 

20.00 per unit 

4.00 per unit 

Direct materials 

Direct manufacturing labour 

$ 

$ 

Variable manufacturing costs $ 1.00 per unit 

$ Sales commissioris 6.00 per part 

Fixed manufacturing costs $750,000 per year 

Administrative expenses, all fixed $270,000 per year 

What is Achilles Auto’s inventoriable cost per unit using (a) variable costing and 
(b) absorption costing? 

Variable vs. Absorption Costing: Operating 
income and Income Statements 

When comparing variable and absorption costing, we must also take into account whether 
we are looking at short- or long-term numbers. How does the data for a one-year period 
differ from that of a two-year period under variable and absorption costing? 

Comparing Income Statements for One Year 

What will Stassen’s operating income be if it uses variable costing or absorption costing? 
The differences between these methods are apparent in Exhibit 9-5. Panel A shows the 
variable-costing income statement and Panel B the absorption-costing income statement 
for Stassen’s telescope product line for 2021. The variable-costing income statement uses 
the contribution-margin format (introduced in Chapter 3). The absorption-costing income 
statement uses the gross margin format (introduced in Chapter 2). Why these different 
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(22 Comparison of Variable Costing and Absorption Costing for Stassen Company: Telescope Product-Line 
Income Statements for 2021 

Bea aay. a ee ed Re es [) ee a ee Oe eI e 
Panel A: VARIABLE COSTING Panel B: ABSORPTION COSTING 

| 2 [Revenues: $1,000 x 6,000 units $6,000,000) | Revenues: $1,000 x 6,000 units $6,000,000 
| 3 |Variable cost of goods sold: Cost of goods sold: 
| 4 | Beginning inventory Beginning inventory 

| 5 | Variable manufacturing costs: $200 x 8,000 units 1,600,000 Variable manufacturing costs: $200 x 8,000 units 

| 6 | Allocated fixed manufacturing costs: $135 x 8,000 units 

Cost of goods available for sale 1,600,000 Cost of goods available for sale 2,680,000, «| 
| 8 | Deductending inventory: $200 x 2,000units | __(400,000)|_— | 
| 9 | Variable cost of goods sold 1,200,000 Cost of goods sold 

| 10 |Variable marketing costs: $185 x 6,000 units sold 1,110,000 

Contribution margin 3,690,000] [Gross margin 
Fixed manufacturing costs 1,080,000} | Variable marketing costs: $185 x 6,000 units sold 

Fixed marketing costs 1,380,000) |Fixed marketing costs 1,380,000 
| 14 [Operating income $1,230,000} | Operating income 

16 |Manufacturing costs expensed in Panel A: Manufacturing costs expensed in Panel B: 

| 17 |Variable cost of goods sold $1,200,000 

1,080,000 

$2,780,000 
Fixed manufacturing costs 

[19 Cost of goods sold 

formats? The distinction between variable costs and fixed costs is central to variable cost- 
ing, and it is highlighted by the contribution-margin format. Similarly, the distinction 
between manufacturing and non-manufacturing costs is central to absorption costing, and 
it is highlighted by the gross margin format. 

Absorption-costing income statements do not need to differentiate between variable 
and fixed costs. However, we will make this distinction between variable and fixed costs 
in the Stassen example to show how individual line items are classified differently under 
variable costing and absorption costing. In Exhibit 9-5, Panel B, note that inventoriable 
cost is $335 per unit under absorption costing: allocated fixed manufacturing costs of 
$135 per unit plus variable manufacturing costs of $200 per unit. 

Note how the fixed manufacturing costs of $1,080,000 are accounted for under vari- 
able costing and absorption costing in Exhibit 9-5. The income statement under variable 
costing deducts the $1,080,000 lump sum as an expense for 2021. In contrast, under 
absorption costing, the $1,080,000 ($135 per unit X 8,000 units) is initially treated as an 
inventoriable cost in 2021. Of this $1,080,000, $810,000 ($135 per unit X 6,000 units) 
subsequently becomes a part of cost of goods sold in 2021, and $270,000 ($135 per 
unit X 2,000 units) remains an asset—part of ending finished goods inventory on 
December 31, 2021. 

Operating income is $270,000 higher under absorption costing compared with vari- 
able costing because only $810,000 of fixed manufacturing costs are expensed under 
absorption costing, whereas all $1,080,000 of fixed manufacturing costs are expensed 
under variable costing. Note that the variable manufacturing cost of $200 per unit is 
accounted for the same way in both income statements in Exhibit 9-5. 

These points can be summarized as follows: 

Variable Costing Absorption Costing 

Variable manufacturing costs: Inventoriable Inventoriable 

$200 per telescope produced 

Fixed manufacturing costs: Deducted as an expense Inventoriable at $135 per telescope 

$1,080,000 per year of the period produced using budgeted denominator 

level of 8,000 units produced per year 

($1,080,000 + 8,000 units = $135 per unit) 
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The basis of the difference between variable costing and absorption costing is how 
fixed manufacturing costs are accounted for. If inventory levels change, operating income 
will differ between the two methods because of the difference in accounting for fixed 
manufacturing costs. To see this difference, let’s compare telescope sales of 6,000, 7,000, 

and 8,000 units by Stassen in 2021, when 8,000 units were produced. Of the $1,080,000 

total fixed manufacturing costs, the amount expensed in the 2021 income statement under 
each of these scenarios would be as follows: 

i eeent seer heer eta la ee Eee eed 
Variable Costing Absorption Costing 

Fixed Manufacturing Costs 
————- 

| 3 | Units Ending Fixed Manufacturing Costs 
| 4 | Sold | Inventory | Included in Inventory | Amount Expensed = $135 x Ending Inv. 

| 5 | 6,000 2,000 $0 $1,080,000 $270,000 

Included in Inventory | Amount Expensed 

= $135 x Units Sold 

$ 810,000 

| 6 | 7,000 1,000 $0 $1,080,000 $135,000 $ 945,000 

8,000 0 $0 $1,080,000 $ 0 

In the last scenario, where 8,000 units are produced and sold, both variable and 

absorption costing report the same net income because inventory levels are unchanged. 
This chapter’s appendices describes how the choice of variable costing or absorption cost- 
ing affects the breakeven quantity of sales when inventory levels are allowed to vary. 

ZB Toys started 2021 with no inventory. During the year, its expected and actual 
production was 30,000 units, of which it sold 24,000 units at $50 each. Cost data 
for the year is as follows: 

Manufacturing costs incurred: 

Variable: $525,000 

Fixed: $372,000 

Marketing costs incurred: 

Variable: $144,800 

Fixed: $ 77,400 

Calculate ZB Toys’s operating income under (a) variable costing and (b) absorption 
costing. Explain why operating income differs under the two approaches. 

Comparing Income Statements for Multiple Years 

To get a more comprehensive view of the effects of variable costing and absorption cost- 
ing, Stassen’s management accountants prepare income statements for two years of oper- 
ations, starting with 2021. The data are given in units in the following table: 

ea eos ee ee 

Budgeted production 8,000 8,000 

Beginning inventory 0 2,000 

Actual production 8,000 5,000 

Sales 6,000 6,500 

Ending inventory 2,000 | 500 | 

All other 2021 data given earlier for Stassen also apply for 2022. 

$1,080,000 
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In 2022, Stassen has a production-volume variance because actual telescope produc- 
tion differs from the budgeted level of production of 8,000 units per year used to calculate 
the budgeted fixed manufacturing cost per unit. The actual quantity sold for 2022 is 
6,500 units, which is the same as'the sales quantity budgeted for that year. 

Exhibit 9-6 presents the income statement under variable costing in Panel A and the 
income statement under absorption costing in Panel B for 2021 and 2022. As you study 
Exhibit 9-6, note that the 2021 columns in both Panels A and B show the same figures 
as Exhibit 9-5. The 2022 column is similar to 2021 except for the production-volume 
variance line item under absorption costing in Panel B. Keep in mind the following points 
about absorption costing as you study Panel B of Exhibit 9-6: 

1. The $135 fixed manufacturing cost rate is based on the budgeted denominator capac- 
ity level of 8,000 units in 2021 and 2022 ($1,080,000 + 8,000 units = $135 per unit). 

Whenever production (the quantity produced, not the quantity sold) deviates from 

EEE Comparison of Variable Costing and Absorption Costing for Stassen Company: 
Telescope Product-Line Income Statements for 2021 and 2022 

a A 
| 1 |Panel A: VARIABLE COSTING 

| 3 [Revenues: $1,000 x 6,000; 6,500 units 
| 4 |Variable cost of goods sold: 
| 5 | Beginning inventory: $200 x 0; 2,000 units $ 0 $ 400,000 
| 6 | Variable manufacturing costs: $200 x 8,000; 5,000 units 1,600,000 1,000,000 

Cost of goods available for sale 1,600,000 1,400,000 

| 8 | Deduct ending inventory: $200 x 2,000; 500 units (400,000) (100,000) 
| 9 | Variable cost of goods sold 1,200,000 1,300,000 
| 10 |Variable marketing costs: $185 x 6,000; 6,500 units 1,110,000 

Contribution margin 3,690,000 
| 12 [Fixed manufacturing costs 

| 13 |Fixed marketing costs 
| 14 [Operating income 

3 
Panel B: ABSORPTION COSTING 

2021 2022 

5 

Revenues: $1,000 x 6,000; 6,500 units $6,000,000 $6,500,000 

1,202,500 

| 19 |Cost of goods sold: Li 
|20| Beginning inventory: $335 x 0; 2,000 units 0 670,000 

Variable manufacturing costs: $200 x 8,000; 5,000 units 1,600,000 1,000,000 

| 34 |2022: $1,080,000 — 
| 33 [2021: $1,080,000 — ($135 x 8,000) = $1,080,000 — $1,080,000 = $0 

($135 x 5,000) = $1,080,000 — $675,000 = $405,000 U 

| 36 |Production-volume variance can also be calculated as follows: 

| 22| Allocated fixed manufacturing costs: $135 x 8,000; 5,000 units 1,080,000 
| 23| Cost of goods available for sale 2,680,000 2,345,000 

| 24| Deduct ending inventory: $335 x 2,000; 500 units (670,000) (167,500) 

| 25 | Adjustment for production-volume variance® $ 0 $ 405,000 | U 

126] Cost of goods sold 2,010,000 2,582,500 
Gross margin 3,990,000 3,917,500 

| 28 |Variable marketing costs: $185 x 6,000; 6,500 units 1,110,000 1,202,500 
| 29 [Fixed marketing costs 1,380,000 1,380,000 
| 30 [Operating income $1,500,000} ————_ [_$1,335,000 | 

®Production-volume variance = Budgeted fixed manufacturing costs — Fixed manufacturing overhead allocated using 

budgeted cost per output unit allowed for actual output produced (Panel B, line 22) 

38 2021: $135 x (8,000 — 8,000) units = $135 x 0 = $0 
| 39 [2022: $135 x (8,000 — 5,000) units = $135 x 3,000 = $405,000 U 

Fixed manufacturing cost per unit x (Denominator level — Actual output units produced) 
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070) [01 aa ES 
IN AVea EL e)\ _ Capacity at Nissan 

Capacity decisions are, in many industries, long-run stra- 
tegic decisions. Rapid changes in the environment can be 
difficult to anticipate and may result in costly stock-outs 
(opportunity cost) and negative publicity, In addition, 
these capacity decisions can have negative “ripple” effects 
throughout the supply chain. 

For example, in 2010 Nissan Motors had to halt 
production unexpectedly at four of its five domestic 
(Japan) assembly plants because of shortages of engine 
control units (ECU), which are a key electronic compo- 

nent in today’s cars. One of Nissan’s major suppliers, 
Hitachi, had not been able to secure an adequate supply 
of the electronic chips that are an essential part of the 
ECU, The three-day halt in production resulted in an esti- 
mated loss of productive capacity of approximately 
15,000 cars. This represents an opportunity cost (lost 
output) and a potential marketing dilemma as customers 
may choose a competitor if the Nissan model they want is 

The lack of ECU inventory is a result of demand out- 
stripping capacity in the supply chain. Part of this may be 
due to the recovery in automotive demand after the 
2008-2009 world financial crisis. As chip manufacturing 
capacity is expensive to increase, it is suspected that pro- 
duction may have lagged behind the automotive recovery, 
Nissan’s shutdown may also have been aggravated by the 
Japanese auto industry’s well-known practice of “just-in- 
time” (Kanban) inventory management. 

Sources: J. Yoshida, 2010, “Nissan Abrupt Production Halt.” EETimes, 
July 13 (http://www.eetimes.com/document.asp?doc_id=1256835); 
B, Huang. 2010. “Supply Chain Hitch Puts Brakes on Nissan Production,” 
GlobalSCM.net, July 21 (http://www.globalscm.net/share.php?ac= 
view &id=402&uid=64); D, Wakabayashi. 2010. “Update: Hitachi 
Engine Part Delay Caused by $TMicroelectronics Source.” London 
South East, July 14 (http://www.lse.co.uk/sharecast-news-article 
.asp?ArticleCode=35719208ArticleHeadline=UPDATE_Hitachi_Engine_ 
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not available. Part_Delay_Caused_By_STMicroelectronics_Source), 

the denominator level, there will be a production-volume variance. The amount of 
Stassen’s productien-volume variance is determined by multiplying $135 per unit by 
the difference between the actual level of production and the denominator level. 

Recall how standard costing works under absorption costing. Each time a unit is 
manufactured, $135 of fixed manufacturing costs is included in the cost of goods 
manufactured and available for sale, In 2022, when 5,000 units are manufactured, 
$675,000 ($135 per unit X 5,000 units) of fixed manufacturing costs is included in 

the cost of goods available for sale (see Exhibit 9-6, Panel B, line 22). Total fixed 
manufacturing costs for 2022 are $1,080,000. The production-volume variance of 
$405,000 U equals the difference between $1,080,000 and $675,000. In Panel B, 
note how, for each year, the fixed manufacturing costs included in the cost of goods 
available for sale plus the production-volume variance always equals $1,080,000. 

2. As a result of the production-volume variance, note that the absorption costing 
income is lower in 2022 than in 2021 even though Stassen sold 500 more units. 
We explore the impact of production levels on income under absorption costing in 
greater detail later in this chapter. 

3. The production-volume variance, which relates only to fixed manufacturing over- 
head, exists under absorption costing but not under variable costing. Under variable 
costing, fixed manufacturing costs of $1,080,000 are always treated as an expense of 

the period, regardless of the level of production (and sales). 

Here’s a summary (using information from Exhibit 9-6) of the operating income differ- 
ences for Stassen Company during 2021 and 2022: 

2021 2022 

1, Absorption-costing operating income $1,500,000 $1,335,000 

2, Variable-costing operating income $1,230,000 $1,537,500 

3. Difference: (1) — (2) $ 270,000 $ (202,500) 
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i GS ee ed ee ae I eee 

Variable Costing and the Effect of Sales and Production 

on Operating Income 

The sizable differences in operating income illustrate why managers whose performance is 
measured by reported income are concerned about the choice between variable costing 
and absorption costing. 

Why do variable costing and absorption costing report different operating income 
numbers? In general, if inventory increases during an accounting period, less operating 
income will be reported under variable costing than absorption costing. Conversely, if 
inventory decreases, more operating income will be reported under variable costing than 
absorption costing. The difference in reported operating income is due solely to (a) moy- 
ing fixed manufacturing costs into inventories as inventories increase and (b) moving fixed 
manufacturing costs out of inventories as inventories decrease under absorption costing. 

The difference between operating income under absorption costing and variable cost- 
ing can be computed by formula 1, which focuses on fixed manufacturing costs in begin- 
ning inventory and ending inventory: 

Formula 1 | | 
Fixed manufacturing Fixed manufacturing 

| Absorption-costing | - | Variable-costing | = costs in ending inventory | — | costs in beginning inventory 

operating income 

$1,500,000 

under absorption costing 

($135 x 2,000 units) ae 

$270,00 

under absorption costing 

($135 x 0 units) 

operating income 

$1,230,000 

$1,500,000 

$1,335,000 

Absorption-costing 

operating income 

$1,537,500 ($135 x 2,000 units) ($135 x 500 units) = 

($202,500) ($202,500) 

Fixed manufacturing costs in ending inventory are deferred to a future period under 
absorption costing. For example, $270,000 of fixed manufacturing overhead is deferred 
to 2022 at December 31, 2021. Under variable costing, all $1,080,000 of fixed manufac- 
turing costs are treated as an expense of 2021. 

Recall that 

Ending 

inventory 

Beginning 

inventory 

Cost of goods _ Cost of goods 

manufactured sold 

Therefore, instead of focusing on fixed manufacturing costs in ending and beginning 
inventory (as in formula 1), we could alternatively look at fixed manufacturing costs in 
units produced and units sold. The latter approach (see formula 2) highlights how fixed 
manufacturing costs move between units produced and units sold during the fiscal year. 

Fixed manufacturing costs 

inventoried in units produced 

under absorption costing 

($135 x 8,000 units) 

Fixed manufacturing costs 

in cost of goods sold 

under absorption costing 

($135 x 6,000 units) 

Variable-costing 

operating income 

= $1,230,000 Sil bebe hehe RE aS 
$270,00 = $270,00 

$1,335,000 $1,537,500 ($135 x 5,000 units) ($135 x 6,500 units) 

($202,500) ($202,500) 

Managers face increasing pressure to reduce inventory levels. Some companies are achiey- 
ing steep reductions in inventory levels using policies such as just-in-time production—a 
production system under which products are manufactured only when needed. Formula 1 
illustrates that, as Stassen reduces its inventory levels, operating income differences 
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between absorption costing and variable costing become immaterial. Consider, for exam- 
ple, the formula for 2021. If instead of 2,000 units in ending inventory, Stassen had only 
2 units in ending inventory, the difference between absorption-costing operating income 
and variable-costing operating income would drop from $270,000 to just $270. Given a 
constant contribution margin per unit and constant fixed costs, the period-to-period 
change in operating income under variable costing is driven solely by changes in the quantity 
of units actually sold. Consider the variable-costing operating income of Stassen in 2022 
versus 2021. Recall the following: 

Contribution Variable manufacturing Variable marketing 
= Selling price — : ; 

cost per unit cost per unit margin per unit 

= $1,000 per unit — $200 per unit — $185 per unit 

= $615 per unit 

Change in Contribution 
Change in quantity 

variable-costing = margin x ; 
wie of units sold 

operating income per unit 

2022 vs. 2021: $1,537,500 — $1,230,000 = $615 per unit X (6,500 units — 6,000 units) 

$307,500 = $307,500 

Under variable costing, Stassen managers cannot increase operating income by “produc- 
ing for inventory.” Why not? Because, as you can see from the preceding computations, 
when using variable costing, only the quantity of units sold drives operating income. We'll 
explain later in this chapter that absorption costing enables managers to increase operat- 
ing income by increasing the unit level of sales, as well as by producing more units. Before 
you proceed to the next section, make sure that you examine Exhibit 9-7 for a detailed 
comparison of the differences between variable costing and absorption costing. 

Comparative Income Effects of Variable Costing and Absorption Costing 

Question Variable Costing Absorption Costing Comment 

Are fixed manufacturing costs inventoried? No Yes Basic theoretical question of when these costs 
should be expensed. 

Is there a production-volume variance? No Yes Choice of denominator level affects 

measurement of operating income under 

absorption costing only. 

Are classifications between variable Yes Infrequently Absorption costing can be easily 

and fixed costs routinely made? modified to obtain subclassifications for 
variable and fixed costs, if desired 
(e.g., see Exhibit 9-1, Panel B). 

How do changes in unit inventory Differences are attributable to 
levels affect operating income?® the timing of when fixed 

Production = sales Equal Equal manufacturing costs are expensed. 

Production > sales Lower® Higher® 
Production < sales Higher Lower 

What are the effects on cost— Driven by unit Driven by (a) unit level Management control benefit: 

volume-profit relationship (for a level of sales of sales, (b) unit Effects of changes in production 
level of production, 

and (c) chosen 

denominator level 

level on operating income are easier 
to understand under variable costing. 

given level of fixed costs and a given 

contribution margin per unit)? 

®Assuming that all manufacturing variances are written off as period costs, that no change occurs in work-in-process inventory, and no change occurs in the 

budgeted fixed manufacturing cost rate between accounting periods. 

That is, lower operating income than under absorption costing. 

"That is, higher operating income than under variable costing. 
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Performance Evaluation: Undesirable Buildup 

of Inventories 

Absorption costing is the required inventory valuation method for external reporting in 
Canada, and to avoid any internal confusion that could arise by using a different valuation 
method for internal planning and control, most companies use one method for both inter- 
nal and external purposes. Using the same method for valuation and performance evalua- 
tion helps avoid situations wherein managers take action that enhances their individual 
evaluation but harms overall corporate performance. 

Unfortunately, absorption costing can lead managers to increase operating income 

in the short run by increasing the production schedule independent of customer demand. 
In practice this is a well-known possibility and can be controlled either by monitoring 
the inventory levels or choosing a variable cost method for internal performance evalu- 
ation based on the efficiency and effectiveness of manufacturing activities. The added 
advantage of variable costing is to reveal the cost-volume-profit relationships that 
improve the quality of information upon which managers make short-run decisions. 

Stassen’s absorption-costing operating income for 2021 changes as the production 
level changes (see Exhibit 9-8). This model assumes that the production-volume variance is 

written off to cost of goods sold at the end of each year. Beginning inventory of 2,000 units 
and sales of 6,500 units for 2021 are unchanged from the case shown in Exhibit 9-6. 

Effect on Absorption-Costing Operating Income of Different Production Levels for 
Stassen Company 

9,000 
8,500 17,000_| 

6,500 

670,000 

Allocated fixed manufacturing costs; $135 production 
Cost of goods available for sala 

Adjustment for production-volume variance® 

| 670,000; | 
1,000,000 1,300,000 

| 675,000 | | 877,500) | 1,215,000] 
| 2,345,000 | | 2,847,500 | —|_3,686,000| 

(167,500) ‘| (670,000) (1,507,500) | 
2,177,500 

0 

472,500 [== 

Cost of goods sold 
| 18 |Gross Margin 

u | 405,000 | _(135,000)|F _| 
7,582,500 7,380,000 7,042,500 |] 

3,850,000 3,917,500 4,120,000 4,457,500 | | 
| 19 [Marketing costs: $1,380,000 + ($185 per unit X 6,500 units sold) | 2,682,500 2,582,500 2,582,500 2,562,500; | 
| 20 {Operating Income $1,267,500 | _ $1,335,000 $1,537,500 $1,875,000 | | 

| 21 | fa, 
Production-volume variance = Budgeted fixed manufacturing costs — Al 

| 23 |At production of 4,500 units: $1,080,000 — $607,500 = $472,500 U 
| 24 [At production of 5,000 units: $1,080,000 - $675,000 = $405,000 U 
| 25 [At production of 6,500 units: $1,080,000 -$877,500 = $202,500 U 
| 26 [At production of 9,000 units: $1,080,000 — $1,215,000 = ($135,000) F 

Production of 4,500 units meets the 2021 sales budget of 6,500 units (2,000 units 
from beginning inventory + 4,500 units produced). Operating income at this production 
level is $1,267,500. By producing more than 4,500 units, commonly referred to as 
producing for inventory, Stassen increases absorption-costing operating income. Each 
additional unit in 2021 ending inventory will increase operating income by $135. 
For example, if 9,000 units are produced (column H in Exhibit 9-8), ending inventory will 
be 4,500 units and operating income increases to $1,875,000. This amount is $607,500 

more than the operating income with zero ending inventory ($1,875,000 — $1,267,500, 

or 4,500 units X $135 per unit = $607,500). By producing 4,500 units for inventory, the 
company using absorption costing includes $607,500 of fixed manufacturing costs in 
finished goods inventory, so those costs are not expensed in 2021. 
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Exhibit 9-8 highlights three other important factors: 

1. Column D is the base-case setting and just restates the 2021 absorption costing results 
from Panel B of Exhibit 9-6. 

2. Column F highlights when inventory levels are unchanged (i.e., production equals 
sales), absorption-costing income equals the income under variable costing. 

3. A Stassen manager who built up an inventory of 4,500 telescopes at the end of 2021 
would have to further increase ending inventories in 2022 to increase that year’s 
operating income by producing for inventory. 

There are limits to how much inventory levels can be increased over time because of 
physical constraints on storage space and management controls. Such limits reduce the 
likelihood of incurring some of absorption costing’s undesirable effects. Nevertheless, 
managers do have the ability and incentive to move costs in and out of inventory in order 
to manage operating income under absorption costing. 

The undesirable effects of an increase in production to increase operating income in 
the short run may be sizable, and they can arise in several ways, as the following examples 
show: 

« A plant manager may switch production to those orders that absorb the highest 
amount of fixed manufacturing costs, regardless of the customer demand for these 
products (called “cherry picking” the production line). 

u A plant manager may accept a particular order to increase production, even though 
another plant in the same company is better suited to handle that order. 

a To meet increased production, a manager may defer maintenance beyond the current 
accounting period. Although operating income may increase now, future operating 
income will probably decrease because of increased repairs and _less-efficient 
equipment. 

Early criticisms of absorption costing concentrated on whether fixed manufacturing 
overhead qualified as an asset under ASPE/IFRS. However, current criticisms of absorp- 
tion costing have increasingly emphasized its potentially undesirable incentives for man- 
agers. Indeed, one critic labels absorption costing as “one of the black holes of cost 
accounting,” in part because it may induce managers to make decisions against the long- 
run interests of the company. 

Proposals for Revising Performance Evaluation 

Critics of absorption costing have made a variety of proposals for revising how managers 
are evaluated: 

1. Change the accounting system. As discussed previously and will be shown later in 
this chapter, both variable and throughput costing reduce the incentives of managers 
to build up inventory. 

2. Use careful budgeting and inventory planning to reduce management’s freedom to 
build up excess inventory. For example, the budgeted monthly statement of financial 
position has estimates of the dollar amount of inventories. If actual inventories exceed 
these dollar amounts, top management can investigate the inventory buildups. 

ies) Incorporate a carrying charge for inventory in the internal accounting system. 
For example, an inventory carrying charge of 1% per month could be assessed for the 
investment tied up in inventory and for spoilage and obsolescence when evaluating a 
manager’s performance. 

4. Change the time period used to evaluate performance. Critics of absorption costing 
give examples where managers take actions that maximize quarterly or annual income 
at the potential expense of long-run income. By evaluating performance over a three- 
to five-year period, the incentive to take short-run actions that reduce long-term 
income is reduced. 
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5. Include nonfinancial as well as financial variables in the measures used to evaluate 
performance. Companies currently are using nonfinancial variables, such as the fol- 
lowing, drawn from the Stassen data: 

Ending inventory in units February 2021 100 _ 
‘ Sr : = —— = 0.5 
Beginning inventory in units February 2021 200 

Units produced in February 2021 _ 650 _ ae 

Units sold in February 2021 = 750 ; 

A good report of manufacturing performance would show not only stable inventory 
ratios of outputs over time for each product, but also a production to sales-volume ratio 
very close to 1 to indicate all production and inventory was sold during the period it was 
produced. Of course, these nonfinancial ratios would also be interpreted in light of, for 
example, fluctuations due to seasonal demand, perishability, and other factors appropri- 
ate to a specific manufacturing situation. 

| Pulling It All Together—Problem for Self-Study » 

(Try to solve this problem before examining the solution that follows.) 

Problem 

Suppose that Bushells Company from our chapter example is computing the operating 
income for May 2022. This month is identical to May 2021, the results of which are in 
Exhibit 9-4, except that master-budget capacity utilization for 2022 is 600,000 bottles per 
month instead of 400,000 bottles. There was no beginning inventory on May 1, 2022, 
and no variances other than the production-volume variance. Bushells writes off this vari- 
ance to cost of goods sold each month. 

1. Identify the four potential denominator levels, and calculate each fixed overhead rate. 
2. Calculate the new production-volume variance for the new master-budget denomina- 

tor level, and explain the CRA effect of the production-volume variance. 
3. How would the financial results in Exhibit 9-4 for Bushells Company be different if 

the month were May 2022 rather than May 2021? Show your computations. 
4. Explain what the higher master-budget denominator level means. 
5. What changes would adopting a variable inventory valuation method mean to the 

internal reports of cost of goods sold (COGS) and period expense? 
6. What change would adopting a throughput inventory valuation method mean to the 

internal reports of COGS and period expense? 
7. Calculate a breakeven for Bushells (there is no unique solution). 

Required 

® 6 609 8 86 

Solution 

1, The four possible levels are theoretical, practical, normal, and master budget. The 
rates are calculated by dividing $50,000 by 1,152,000, 800,000, 500,000, and 

600,000. All but the master-budget rate are in Exhibit 9-4. The rates are $0.0434, 
$0.0625, $0.1000, and $0.0833. 

$50,000 

600,000 bottles — $0.0833 per bottle 
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2. The manufacturing cost per bottle becomes $0.4333 (= $0.3500 + $0.0833). In turn, 
the production-volume variance for May 2022 becomes 

(600,000 — 460,000) x (0.0833) = 11,662 U 

The master-budget level conforms with CRA regulations. The unfavourable produc- 
tion-volume variance must be prorated over the inventory remaining in finished 
goods. The unfavourable variance increases the finished goods inventory value, which 
is subtracted from COGS. A lower COGS will be reported for tax purposes and there- 
fore a higher taxable income. 

3, The statement of comprehensive income for May 2022 is now 

Revenue $210,000 

Cost of goods sold: 

Beginning inventory 0 

Variable manufacturing costs: 

$0.35 x 460,000 161,000 

Fixed manufacturing costs: 

$0.0833 x 460,000 38,318 

Cost of goods available for sale 199,318 

Ending inventory: 

$0.4333 x (460,000 — 420,000) 17,332 

Total cost of goods sold (at standard costs) 181,986 

Adjustment for variances 11,662 U 

Total cost of goods sold 193,648 

Gross margin 16,352 

Marketing, other expenses 10,000 

Operating income $ 6,352 

4. The higher denominator level in the 2022 master budget means that a temporary set 
of circumstances has led Bushells to expect a higher than normal denominator level of 
sales and production in 2022. The normal denominator level is based on a longer-term 
expected average demand. 

5. For purposes of external reporting, the use of variable inventory valuation does not 
comply either with ASPE/IFRS or with CRA, which both require absorption inven- 
tory valuation. Variable inventory valuation collects all manufacturing and 
non-manufacturing costs incurred during a production time period and allocates this 
total variable cost pool to each unit remaining in finished goods inventory. All fixed 
manufacturing and non-manufacturing costs are deducted as period expenses. This 
method will make it easier for Bushells to calculate a breakeven volume. 

6. Throughput inventory valuation collects only the direct materials costs during a pro- 
duction time period, and these are traced to each unit of output remaining in finished 
goods inventory. All other costs are treated as period costs. Very likely, the immediate 
recognition of all variable and fixed cost pools during the period they were incurred 
will reduce the internally reported operating income. 

7. There is no unique solution—the answer will depend on assumptions made. 
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yo} otal alolp Gacy A : 

Throughput: Super-Variable Costing 

Loe Some managers believe that even variable costing promotes an excessive amount of costs 

being inventoried. They argue that only direct materials, such as the lenses, casing, scope, 
and mount in the case of Stassen’s telescopes, are “truly variable” in output. Throughput 

and absorption costing, costing, which is also called super-variable costing, is an extreme form of variable costing 
and explain differences in in which only direct material costs are included as inventoriable costs. All other costs are 
operating income under costs of the period in which they are incurred. In particular, variable direct manufacturing 
Bach costing policy: labour costs and variable manufacturing overhead costs are regarded as period costs and 

are deducted as expenses of the period. 
Exhibit 9A-1 is the throughput-costing income statement for Stassen Company for 

2021 and 2022. Throughput margin equals revenues minus all direct material cost of the 
goods sold. Compare the operating income amounts reported in Exhibit 9A-1 with those 
for absorption costing and variable costing: 

Distinguish throughput 

costing from variable costing 

2021 2022 

Absorption-costing operating income $1,500,000 $1,335,000 

Variable-costing operating income $1,230,000 $1,537,500 

Throughput-costing operating income $1,050,000 $1,672,500 

Through- 
put Costing for Stassen 

Company: Telescope 

Product-Line Income 

Statements for 2021 

and 2022 

eH Revenues: $1,000 x 6,000; 6,500 units 

| 3 | Direct material cost of goods sold 

Beginning inventory: $110 x 0; 2,000 units 

Direct materials: $110 x 8,000; 5,000 units 

Cost of goods available for sale 

$6,000,000 nia 

220,000 

550,000 

770,000 

880,000 

880,000 

7 | Deduct ending inventory: $110 x 2,000; 500 units (220,000) (55,000) 

| 8 | Direct material cost of goods sold _|___ 660,000 715,000 
| 9 | Throughput margin® 5,340,000 | 5,785,000 
| 10 | Manufacturing costs (other than direct materials)? 1,800,000 1,530,000 
| 11 | Marketing costs® 2,490,000 2,582,500 
| 12 | Operating income $1,050,000 | $1,672,500 

Tak, oe a 
‘Fixed mfg. costs + [(variable mfg. labour cost per unit + variable mfg. overhead cost per 

unit) x units produced]; $1,080,000 + [($40 + $50) x 8,000; 5,000 units] 
°Fixed marketing costs + [(variable marketing cost per unit x units sold)] 

®Throughput margin equals revenues minus all direct material cost of goods sold 

Only the $110 direct material cost per unit is inventoriable under throughput costing, 
compared with $335 per unit for absorption costing and $200 per unit for variable cost- 
ing. When the production quantity exceeds sales, as in 2021, throughput costing results 
in the largest amount of expenses in the current period’s income statement. Advocates of 
throughput costing say it provides managers less incentive to produce for inventory than 
either variable costing or, especially, absorption costing. Throughput costing is a more 
recent phenomenon in comparison with variable costing and absorption costing and has 
avid supporters, but so far it has not been widely adopted.° 

5 See E. Goldratt, The Theory of Constraints (New York: North River Press, 1990); E. Noreen, D. Smith, and J. Mackey, The 
Theory of Constraints and Its Implications for Management Accounting (New York: North River Press, 1995). 



Appendix 9A: Throughput: Super-Variable Costing 

Potter Replica produces a specialty statue for sale to collectors. In 2021, Potter’s 
expected and actual output was 12,000 statues. Potter sold 10,000 statues at an 
average selling price of $425. Other information for Potter for 2021 is given below: 

$87.50 per unit 

$50.00 per unit 

$62.50 per unit 

$25.00 per unit 

Direct material costs 

Variable manufacturing costs 

Fixed manufacturing costs 

Variable administrative costs 

Calculate Potter Replica’s cost per statue under (a) absorption costing, (b) variable 
costing, and (c) throughput costing. What is Potter’s throughput margin for 2021? 

A Comparison of Alternative Inventory-Costing Methods 

Variable costing and absorption costing may be combined with actual, normal, or 
standard costing. Exhibit 9A-2 compares product costing under these six alternative 
inventory-costing systems. 

Variable costing has been controversial among accountants because of how it affects 
external reporting, not because of disagreement about the need to delineate between vari- 
able and fixed costs for internal planning and control. Accountants who favour variable 
costing for external reporting maintain that the fixed portion of manufacturing costs is 
more closely related to the capacity to produce than to the actual production of specific 
units. Fixed costs should therefore be expensed, not inventoried. 

Accountants who support absorption costing for external reporting maintain that 
inventories should carry a fixed manufacturing cost component because both variable 
manufacturing costs and fixed manufacturing costs are necessary to produce goods. 
Therefore, both types of costs should be inventoried in order to match all manufacturing 
costs to revenues, regardless of their different behaviour patterns. For external reporting 
to shareholders, companies around the globe tend to follow the generally accepted 
accounting principle that all manufacturing costs are inventoriable. This also eases the 

Comparison of Alternative Inventory-Costing Systems 

Actual Costing Normal Costing 

Variable Actual prices X Actual Actual prices x Actual 
a Direct quantity of inputs quantity of inputs 

| Manufacturing used used 
B 
& Cost 

2 Variable Actual variable overhead Budgeted variable 
a = Manufacturing rates < Actual overhead rates x 
e£ s Overhead quantity of cost- Actual quantity of 
Fd Costs allocation bases used cost-allocation bases 
(a) 
5 used 

= Fixed Direct Actual prices x Actual Actual prices x Actual 
8 Manufacturing quantity of inputs quantity of inputs 
2 Costs used used 

Fixed Actual fixed overhead Budgeted fixed overhead 
Manufacturing rates < Actual rates X Actual 

Overhead quantity of cost- quantity of cost- 

Costs allocation bases used allocation bases used 

Standard Costing 

Standard prices X Standard 
quantity of inputs 
allowed for actual 
output achieved 

Standard variable overhead 
rates < Standard 
quantity of cost- 
allocation bases allowed 

for actual output achieved 

Standard prices X Standard 
quantity of inputs 
allowed for actual 
output achieved 

Standard fixed overhead 
rates X Standard 

quantity of cost- 
allocation bases allowed 

for actual output achieved 

343 
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burden on firms and auditors to attempt to disentangle fixed and variable costs of 
production, a distinction that is not always clear-cut in practice. 

Similarly, for tax reporting in the Canada, managers must take direct production 
costs, as well as fixed and variable indirect production costs, into account in the compu- 
tation of inventoriable costs in accordance with the “full absorption” method of inven- 
tory costing. Indirect production costs include items such as rent, utilities, maintenance, 
repair expenses, indirect materials, and indirect labour. For other indirect cost categories 
(including depreciation, insurance, taxes, officers’ salaries, factory administrative 
expenses, and strike-related costs), the portion of the cost that is “incident to and neces- 
sary for production or manufacturing operations or processes” is inventoriable for tax 
purposes only if it is treated as inventoriable for the purposes of financial reporting. 
Accordingly, managers must often allocate costs between those portions related to man- 
ufacturing activities and those not related to manufacturing.° 

> Appendix 9B , 

Loe 
Explain breakeven under 

each of the two costing 
policies. 

Breakeven Under Two Costing Policies 

If variable costing is used, the breakeven point (operating income of $0) is computed in the 
usual manner. There is only one breakeven point in this case, and it is a function of 

s fixed costs, 
s contribution margin per unit, and 
e unit level of sales. 

Holding fixed cost and unit contribution margin constant, operating income rises as 
the level of sales rises. The formula for computing the breakeven point with variable cost- 
ing is a special case of the more general target operating income formula: 

Total fixed costs + Target operating income 

Contribution margin per unit 

= Number of units sold to earn the target operating income 

Breakeven occurs when the target operating income is $0. In our Stassen illustration 
for 2021:7. 

Oe ($1,080,000 + $1,380,000) + $0 _ $2,460,000 

($1,000 — ($200 + $185)) $615 
= 4,000 units 

If absorption costing is used, the required number of units sold to achieve a specific 
target operating income is not unique because of the number of variables involved. The 
following formula highlights the factors that will affect the target operating income under 
absorption costing: 

Total Target Fixed Breakeven Unit 
; ; s 

fixed + operating + | manufacturing x sales = 
: : produced 

__ costs income cost rate in units 

Contribution margin per unit 

Gs peal eepateing tax rules can be found in the Income Tax Act (ITA) of Canada (http://laws-lois.justice.gc.ca/eng/acts/I-3,3 
index.html), 

7 Operating income is $0 because: 

Revenues, $1,000 x 4,000 units $4,000,000 

Variable costs, $385 X 4,000 units 1,540,000 

Contribution margin, $615 x 4,000 units 2,460,000 

Fixed costs 2,460,000 

Operating income $0 



Appendix 9B: Breakeven Under Two Costing Policies 

This formula has three terms in the numerator compared with two terms in the 
numerator of the variable-costing formula stated earlier. In this formula, total fixed costs 
include all manufacturing and non-manufacturing fixed costs. The extra term added to 
the numerator under absorption costing is as follows: 

Fixed manufacturing v Brkeostes sales Units )| 
cost rate in units produced 

This term captures the additional amount of target operating income in the numera- 
tor caused by absorption costing, which moves fixed manufacturing costs to inventory 
from cost of goods sold for all units produced that exceed the breakeven sales quantity. 
This formula shows that under absorption costing, there is still a unique breakeven point 
for each quantity of units produced. 

There is also an inverse relationship (as one goes up, the other goes down) between 
the quantity of units produced and the required quantity of units sold to break even. 
The higher the quantity of units produced, the higher the level of fixed manufacturing 
overhead costs absorbed into finished goods inventory and the higher the COGS. The 
period costs remain unchanged; therefore, the quantity of units that must be sold to cover 
these costs too (and break even) will decrease. 

For Stassen Company in 2021, suppose that actual production is 5,280 units. Then 
one breakeven point, O, under absorption costing is as follows: 

($1,080,000 + $1,380,000) + $0 + [$135 x (Q — 5,280)] 
($1,000 — ($200 + $185)) 

($2,460,000 + $135Q — $712,800) 
$615 

$6150 = $1,747,200 + $1350 
$4800 = $1,747,200 

QO = 3,640 

We next verify that production of 5,280 units and sales of 3,640 units will lead Stassen to 
breakeven under absorption costing: 

Revenues, $1,000 x 3,640 units $3,640,000 

Cost of goods sold: 

Cost of goods sold at standard cost, $335 x 3,640 units $1,219,400 

Production-volume variance, $135 x (8,000 — 5,280) units 367,200 U 1,586,600 

Gross margin 2,053,400 

Marketing costs: 

Variable marketing costs, $185 x 3,640 units 673,400 

Fixed marketing costs 1,380,000 2,053,400 

Operating income $ 0 

The breakeven point under absorption costing depends on the 

fixed costs, 
contribution margin per unit, 
unit level of sales, 
unit level of production, and 
overhead cost rate. 

For Stassen for the current year a combination of 3,640 units sold, fixed manufacturing 
costs of $1,080,000, fixed marketing costs of $1,380,000, contribution margin per unit of 
$615, an 8,000-unit denominator level, and production of 5,280 units would result in an 

operating income of $0. Note, however, that there are many combinations of these five 
factors that would give an operating income of $0. For example, holding all other factors 
constant, a combination of 6,240 units produced and 3,370 units sold also results in an 

345 
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operating income of $0 under absorption costing. We provide verification of this alterna- 
tive breakeven point next: 

Revenues, $1,000 X 3,370 units » $3,370,000 

Cost of goods sold: 

Cost of goods sold at standard cost, $335 x 3,370 units $1,128,950 

Production-volume variance, $135 x (8,000 — 6,240) units 237,600 U 1,366,550 

Gross margin 2,003,450 

Marketing costs: 

Variable marketing costs, $185 X 3,370 units 623,450 

Fixed marketing costs 1,380,000 2,003,450 

Operating income $ 0 

Suppose actual production for the current year was equal to the denominator or level, 
8,000 units, and there were no units sold and no fixed marketing costs. All the units pro- 
duced would be placed in inventory, so all the fixed manufacturing costs would be included 
in inventory. There would be no production-volume variance. Under these conditions, the 
company could break even under absorption costing with no sales whatsoever! In contrast, 
under variable costing, the operating loss would be equal to the fixed manufacturing costs 
of $1,080,000. 

The following question-and-answer format summarizes the chapter’s learning objectives. Each decision presents a 
key question related to a learning objective. 

Decision Guidelines 

1. How does variable costing differ Variable costing and absorption costing differ in only one respect: how to 
from absorption costing? account for fixed manufacturing costs. Under variable costing, fixed manu- 

facturing costs are excluded from inventoriable costs and are a cost of the 
period in which they are incurred. Under absorption costing, fixed manu- 
facturing costs are inventoriable and become a part of COGS sold in the 
period when sales occur. 

2. How does income differ under The variable-costing income statement is based on the contribution-margin 
variable and absorption costing? format. Under it, operating income is driven by the unit level of sales. 

Under absorption costing, the income statement follows the gross margin 
format. Operating income is driven by the unit level of production, the unit 
level of sales, and the denominator level used for assigning fixed costs. 

. Why might managers build up When absorption costing is used, managers can increase current operating 
finished goods inventory if they income by producing more units for inventory. Producing for inventory 
use absorption costing? absorbs more fixed manufacturing costs into inventory and reduces costs 

expensed in the period. Critics of absorption costing label this manipula- 
tion of income as the major negative consequence of treating fixed manu- 
facturing costs as inventoriable costs. 

. How does throughput costing Throughput costing treats all costs except direct materials as costs of the 
differ from variable costing and period in which they are incurred. Throughput costing results in a lower 
absorption costing? amount of manufacturing costs being inventoried than either variable or 

absorption costing. 



Decision 

5. What are the various capacity 

levels a company can use to 
compute the budgeted fixed 
manufacturing cost rate? 

. What are the major factors 
managers consider in choosing 
the capacity level to compute 
the budgeted fixed manufactur- 
ing cost rate? 

. What issues must managers take 
into account when planning 
capacity levels and for assigning 
capacity costs? 
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Guidelines 

Capacity levels can be measured in terms of capacity supplied—theoretical 
capacity or practical capacity. Capacity can also be measured in terms of 
output demanded—normal capacity utilization or mastet-budget capacity 
utilization. 

The major factors managers consider in choosing the capacity level to com- 
pute the budgeted fixed manufacturing cost rate are (a) effect on product 
costing and capacity management, (b) effect on pricing decisions, (c) effect 
on performance evaluation, (d) effect on financial statements, and (e) regu- 
latory requirements. 

Critical factors when planning capacity levels and for assigning capacity 
costs include the uncertainty about the expected spending on capacity costs 
and the demand for the installed capacity; the role of capacity-related 
issues in non-manufacturing areas; and the possible use of activity-based 
costing techniques in allocating capacity costs. 

Terms to Learn 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

theoretical capacity (p. 319) 

throughput costing (p. 342) 

variable costing (p. 329) 

non-productive idle capacity (p. 322) 

normal capacity (p. 319) 

off-limits idle capacity (p. 322) 

practical capacity (p. 319) 

super-variable costing (p. 342) 

absorption costing (p. 321) 

direct costing (p. 329) 

downward demand spiral (p. 327) 

full absorption costing (p. 321) 

master-budget capacity (p. 319) 

yAN-T-\fefalaal=laimtsiksiars|| 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

9-1 “Differences in operating income between variable and absorption costing are due solely to account- 

ing for fixed costs.” Do you agree? Explain. 

9-2 Why is the term direct costing a misnomer for variable costing? 

9-3 Do companies in either the service sector or the merchandising sector make choices about absorption 

costing versus variable costing? 

9-4 Explain the main conceptual issue under variable and absorption costing regarding the proper timing 

for the release of fixed manufacturing overhead as expense. 

9-5 “Companies that make no variable cost/fixed cost distinctions must use absorption costing, and those 
that do make variable cost/fixed cost distinctions must use variable costing.” Do you agree? Explain. 

9-6 “The main trouble with variable costing is that it ignores the increasing importance of fixed costs in 
modern manufacturing.” Do you agree? Why? 

9-7 Give an example of how, under absorption costing, operating income could fall even though the unit 

sales level rises. 

9-8 What are the factors that affect the breakeven point under (a) variable costing and (b) absorption 

costing? 

9-9 Critics of absorption costing have increasingly emphasized its potential for promoting undesirable 

incentives for managers. Give an example. 
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9-10 What are two ways of reducing the negative aspects associated with using absorption costing to eval- 

uate the performance of a plant manager? 

9-11 Describe the downward demand spiral and its implications for pricing decisions. 

9-12 Will the financial statements of a company always differ when different choices at the start of the 

period are made regarding the denominator-level capacity concept? 

9-13 Which denominator-level concepts emphasize what a plant can supply? Which denominator-level 

concepts emphasize what customers demand for products produced by a plant? 

9-14 “The difference between practical capacity and master-budget capacity utilization is the best mea- 
sure of management's ability to balance the costs of having too much capacity and having too little 
capacity.” Do you agree? Explain. 

Exercises 

9-15 Terminology. A number of terms are listed below: 

absorption costing super-variable costing 

theoretical capacity practical capacity 

normal capacity master-budget capacity 

non-productive idle capacity. _ off-limits idle capacity 

Required 

Select the terms from the above list to complete the following sentences. 

1. When the full costs of production are included, this is called , but itis sometimes 
more appropriate to use either variable costing or to include only direct materials called throughput or 

2. The two types of demand capacity that can be used in the denominator to calculate a unitized fixed 
costrate arelong-term demand orshort-termdemandcalled ==; 

3. The only acceptable measure for CRA is while the only ASPE/IFRS-compliant 

measure to value inventory and COGS is 

4. The two supply-side measures that may be used in the denominator to calculate a unitized fixed cost 
rate are long-term measures. The first is unrealistic and excludes any allowance for 

. It is a 24/7/365 measure called . The second includes 

allowance for scheduled maintenance butnotfor .Itis called 

LO® 9-16 Variable and absorption costing; explaining operating income differences. TC Motors 

1. a. Operating income, April, assembles and sells motor vehicles, and uses standard costing. Actual data relating to April and May are 
$1,950,000 

April May 

€ Unit data: 

Beginning inventory 0 150 

Production — 500 400 

Sales 350 520 

Variable costs: 

Manufacturing cost per unit produced $ 10,000 $ 10,000 

Operating (marketing) cost per unit sold $ 3,000 $ 3,000 

Fixed costs: 

Manufacturing costs $2,000,000 $2,000,000 

Operating (marketing) costs $ 600,000 $ 600,000 

The selling price per vehicle is $26,000. The budgeted level of production used to calculate the budgeted 

fixed manufacturing cost per unit is 500 units. There are no price, efficiency, or rate variances. Any pro- 

duction-volume variance is written off to COGS in the month in which it occurs. 

Required 

1. Prepare April and May statements of comprehensive income for TC Motors under (a) variable costing 

and (b) absorption costing. 
2. Prepare a numerical reconciliation and explanation of the difference between operating income for 

each month under variable costing and absorption costing. 
LOO 

1, Operating income, April, 9-17 Throughput costing (continuation of 9-16). The variable manufacturing costs per unit of TC Motors 
$1,455,000 are 
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April May € 

Direct material cost per unit $6,700 $6,700 

Direct manufacturing labour cost per unit 1,500 1,500 

Manufacturing overhead cost per unit 1,800 1,800 

Required 

1. Prepare operating statements of comprehensive income for TC Motors in April and May under through- 
put costing. 

2. Contrast the results in requirement 1 with those in requirement 1 of Exercise 9-16. 

3. Give one motivation for TC Motors to adopt throughput costing. 

9-18 Variable and absorption costing, explaining operating income differences. 4KPlay Inc. 

manufactures and sells 50-inch television sets and uses standard costing. Budgeted level of production is 

1,000 units per month. Actual data relating to January, February, and March are 

LO® 
1, a, Operating income, January 

$510,000 

January February March ¢ 

Unit data: 

Beginning inventory 0 300 300 

Production 1,000 800 1,250 

Sales 700 800 1,500 

Variable costs: 

Manufacturing cost per unit produced $ 900 $ 900 $ 900 

Operating (marketing) cost per unit sold $ 600 $ 600 $ 600 

Fixed costs: 

Manufacturing costs $400,000 $400,000 $400,000 

Operating (marketing) costs $140,000 $140,000 $140,000 

The selling price per unit is $3,000. 

Required 

1. Present statements of comprehensive income for January, February, and March under (a) variable 
costing and (b) absorption costing. 

2. Explain the difference in operating income for January, February, and March under variable costing 
and absorption costing. 

9-19 Throughput costing (continuation of 9-18). The variable manufacturing costs per unit of 4KPlay Inc. 
are 

January February March 

Direct material cost per unit $500 $500 $500 

Direct manufacturing labour cost per unit 100 100 100 

Manufacturing overhead cost per unit 300 300 300 

Required 

1. Prepare operating statements of comprehensive income for January, February, and March under 

throughput costing. 
2. Contrast the results in requirement 1 with those in requirement 1 of Exercise 9-18. 
3. Give one motivation to adopt throughput costing. 

9-20 Absorption and variable costing. Osawa Inc. planned and actually manufactured 200,000 units of 

its single product in 2022, its first year of operation. Variable manufacturing cost was $25 per unit produced. 

Variable operating (non-manufacturing) cost was $10 per unit sold. Planned and actual fixed manufacturing 
costs were $800,000. Planned and actual fixed operating (non-manufacturing) costs totalled $500,000. 
Osawa sold 190,000 units of product at $45 per unit. 

Required 

1. Osawa’s 2022 operating income using absorption costing is (a) $840,000, (b) $640,000, (c) $600,000, 

(d) $440,000, or (e) none of these. Show supporting calculations. 
2, Osawa’s 2022 operating income using variable costing is (a) $840,000, (b) $640,000, (c) $600,000, 

(d) $440,000, or (e) none of these. Show supporting calculations. 

Lo® 
1. Operating income, January, 

$390,000 

LO® 
1, Absorption-costing operating 

income, $640,000 
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LO © 9-21 Absorption versus variable costing. Electron Inc. is a semiconductor company based in Winni- 
1, Operating income, $2,531,520 peg. During the year, it produced a new router system for its corporate clients. The average wholesale 

selling price of the system is $1,200 each. For the year, Electron estimates that it will sell 10,000 router sys- 
tems and so produces 10,000 units. Actua! sales are 8,960 units. Electron’s actuai costs are 

}¢ Variable costs per unit: 

Manufacturing cost per unit produced 

Direct materials $ 55 

Direct manufacturing labour 45 

Manufacturing overhead 120 

Marketing cost per unit sold 75 

Fixed costs: 

Manufacturing costs 1,471,680 

R&D 981,120 

Marketing 3,124,480 

Required 

1. Calculate the operating income under variable costing. 

2. Each router unit produced is allocated $165 in fixed manufacturing costs. If the production-volume 

variance is written off to cost of goods sold, and there are no price, rate, or efficiency variances, cal- 

culate the operating income under absorption costing. 

3. Explain the differences in operating incomes obtained in requirement 1 and requirement 2. 

4, Electron’s management is considering implementing a bonus for the supervisors based on gross mar- 

gin under absorption costing. What incentives will this create for the supervisors? Do you think this 

new bonus plan is a good idea? Explain briefly. 

LO @@ 3-22 Capacity management, denominator-level capacity concepts. 

bayp Required 

Match each of the following numbered items with one or more of the denominator-level capacity concepts 
by putting the appropriate letter(s) by each item: 

a. Theoretical capacity 

b. Practical capacity 

c. Normal capacity utilization 

d. Master-budget capacity utilization 
. Measures the denominator level in terms of what a plant can supply 

. Is based on producing at full efficiency all the time 

. Represents the expected level of capacity utilization for the next budget period 

. Measures the denominator level in terms of demand for the output of the plant 

. Takes into account seasonal, cyclical, and trend factors 

. Should be used for performance evaluation 

. Represents the “ideal” benchmark 

. Highlights the cost of capacity acquired but not used 

. Should be used for long-term pricing purposes 

. Hides the cost of capacity acquired but not used 

. Ifused as the denominator-level concept, would avoid the restatement of unit costs when expected 
demand levels change 

[jo eoao nr" Oorlwh = —_= — 

LO @_ 9-23 Variable vs. absorption costing. The Zwatch Company manufactures trendy, high-quality moder- 

1. Variable-costing operating + ately priced watches. As Zwatch’s senior financial analyst, you are asked to recommend a method of inven- 

income, $2,577,320 tory costing. The CFO will use your recommendation to prepare Zwatch’s statement of comprehensive 

income. The following data are for the year ended December 31: 

€ Beginning inventory, January 1 85,000 units 

Ending inventory, December 31 34,500 units 

Sales 345,400 units 

Selling price (to distributor) $22.00 per unit 

Variable manufacturing cost per unit, including direct materials $5.10 per unit 

Variable operating (marketing) cost per unit sold $1.10 per unit sold 



Fixed manufacturing costs $1,440,000 

Denominator-level machine-hours 6,000 

Standard production rate 50 units per machine-hour 

Fixed operating (marketing) costs $1,440,000 

Assume standard costs per unit are the same for units in beginning inventory and units produced during 

the year. Also, assume no price, rate, or efficiency variances. Any production-volume variance is written 
off to COGS in the month in which it occurs. 

Required 

1, Prepare statements of comprehensive income under variable and absorption costing for the year 
ended December 31. 

2. What is Zwatch's operating income as a percentage of revenues under each costing method? 
3, Explain the difference in operating income between the two methods. 

4. Which costing method would you recommend to the CFO? Why? 

Problems 

9-24 Variable and absorption costing and breakeven points. Camino, a leading firm in the sports 
industry, produces basketballs for the consumer market, For the year ended December 31, 2021, Camino 
sold 400,000 basketballs at an average selling price of $12 per unit. The following information also relates to 
2021 (assume constant unit costs and no variances of any kind): 

20,000 basketballs 

0 basketballs 

Inventory, January 1, 2021: 

Inventory, December 31, 2021: 

Fixed manufacturing costs: $380,000 

Fixed administrative costs: $660,000 

Direct materials costs: $ 3 per basketball 

Direct labour costs: $ 4 per basketball 

Required 

1, Calculate the breakeven point (in basketballs sold) in 2021 under: 

a. Variable costing 
b. Absorption costing 

2. Suppose direct materials costs were $4 per basketball instead. Assuming all other data are the same, 

calculate the minimum number of basketballs Camino must have sold in 2021 to attain a target operat- 
ing income of $120,000 under: 
a. Variable costing 
bh. Absorption costing 

9-25 Absorption costing and production-volume variance—alternative capacity bases. Earth 
Light First (ELF), a producer of energy-efficient light bulbs, expects that demand will increase markedly over the 
next decade. Due to the high fixed costs involved in the business, ELF has decided to evaluate its financial per- 
formance using absorption-costing income. The production-volume variance is written off to COGS. The vari- 
able cost of production is $2.50 per bulb. Fixed manufacturing costs are $1,000,000 per year. Variable and fixed 
Selling and administrative expenses are $0.25 per bulb sold and $250,000, respectively. Because its light bulbs 
are currently popular with environmentally conscious customers, ELF can sell the bulbs for $9 each. 

ELF is deciding whether to use, when calculating the cost of each unit produced, 

Theoretical capacity 

Practical capacity 

Normal capacity 

Master-budget capacity 

800,000 bulbs 

500,000 bulbs 

250,000 bulbs (average production for the next three years) 

200,000 bulbs produced this year 

Required 

1. Calculate the inventoriable cost per unit using each level of capacity to compute fixed manufacturing 

cost per unit. 
2, Calculate the production-volume variance using each level of capacity to compute the fixed manufac- 

turing overhead allocation rate and this year's production of 220,000 bulbs. 
3. Assuming ELF has no beginning inventory, calculate operating income for ELF using each type of 

capacity to compute fixed manufacturing cost per unit and this year’s sales of 200,000 bulbs. 

Assignment Material 

Lo® 

Lo9ee 
1, Theoretical inventoriable cost 

per unit, $3,75 
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LOo® 

LO® 

100080 
4, Reconciliation, $16,000 

& 

9-26 Variable costing versus absorption costing. The Garvis Company uses an absorption-costing 

system based on-standard costs. Variable manufacturing cost consists of direct material cost of $4.50 per 

unit and other variable manufacturing costs of $1.50 per unit. The standard production rate is 20 units per 

machine-hour. Total budgeted and actual fixed manufacturing overhead costs are $840,000. Fixed manufac- 

turing overhead is allocated at$14 per machine-hour based on fixed manufacturing costs of $840,000 + 60,000 
machine-hours, which is the level Garvis uses as its denominator level. 

The selling price is $10 per unit. Variable operating (nonmanufacturing) cost, which is driven by units 
sold, is $2 per unit. Fixed operating (nonmanufacturing) costs are $240,000. Beginning inventory in 2022 is 
60,000 units; ending inventory is 80,000 units. Sales in 2022 are 1,080,000 units. 

The same standard unit costs persisted throughout 2021 and 2022. For simplicity, assume that there 

are no price, spending, or efficiency variances. 

Required 

1. Prepare an income statement for 2022 assuming that the production-volume variance is written off at 

year-end as an adjustment to cost of goods sold. 

2. The president has heard about variable costing. She asks you to recast the 2022 statement as it would 
appear under variable costing. 

3. Explain the difference in operating income as calculated in requirements 1 and 2. 

4. Graph how fixed manufacturing overhead is accounted for under absorption costing. Thatis, there will 

be two lines: one for the budgeted fixed manufacturing overhead (which is equal to the actual fixed 

manufacturing overhead in this case) and one for the fixed manufacturing overhead allocated. Show 

the production-volume variance in the graph. 

5. Critics have claimed that a widely used accounting system has led to undesirable buildups of inventory 

levels. (a) Is variable costing or absorption costing more likely to lead to such buildups? Why? (b) What 
can managers do to counteract undesirable inventory buildups? 

9-27 Throughput costing (continuation of 9-26). 

Required 

1. Prepare an income statement under throughput costing for the year ended December 31, 2022 for 

Garvis Company. 
2. Reconcile the difference between the contribution margin and throughput margin for Garvis in 2022. 

Then reconcile the operating income between variable costing and throughput costing for Garvis in 2022. 

3. Advocates of throughput costing say it provides managers less incentive to produce for inventory than 

either variable costing or, especially, absorption costing. Do you agree? Why or why not? Under what 

circumstances might you recommend that Garvis use throughput costing? 

9-28 Denominator-level choices, changes in inventory levels, effect on operating income. 

Yates Corporation is a manufacturer of computer accessories. It uses absorption costing based on standard 
costs and reports the following data for the year: 

Fela Ved oe ac ere eS Aad Noe Jun eee LSS 
| 1 [Theoretical capacity 144,000 units 
| 2 {Practical capacity 120,000) units 
| 3 |Normal capacity utilization ' 96,000! units 
| 4 |Selling price ‘$ 30! per unit 
| 5 |Beginning inventory 10,000] units 
| 6 |Production ___ 104,000 units 
| 7 |Sales volume | 112,000) units 
| 8 |Variable budgeted manufacturing cost ‘$ 3} per unit 

| 9 |Total budgeted fixed manufacturing costs $1,440,000 | 

| 10 |Total budgeted operating (non-mfg.) costs (all fixed) |$ 400,000 

There are no rate or efficiency variances. Actual operating costs equal budgeted operating costs. The 

production-volume variance is written off to COGS. For each choice of denominator level, the budgeted 
production cost per unit is also the cost per unit of beginning inventory. 

Required 

1. What is the production-volume variance for the year when the denominator level is (a) theoretical 
capacity, (b) practical capacity, and (c) normal capacity utilization? 

2. Prepare absorption-costing—based statements of comprehensive income for Yates Corporation using 
theoretical capacity, practical capacity, and normal capacity utilization as the denominator levels. 



3. Why is the operating income under normal capacity utilization lower than the other two scenarios? 
4, Reconcile the difference in operating income based on theoretical capacity and practical capacity 

with the difference in fixed manufacturing overhead included in inventory. 

9-29 Variable and absorption costing, sales, and operating income changes. Headsmart, a 

three-year-old company, has been producing and selling a single type of bicycle helmet. Headsmart uses 

standard costing. After reviewing the statements of comprehensive income for the first three years, Stuart 

Weil, president of Headsmart, commented, “I was told by our accountants—and in fact, | have memo- 

rized—that our breakeven volume is 50,000 units. | was happy that we reached that sales goal in each of our 

first two years. But, here’s the strange thing: In our first year, we sold 50,000 units and indeed we broke even. 

Then, in our second year we sold the same volume and had a positive operating income. | didn’t complain, 

of course... but here’s the bad part. In our third year, we sold 20% more helmets, but our operating income 

fell by more than 80% relative to the second year! We didn’t change our selling price or cost structure over 

the past three years and have no price, efficiency, or rate variances... so what's going on?!" 

Absorption Costing 2020 2021 2022 

Sales (units) 50,000 50,000 60,000 

Revenues $2,100,000 $2,100,000 $2,520,000 

Cost of goods sold: 

Beginning inventory 0 0 380,000 

Production 1,900,000 2,280,000 1,900,000 

Available for sale 1,900,000 2,280,000 2,280,000 

Deduct ending inventory 0 (380,000) 0 

Adjustment for production-volume variance 0 (240,000) 0 

Cost of goods sold 1,900,000 1,660,000 2,280,000 

Gross margin 200,000 440,000 240,000 

Selling and administrative expenses (all fixed) 200,000 200,000 200,000 

Operating income $ 0 $ 240,000 $ 40,000 

Beginning inventory 0 0 10,000 

Production (units) 50,000 60,000 50,000 

Sales (units) 50,000 50,000 60,000 

Ending inventory 0 10,000 0 

Variable manufacturing cost per unit $ 14 $ 14 $ 14 

Fixed manufacturing overhead costs $1,200,000 $1,200,000 $1,200,000 

Fixed manufacturing costs allocated per unit produced $ 24 $ 24 $ 24 

Required 

1. What denominator level is Headsmart using to allocate fixed manufacturing costs to the bicycle hel- 

mets? How is Headsmart disposing of any favourable or unfavourable production-volume variance at 
the end of the year? Explain your answer briefly. 

. How did Headsmart’s accountants arrive at the breakeven volume of 50,000 units? 

3. Prepare a variable-costing—based statement of comprehensive income for each year. Explain the vari- 

ation in variable-costing operating income for each year based on contribution margin per unit and 

sales volume. 
4. Reconcile the operating incomes under variable costing and absorption costing for each year, and use 

this information to explain to Stuart Weil the positive operating income in 2021 and the drop in operat- 

ing income in 2022. 

i) 

9-30 Denominator-level problem. AUG Inc. is a manufacturer of the very popular G36 motorcycles. The 
management at AJG has recently adopted absorption costing and is debating which denominator-level con- 

cept to use. The G36 motorcycles sell for an average price of $8,500. Budgeted fixed manufacturing over- 

head costs for the year are estimated at $4,000,000. AJG Inc. uses subassembly operators that provide 
component parts. The following are the denominator-level options that management has been considering: 

a. Theoretical capacity—based on two shifts, completion of four motorcycles per shift, and a 360-day 
year—2 X 4 X 360 = 2,880. 

b. Practical capacity—theoretical capacity adjusted for unavoidable interruptions, breakdowns, and so 

forth—2 x 3 x 320 = 1,920. 

Assignment Material 

LOoe9e 
3. Operating income for 2020, 

2021 = $0 

Loge 
1, Theoretical budgeted fixed 

manufacturing overhead cost 

rate, $1,388.89 
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c. Normal capacity utilization—estimated at 1,200 units. 
d. Master-budget capacity utilization—the growing popularity of motorcycles has prompted the market- 

ing department to issue an estimate for the year of 1,500 units. 

Required t 

1. Calculate the budgeted fixed manufacturing overhead cost rates under the four denominator-level 

concepts. 

2. What are the benefits to AJG Inc. of using either theoretical capacity or practical capacity? 
3. Under a cost-based pricing system, what are the negative aspects of a master-budget denominator 

level? What are the positive aspects? 

LO ®@ 9-31 Cost allocation, downward demand spiral. Deli One operates a chain of 10 retirement homes in 
2, Budgeted cost per meal, $7.25 — the Toronto area. Its central food-catering facility, Deliman, prepares and delivers meals to the retirement 

homes. It has the capacity to deliver up to 1,460,000 meals a year. In 2021, based on estimates from each 
retirement home controller, Deliman budgeted for 1,022,000 meals a year. Budgeted fixed costs in 2021 were 

$1,533,000. Each retirement home was charged $7.00 per meal—$5.50 variable costs plus $1.50 allocated 

budgeted fixed cost. 

Recently, the retirement homes have been complaining about the quality of Deliman’s meals and their 
rising costs. In mid-2021, Deli One's president announces that all Deli One retirement homes and support 

facilities will be run as profit centres. Retirement homes will be free to purchase quality-certified services 
from outside the system. Ron Smith, Deliman’s controller, is preparing the 2022 budget. He hears that three 

retirement homes have decided to use outside suppliers for their meals; this will reduce the 2022 estimated 

demand to 876,000 meals. No change in variable cost per meal or total fixed costs is expected in 2022. 

Required 

1. How did Smith calculate the budgeted fixed cost per meal of $1.50 in 2021? 
2. Using the same approach to calculating budgeted fixed cost per meal and pricing as in 2021, how much 

would retirement homes be charged for each Deliman meal in 2022? What would their reaction be? 

3, Suggest an alternative cost-based price per meal that Smith might propose and that might be more 
acceptable to the retirement homes. What can Deliman and Smith do to make this price profitable in 
the long run? 

LO @® 9-32 Effects of differing production levels on absorption-costing income: Metrics to mini- 
mize inventory buildups. Mountain Press produces textbooks for high school accounting courses. The 

company recently hired a new editor, Jan Green, to handle production and sales of books for an introduc- 
tory accounting course, Jan's compensation depends on the gross margin associated with sales of this 

book. Jan needs to decide how many copies of the books to produce. The following information is available 
for the fall semester of 2021: 

Estimated sales 50,000 books 

Beginning inventory 0 books 

Average selling price $ 160 per book 

Variable production costs $ 100 per book 

Fixed production costs $750,000 per semester 

The fixed cost allocation rate is based on expected sales and is therefore equal to 

$750,000/50,000 books = $15 per book. 

Jan has decided to produce either 50,000, 65,000, or 70,000 books. 

Required 

1. Calculate expected gross margin if Jan produces 50,000, 65,000, or 70,000 books. (Make sure you 
include the production-volume variance as part of cost of goods sold.) 

2, Calculate ending inventory in units and in dollars for each production level. 
3. Managers who are paid a bonus that is a function of gross margin may be inspired to produce a prod- 

uct in excess of demand to maximize their own bonus. The chapter suggested metrics to discourage 
managers from producing products in excess of demand. Do you think the following metrics will 
accomplish this objective? Show your work. 
a. Incorporate a charge of 10% of the cost of the ending inventory as an expense for evaluating the 

manager. 
b. Include nonfinancial measures when evaluating management and rewarding performance. 

LO ® 9-33 Variable costing and absorption costing, the Z-Var Corporation. (R. Marple, adapted) It is 
the end of 2021. Z-Var Corporation began operations in January 2020. The company is so named because it 

has no variable costs (Zero VARiable), All its costs are fixed; they do not vary with output. 



Z-Var Corporation is located on the bank of a river and has its own hydroelectric plant to supply 

power, light, and heat. The company manufactures a synthetic fertilizer from air and river water and sells 

its product at a price that is not expected to change. It has a small staff of employees, all paid fixed annual 

salaries, The output of the plant can be increased or decreased by pressing a few buttons on a keyboard. 

The following budgeted and actual data are for the operations of Z-Var. The company uses budgeted 

production as the denominator level and writes off any production-volume variance to cost of goods sold. 

2020 2021° 

Sales 30,000 tons 30,000 tons 

Production 60,000 tons 0 tons 

Selling price $ 90 per ton $ 90 per ton 

Costs (all fixed): 

Manufacturing $2,580,000 $2,580,000 

Operating (nonmanufacturing) $ 102,000 $ 102,000 

®Management adopted the policy, effective January 1, 2021, of producing only as much product as needed to fill sales 

orders, During 2021, sales were the same as for 2020 and were filled entirely from inventory at the start of 2021. 

Required 

1. Prepare income statements with one column for 2020, one column for 2021, and one column for the two 

years together using (a) variable costing and (b) absorption costing. 
2. What is the breakeven point under (a) variable costing and (b) absorption costing? 

3. What inventory costs would be carried in the balance sheet on December 31, 2020 and 2021 under 
each method? 

4. Assume that the performance of the top manager of Z-Var is evaluated and rewarded largely on the 

basis of reported operating income. Which costing method would the manager prefer? Why? 

9-34 Variable and absorption costing, and breakeven points. Shasta Hills, a winery in British 
Columbia, manufactures a premium white cabernet and sells primarily to distributors. Wine is sold in cases 

of one dozen bottles. In the year ended December 31, Shasta Hills sold 242,400 cases at an average Selling 

price of $112.80 per case. The following additional data are for Shasta Hills for the year ended December 31 

(assume constant unit costs and no price, rate, or efficiency variances): 

Beginning inventory, January 1 32,600 cases 

Ending inventory, December 31 24,800 cases 

Fixed manufacturing overhead $4,504,320 

Fixed operating costs $7,882,560 

Variable costs per case: 

Direct materials 

Grapes $ 19.20 per case 

Bottles, corks, and crates $ 12.00 per case 

Direct labour 

Bottling $ 7.20 percase 

Winemaking $ 16.80 per case 

Aging $ 2.40 percase 

On December 31, the unit costs per case for closing inventory are $57.60 for variable costing and 

$76.80 for absorption costing. 

Required 

1. Calculate cases of production for Shasta Hills for the year. 
2. Find the breakeven point (number of cases) for the year: 

a. Under variable costing 

b. Under absorption costing 
3. Grape prices are expected to increase 25% next year. Assuming all other data remain constant, whatis the 

minimum number of cases Shasta Hills must sell next year to break even? Calculate the breakeven point: 

a. Under variable costing 

b. Under absorption costing 
4. Assume the owners of Shasta Hills want to increase next year’s operating income 10% over current 

levels. Using the same data as in requirement 3, recalculate the target quantity of cases under variable 
and absorption costing. Use approximation method for absorption costing. 

Assignment Material 

LO © 
3. b. Operating Q = 252,647 

(rounded up) 

& 
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LO @ 9-35 Comparison of variable costing and absorption costing. Gammaro Company uses standard 
costing. Tim Sweeney, the new president of Gammaro Company, is presented with the following data for 

2021: 

Gammaro Company 

Income Statements for the Year Ended December 31, 2021 

Variable 

| 6 |Cost of goods sold (at standard costs) 

Fixed manufacturing overhead (budgeted) 
| 8 |Fixed manufacturing overhead variances (all unfavourable): 

Spending 

Costing 

$9,350,000 

Costing 

$9,350,000 
4,695,000 5,855,000 

1,350,000 

125,000 

Production volume 

125,000 

405,000 

| 11 |Total marketing and administrative costs (all fixed) 1,570,000 1,570,000 
| 12 [Total costs 

| 13 {Operating income 

| 15 |Inventories (at standard costs) 
| 16 |December 31, 2020 $1,345,000 | $1,730,000 

December 31, 2021 45,000 215,000 

Required 

1. At what percentage of denominator level was the plant operating during 2021? 

2. How much fixed manufacturing overhead was included in the 2020 and the 2021 ending inventory under 

absorption costing? 

3, Reconcile and explain the difference in 2021 operating incomes under variable and absorption costing. 

4. Tim Sweeney is concerned: He notes that despite an increase in sales over 2020, 2021 operating 
income has actually declined under absorption costing. Explain how this occurred. 

7,740,000 

$1,610,000 

9-36 Denominator-level choices, changes in inventory levels, effect on operating income. 
Magic Me Corporation is a manufacturer of magic kits. It uses absorption costing based on standard costs 

and reports the following data for the year: 

ee ae 
Se ee eee 

+2 frasical capacity ——_— ts units 
| 4 | Selling price 0 |per unit 

| 6 |Beginning inventory 40,000 | units 

es ee 
Sales volume 260,000 | units 

8 |Variable budgeted manufacturing cost. | $10 perunit | 
[9 |Total budgeted fixed manufacturing costs | $3,000,000) 
[10 [Total budgeted operating (non-mfg.) costs (allfixed) | $ 500,000 | | 

There are no price, spending, or efficiency variances. Actual operating costs equal budgeted operating 
costs. The production-volume variance is written off to cost of goods sold. For each choice of denominator 
level, the budgeted production cost per unit is also the cost per unit of beginning inventory. 

LOo@eo 

Required 

1, What is the production-volume variance for the year when the denominator level is (a) theoretical 
capacity, (b) practical capacity, and (c) normal capacity utilization? 

2. Prepare absorption costing—based income statements for Magic Me Corporation using theoretical 

capacity, practical capacity, and normal capacity utilization as the denominator levels. 

3. Why is the operating income under normal capacity utilization lower than the other two scenarios? 
4. Reconcile the difference in operating income based on theoretical capacity and practical capacity 

with the difference in fixed manufacturing overhead included in inventory. 



9-37 Alternative denominator-level capacity concepts, effect on operating income. 

Castle Lager has just purchased the Jacksonville Brewery. The brewery is two years old and uses absorption 
costing. It will “sell” its product to Castle Lager at $47 per barrel. Peter Bryant, Castle Lager’s controller, 

obtains the following information about Jacksonville Brewery’s capacity and budgeted fixed manufacturing 
costs for 2021: 

Budgeted Fixed 

Manufacturing 

per Period 3 | 
Theoretical capacity $27,900,000 358 22 

Days of 

Production 

| 5 |Practical capacity $27,900,000 348 20 
| 6 |Normal capacity utilization $27,900,000 348 ' 

Master-budget capacity 
7 jutilization for each half year: 

(a) January—June 2021 

| 9 | (b) July-December 2021 

Required 

1. Compute the budgeted fixed manufacturing overhead rate per barrel for each of the denominator-level 
capacity concepts. Explain why they are different. 

2. In 2021, the Jacksonville Brewery reported these production results: 

Hee Baye Gree Ope, ween neem omee Ny Reina: Demme 
| 12 [Beginning inventory in barrels, 1-1-2021 he nee, AGel 

Production in barrels 2,670,000 

$13,950,000 

$13,950,000 

13 | ion i 
| 14 [Ending inventory in barrels, 12-31-2021 210,000 

15 [Actual variable manufacturing costs $80,634,000 

16 |Actual fixed manufacturing overhead costs | $26,700,000 

There are no variable cost variances. Fixed manufacturing overhead cost variances are written off to 

cost of goods sold in the period in which they occur. Compute the Jacksonville Brewery’s operating income 

when the denominator-level capacity is (a) theoretical capacity, (b) practical capacity, and (c) normal 
capacity utilization. 

9-38 Cost allocation, responsibility accounting, ethics (continuation of 9-31). In 2022, only 806,840 

Deliman meals were produced and sold to the retirement homes. Smith suspects that retirement home con- 
trollers had systematically inflated their 2022 meal estimates. 

Required 

1. Recall that Deliman uses the master-budget capacity utilization to allocate fixed costs and to price 
meals. What was the effect of production-volume variance on Deliman’s operating income in 2022? 
Why might retirement home controllers deliberately overestimate their future meal counts? 

What other evidence should Deli One's controller seek to investigate Smith's concerns? 
Suggest two specific steps that Deli One's controller might take to reduce retirement home controllers’ 
incentives to inflate their estimated meal counts. 

2. 
3, 
A. 

9-39 Variable and absorption costing, and breakeven points. Tammy Cat Tree Co. (TCTC) builds 
luxury cat trees and sells them through the internet to cat owners who want to provide their cats with a 
more natural environment. At the start of the year, TCTC carried no inventory. During the year, it produced 

1,000 cat trees and sold 800 cat trees for $300 each. Fixed production costs were $100,000, and variable 
production costs were $75 per cat tree. Fixed advertising, website, and other general and administrative 
expenses were $50,000, and variable shipping costs were $25 per tree. 

Required 

1. Prepare an operating statement of comprehensive income assuming TCTC uses 

a. Variable costing b. Absorption costing 
2. Compute the breakeven point in units assuming TCTC uses 

a. Variable costing b. Absorption costing 

3. Due to recent changes in local conservation laws, the price of the wood used in the cat trees is 
expected to increase by $25 for each tree. What effect would this have on the breakeven points calcu- 

lated above? 
4. Using the original data in the problem and the breakeven/target income formulas, show that it would be 

necessary to sell 800 cat trees to earn the income calculated in requirements 1a and 1b above. 

Assignment Material 357 

L0o0e 

LO® 
1, Productlon-volume variance, 

$121,030 U 

LO © 
1. a. Operating income, $10,000 
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Lo9oO 
1. Operating income for April, 

$75,000 

L0o0e 
1, Theoretical budgeted fixed 

manufacturing overhead rate per 

barrel, $9.51 

Collaborative Learning Cases 

9-40 Absorption, variable, and throughput costing. EnRG Inc. produces trail mix packaged for sale 

in convenience stores across Canada. At the beginning of April, EnRG has no inventory of trail mix. Demand 

for the next three months is expected totremain constant at 50,000 bags per month. EnRG plans to produce 

50,000 bags in April. However, many of the employees take vacation in June, so EnRG plans to produce 
70,000 bags in May and only 30,000 bags in June. 

Costs for the three months are expected to remain unchanged. The costs and revenues fT May, 

and June are expected to be 

Sales revenue $6.00 per bag 

Direct material cost $0.80 per bag 

Direct manufacturing labour cost $0.45 per bag 

Variable manufacturing overhead cost $0.30 per bag 

Variable selling cost $0.15 per bag 

Fixed manufacturing overhead cost $105,000 per month 

Fixed administrative costs $ 35,000 per month 

Suppose the actual costs, market demand, and levels of production for April, May, and June are as 
expected. 

Required 

1. Compute operating income for April, May, and June under variable costing. 

2. Compute operating income for April, May, and June under absorption costing. Assume that the denom- 

inator level for each month is that month’s expected level of output. 

3. Compute operating income for April, May, and June under throughput costing. 
4. Discuss the benefits and problems associated with using throughput costing. 

Mini-Case 

9-41 Capacity-level (denominator) choices. Sooke Ale recently purchased a brewing plant from a 

bankrupt company. It was constructed only two years ago. The plant has budgeted fixed manufacturing 

overhead of $50 million per year ($4.167 million each month) in 2021. Paul Vautin, the controller of the brew- 

ery, must decide on the denominator-level concept to use in its absorption-costing system for 2021. The 
options available to him are 

a. Theoretical capacity: 600 barrels an hour for 24 hours a day for 365 days = 5,256,000 barrels 

b. Practical capacity: 500 barrels an hour for 20 hours a day for 350 days = 3,500,000 barrels 

c. Normal capacity utilization for 2021: 400 barrels an hour for 20 hours a day for 350 days = 2,800,000 barrels 

d. Master-budget capacity utilization for 2021 (separate rates computed for each half-year): 

& January to June 2021 budget—320 barrels an hour for 20 hours a day for 175 days = 1,120,000 barrels 

ws July to December 2021 budget—480 barrels an hour for 20 hours a day for 175 days = 1,680,000 barrels 

Variable standard manufacturing costs per barrel are $51.40 (variable direct materials, $38.40; vari- 

able manufacturing labour, $6.00; and variable manufacturing overhead, $7.00). The brewery “sells” its 

output to the sales division of Sooke Ale at a budgeted price of $82.00 per barrel. 
In 2021, the brewery of Sooke Ale showed these results: 

Unit data in barrels: 

Beginning inventory, January 1, 2021 0 

Production 2,600,000 

Ending inventory, December 31, 2021 200,000 

The brewery had actual costs of 

Cost data: 

Variable manufacturing $144,456,000 

Fixed manufacturing overhead 48,758,400 

The sales division of Sooke Ale purchased 2,400,000 barrels in 2021 at the $82 per barrel rate. All man- 
ufacturing variances are written off to COGS in the period in which they are incurred. 
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Required 

1. Compute the budgeted fixed manufacturing overhead rate using each of the four denominator-level 

concepts for (a) beer produced in March 2021 and (b) beer produced in September 2021. Explain why 
any differences arise. 

2. Explain why the theoretical capacity and practical capacity concepts are different. 
3. Which denominator-level concept would the plant manager of the brewery prefer when senior man- 

agement of Sooke Ale is judging plant manager performance during 2021? Explain. 

4. Compute the operating income of the brewery using the following: (a) theoretical capacity, (b) practical 
capacity, and (c) normal capacity utilization denominator-level capacity concepts. Explain any differ- 
ences between (a), (b), and (c). 

5. What denominator-level concept would Sooke Ale prefer for income tax reporting? Explain. 
6. Explain the ways in which the CRA might restrict the flexibility of a company like Sooke Ale, which uses 

absorption costing to reduce its reported taxable income. 

SOLUTIONS < TRY Mi 

(a) Under variable costing, all variable manufacturing costs are inventoriable costs. This 

includes direct materials, direct manufacturing labour, and variable overhead. There- 
fore, the inventoriable cost per unit under variable costing is $20 +$4+$1 =$25. 

(b) Absorption costing considers all variable manufacturing costs and all fixed manufac- 
turing costs as inventoriable costs. Therefore, the inventoriable cost per unit under 
absorption costing is $20 + $4 + $1 + ($750,000 + 100,000 units) = $32.50. 

(a) Variable costing 

Revenues: 24,000 x $50 $1,200,000 

Variable cost of goods-sold: $525,000 x (24,000/30,000) 420,000 

Variable marketing costs 144,800 

Contribution margin 635,200 

Fixed manufacturing costs 372,000 

Fixed marketing costs 77,400 

Operating income $ 185,800 

(b) Absorption costing 
Revenues: 24,000 x $50 $1,200,000 

Cost of goods sold: ($525,000 + $372,000) x (24,000/30,000) 717,600 

Gross margin 482,400 

Variable marketing costs 144,800 

Fixed marketing costs 77,400 

Operating income $ 260,200 

Absorption costing treats fixed manufacturing cost as a product cost, while variable cost- 
ing treats it as a period cost. ZB Toys has 6,000 units in ending inventory. Under absorption 
costing, these units have a fixed manufacturing cost of $12.40 per unit ($372,000/30,000). So, 
the total fixed manufacturing cost in ending inventory under absorption costing is $74,400 

(6,000 units x $12.40). Since these costs are inventoried under absorption costing, and not 
expensed as they would be under variable costing, operating income is higher under 

absorption costing by $74,400 ($260,200 — $185,800). 

(a) Absorption costing: $87.50 + $50.00 + $62.50 = $200 
(b) Variable costing: $87.50 + $50.00 = $137.50 
(c) Throughput costing: $87.50 
(d) Throughput margin = 10,000 x ($425 — $87.50) = $3,375,000 
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@ Describe linear cost functions 

and their behaviour. 

@ Explain the importance of 
causality in estimating cost 

functions. 

© Understand various methods of 
cost estimation. 

@ Outline the steps in estimating 
a cost function using 

quantitative analysis. 

@® Explain nonlinear cost 
functions, in particular those 

arising from learning curve 

effects. 

@ Describe the impact of time as 
a cost driver. 

@ Describe quality control and its 

implications as a cost driver. 
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collection and quality. 

© Appendix 10A: Discuss the 
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models. 

@ Appendix 10B: Describe a 
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This chapter covers material 

outlined in Section 3: 

Management Accounting of the 
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Learning Objectives in this chapter 
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best coverage possible. 
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for specific costing decisions 

3.4.1 Evaluates sources and 

drivers of revenue growth 

3.5.2 Evaluates sustainable profit 

maximization and capacity 
management performance 
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Analysis of Cost Behaviour 

Cisco Understands Its Costs While 
Helping the Environment 
Can understanding how costs behave contribute to environmental sustainability? 
At Cisco Systems, an in-depth understanding of the company’s costs and operations 

led to reduced costs while also helping the environment. Cisco, makers of computer 
networking equipment including routers, wireless switches, and, recently, chipsets, 

traditionally regarded the used equipment it received back from its business 

customers as scrap and recycled it. As long ago as 2005, Cisco began trying to find 

uses for the equipment, mainly because 80% of the returns were in working condition. 

A value recovery team at Cisco identified groups within the company that could 

use the returned equipment. These included its customer service group, which 
supports warranty claims and service contracts, and the labs that provide technical 

support, training, and product demonstrations. Based on the initial success of the 

value recovery team, Cisco designated its recycling group as a company business 
unit, set clear objectives for it, and assigned the group its own income statement. As a 

result, the value of the reuse of equipment rose to $365 million in 2018, up 5% from 

the previous year. Beyond recycling, Cisco now reduces costs by cutting energy 
consumption in its labs and using renewable sources to generate 71.9% of its global 

energy consumption. 

Sources: Ed Frauenheim. 2019. “How the World’s Best Workplaces Create a Great Global Culture.” Fortune, October 2 
(https://fortune.com/2019/10/02/worlds-best-workplaces-global-culture/); Cisco Systems, Inc. 2016. 2015 Corporate 
Social Responsibility Report. San Jose, CA: Cisco Systems, Inc.; R. Nidumolu, C. Prahalad, and M. Rangaswami. 
2009. “Why Sustainability Is Now the Key Driver of Innovation.” Harvard Business Review, September. 

*Reprinted from The Chartered Professional Accountant Competency Map, © 2012, with permission from the 
Chartered Professional Accountants of Canada, Toronto, Canada. Any changes to the original material are the sole 
responsibility of the author (and/or publisher) and have not been reviewed or endorsed by the Chartered Professional 
Accountants of Canada. 
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Basic Assumptions and Examples 
of Cost Functions 

Managers are able to understand cost behaviour through cost functions. A cost function 
is a mathematical description of how a cost alters based on changes in the level of an 
activity relating to that cost. For example, total variable costs will change in relation to 
increased activity, and fixed costs will not change. 

Cost functions can be plotted on a graph by measuring the level of an activity, such as 
number of batches produced or number of machine-hours used, on the horizontal axis 
(called the x-axis) and the amount of total costs corresponding to—or, preferably, depen- 
dent on—the levels of that activity on the vertical axis (called the y-axis). 

Basic Assumptions 

Managers often estimate cost functions based on two assumptions: 

1. Variations in the level of a single activity (the cost driver) explain the variations in the 
~ related total costs. 

2. Cost behaviour is approximated by a linear cost function within the relevant range. 
A relevant range is the range of the activity in which there is a relationship between 
total cost and the level of activity. For a linear cost function represented graphically, total 
cost versus the level of a single activity related to that cost is a straight line within the 
relevant range. 

These two assumptions are used throughout most, but not all, of this chapter. Not all cost 
functions are linear and can be explained by a single activity. Later sections will discuss 
cost functions that do not rely on these assumptions. 

Linear Cost Functions 

To understand three basic types of linear cost functions and to see the role of cost func- 
tions in business decisions, consider the negotiations between Kannon Services and World 
Wide Communications (WWC) for exclusive use of a videoconferencing line between 
New York and Paris. 

a Alternative 1. $5 per minute used. Total cost to Kannon changes in proportion to the 
number of minutes used. The number of minutes used is the only factor whose change 
causes a change in total cost. 

Panel A in Exhibit 10-1 presents this variable cost for Kannon Services. Under 
alternative 1, there is no fixed cost. The cost function in Panel A of Exhibit 10-1 is 

y = $5x 

where x measures the number of minutes used (on the x-axis), and y measures the 
total cost of the minutes used (on the y-axis) calculated using the cost function. The 
slope represents a $5 change in cost for every one-minute change in activity. 

Kannon Services’s Mixed Costs 
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= Alternative 2. Total cost will be fixed at $10,000 per month, regardless of the number 
of minutes used. (We use the same activity measure, number of minutes used, to com- 
pare cost-behaviour patterns under the three alternatives.) Panel B in Exhibit 10-1 
presents this fixed cost for Kannon Services as 

y = $10,000 

The fixed cost of $10,000 is called a constant; it is the component of total cost that 
does not vary with changes in the level of the activity. Under alternative 2, the con- 
stant accounts for all the cost because there is no variable cost. 

« Alternative 3. $3,000 per month plus $2 per minute used. This is an example of a 
mixed cost. A mixed cost—also called a semi-variable cost—has both fixed and vari- 
able elements. Panel C in Exhibit 10-1 presents this mixed cost for Kannon Services as 

y = $3,000 + $2x 

Unlike the graphs for alternatives 1 and 2, Panel C has both a constant, or intercept, 
value of $3,000 and a slope coefficient of $2. In the case of a mixed cost, total cost in 
the relevant range increases as the number of minutes used increases. Note that total 
cost does not vary strictly in proportion to the number of minutes used within the 
relevant range. For example, with 4,000 minutes of usage, the total cost is $11,000 
[= $3,000 + ($2 per minute X 4,000 minutes)], but when 8,000 minutes are used, total 
cost is $19,000 [= $3,000 + ($2 per minute X 8,000 minutes)]. Although the usage in 
terms of minutes has doubled, total cost has increased by only about 73% [= ($19,000 — 

$11,000) + $11,000]. 
Suppose Kannon expects to do at least 4,000 minutes of videoconferencing per 

month. Its cost for 4,000 minutes under the three alternatives would be as follows: 

a Alternative 1. $20,000 (= $5 per minute X 4,000 minutes) 

u Alternative 2. $10,000 

a Alternative 3. $11,000 [= $3,000 + ($2 per minute X 4,000 minutes) | 

Note that the graphs in Exhibit 10-1 are linear. That is, they appear as straight lines. 
We simply need to know the constant, or intercept; the amount (commonly designated a); 
and the slope coefficient (commonly designated b). For any linear cost function based on a 
single activity (recall our two assumptions discussed at the start of the chapter), knowing 
a and b is sufficient to describe and graphically plot all the values within the relevant 
range of number of minutes used. The general form of this linear cost function is 

y=a+t bx 

Cost Classification: Choice of Cost Object 

A particular cost item could be variable with respect to one cost object and fixed with 
respect to another cost object. Consider Super Shuttle, an airport transportation company. 
If the fleet of vans it owns is the cost object, then the annual van registration and licence 
costs would be variable costs with respect to the number of vans owned. But if a particular 
van is the cost object, then the registration and licence costs for that van are fixed costs 
with respect to the distance driven during a year. 

Time Horizon 

Whether a cost is variable or fixed with respect to a particular activity depends on the time 
horizon being considered. The longer the time horizon, all other things being equal, the 
more likely it is that the cost will be variable. For example, inspection costs at Boeing 
Company are typically fixed in the short run with respect to inspection-hours used because 
inspectors earn a fixed salary in a given year regardless of the number of inspection-hours 
of work done. But, in the long run, Boeing’s total inspection costs will vary with the 
inspection-hours required: More inspectors will be hired if more inspection-hours are 
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needed, and some inspectors will be reassigned to other tasks or laid off if fewer 
inspection-hours are needed. 

Relevant Range 

Managers should never forget that variable and fixed cost-behaviour patterns are valid for 
linear cost functions only within a given relevant range. Outside the relevant range, vari- 
able and fixed cost-behaviour patterns change, causing costs to become unpredictable. 
For example, Exhibit 10-2 plots the relationship (over several years) between total direct 
manufacturing labour costs and the number of snowboards produced each year by Ski 
Authority at its British Columbia plant. In this case, the costs outside the relevant range 
occur because of labour costs and possible inefficiencies (first because workers are learning 
to produce snowboards and later because capacity limits are being stretched). Knowing 
the relevant range is essential to properly classifying costs. 

The Cause-and-Effect Criterion 

The most important issue in estimating a cost function is determining whether a cause- 
and-effect relationship exists between the level of an activity and the costs related to that 
level of activity. Without a cause-and-effect relationship, managers will be less confident 
about their ability to estimate or predict costs. When a cause-and-effect relationship exists 
between a change in the level of an activity and a change in the level of total costs, the 
activity measure is known as a cost driver. The terms level of activity and level of cost 
driver are used interchangeably when estimating cost functions. 

Understanding the drivers of costs is crucially important for managing costs. The 
cause-and-effect relationship might arise as a result of the following: 

a A physical relationship between the level of activity and costs. For example, when 
units of production are used as the activity that affects direct material costs, produc- 
ing more units requires more direct materials, which results in higher total direct 
materials costs. 

= Acontractual arrangement. In alternative 1 of the Kannon Services example described 
earlier, number of minutes used is specified in the contract as the level of activity that 
affects the videoconferencing line costs. 

« Knowledge of operations. For example, when number of parts is used as the activity 
measure of ordering costs, a product with many parts will incur higher ordering costs 
than a product with few parts. 

Managers must be careful not to interpret a high correlation, or connection, in the 
relationship between two variables to mean that either variable causes the other. Consider 
direct materials costs and labour costs. For a given product mix, producing more units 
generally results in higher materials costs and higher labour costs. Materials costs and 
labour costs are highly correlated, but neither causes the other. Using labour costs to pre- 
dict materials costs is problematic. 

(2cEReEeE Relation- 
ship of Labour Costs and 

Snowboards Produced 

Loe 
Explain the importance of 

causality in estimating cost 

functions. 
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LO® 
Understand various methods 

of cost estimation. 

Some products require more labour costs relative to materials costs, while other prod- 
ucts require more materials costs relative to labour costs. If the product mix changes toward 
more labour-intensive products, then labour costs will increase relative to materials costs as 
a percentage of the total cost. Labour costs are a poor predictor of materials costs. By con- 
trast, factors that drive materials costs—such as product mix, product designs, and manu- 
facturing processes—would have more accurately predicted the changes in materials costs. 

Only a cause-and-effect relationship—not merely correlation—establishes an eco- 
nomically plausible relationship between the level of an activity and its costs. Economic 
plausibility is critical because it gives analysts and managers confidence that the estimated 
relationship will appear again and again in other sets of data from the same situation. 
Identifying cost drivers also gives managers insights into ways to reduce costs, and confi- 
dence that reducing the quantity of the cost drivers will lead to a decrease in costs. 

Cost Drivers and the Decision-Making Process 

Consider Elegant Rugs, which uses state-of-the-art automated weaving machines to pro- 
duce carpets for homes and offices. Management has made many changes in manufactur- 
ing processes and wants to introduce new styles of carpets. Using the five-step 
decision-making process, it would like to evaluate how these changes have affected costs 
and what styles of carpets it should introduce. 

Step 1: Identify the problem and uncertainties Examine the changes in the manufactur- 

ing process specifically targeted at reducing indirect manufacturing labour costs. 

Step 2: Obtain information Gather information about potential cost drivers—factors 
such as machine-hours or direct manufacturing labour-hours that cause indirect manu- 
facturing labour costs to be incurred. Consider different techniques (such as the indus- 
trial engineering method, the conference method, the account analysis method, the 
high-low method, and the regression method) for estimating the magnitude of the effect 
of the cost driver on indirect manufacturing labour costs. 

Step 3: Make predictions about the future Use past data to estimate the relationship 
between cost drivers and costs used in the relationship to predict future costs. 

Step 4: Make decisions by choosing among alternatives As described later, Elegant 
Rugs chose machine-hours as the cost driver of indirect manufacturing labour costs. 
Using the regression analysis estimate of indirect manufacturing labour cost per machine- 
hour, managers estimated the costs of alternative styles of carpets and chose to introduce 
the most profitable styles. 

Step 5: Implement the decision, evaluate performance, and learn After the managers at 

Elegant Rugs introduced the new carpet styles, they focused on evaluating the results of 
their decision. Comparing predicted to actual costs helped managers to learn how accu- 
rate the estimates were, to set targets for continuous improvement, and to constantly 
seek ways to improve efficiency and effectiveness. 

Cost Estimation Methods 

The four methods of cost estimation—the industrial engineering method, the conference 
method, the account analysis method, and the quantitative analysis method (which takes 
different forms)—differ with respect to their implementation cost, assumptions, and the 
information they provide about the accuracy of the estimated cost function. They are not 
mutually exclusive, and many organizations use a combination of these methods. 

Industrial Engineering Method 

The industrial engineering method, also called the work-measurement method, estimates 

cost functions by analyzing the relationship between inputs and outputs in physical 
terms. Consider Elegant Rugs. It uses inputs of cotton, wool, dyes, direct manufacturing 
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labour, machine time, and power. Production output is square metres of carpet. Time-and- 
motion studies analyze the time required to perform the various operations to produce 
the carpet. 

For example, a time-and-motion study may conclude that to produce 10 square metres 
of carpet requires one hour of direct manufacturing labour. Standards and budgets trans- 
form these physical input measures into costs. The result is an estimated cost function relat- 
ing direct manufacturing labour costs to the cost driver, square metres of carpet produced. 

The industrial engineering method is a very thorough and detailed way to estimate a 
cost function when there is a physical relationship between inputs and outputs, but it can | 
be very time consuming. Some government contracts mandate its use. Many organiza- 

tions, such as Bose and Nokia, use it to estimate direct manufacturing costs but find it too 
costly or impractical for analyzing their entire cost structure. For example, physical rela- 
tionships between inputs and outputs are difficult to specify for some items, such as indi- 
rect manufacturing costs, R&D costs, and advertising costs. 

Conference Method | 

The conference method estimates cost functions on the basis of analysis and opinions 
about costs and their drivers gathered from various departments of a company (purchas- 
ing, process engineering, manufacturing, employee relations, etc.), The Cooperative Bank 
in the United Kingdom has a cost-estimating department that develops cost functions for 
its retail banking products (chequing accounts, VISA cards, mortgages, and so on) based 
on the consensus of estimates from personnel of the particular departments. Elegant Rugs | 
gathers opinions from supervisors and production engineers about how indirect manufac- | 
turing labour costs vary with machine-hours and direct manufacturing labour-hours. | 

The conference method encourages interdepartmental cooperation. The pooling of 
expert knowledge from different business functions of the value chain gives the confer- 
ence method credibility. Because the conference method does not require detailed analysis 
of data, cost functions and-cost estimates can be developed quickly. However, the empha- 
sis on opinions rather than systematic estimation means that the accuracy of the cost | 
estimates depends largely on the care and skill of the people providing the inputs. 

Account Analysis Method | 

The account analysis method estimates cost functions by classifying various cost accounts 
as variable, fixed, or mixed with respect to the identified level of activity. Typically, man- 
agers use qualitative rather than quantitative analysis when making these cost-classification 1) 
decisions. The account analysis approach is widely used because it is reasonably accurate, | 
cost-effective, and easy to use. 

Consider indirect manufacturing labour costs for a small production area (or cell) at 
Elegant Rugs. Indirect manufacturing labour costs include wages paid for supervision, 
maintenance, quality control, and setups. During the most recent 12-week period, Elegant 1) 
Rugs ran the machines in the cell for a total of 862 hours and incurred total indirect man- 
ufacturing labour costs of $12,501. Using qualitative analysis, the manager and the cost 
analyst determine that over this 12-week period, indirect manufacturing labour costs are 
mixed costs with only one cost driver—machine-hours. As machine-hours vary, one com- 
ponent of the cost (such as supervision cost) is fixed, whereas another component (such as 
maintenance cost) is variable. The goal is to use account analysis to estimate a linear cost 
function for indirect manufacturing labour costs with number of machine-hours as the 
cost driver. The cost analyst uses experience and judgment to separate total indirect man- 
ufacturing labour costs ($12,501) into fixed costs ($2,157, based on 950 hours of machine 
capacity for the cell over a 12-week period) and variable costs ($10,344) with respect to 
the number of machine-hours used. Variable cost per machine-hour is $10,344 + 
862 machine-hours = $12 per machine-hour. The linear cost equation, y = a + bx, in this 
example is as follows: 

Indirect manufacturing labour costs = $2,157 + ($12 per machine-hour 

>< Number of machine-hours) 
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Management at Elegant Rugs can use the cost function to estimate the indirect manufac- 
turing labour costs of using, say, 950 machine-hours to produce carpet in the next 
12-week period. Estimated costs are $13,557 (= $2,157 + (950 machine-hours X $12 per 
machine-hour)). 

To obtain reliable estimates of the fixed and variable components of cost, organiza- 
tions must take care to ensure that individuals thoroughly knowledgeable about the oper- 
ations make the cost-classification decisions. Supplementing the account analysis method 
with the conference method improves credibility. 

Quantitative Analysis Method 

Quantitative analysis uses a formal mathematical method to fit cost functions to past data 
observations. Spreadsheet software such as Microsoft Excel is a useful tool for performing 
quantitative analysis. Columns B and C of Exhibit 10-3 show the breakdown of Elegant 
Rugs’ total machine-hours (862) and total indirect manufacturing labour costs ($12,501) 
into weekly data for the most recent 12-week period. Note that the data are paired; for 
each week, there is data for the number of machine-hours and corresponding indirect 
manufacturing labour costs. For example, week 12 shows 48 machine-hours and indirect 
manufacturing labour costs of $963. The next section uses the data in Exhibit 10-3 to 
illustrate how to estimate a cost function using quantitative analysis. We examine two 
techniques—the relatively simple high-low method and regression analysis, the quantita- 
tive tool more commonly used to examine and understand data. 

Steps in Estimating a Cost Function 
Using Quantitative Analysis 

Step 1: Choose the dependent variable Choice of the dependent variable (the cost to be 
predicted and managed) will depend on the cost function being estimated. In the Elegant 
Rugs example, the dependent variable is indirect manufacturing labour costs. 

Step 2: Identify the independent variable, or cost driver The independent variable (level 

of activity or cost driver) is the factor used to predict the dependent variable (costs). 
When the cost is an indirect cost, as it is with Elegant Rugs, the independent variable is 
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also called a cost-allocation base. Although these terms are sometimes used interchange- 
ably, we use the term cost driver to describe the independent variable. 

As an example, consider several types of fringe benefits paid to employees and the 
cost drivers of the benefits: 

Fringe Benefit Cost Driver 

Health benefits Number of employees 

Cafeteria meals Number of employees 

Pension benefits Salaries of employees 

Life insurance Salaries of employees 

The costs of health benefits and cafeteria meals can be combined into one homoge- 
nous cost pool because they have the same cost driver—the number of employees. 
Pension benefits and life insurance costs have a different cost driver—the salaries of 
employees—and, therefore, should not be combined with health benefits and cafeteria 
meals. Instead, pension benefits and life insurance costs should be combined into a 
separate homogenous cost pool. The cost pool comprising pension benefits and life 
insurance costs can be estimated using salaries of employees receiving these benefits as 
the cost driver. 

Step 3: Collect data on the dependent variable and the cost driver This is usually the 
most difficult step in cost analysis, Cost analysts obtain data from company documents, 
from interviews with managers, and through special studies. These data may be 
time-series data or cross-sectional data. 

Time-series data pertain to the same entity (organization, plant, activity, and so on) 
over successive past periods. Weekly observations of indirect manufacturing labour costs 
and number of machine-hours at Elegant Rugs are examples of time-series data. The ideal 
time-series database would contain numerous observations for a company whose opera- 
tions have not been affected by economic or technological change. A stable economy and 
technology ensure that data collected during the estimation period represent the same 
underlying relationship between the cost driver and the dependent variable. Moreover, the 
periods used to measure the dependent variable and the cost driver should be consistent 
throughout the observations. 

Cross-sectional data pertain to different entities during the same period. For example, 
studies of loans processed and the related personnel costs at 50 individual, yet similar, 
branches of a bank during March would produce cross-sectional data for that month. The 
cross-sectional data should be drawn from entities that, within each entity, have a similar 
relationship between the cost driver and costs. Later in this chapter, we describe the prob- 
lems that arise in data collection. 

Step 4: Plot the data The general relationship between the cost driver and costs can be 
readily observed in a graphical representation of the data, which is commonly called a 
plot of the data. The plot provides insight into the relevant range of the cost function 
and reveals whether the relationship between the driver and costs is approximately 
linear. 

Exhibit 10-4 is a plot of the weekly data from columns B and C of the spreadsheet in 
Exhibit 10-3. This graph provides strong visual evidence of a positive linear relationship 
between number of machine-hours and indirect manufacturing labour costs (i.e., when 
machine-hours go up, so do indirect manufacturing labour costs). There do not appear to 
be any extreme observations in Exhibit 10-4, The relevant range is from 46 to 96 machine- 
hours per week (weeks 8 and 6, respectively). 

Step 5: Estimate the cost function, and evaluate the cost driver of the estimated cost 

function The high-low method and regression analysis are the two most frequently 
described forms of quantitative analysis. The widespread availability of computer pack- 
ages such as Excel makes regression analysis much easier to use. However, use the high- 
low method to provide some basic intuition for the idea of drawing a line to “fit” a 
number of data points. 
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Indirect Manufacturing Labour Costs (y) Cost Driver: Machine-Hours (x) 

The High-Low Method Compared to Regression Analysis 

The simplest form of quantitative analysis to “fit” a line to data points is the high-low method. 
It uses only the highest and lowest observed values of the cost driver within the relevant range 
and their respective costs to estimate the slope coefficient and the constant of the cost function. 
It is the first attempt at understanding the relationship between a cost driver and costs. 

Cost Driver: Indirect Manufacturing 
Machine-Hours (x) Labour Costs (y) 

Highest observation of cost driver (week 6) 96 $1,456 

Lowest observation of cost driver (week 8) 46 710 

Difference 50 $746 

The slope coefficient, b, is calculated as follows: 

Difference between costs associated with highest 

and lowest observations of the cost driver 

Difference between highest and lowest 

observations of the cost driver 

$746 + 50 machine-hours = $14.92 per machine-hour 

Slope coefficient 

To compute the constant, we can use either the highest or the lowest observation of the 
cost driver. Both calculations yield the same answer because the solution technique solves 
two linear equations with two unknowns, the slope coefficient and the constant. Because 

y=a+t bx 

the constant, a, is calculated as 

a=y-— bx 

At the highest observation of the cost driver, 

Constant = $1,456 — ($14.92 per machine-hour X 96 machine-hours) = $23.68 

And at the lowest observation of the cost driver, 

Constant = $710 — ($14.92 per machine-hour X 46 machine-hours) = $23.68 

Thus, the high-low estimate of the cost function is as follows: 

y=a+ bx 

y = $23.68 + ($14.92 per machine-hour X Number of machine-hours) 

The advantage of the high-low method is that it is simple to compute and easy to under- 
stand; it gives a quick, initial insight into how the cost driver, number of machine-hours, 

affects indirect manufacturing labour costs (see Exhibit 10-5), The disadvantage is that it 
ignores information from all but two observations when estimating the cost function. 
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Relevant Range 

Indirect Manufacturing Labour Costs (y) 
Cost Driver: Machine-Hours (x) 

Regression analysis is a statistical method that measures the average amount of 
change in the dependent variable associated with a unit change in one or more indepen- 
dent variables. In the Elegant Rugs example, the dependent variable is total indirect man- 
ufacturing labour costs. The independent variable, or cost driver, is number of 

machine-hours. Simple regression analysis estimates the relationship between the depen- 
dent variable and one independent variable. Multiple regression analysis estimates the 
relationship between the dependent variable and two or more independent variables. 
Multiple regression analysis for Elegant Rugs might use as the independent variables, or 
cost drivers, number of machine-hours and number of batches. Appendix 10A will explore 
simple regression and multiple regression in more detail. 

The regression line in Exhibit 10-6 is derived using the least-squares technique. The 
least-squares technique determines the regression line by minimizing the sum of the 
squared vertical differences from the data points (the various points in the graph) to the 
regression line. The vertical difference, called the residual term, measures the distance 
between actual cost and estimated cost for each observation of the cost driver. Exhibit 10-6 
shows the residual term for the week 1 data. The line from the observation to the regres- 
sion line is drawn perpendicular to the horizontal axis, or x-axis. The smaller the residual 
terms, the better the fit between actual cost observations and estimated costs. Goodness 
of fit indicates the strength of the relationship between the cost driver and costs. The 
regression line in Exhibit 10-6 rises from left to right. The positive slope of this line and 
small residual terms indicate that, on average, indirect manufacturing labour costs 
increase as the number of machine-hours increases. The vertical dashed lines in 
Exhibit 10-6 indicate the relevant range, the range within which the cost function applies. 

The estimate of the slope coefficient, b, indicates that indirect manufacturing labour 
costs vary at the average amount of $10.31 for every machine-hour used within the rele- 
vant range. Management can use the regression equation when budgeting for future 
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indirect manufacturing labour costs. For instance, if 90 machine-hours are budgeted for 
the coming week, the predicted indirect manufacturing labour costs would be 

y = $300.98 + ($10.31 per machine-hour X 90 machine-hours) = $1,228.88 

The regression method is more accurate than the high-low method because the regression 
equation estimates costs using information from all observations, whereas the high- 
low equation uses information from only two observations. Managers can be misled by the 
inaccuracies of the high-low method. Consider the high-low method equation in 
the preceding section: 

y = $23.68 + ($14.92 per machine-hour X Number of machine-hours) 

For 90 machine-hours, the predicted weekly cost based on the high-low method 
equation is $1,366.48 (= $23.68 + ($14.92 per machine-hour X 90 machine-hours)). 
Suppose that for 7 weeks over the next 12-week period, Elegant Rugs runs its machines 
for 90 hours each week. Assume average indirect manufacturing labour costs for those 
7 weeks are $1,300, Based on the high-low method prediction of $1,366.48, Elegant Rugs 
would conclude it has performed well because actual costs are less than predicted costs. 
But comparing the $1,300 performance with the more-accurate $1,228.88 prediction of 
the regression model tells a much different story and would probably prompt Elegant 
Rugs to search for ways to improve its cost performance. 

Nonlinear Cost Functions 

In practice, cost functions are not always linear. A nonlinear cost function is a cost func- 
tion for which the graph of total costs (based on the level of a single activity) is not a 
straight line within the relevant range. To see what a nonlinear cost function looks like, 
return to Exhibit 10-2, where the relevant range is currently set at 20,000 to 65,000 snow- 

boards, If we extend the relevant range to encompass the region from 0 to 80,000 snow- 
boards produced, it is evident that the cost function over this expanded range is graphically 
represented by a line that is not straight. 

Consider another example. Economies of scale in advertising may enable an advertising 
agency to produce double the number of advertisements for less than double the costs. Even 
direct material costs are not always linear variable costs because of quantity discounts 
on direct material purchases. As shown in Exhibit 10-7, Panel A, total direct material costs 

Forms of Cost Functions 
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rise as the units of direct materials purchased increase. But, because of quantity discounts, 
these costs rise more slowly (as indicated by the slope coefficient) as the units of direct mate- 
rials purchased increase. This cost function has b = $25 per unit for 1-1,000 units purchased, 
b = $15 per unit for 1,001-2,000 units purchased, and b = $10 per unit for 2,001-3,000 
units purchased. The direct material cost per unit falls at each price break—that is, the cost 
per unit decreases with larger purchase orders. If managers are interested in understanding 
cost behaviour over the relevant range of 1-3,000 units, the cost function is nonlinear—not 

a straight line. If, however, managers are only interested in understanding cost behaviour 
over a narrower relevant range (e.g., of 1-1,000 units), the cost function is linear. 

Step cost functions are also examples of nonlinear cost functions. In a step cost function, 
the cost remains the same over various ranges of the level of activity, but the cost increases 
by discrete amounts—that is, increases in steps—as the level of activity increases from one 
range to the next. Panel B in Exhibit 10-7 shows a step variable-cost function, a step cost 
function in which cost remains the same over narrow ranges of the level of activity in each 
relevant range. Panel B presents the relationship between units of production and setup 
costs. If the relevant range is considered to be 0-6,000 production units, the cost function is 
nonlinear. However, as shown by the blue line in Panel B, managers often approximate step 
variable costs with a continuously variable cost function. This type of step cost pattern also 
occurs when production inputs such as materials-handling labour, supervision, and process 
engineering labour are acquired in discrete quantities but used in fractional quantities. 

Panel C in Exhibit 10-7 shows a step fixed-cost function for Crofton Steel, a company 
that operates large heat-treatment furnaces to harden steel parts. Looking at Panel C and 
Panel B, you can see that the main difference between a step variable cost function and a 
step fixed cost function is that the cost in a step fixed cost function remains the same over 
wide ranges of the activity in each relevant range. The ranges indicate the number of fur- 
naces being used (each furnace costs $300,000). The cost increases from one range to the 
next higher range when the hours of furnace time needed require the use of another fur- 
nace. The relevant range of 7,500-15,000 hours of furnace time indicates that the com- 

pany expects to operate with two furnaces at a cost of $600,000. Management considers 

the cost of operating furnaces as a fixed cost within this relevant range of operation. 
However, if the relevant range is considered to be 0-22,500 hours, the cost function is 

nonlinear: The graph in Panel C is not a single straight line; it is three broken lines. 

Time as a Competitive Tool 

Companies increasingly view time as a driver of strategy. For example, Capital One has 
increased the business on its website by promising home-loan approval decisions in 30 minutes 
or less. Companies such as General Electric and Walmart attribute not only higher revenues but 
also lower costs to doing things faster and on time. These firms claim, for example, that they 
need to carry fewer inventories because they are able to respond rapidly to customer demands. 

Managers need to measure time to manage it properly. In this section, we focus on 
two operational measures of time: customer-response time, which reveals how quickly 
companies respond to customers’ demands for their products and services, and on-time 
performance, which indicates how reliably companies meet their scheduled delivery dates. 
We also show how managers measure the causes and costs of delays. 

Customer-Response Time and On-Time Performance 

Customer-response time is how long it takes from the time a customer places an order for a 
product or service to the time the product or service is delivered to the customer. Quickly 
responding to customers is strategically important in many industries, including the construc- 
tion, banking, car-rental, and fast food industries. Some companies, such as Airbus, have to 
pay penalties to compensate their customers (airline companies) for lost revenues and profits 
(from being unable to operate flights) as a result of delays in delivering aircraft to them. 

Exhibit 10-8 describes the components of customer-response time. Receipt time is 
how long it takes the marketing department to specify to the manufacturing department 
the exact requirements of the customer’s order. Manufacturing cycle time (also called 
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manufacturing lead time) is how long it takes from the time an order is received by manufac- 
turing to the time a finished good is produced. Manufacturing cycle time is the sum of wait- 
ing time and manufacturing time for an order. For example, an aircraft order received by 
Airbus’s manufacturing department may need to wait for components before the plane can 
be assembled. Delivery time is how long it takes to deliver a completed order to a customer. 

Some companies evaluate their response time improvement efforts using a measure 
called manufacturing cycle efficiency (MCE): 

MCE = (Value-added manufacturing time + Manufacturing cycle time) 

Value-added manufacturing activities (see Chapter 13) are activities that customers 
perceive as adding value or utility to a product. The time spent efficiently assembling the 
product is value-added manufacturing time. The rest of the manufacturing cycle time, 
such as the time a product spends waiting for parts or for the next stage in the production 
process or being repaired, is non-value-added manufacturing time. Identifying and mini- 
mizing the sources of non-value-added manufacturing time increases a firm’s responsive- 
ness to its customers and reduces its costs. 

Similar measures apply to service-sector companies. Consider a 40-minute doctor’s 
office visit. Suppose a patient spends 9 of those minutes on administrative tasks such as 
filling out. forms, 20 minutes waiting in the reception area and examination room, and 
11 minutes with a nurse or doctor. The service cycle efficiency for this visit equals 11 + 40, 
or 0.275. In other words, only 27.5% of the 40 minutes added value to the patient/ 
customer, Minimizing their non-value-added service times has allowed hospitals such as 
Alle-Kiski Medical Center in Pennsylvania to treat more patients in less time. 

On-time performance is the delivery of a product or service by the time it is scheduled 
to be delivered. Consider FedEx, which specifies a price per package and a next-day deliy- 
ery time of 10:30 a.m. for its overnight courier service. FedEx measures the on-time per- 
formance of the service based on how often the firm meets that standard. Commercial 
airlines gain loyal passengers as a result of consistent on-time service. But there is a 
trade-off between a customer’s desire for a shorter response time and better on-time per- 
formance, Scheduling longer customer-response times, such as airlines lengthening sched- 
uled arrival times, displeases customers on the one hand but increases customer satisfaction 
on the other hand by improving the airline’s on-time performance. 

Bottlenecks and Time Drivers 

Managing customer-response time and on-time performance requires managers to under- 

stand the causes and costs of delays, for example, at a machine in a manufacturing plant 
or at a checkout counter in a store. A time driver is any factor that causes a change in the 
speed of an activity when the factor changes. Two time drivers are 

1. Uncertainty about when customers will order products or services. For example, the 
more randomly Airbus receives orders for its airplanes, the more likely queues will 
form and delays will occur. 
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2. Bottlenecks due to limited capacity. A bottleneck occurs in an operation when the 
work to be performed approaches or exceeds the capacity available to do it. For 
example, a bottleneck results and causes delays when products that must be pro- 
cessed at a particular machine arrive while the machine is being used to process other 
products. Bottlenecks also occur on the internet, for example, when many users try to 
operate wireless mobile devices at the same time (see Concepts in Action: Netflix 
Works to Overcome Internet Bottlenecks). 

Many banks (such as Bank of China), grocery stores (such as Kroger), and entertainment 
parks (such as Disneyland) actively work to reduce queues and delays to better serve their 
customers. 

Consider Photon Corporation, which uses one turning machine to convert steel bars 
into a special fuser roller for its copier machines. The roller is the only product the com- 
pany makes on the turning machine. Photon makes and sells the rollers as spare parts for 
its photocopier machines after receiving orders from wholesalers. Each order is for 1,000 
fuser rollers. 

Photon’s managers are examining opportunities to produce and sell other products to 
increase the firm’s profits without sacrificing its short customer-response times. The man- 
agers examine these opportunities using the five-step decision-making process introduced 
in Chapter 1. 

Step 1: Identify the problem and uncertainties Photon’s managers are considering introduc- 
ing a second product, a fuser gear, which will use the same turning machine currently used 
to make fuser rollers. The primary uncertainty is how the introduction of a second product 
will affect the manufacturing cycle times for rollers. (We focus on Photon’s manufacturing 
cycle time because the receipt time and delivery time for the rollers and gears are minimal.) 

Step 2: Obtain information Managers gather data on the number of past orders for rollers, 
the time it takes to manufacture them, the available capacity, and their average manufac- 
turing cycle time. Photon typically receives 30 orders for rollers each year, but it could 
receive 10, 30, or 50 orders. Each order is for 750 units and takes 100 hours of manufac- 
turing time (8 hours of setup time to clean and prepare the machine that makes the rollers 
and 92 hours of processing time). The annual capacity of the machine is 4,000 hours. 

Step 3: Make predictions about the future If Photon only makes rollers in 2021, it 

expects to receive 30 orders of 750 units each requiring 100 hours of manufacturing 
time. The total amount of manufacturing time required on the machine is 3,000 hours 
(100 hours per order X 30 orders), which is less than the available machine capacity of 
4,000 hours. Queues and delays will still occur because wholesalers can place their 
orders at any time, while the machine is processing an earlier order. 

Average waiting time, the average amount of time that an order waits in line before 
the machine is set up and the order is processed, equals! 

Annual average Manufacturing \” 

number of — X | time per order 

orders for rollers for rollers 

Annual machine ae average number Manufacturing )| 
a ma ; 

capacity of orders for rollers time per order for rollers 

20 1007 es 30 X 10,000 300,000 — 300,000 

~ 2x [4,000 — (30 x 100)] 2 x (4,000 - 3,000) 2x 1,000 2,000 

= 150 hours per order (for rollers) 

? The technical assumptions ate (1) that customer orders for the product follow a Poisson distribution with a mean equal to the 
expected number of orders (30 in our example) and (2) that orders are processed on a first-in, first-out (FIFO) basis. The Poisson 
attival pattern for customer orders has been found to be reasonable in many real-world settings. The FIFO assumption can 
be modified. Under the modified assumptions, the basic queuing and delay effects will still occur, but the precise formulas will 
be different. 
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Therefore, the average manufacturing cycle time for an order is 250 hours (150 hours of 
average waiting time + 100 hours of manufacturing time). Note that manufacturing time 
per order is a squared term in the numerator. The squared term indicates the dispropor- 
tionately large impact the manufacturing time has on the waiting time. As the manufac- 
turing time lengthens, there is a much greater chance that the machine will be in use when 
an order arrives, leading to longer delays. The denominator in this formula is a measure 
of the unused capacity, or cushion. As the unused capacity becomes smaller, the chance 
that the machine is processing an earlier order becomes more likely, leading to greater 
delays. 

The formula describes only the average waiting time. A particular order might arrive 
when the machine is free, in which case manufacturing will start immediately. In another 
situation, Photon may receive an order while two other orders are waiting to be pro- 
cessed, which means the delay will be longer than 150 hours. 

If Photon makes rollers and gears in 2021, it expects to receive the following: 

Rollers: 30 orders of 750 units each requiring 100 hours of manufacturing 
time. 

Gears: 10 orders for gears of 800 units each requiring 50 hours of manufac- 
turing time, composed of 3 hours for setup and 47 hours of processing. 

The expected demand for rollers will be unaffected by whether Photon pro- 
duces and sells gears. 

If Photon makes both rollers and gears, the average waiting time before the machine 
setup begins is expected to be as follows (the formula is an extension of the preceding 
formula for the single-product case): 

Manufacturing \* Manufacturing \” 
Annual average number 2 Annual average number 5 

time per order X | time per order 
of orders for rollers of orders for gears 

for rollers for gears 

Manufacturin Manufacturin 
Annual machine Annual average number 2 Annual average number : 

x time per order | — X time per order 
capacity of orders for rollers of orders for gears 

for rollers for gears 

[30 x (100)?] + [10 x (50)7] (30 x 10,000) + (10 x 2,500) 
~ 2x [4,000 — (30 x 100) — (10 x 50)] 2 X (4,000 — 3,000 — 500) 

_ 300,000 + 25,000 _ 325,000 
> 2 x 500 7 r000 

= 325 hours per order (for rollers and gears) 

Producing gears will cause the average waiting time for an order to more than double, 
from 150 hours to 325 hours. The waiting time increases because the production of gears 
will cause the machine’s unused capacity to shrink, increasing the probability that new 
orders will arrive while current orders are being manufactured or waiting to be manufac- 
tured. The average waiting time is very sensitive to the shrinking of unused capacity. 

If Photon’s managers decide to make gears as well as rollers, the average manufactur- 
ing cycle time will be 425 hours for a roller order (325 hours of average waiting time + 
100 hours of manufacturing time) and 375 hours for a gear order (325 hours of average 
waiting time + 50 hours of manufacturing time). A roller order will spend 76.5% 
(325 hours + 425 hours) of its manufacturing cycle time just waiting for its manufactur- 
ing to start! 

Step 4: Make decisions by choosing among alternatives Should Photon produce gears 
given how much it would slow down the manufacturing cycle time for rollers? To help 
the company’s managers make a decision, the management accountant identifies and 
analyzes the relevant revenues and relevant costs of producing gears and, in particular, 
the cost of delays on all products. The next section focuses on this step. 
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fore) \(erscaecm Netflix Works to Overcome Internet 
IN Neon a0)" Bottlenecks 

Netflix is the world’s largest provider of streaming mov- 
ies and television shows. More than 167 million Netflix 
subscribers in over 190 countries watch more than 
140 million hours of video per day. As a result, Netflix 
consumes a large amount of internet bandwidth. World- 
wide, Netflix accounts for 12.6% of all streaming/video 
downloads, driven in part by the 1,500 hours of original 
content Netflix creates every year, and in part by the dis- 
tribution of licensed content from other creators.” 

While it is generally acknowledged as one of the 
most efficient streaming technologies on the internet, 

’ Netflix is keenly aware of the stress of data bandwidth 
bottlenecks it faces. Netflix consumes 15% of global 
bandwidth. 

The company has gone so far as to create 
data-streaming speeds so its customers can test their ISPs 
and the speed of services they provide. The company’s 
subscribers expect smooth streaming of movies and tele- 
vision shows, and they can become quickly dissatisfied 
by buffering delays and poor-quality video. In recent 
years, Netflix has deployed two new strategies to over- 
come internet data bottlenecks that can affect video- 
stream speed and quality, such as paying some ISPs 
(e.g., Verizon and Comcast) to provide direct access to 
networks, and further advancing server technology to 
reduce file size while providing the same quality stream- 
ing experience. Despite these efforts to maintain the 
quality of customer experience, the burden of bandwidth 
is resulting in higher costs for customers that make high 

use of their service. This means Netflix will need to con- 
tinue to innovate business partnerships, processes, and 
technologies to ensure the service remains popular and 
profitable. 

Sources: https://media.netflix.com/en/about-netflix; https://www. 
imarketwatch.com/story/we-now-spend-more-time-on-netflix-than-we-do 
-bonding-with-out-kids-2018-09-13-12882032; https://fortune.com/2018/ 
10/02/netflix-consumes-15-percent-of-global-internet-bandwidth/; 
https://qz.com/688033/netflix-launched-this-handy-speed-test-so-you 
-can-go-shaine-your-internet-provider/; https://www.bloomberg.com 
/news/articles/2019-08-13/netflix-s-biggest-bingers-get-hit-with-higher 
-costs; J. Roettgers. 2015. “Inside Netflix’s Plan to Boost Streaming 
Quality and Unclog the Internet.” Variety, December 14 (http://variety. 
com/201 5/digital/news/netflix-better-streaming-quality-1201661116), 
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Relevant Revenues and Costs of Delays 

To determine the relevant revenues and costs of producing gears under Step 4, the man- 
agement accountant prepares the following additional information: 

Average Selling Price per 
Order if the Average Manufacturing Annual Direct Inventory 

Average Cycle Time per Order Is Materials Carrying 
Number of Less Than More Than Cost per Cost per Order 

Product Orders 300 Hours 300 Hours Order per Hour 

Rollers 30 $22,000 $21,500 $16,000 $1.00 

Gears 10 10,000 9,600 8,000 0.50 

Manufacturing cycle times affect both revenues and costs. Revenues are affected because 
customers are willing to pay a higher price for faster delivery. On the cost side, direct 
materials costs and inventory carrying costs are the only relevant costs of introducing 

2 Netflix accounted for 12.6% of total downstream volume of traffic across the entire intertiet. 
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Determining Expected Relevant Revenues and Relevant Costs for Photon’s Decision to Introduce Gears 
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Alternative 2: 
Alternative 1: Do Not 

Introduce Introduce 
Gears Gears Difference 

Relevant Items (1) (2) (3) = (1) — (2) 

Expected revenues $741,0008 $660,000° $ 81,000 
Expected variable costs 560,000° 480,0004 80,000 

Expected inventory carrying costs 14,625° 7,500 7,125 

Expected total costs 574,625 487,500 87,125 

Expected revenues minus expected costs $166,375 $172,500 $ (6,125) 

9($21,500 x 30) + ($9,600 x 10) = $741,000; average manufacturing cycle time will be more than 300 hours. 

($22,000 x 30) = $660,000; average manufacturing cycle time will be less than 300 hours. 

°($16,000 x 30) + ($8,000 x 10) = $560,000. 

4¢16,000 x 30 = $480,000. 
®(Average manufacturing cycle time for rollers Carrying cost per order per hour for rollers X Expected number of orders for 

rollers) + (Average manufacturing cycle time for gears X Carrying cost per order per hour for gears X Expected number of 

orders for gears) = (425 x $1.00 x 30) + (375 x $0.50 x 10) = $12,750 + $1,875 = $14,625. 

‘Average manufacturing cycle time for rollers < Carrying cost per order per hour for rollers x Expected number of orders for 

rollers = 250 x $1.00 X 30 = $7,500. 

gears (all other costs are unaffected and therefore irrelevant). Inventory carrying costs 
equal the opportunity costs of the investment tied up in inventory and the relevant costs of 
storage, such as space rental, spoilage, deterioration, and materials handling. Usually, 
companies calculate inventory carrying costs on a per-unit, per-year basis. To simplify the 

calculations, the management accountant calculates inventory carrying costs on a 
per-order, per-hour basis. Also, Photon acquires direct materials at the time the order is 
received by manufacturing and, therefore, calculates inventory carrying costs for the 
duration of the manufacturing cycle time. 

Exhibit 10-9 presents relevant revenues and relevant costs for the “introduce gears” 
and “do not introduce gears” alternatives. Based on the analysis, Photon’s managers 
decide not to introduce gears, even though they have a positive contribution margin of 
$1,600 ($9,600 — $8,000) per order and Photon has the capacity to make them. If it 
produces gears, Photon will, on average, use only 3,500 (Rollers: 100 hours per order X 
30 orders + Gears: 50 hours per order X 10 orders) of the available 4,000 machine-hours. 
So why is Photon better off not introducing gears? Because of the negative effects that 
producing them will have on the existing product, rollers. The following table presents 
the costs of time, the expected loss in revenues and expected increase in carrying costs as 
a result of the delays caused by manufacturing gears. 

Effect of Increasing Average Manufacturing Cycle Time Expected Loss in Revenues 

Expected Increase in Plus Expected Increase in 

Expected Loss Carrying Costs for All Carrying Costs of Introducing 
Product in Revenues for Rollers (1) Products (2) Gears (3) = (1) + (2) 

Rollers $15,0002 $5,250° $20,250 

Gears — 1,875° 1,875 

Total $15,000 $7,125 $22,125 

4($22,000 — $21,500) per order X 30 expected orders = $15,000. 
(425 — 250) hours per order X $1.00 per hour X 30 expected orders = $5,250. 

°(375 — 0) hours per order x $0.50 per hour x 10 expected orders = $1,875. 



Balanced Scorecard and Time-Based Measures 

Introducing gears will cause the average manufacturing cycle time of rollers to increase 
from 250 hours to 425 hours. Longer manufacturing cycle times will increase the inven- 
tory carrying costs of rollers and decrease roller revenues (the average manufacturing 
cycle time for rollers will exceed 300 hours, so the average selling price per order will 
decrease from $22,000 to $21,500). Together with the inventory carrying cost of the 
gears, the expected cost of introducing the gears, $22,125, will exceed the expected con- 
tribution margin of $16,000 ($1,600 per order X 10 expected orders) from selling gears 
by $6,125 (the difference calculated in Exhibit 10-9). 

This example illustrates that when demand uncertainty is high, some unused capacity 
is desirable. Increasing the capacity of a bottleneck resource reduces manufacturing cycle 
times and delays. One way to increase capacity is to reduce the time it takes for setups and 
processing. Another way to increase capacity is to invest in new equipment, such as flexi- 
ble manufacturing systems that can be programmed to switch quickly from producing one 
product to producing another. Delays can also be reduced by carefully scheduling produc- 
tion, such as by batching similar jobs together for processing. 

Companies such as Unilever, FedEx, and TiVo use nonfinancial measures to manage 
quality. The first step is to look at quality through the eyes of customers. Managers then 
turn their attention inward toward their organizations to develop processes that help 
improve quality and corporate cultures that help sustain it. 

Photon’s managers track the following measures of customer satisfaction: 

w Market research information on customer preferences for and customer satisfaction 
with specific product features (as measures of design quality) 

= Market share 

w Percentage of highly satisfied customers 

s Number of defective units shipped to customers as a percentage of total units 
shipped 

a Number of customer-complaints (Companies estimate that for every customer who 

actually complains, there are 10 to 20 others who have had bad experiences with the 
product or service but did not complain.) 

= Percentage of products that fail soon after they have been delivered to customers 

w Average delivery delays (difference between the scheduled delivery date and the date 
requested by the customer) 

ws On-time delivery rate (percentage of shipments delivered on or before the scheduled 
delivery date) 

Balanced Scorecard and Time-Based 

Measures 

In this section, we focus on the final step of the five-step decision-making process— 
implement the decision, evaluate performance, and learn—by tracking changes in time- 
based measures, evaluating and learning whether these changes affect financial perfor- 
mance, and modifying decisions and plans to achieve the company’s goals. We use the 
structure of the balanced scorecard perspectives—financial, customer, internal business 
processes, and learning and growth—to summarize how financial and nonfinancial mea- 
sures of time relate to one another, reduce delays, and increase the output of bottleneck 
operations. 

3 Other complexities, such as analyzing a network of machines, priority scheduling, and allowing for uncertainty in processing 
times, are beyond the scope of this text. In these cases, the basic queuing and delay effects persist, but the precise formulas are 
more complex. 
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Financial measures 
Revenue gains or price increases from fewer delays 
Carrying cost of inventories 

Customer measures : 
Customer-response time (the time it takes to fulfill a customer order) 
On-time performance (delivering a product or service by the scheduled time) 

Internal-business-process measures 
Average manufacturing time for key products 
Manufacturing cycle efficiency for key processes 
Defective units produced at bottleneck operations 
Average reduction in setup time and processing time at bottleneck operations 

Learning-and-growth measures 
Employee satisfaction 
Number of employees trained to manage bottlenecks 

To see the cause-and-effect linkages across these balanced scorecard perspectives, con- 
sider the example of the Bell Group, a designer and manufacturer of equipment for the 
jewellery industry. A key financial measure is to achieve a higher profit margin on a 
specific product line. In the customer-measure category, the company sets a goal of a 
2-day turnaround time on all orders for the product. To achieve this goal, an inter- 
nal-business-process measure requires a bottleneck machine to be operated 22 hours per 
day, 6 days a week. Finally, in the learning-and-growth measures category, the company 
trains new employees to carry out nonbottleneck operations to free experienced employ- 
ees to operate the bottleneck machine. The Bell Group’s emphasis on time-related mea- 
sures in its balanced scorecard has allowed the company to substantially increase 
manufacturing throughput and decrease customer-response times, leading to higher rev- 
enues and increased profits. 

Managers use both financial and nonfinancial measures to manage the performance 
of their firms along the time dimension. Nonfinancial measures help managers evaluate 
how well they have done on goals such as improving manufacturing cycle times and cus- 
tomer-response times. Revenue and cost measures help managers evaluate the financial 
effects of increases or decreases in nonfinancial measures, such as manufacturing cycle 
time and customer-response times. 

The Seawall Corporation uses an injection moulding machine to make a plastic prod- 
uct, Z39, after receiving firm orders from its customers. Seawall estimates that it 
will receive 50 orders for Z39 during the coming year. Each order of Z39 will take 
80 hours of machine time. The annual machine capacity is 5,000 hours. 

Required 

1. Calculate (a) the average amount of time that an order for Z39 will wait in line 
before it is processed and (b) the average manufacturing cycle time per order for 
PEK). 

2. Seawall is considering introducing a new product, Y28. The company expects it 
will receive 25 orders of Y28 in the coming year. Each order of Y28 will take 
20 hours of machine time. Assuming the demand for Z39 will not be affected by 
the introduction of Y28, calculate (a) the average waiting time for an order 
received and (b) the average manufacturing cycle time per order for each prod- 
uct, if Seawall introduces Y28. 
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3. Seawall is debating whether it should introduce Y28. The following table pro- 
vides information on selling prices, variable costs, and inventory carrying costs 
for Z39 and Y28: 

Selling Price per Order if 
Average Manufacturing 
Cycle Time per Order Is 

Inventory Carrying 

Annual Average Less Than320 MoreThan VariableCost Cost per Order 
Product Number of Orders - Hours 320 Hours per Order per Hour 

239 50 $27,000 $26,500 $15,000 $0.75 

Y28 25 6,400 6,000 5,000 0.25 

Using the average manufacturing cycle times calculated in requirement 2, should 
Seawall manufacture and sell Y28? 

Quality as an Element of Cost 
Measures of organizational success and effectiveness—such as revenue growth, operating 
income, and other financial measures—are impacted by quality. The most direct financial LO@ 
measure of quality, however, is costs of quality. Costs of quality (COQ) are the costs | Describe quality control 
incurred to prevent, or the costs arising as a result of, the production of a low-quality 
product. Costs of quality are classified into four categories; examples for each category are 
listed in Exhibit 10-10. 

and its implications as a 

cost driver. 

= Prevention costs are incurred to preclude the production of products that do not con- 
form to specifications. 

e Appraisal costs are incurred to detect which of the individual units of products do not 
conform to specifications. 

= Internal failure costs are incurred on defective products before they are shipped to 
customers. 

a External failure costs are incurred on defective products after they have been shipped 
to customers. 

An important role for management accountants is preparing COQ reports for manag- 

ers. Photon Corporation determines the COQ of its photocopying machines by using the 
SDM method. 

Step 1: Identify the chosen cost object The cost object is the quality of the photocopying 
machine that Photon made and sold in 2021. Photon’s goal is to calculate the total costs 
of quality of these 20,000 machines. 

Examples of Costs of Quality 

Prevention Appraisal Internal External 
Costs Costs Failure Costs Failure Costs 

Design engineering Inspection Spoilage Customer support 

Process engineering Online product Rework Manufacturing/ 

Supplier evaluations manufacturing Scrap process 
Preventive equipment and process Machine repairs engineering 

maintenance inspection Manufacturing/ for external 

Quality training Product testing process failures 

Testing of new engineering on Warranty repair 

materials internal failures costs 
Liability claims 
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Step 2: Identify the direct costs of quality of the product The photocopying machines 

have no direct costs of quality because there are no resources such as inspection or repair 
workers dedicated to managing the quality of the photocopying machines. 

Step 3: Select the activities and cost-allocation bases to use for allocating indirect costs 

of quality to the product Column 1 of Exhibit 10-11, Panel A, classifies the activities that 
result in prevention, appraisal, and internal and external failure costs of quality at Photon 
Corporation and the business functions of the value chain in which these costs occur. 
For example, the quality-inspection activity results in appraisal costs and occurs in the manu- 
facturing function. Photon identifies the total number of inspection-hours (across all prod- 
ucts) as the cost-allocation base for the inspection activity. (To avoid details not needed to 
explain the concepts here, we do not show the total quantities of each cost-allocation base.) 

(2aicimeske Cost of Quality Report 

PANEL A: ACCOUNTING COO REPORT 
Cost-Allocation | Quantity of Cost- Total 

a4 Cost of Quality and Value-Chain Category Rate® Allocation Base Costs 

(2) (3) (4) = (2) x (3) 
6 | Prevention costs 

| 6 | Design engineering (R&D/Design) $ 80 |per hour 40,000 | hours $ 3,200,000 1.1% 

Process engineering (R&D/Design) 60 |per hour 45,000} hours 2,700,000 10.9) 

|g | Total prevention costs 5,900,000 20 

| 9 |Appraisal costs 
Inspection (Manufacturing) 40/perhour | 240,000|hours 9,600,000 3.2. 

fa1 | Total appraisal costs 9,600,000 13:2. 

| 12 | Internal failure costs 

Rework (Manufacturing) 100|perhour | 100,000) hours 10,000,000 3.3 

Total internal failure costs 10,000,000 3.3 

External failure costs 

Customer support (Marketing) 50 |per hour 12,000) hours 600,000 0.2 

Transportation (Distribution) 240 |per load 3,000 | loads 720,000 0.2 

18 | Warranty repair (Customer service) | 110 perhour | 120,000)hours 13,200,000 44 

Total external failure costs ce 14,520,000 48 

| 20 |Total costs of quality $40,020,000 13.3% 

| 22 | 
| 23 | 

PANEL B: OPPORTUNITY COST ANALYSIS | 24 | 
| 25 | Total Estimated| Percentage 

| 26 | 

Calculations not shown. 

Contribution of Revenues 

Margin Lost (3) = (2) + 
(1) (2) $300,000,000 

External failure costs 

Estimated forgone contribution margin 

and income on lost sales $12,000,000" 4.0% 

| 28 | 
| 29 | 
| 30 | 
[31 
| 32 | Total external failure costs $12,000,000 4.0% 
| 33 | 
| 34 | 
| 35 | 
| 36 | 

Cost of Quality Category 

Calculated as total revenues minus all variable costs (whether output-unit, batch, product-sustaining, or facility-sustaining) on 

lost sales in 2021. If poor quality causes Photon to lose sales in subsequent years as well, the opportunity costs will be 

even greater, 



Quality as an Element of Cost 381 

Step 4: Identify the indirect costs of quality associated with each cost-allocation base 

These are the total costs (variable and fixed) incurred for each of the costs-of-quality 
activities, such as inspections, across all of Photon’s products. (To avoid details not 
needed to understand the points described here, we do not present these total costs.) 

Step 5: Compute the rate per unit of each cost-allocation base For each activity, total 

costs (identified in step 4) are divided by total quantity of the cost-allocation base (calcu- 
lated in step 3) to compute the rate per unit of each cost-allocation base. Column 2 of 
Exhibit 10-11, Panel A, shows these rates (without supporting calculations). 

The indirect costs of quality of the photocopying machines (shown in Exhibit 10-11, 
Panel A, column 4) equal the cost-allocation rate from step 5 (column 2) multiplied by the 
total quantity of the cost-allocation base used by the photocopying machines for each 
activity (column 3). For example, inspection costs for assuring the quality of the photo- 
copying machines are $9,600,000 (= $40 per hour X 240,000 inspection-hours), Photon’s 

total costs of quality in the COQ report for photocopying machines are $40.02 million 
(Exhibit 10-11, Panel A, column 4), or 13.3% of current revenues (column 5). 

Analyzing Quality: Nonfinancial Measures 

Nonfinancial measures are an important aspect of measuring and analyzing quality as a 
driver of cost. Some of these measures include 

w Market research information on customer preferences for and customer satisfaction 
with specific product features (to measure design quality) 

= Market share 

s Percentage of highly satisfied customers 

Number of defective units shipped to customers as a percentage of total units shipped 

Number of customer complaints (companies estimate that for every customer who 
actually complains, there-are 10 to 20 others who have had bad experiences with the 
product or service but did not complain) 

= Percentage of products that fail soon after delivery 

= Average delivery delays (difference between the scheduled delivery date and the date 
requested by the customer) 

m On-time delivery rate (percentage of shipments made on or before the scheduled 
delivery date) 

A number of techniques can be applied to analyzing quality that take into account 
such nonfinancial measures. Three of the most prominent analytical tools are control 
charts, Pareto diagrams, and cause-and-effect diagrams. 

Baldwin Company makes tables for the outdoors. The company has been working 
on improving quality over the past year and wants to evaluate how well it has done 
on costs of quality (COQ) measures. Here are the results: 

Annual COO Report, Baldwin Company 

2020 2021 

Process engineering $ 10,000 $ 10,200 

Scrap $ 15,000 $ 12,800 

Warranty repair costs $ 19,960 $ 17,520 

Design engineering $ 8,950 $ 12,950 

Inspection $ 7,000 $ 9,200 

Rework $ 17,960 $ 12,400 

Total COO $ 78,870 $ 75,070 

Total revenue $1,000,000 $1,150,000 

(Continued) 
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Required 

1. Identify costs of quality category (prevention, appraisal, internal failure, and 
external failure) for each af these costs. 

2. Prepare a COQ report by calculating the COQ for each category and the ratio 
of each COQ category to revenues and total quality costs. 

Control Charts 

Statistical quality control (SQC), also called statistical process control (SPC), is a formal 
means of distinguishing between random and nonrandom variations in an operating pro- 
cess. Random variations occur, for example, when chance fluctuations in the speed of 
equipment cause defective products to be produced such as copiers that produce fuzzy and 
unclear copies or copies that are too light or too dark. Nonrandom variations occur when 
defective products are produced as a result of a systematic problem such as an incorrect 
speed setting, a flawed part design, or mishandling of a component part. A control chart, 
an important tool in SQC, is a graph of a series of successive observations of a particular 
step, procedure, or operation taken at regular intervals of time. 

Each observation is plotted relative to specified ranges that represent the limits within 
which observations are expected to fall. Only those observations outside the control limits 
are ordinarily regarded as nonrandom and worth investigating. Exhibit 10-12 presents 
control charts for the daily defect rates (defective copiers divided by the total number of 
copiers produced) observed at Photon’s three photocopying machine production lines, 
Defect rates in the prior 60 days for each production line were assumed to provide a good 
basis from which to calculate the distribution of daily defect rates. The two parameters of 
the distribution that are used in the control charts in Exhibit 10-12 are the arithmetic 
mean (y, read as mu) and standard deviation (co, read as sigma, representing how much 

an observation deviates from the mean). On the basis of experience, the company decides 
that any observation outside the , + 20 range should be investigated. 

For production line A, all observations are within the range of 1 + 20, so management 
believes no investigation is necessary. For production line B, the last two observations signal 
that a much higher percentage of copiers are not performing as they should, indicating that 
the problem is probably because of a nonrandom, out-of-control occurrence such as an 
incorrect speed setting or mishandling of a component part. Given the +2 o rule, both 
observations would be investigated. Production line C illustrates a process that would not 
prompt an investigation under the + 2c rule but that may well be out of control, because the 
last eight observations show a clear direction, and over the last six days, the percentage of 
defective copiers is increasing and getting further away from the mean. The pattern of obser- 
vations moving away from the mean could be due, for example, to the tooling on a machine 
beginning to wear out, resulting in poorly machined parts. As the tooling deteriorates fur- 
ther, the trend in producing defective copiers is likely to persist until the production line is 
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no longer in statistical control. Statistical procedures have been developed using the trend as 
well as the variation to evaluate whether a process is out of control. 

Pareto Diagrams 

Observations outside control limits serve as inputs for Pareto diagrams. A Pareto diagram 
is a chart that indicates how frequently each type of defect occurs, ordered from the most 
frequent to the least frequent. Exhibit 10-13 presents a Pareto diagram of quality prob- 
lems for all observations outside the control limits at the final inspection point in 2021. 
Fuzzy and unclear copies are the most frequently recurring problem. Fuzzy and unclear 
copies result in high rework costs. Sometimes fuzzy and unclear copies occur at customer 
sites and result in high warranty and repair costs and low customer satisfaction. 

Cause-and-Effect Diagrams 

The most frequently recurring and costly problems identified by the Pareto diagram are ana- 
lyzed using cause-and-effect diagrams. A cause-and-effect diagram identifies potential causes 
of defects using such a diagram. (Because it resembles the bone structure of a fish, cause-and- 
effect diagrams are also called fishbone diagrams). Exhibit 10-14 presents the cause- 
and-effect diagram describing potential reasons for fuzzy and unclear copies. 
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fexe)\(ej-ans@ What Does It Cost to Send a Text 
IN Xen ge) \' Message? 

In 2016, customers sent an estimated 8.3 trillion text 
messages, according to Pew Research Center, from mobile 
phones worldwide. Text messaging is an essential feature 
for wireless services and businesses. How, you ask? After 
understanding how text messaging costs behave, you 
learn that it is very inexpensive for wireless carriers to 
provide this wildly popular service. 

Text messaging does not require a wireless company 
like TELUS or Rogers to add any additional infrastruc- 
ture, equipment, or wireless spectrum. A text message 
travels wirelessly from a phone to the closest base tower 
station and is then transferred through wired links to the 
digital pipes of the telephone network. Then, near its des- 
tination, it is converted back into a wireless signal to tra- 
verse the final leg, from tower to the recipient’s phone. 
Text messages do not require extra spectrum. Generally 
limited to 160 characters, small text messaging files are 
“free riders” tucked into what’s called a control channel, 

or the space reserved for operation of the wireless 

Other text messaging costs are semi-variable and 
minimal. For costing and developing a pricing model for 
the whole service cost, each text message triggers a con- 
trol message back to the wireless company’s billing sys- 
tem with the identity of the sender and the receiver in the 
event the text is not an included feature of the client pric- 
ing model. If a text message cannot be delivered, it must 
be stored until the recipient is available. TELUS, Bell, or 
Rogers would pay for its message storage system based 
on capacity: the higher the capacity, the greater the cost, 
though data storage is fairly inexpensive. 

So what does it cost a wireless to send a text mes- 
sage? University of Waterloo professor Srinivasan Keshav 
has calculated the cost: $0.003 cent. That’s right, three- 
tenths of one cent! Dr. Keshav found that wireless chan- 
nels contribute about a tenth of a cent to the carrier’s 
cost, that accounting charges are twice that, and that, due 
to volume, the other costs basically round to zero because 
texting requires so little infrastructure. As you can see, 

network. the text messaging business is incredibly profitable. 

z The “backbone” of the diagram represents the problem being examined. 

= The large “bones” coming off the backbone represent the main categories of potential 
causes of failure. The exhibit identifies four of these: human factors, methods and 
design factors, machine-related factors, and materials and components factors. Photon’s 
engineers identify the materials and components factor as an important reason for the 
fuzzy and unclear copies. 

s Additional arrows or bones are added to provide more-detailed reasons for each 
higher-level cause. 

For example, the engineers determine that two potential causes of materials and com- 
ponents problems are variation in purchased components and incorrect component spec- 
ification, They quickly settle on variation in purchased components as the likely cause 
and focus on the use of multiple suppliers and mishandling of purchased parts as the root 
causes of variation in purchased components. Further analysis leads them to conclude 
that mishandling of the steel frame that holds in place various components of the copier 
such as drums, mirrors, and lenses results in the misalignment of these components, caus- 
ing fuzzy and unclear copies. 

The analysis of quality problems is aided by automated equipment and computers 
that record the number and types of defects and the operating conditions that existed at 
the time the defects occurred. Using these inputs, computer programs simultaneously and 
iteratively prepare control charts, Pareto diagrams, and cause-and-effect diagrams with 
the goal of continuously reducing the mean defect rate, 1, and the standard deviation, o. 

Data Collection and Adjustment Issues 

The ideal database for estimating cost functions quantitatively has two characteristics: LO © 
Understand issues of data 

collection and quality. 
1, The database should contain numerous reliably measured observations of the cost 

driver (the independent variable) and the related costs (the dependent variable). 

Errors in measuring costs can result in inaccurate estimates of the effect of the cost 
driver on costs. 
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2. The database should consider many values spanning a wide range for the cost driver. 
Using only a few values of the cost driver that are grouped closely considers too small 
a segment of the relevant range and reduces the confidence in the estimates obtained. 

Unfortunately, cost analysts typically do not have the advantage of working with a data- 
base having both characteristics. This section outlines some frequently encountered data 
problems and steps the cost analyst can take to overcome these problems. 

1. The time period for measuring the dependent variable (e.g., machine-lubricant costs) 
does not properly match the period for measuring the cost driver. This problem often 
arises when accounting records are not kept on the accrual basis. 

2. Fixed costs are allocated as if they were variable. For example, costs such as depreci- 
ation, insurance, or rent may be allocated to products to calculate cost per unit of 
output. To avoid this problem, the analyst should carefully distinguish fixed costs 
from variable costs and not treat allocated fixed cost per unit as a variable cost. 

3. Data are either not available for all observations or are not uniformly reliable. Addi- 
tionally, recording data manually rather than electronically tends to result in a higher 
percentage of missing observations and erroneously entered observations. Errors also 
arise when data on cost drivers originate outside the internal accounting system. For 
example, the accounting department may obtain data on testing-hours for medical 
instruments from the manufacturer. 

4. Extreme values of observations occur from errors in recording costs (e.g., a misplaced 
decimal point), from nonrepresentative periods (e.g., from a period in which a major 
machine breakdown occurred, or from a period in which a delay in delivery of mate- 
rials from an international supplier curtailed production). 

5. There is no homogeneous relationship between the cost driver and the individual cost 
items in the dependent variable cost pool. A homogeneous relationship exists when 
each activity whose costs are included in the dependent variable has the same cost 
driver. In this case, a single cost function can be estimated. 

6. The relationship between the cost driver and the cost is not stationary. That is, the 
underlying process that generated the observations has not remained stable over time. 
For example, the relationship between number of machine-hours and manufacturing 
overhead costs is unlikely to be stationary when the data cover a period in which new 
technology was introduced. 

7. Inflation has affected costs, the cost driver, or both. For example, inflation may cause 
costs to change even when there is no change in the level of the cost driver. To study 
the underlying cause-and-effect relationship between the level of the cost driver and 
costs, the analyst should remove purely inflationary price effects from the data by 
dividing each cost by the price index on the date the cost was incurred. 

In many cases, a cost analyst must expend considerable effort to reduce the effect of 
these problems before estimating a cost function on the basis of past data. 

Pulling It All Together—Problem for Self-Study 

(Try to solve this problem before examining the solutonitaat follows.) 

Problem 

_ Dan Wong is examining customer-service costs in the Southern Region of Capitol Prod- 
ucts. Capitol Products has over 200 separate electrical products that are sold with a six- 

- month guarantee of full repair or replacement with a new product. When a product is 
returned by a customer, a service report is made. This service report includes details of the 

problem and the time and cost of resolving the problem. 



386 Chapter 10 Analysis of Cost Behaviour 

Each product manager shares the services of the customer-service department, a sepa- 
rate business function in the company. The total costs of this support service are all pooled 
in one traditional overhead cost pool. The management team wants to determine what 
the cost per service request is and to predict future values of the cost pool without refining 
the entire cost system. 

In the following table of data pairs for the most recent 16-week period, X is the quan- 
tity of customer service requests and Y is the actual service support cost for the customer- 
service department in each week. Notice that there is a shutdown in week 11 for audit 
purposes when no requests were received. 

Week Customer-Service Department Costs Customer Service Requests 

1 $ 16,614 201 

2 24,750 276 

3 15,530 122 

4 22,142 386 

5 17,810 274 

6 26,268 436 

7 20,198 321 

8 25,715 328 

9 21,920 243 

10 20,198 161 

11 6,500 — 

12 15,325 185 

13 19,522 300 

14 17,120 250 

15 19,300 300 

16 20,050 315 

Total $308,962 

Required @ 1, Plot the relationship between the number of service reports and customer-service 
costs. Is the relationship economically plausible? 

@@ 2. What variables, in addition to number of service reports, might be cost drivers of 

monthly service costs of Capitol Products? 
© _ 3. Use the high-low method to compute (predict) the value of the customer-service indi- 

rect cost pool when the number of service reports X = 436. 
@ 4. Using the statistical results from the Excel Ordinary Least Squares (OLS) simple lin- 

ear regression, calculate (predict) the value of the customer-service indirect cost pool 
when the number of customer service reports X = 436. 

® 5S. Dan predicts that, 11 weeks in the future, the number of service reports will equal 
425, Estimate the customer-service costs of 425 service reports using the results of the 
calculation of the high-low and regression cost functions. 

@9O_ 6. Why is the OLS simple linear regression analysis cost function usually the more accu- 
rate cost function? 

@@O 7. What is the importance of a sufficient quality of actual data? 
@@@O_ 8. What is the importance of a sufficient quantity of historical data? 

Solution 

1, There is a positive relationship between the number of service reports and the customer- 
service department costs. This relationship is economically plausible because as quan- 
tity of defective output changes, so, too, will the requests to return the product. 
Ultimately the defective output will be either scrapped or reworked. Thus, the cost to 
process customer returns is a support cost of production that must be recovered in the 
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price. If it is not recovered in the price, then the company must bear the cost itself and 
profit will decrease. 
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2. Other possible cost drivers of customer-service department costs are 
a. Number of products replaced with a new product (and the dollar value of the new 

products charged to the customer-service department) 
b. Number of products repaired and the time and cost of repairs 

3. The predicted value of the indirect customer-service cost pool at X = 436 is 

High-Low Method High 

Y= Service costs $26,268 

X= Customer requests 436 

Rate of change (slope) b $45.339 

High constant a ~ $26,268 ~ 

Low constant a $ 6,500 = 

y=a+bXwhere X= $ 6,500 + 

Low 

$ 6,500 

$45.339 

($45.339 

($45.339 

($45.339 

x 

x 

Difference 

$19,768 

436 

per request 

436) 

0) 

436) 

$ 6,500 

6,500 

26,268 

4, Using the Excel report (rounded), the value of the indirect customer-service cost 
pool is 

Regression Statistics Service Requests 

R Square 0.7061 

Observations 16.0 

Degrees of freedom (df) 15.0 

Intercept a $9,549,909 

Slope b $38.107 

Std Error 

1,812,1184 

6.5701 

tStat P-value 

5.2700 0.0001 

5.8001 0.0000 

The prediction of the future value of the customer-service overhead cost pool is 
expressed as a linear cost function: 

y = $9,549,909 + $38.107(436) = $26,164.561 

5. High-Low Estimate = $6,500 + $45.339(425) = $25,769.075 

Regression Estimate = $9,549.909 + $38.107(425) = $25,745.384 

6. The regression equation uses information from all observations, whereas the high- 
low method relies only on the observations that have the highest and lowest values of 
the cost driver. These high and low observations are generally not representative of all 
the data. Therefore, the regression equation is usually the more accurate cost 
function. 
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7. Of course the data must be reported accurately and must reliably reflect the actual, 
economically plausible relationship between changes in a cost driver and changes in 
the MOH cost pool. The relationship needs to be stationary or have a constant slope 
over the time period for which these data were reported. Finally, where there are 
either missing or extreme data points (outliers), the management team must make a 

hard decision about whether to adjust or exclude these data. If the reason(s) for the 
extreme values is highly unlikely to recur, then the team is more justified in adjusting 
or excluding these data. 

8. The quantity of X, Y actual data pairs is important because the management team _ 
must be reasonably sure the data set represents the normal economic reality of what 
happens in the company. A single year of monthly observations might be a special 
year, either extremely cost efficient or extremely resource wasteful, or any combina- 
tion of the two. The management team wants to predict a routine future MOH cost, 
and to do that needs a data set that has enough observations to report a routine past. 
The regression line is mathematically the most likely future, but the actual outcome 
will almost certainly differ, though not by too much, from the predicted poms on the 
regression line. 

PN eo} etal alolp au ley. 

Regression Analysis 

LOO This appendix describes estimation of the regression equation, several commonly used 
regression statistics, and how to choose among cost functions that have been estimated by 
regression analysis. We use the data for Elegant Rugs presented in Exhibit 10-3 and dis- 
played here again for easy reference. 

Discuss the interpretation 

of regression models, 

Week Cost Driver: Machine-Hours (X) Indirect Manufacturing Labour Costs (Y) 

1 68 $ 1,190 

2: 88 1,211 

3 62 1,004 

4 72 917 

5 - 60 770 

6 96 1,456 

7 78 1,180 

8 46 710 

9 82 1,316 

10 94 1,032 

11 68 752 

12 48 963 

Total ; 862 $ 12,501 

Estimating the Regression Line 

The least-squares technique for estimating the regression line minimizes the sum of the 
squares of the vertical deviations from the data points to the estimated regression line 
(also called residual term). The objective is to find the values of a and b in the linear cost 

function y = a + bX, where y is the predicted cost value as distinguished from the observed 
cost value, vies we denote by Y. We wish to find the numerical values of a and b that 
minimize Hy y)’, the sum of the squares of the vertical deviations between Y and y. 
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Generally, these computations are done using software packages such as Excel. For the 
data in our example,* a = $300.98 and b = $10.31, so that the equation of the regression 
line is y = $300.98 + $10.31X. 

Goodness of Fit 

Goodness of fit measures how well the predicted values, y, based on the cost driver, X, 
match actual cost observations, Y. The regression analysis method computes a measure of 
goodness of fit, called the coefficient of determination (r2), that measures the percentage of 
variation in Y explained by X (the independent variable). It is more convenient to express 
the coefficient of determination as 1 minus the proportion of total variance that is not 
explained by the independent variable—that is, 1 minus the ratio of unexplained variation 
to total variation. The unexplained variance arises because of differences between the actual 
values, Y, and the predicted values, y, which in the Elegant Rugs example is given by° 

Unexplained variation _ DAY cole bi 22290;804 ye 0.52 
Total variation SiyY- YP ~—«607,699 

The calculations indicate that r? increases as the predicted values, y, more closely 
approximate the actual observations, Y. The range of 1? is from 0 (implying no explana- 
tory power) to 1 (implying perfect explanatory power). Generally, an r? of 0.30 or higher 
passes the goodness-of-fit test. However, do not rely exclusively on goodness of fit. It can 
lead to the indiscriminate inclusion of independent variables that increase r but have no 
economic plausibility as cost drivers. Goodness of fit has meaning only if the relationship 
between the cost drivers and costs is economically plausible. 

An alternative and related way to evaluate goodness of fit is to calculate the standard 
error of the regression. The standard error of the regression is the variance of the residu- 
als. It is equal to 

RG Re SY-y? ss fIY-9) a gs70.34 
= sees of freedom aD 12-2 

Degrees of freedom equal the number of observations, 12, minus the number of coef- 
ficients estimated in the regression (in this case two, a and b), On average, actual Y and 
the predicted value, y, differ by $170.54. For comparison, Y, the average value of Y, is 
$1,041.75. The smaller the standard error of the regression, the better the fit and the 
better the predictions for different values of X. 

4 The formulae for a and b ate as follows: 

(ZY)(ZX*) — (ZX)(VXY) Beas nC ZXY) — (LX)(LY) 

n( DX’) — (DX)( ZX) n( XX’) — (YX)(LX) 

where for the Elegant Rugs data in Exhibit 10-3, 
n=number of data points = 12 

>X = sum of the given X values = 68 + 88+...+48 = 862 
> X? = sum of squares of the X values = (68)? + (88)2+... + (48)? + 4,624 + 7,744 +...+2,304 = 64,900 
DY =sum of given Y values = 1,190 + 1,211 +...+963 =12,501 

>XY = sum of the amounts obtained by multiplying each of the given X values by the associated observed 

Y value = (68)(1,190) + (88)(1,211) + ... + (48) (963) 
= 80,920 + 106,568 + ... + 46,224 = 928,716 

(12,501)(64,900) — (862)(928,716) 
~ ~~" 42(64,900) — (862)(862) 

12(928,716) — (862)(12,501) 
~ "42(64,900) — (862)(862) 

5 From footnote 4, SY = 12,501 and Y = 12,501 + 12 = 1,041.75 

D(Y — Y)* = (1,190 — 1,041.75)? + (1,211 - 1,041.75)? + ... + (963 — 1,041.75)? = 607,699 

Each value of X generates a predicted value of y, For example, in week 1, y = $300.98 + ($10.31 x 68) = $1002.06; in week 2, 
y = $300.98 + ($10.31 X 88) = $1,208.26; and in week 12, y = $300.98 + ($10.31 x 48) = $795.86. Comparing the predicted 
and actual values, 

X(Y — y)? = (1,190 — 1,002.06)? + (1,211 — 1208.26)? + ... + (963 — 795.86)? = 290,824. 

= $300.98 

= $10.31 
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Significance of Independent Variables 

Do changes in the economically plausible independent variable result in significant changes 
in the dependent variable? Or, alternatively stated, is the slope coefficient, b = $10.31, of 
the regression line statistically significant (i.e., different from $0)? Recall, for example, that 
in the regression of number of machine-hours and indirect manufacturing labour costs in 
the Elegant Rugs illustration, b is estimated from a sample of 12 weekly observations. The 
estimate, b, is subject to random factors, as are all sample statistics. That is, a different 
sample of 12 data points would undoubtedly give a different estimate of b. The standard 
error of the estimated coefficient indicates how much the estimated value, 8, is likely to be - 
affected by random factors. The t-value of the b coefficient measures how large the value of 
the estimated coefficient is relative to its standard error. 

The cutoff t-value for making inferences about the b coefficient is a function of the 
number of degrees of freedom, the significance level, and whether it is a one-sided or 
two-sided test. A 5% level of significance indicates that there is less than a 5% probabil- 
ity that random factors could have affected the coefficient b. A two-sided test assumes 
that random factors could have caused the coefficient to be either greater than $10.31 or 
less than $10.31 with equal probability. At a 5% level of significance, this means that 
there is less than a 2.5% (= 5% + 2) probability that random factors could have caused 
the coefficient to be greater than $10.31 and less than 2.5% probability that random 
factors could have caused the coefficient to be less than $10.31. Under the expectation 
that the coefficient of b is positive, a one-sided test at the 5% level of significance 
assumes that there is less than 5% probability that random factors would have caused 
the coefficient to be less than $10.31. The cutoff t-value at the 5% significance level and 
10 degrees of freedom for a two-sided test is 2.228. If there were more observations and 
60 degrees of freedom, the cutoff t-value would be 2.00 at a 5% significance level for a 
two-sided test. 

The t-value (called ¢ Stat in the Excel output) for the slope coefficient is the value of 
the estimated coefficient, $10.31 + the standard error of the estimated coefficient 

$3.12 = 3.30, which exceeds the cutoff t-value of 2.228. In other words, a relationship 
exists between the independent variable, machine-hours, and the dependent variable that 
cannot be attributed to random chance alone. Exhibit 10A-1 shows a convenient format 
(in Excel) for summarizing the regression results for number of machine-hours and indi- 
rect manufacturing labour costs. 

An alternative way to test that the coefficient b is significantly different from zero is 
in terms of a confidence interval: There is less than a 5% chance that the true value of the 
machine-hours coefficient lies outside the range $10.31 + (2.228 X $3.12), or $10.31 + 
$6.95, or from $3.36 to $17.26. Because 0 does not appear in the confidence interval, we 
can conclude that changes in the number of machine-hours do affect indirect manufactur- 
ing labour costs. Similarly, using data from Exhibit 10A-1, the t-value for the constant 

ener Simple Regression Results with Indirect Manufacturing Labour Costs as Dependent Variable and 

Machine-Hours as Independent Variable (Cost Driver) for Elegant Rugs 

A eB ee i ee eee 
eta Coefficients Standard Error tStat 

a (1) (2) (3) = (1) + (2) 
$300.98 $ 229.75 

Independent Variable: 

Machine-Hours (X) $ 10.31 $3.12 

Regression Statistics | 6 | 
| 7 IR Square 

|g |Durbin-Watson Statistic 
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term a is $300.98 + $229.75 = 1.31, which is less than 2.228. This t-value indicates that, 
within the relevant range, the constant term is not significantly different from zero. 
The Durbin-Watson statistic in Exhibit 10A-1 will be discussed in the following section. 

Specification Analysis of Estimation Assumptions 

Specification analysis is the testing of the assumptions of regression analysis. If the assump- 
tions of (1) linearity within the relevant range, (2) constant variance of residuals, (3) inde- 
pendence of residuals, and (4) normality of residuals all hold, then the simple regression 
procedures give reliable estimates of coefficient values. This section provides a brief over- 
view of specification analysis. When these assumptions are not satisfied, more-complex 
regression procedures are necessary to obtain the best estimates.® 

1. Linearity within the relevant range. A common assumption—and one that appears 
to be reasonable in many business applications—is that a linear relationship exists 
between the independent variable X and the dependent variable Y within the relevant 
range. If a linear regression model is used to estimate a nonlinear relationship, how- 
ever, the coefficient estimates obtained will be inaccurate. 

When there is only one independent variable, the easiest way to check for linear- 
ity is to study the data plotted in a scatter diagram, a step that often is unwisely 
skipped. Exhibit 10-4 presents a scatter diagram for the indirect manufacturing labour 
costs and machine-hours variables of Elegant Rugs shown in Exhibit 10-3. The scatter 
diagram reveals that linearity appears to be a reasonable assumption for these data. 

The learning curve models discussed in Appendix 10B are examples of nonlinear 
cost functions. Costs increase when the level of production increases, but by lesser 
amounts than would occur with a linear cost function. In this case, the analyst should 
estimate a nonlinear cost function that incorporates learning effects. 

2. Constant variance of residuals. The vertical deviation of the observed value Y from 
the regression line estimate y is called the residual term, disturbance term, or error 
term, u= Y —y. The assumption of constant variance implies that the residual terms 
are unaffected by the level of the cost driver. The assumption also implies that there is 
a uniform scatter, or dispersion, of the data points about the regression line as in 
Exhibit 10A-2, Panel A. This assumption is likely to be violated, for example, in 

Sdaletimleyer-a Constant Variance of Residuals Assumption 

_ PANEL A: PANEL B: 
Constant Variance. Nonconstant Variance 
(Uniform Scatter of Data (Higher Outputs Have 
Points Around Regression Line) Larger Residuals) 

N So So co 

= fo} = = 

Indirect Manufacturing 

Labour Costs (y) 

‘ Indirect Manufacturing . 

__ Labour Costs (y) 

ke J [ ieee eh ee Y Gees [ee 0 aT On Docent ome wean Pee bee Spe [fod = tie ee 

Once 50. 100 150 200 250 0 50 100 150 200 250 
Sint 4 Machine-Hours (x) Machine-Hours (x) 

cil 

6 For details see, for example, W.H. Greene, Econometric Analysis, 6th ed. (Upper Saddle River, NJ: Prentice Hall, 2007). 
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cross-sectional estimation of costs in operations of different sizes. For example, sup- 
pose Elegant Rugs has production areas of varying sizes. The company collects data 
from these different production areas to estimate the relationship between machine- 
hours and indirect manufacturing labour costs. It is very possible that the residual 
terms in this regression will be larger for the larger production areas that have higher 
machine-hours and higher indirect manufacturing labour costs. There would not be a 
uniform scatter of data points about the regression line (see Exhibit 10A-2, Panel B). 
Constant variance is also known as homoscedasticity. Violation of this assumption is 
called heteroscedasticity. 

Heteroscedasticity does not affect the accuracy of the regression estimates a and 
b. It does, however, reduce the reliability of the estimates of the standard errors and 
thus affects the precision with which inferences about the population parameters can 
be drawn from the regression estimates. 

3. Independence of residuals. The assumption of independence of residuals is that the 
residual term for any one observation is not related to the residual term for any other 
observation. The problem of serial correlation (also called autocorrelation) in the 
residuals arises when there is a systematic pattern in the sequence of residuals such 
that the residual in observation conveys information about the residuals in observa- 

tions 2 + 1,» + 2, and so on. Consider another production cell at Elegant Rugs that 
has, over a 20-week period, seen an increase in production and hence machine-hours. 
Exhibit 10A-3, Panel B is a scatter diagram of machine-hours and indirect manufac- 
turing labour costs. Observe the systematic pattern of the residuals in Panel B— 
positive residuals for extreme (high and low) quantities of machine-hours and negative 
residuals for moderate quantities of machine-hours. One reason for this observed 
pattern at low values of the cost driver is the “stickiness” of costs. When machine- 
hours are below 50 hours, indirect manufacturing labour costs do not decline. When 
machine-hours increase over time as production is ramped up, indirect manufacturing 
labour costs increase more as managers at Elegant Rugs struggle to manage the higher 
volume. How would the plot of residuals look if there were no auto-correlation? Like 
the plot in Exhibit 10A-3, Panel A, that shows no pattern in the residuals. 

Like nonconstant variance of residuals, serial correlation does not affect the accu- 
racy of the regression estimates a and b. It does, however, affect the standard errors of 
the coefficients, which in turn affect the precision with which inferences about the 
population parameters can be drawn from the regression estimates. 

Ssalleyi saleZ-Ges Independence of Residuals Assumption 

PANEL B: 
Serial Correlation in Residuals 
(A Pattern of Positive Residuals for 

500 + 
ess Mes Se a 

PANEL A: Extreme Machine-Hours Used; 
Independence of Residuals ‘ Negative Residuals for Moderate 
(No Pattern in Residuals) Machine-Hours Used) 

g $3,000 3 $3,000 > 

3 2500 3 25004 
2 2 i; 
3 = 2,000 5 = 2,000 r 

£ % 1,500 BZ 1,500 
fe} = | } 

s 2 1,000 ES 1000+ 
= s | 
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Machine-Hours (x) Machine-Hours (x) 
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The Durbin-Watson statistic is one measure of serial correlation in the estimated 
residuals. For samples of 10 to 20 observations, a Durbin-Watson statistic in the 
1.10-2.90 range indicates that the residuals are independent. The Durbin-Watson 
statistic for the regression results of Elegant Rugs in Exhibit 10A-1 is 2.05. Therefore, 
an assumption of independence in the estimated residuals is reasonable for this regres- 
sion model. 

4. Normality of residuals. The normality of residuals assumption means that the residu- 
als are distributed normally around the regression line. The normality of residuals 
assumption is frequently satisfied when using regression analysis on real cost data. 
Even when the assumption does not hold, accountants can still generate accurate esti- 
mates based on the regression equation, but the resulting confidence interval around 
these estimates is likely to be inaccurate. 

Using Regression Output to Choose 

Cost Drivers of Cost Functions 

Consider the two choices of cost drivers we described earlier in this chapter for indirect 
manufacturing labour costs (y): 

y = a+ (b X Number of machine-hours) 

y =a + (b X Number of direct manufacturing labour-hours) 

Exhibit 10-6 shows a plot of the data for the regression of number of machine-hours. 
Exhibit 10A-1 reports regression results for the cost function using number of machine- 
hours as the independent variable. Exhibit 10A-4 presents comparable regression results 
(in Excel) for the cost function using number of direct manufacturing labour-hours as the 
independent variable. 

On the basis of the material presented in Appendix 10A, which regression is better? 
Exhibit 10A-5 compares these two cost functions in a systematic way. For several crite- 
ria, the cost function based on machine-hours is preferable to the cost function based on 
direct manufacturing labour-hours. The economic plausibility criterion is especially 
important. 

Do not always assume that any one cost function will perfectly satisfy all the criteria 
in Exhibit 10A-5. A cost analyst must often make a choice among “imperfect” cost func- 
tions, in the sense that the data of any particular cost function will not perfectly meet one 
or more of the assumptions underlying regression analysis. For example, both of the cost 
functions in Exhibit 10A-5 are imperfect because, as stated in the section on specification 
analysis of estimation assumptions, inferences drawn from only 12 observations are not 
reliable. 

Simple Regression Results with Indirect Manufacturing Labour Costs as Dependent Variable and 

Direct Manufacturing Labour-Hours as Independent Variable (Cost Driver) for Elegant Rugs 

Coefficients Standard Error 

(1) (2) 

Independent Variable: 

Direct Manufacturing 

Labour-Hours (X) Sy 7512 

Regression Statistics 

L 3 | Durbin-Watson Statistic 
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Comparison of Alternative Cost Functions for Indirect Manufacturing Labour 
Costs Estimated with Simple Regression for Elegant Rugs 

Cost Function 1: 

Machine-Hours as 

Criterion Independent Variable 

A positive relationship between 

indirect manufacturing labour 
costs (technical support labour) and 
machine-hours is economically 

plausible in Elegant Rugs’ highly 
automated plant. 

Economic plausibility 

r= 0,52; standard error of 
regression = $170.50. 
Excellent goodness of fit. 

Goodness of fit* 

Significance of 

independent 

variable(s) 

The t-value of 3.30 is significant 
at the 0.05 level. 

Plot of the data indicates that 
assumptions of linearity, constant 
variance, independence of residuals 
(Durbin-Watson statistic = 2.05), and 
normality of residuals hold, but 

inferences drawn from only 

12 observations are not reliable. 

Specification analysis of 
estimation assumptions 

Cost Function 2: 
Direct Manufacturing 

Labour-Hours as 
Independent Variable 

A positive relationship between 
indirect manufacturing labour costs 
and direct manufacturing labour- 
hours is economically plausible, 
but less so than machine-hours in 
Elegant Rugs’ highly automated 
plant on a week-to-week basis. 

r?= 0,17; standard error of 
regression = $224.60. 
Poor goodness of fit. 

The t-value of 1.43 is not significant 

at the 0.05 level. 

Plot of the data indicates that 
assumptions of linearity, constant 
variance, independence of 

residuals (Durbin-Watson 
statistic = 2.26), and normality of 
residuals hold, but inferences 
drawn from only 12 observations 
are not reliable. 

*If the number of observations available to estimate the machine-hours regression differs from the number of observations 
available to estimate the direct manufacturing labour-hours regression, an adjusted r? can be calculated to take this difference 
(in degrees of freedom) into account. Programs such as Excel calculate and present adjusted r’. 

Multiple Regression and Cost Hierarchies 

In some cases, a satisfactory estimation of a cost function may be based on only one indepen- 
dent variable, such as number of machine-hours. In many cases, however, basing the estima- 
tion on more than one independent variable (i.e., multiple regression) is more economically 
plausible and improves accuracy. The most widely used equations to express relationships 
between two or more independent variables and a dependent variable are linear in the form 

y=a+ bX, + bX, + eee ante 

where, 
y = Cost to be predicted 

X,, X,,...= Independent variables on which the prediction is to be based 
a, b,, b,,...= Estimated coefficients of the regression model 

u = Residual term that includes the net effect of other factors not in the model as well 

as measurement errors in the dependent and independent variables 

Example: Consider the Elegant Rugs data in Exhibit 10A-6. The company’s ABC 
analysis indicates that indirect manufacturing labour costs include large amounts 
incurred for setup and changeover costs when a new batch of carpets Is started, 
Management believes that in addition to number of machine-hours (an output 

unit-level cost driver), indirect manufacturing labour costs are also affected by the 
number of batches of carpet produced during each week (a batch-level driver). 
Elegant Rugs estimates the relationship between two independent variables, 
number of machine-hours and number of production batches of carpet manufac- 

tured during the week, and indirect manufacturing labour costs. 
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Number of Indirect 
Machine- | Production i Manufacturing 
Hours Batches | Manufacturing | Labour Costs 

(X;) (X,) Labour-Hours (Y) 

$ 1,190 

214 

1,004 

917 

770 

1,456 

1,180 

963 

$12,501 

Exhibit 10A-7 presents results (in Excel) for the following multiple regression model, 
using data in columns B, C, and E of Exhibit 10A-6: 

y = $42.58 + $7.60X, + $37.77Xy 

where X, is the number of machine-hours and X, is the number of production batches. 
It is economically plausible that both number of machine-hours and number of production 
batches would help explain variations in indirect manufacturing labour costs at Elegant 
Rugs. The 7? of 0.52 for the simple regression using number of machine-hours 
(Exhibit 10A-1) increases to 0.72 with the multiple regression in Exhibit 10A-7. The t-values 
suggest that the independent variable coefficients of both number of machine-hours 
($7.60) and number of production batches ($37.77) are significantly different from 
zero (t = 2.74 is the t-value for number of machine-hours, and t = 2.48 is the t-value for 
number of production batches compared to the cut off t-value of 2.26). The multiple 

Weekly 
Indirect Manufacturing 
Labour Costs, Machine- 

Hours, Direct Manufactur- 

ing Labour-Hours, and 
Number of Production 

Batches for Elegant Rugs 

Multiple Regression Results with Indirect Manufacturing Labour Costs and Two Independent Variables of 
Cost Drivers (Machine-Hours and Production Batches) for Elegant Rugs 

Coefficients | Standard Error 

(1) (2) (3) = (1) + (2) 

! $213.91 
2 inereept Variable 1: Machine- 

Hours (X;) 

Independent Variable 2: Number of 

Production Batches (X,) 

| 9 |Durbin-Watson Statistic 
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regression model in Exhibit 10A-7 satisfies both economic plausibility and statistical cri- 
teria, and it explains much greater variation (i.e., 72 of 0.72 versus r? of 0.52) in indirect 
manufacturing labour costs than the simple regression model using only number of 
machine-hours as the independent variable.’ The standard error of the regression equa- 
tion that includes number of batches as an independent variable is 

Yy — y/? [170,156 2A POY aed LEA EY 1) 
n—3 9 

which is lower than the standard error of the regression with only machine-hours as the - 
independent variable, $170.50. That is, even though adding a variable reduces the 
degrees of freedom in the denominator, it substantially improves fit so that the numera- 
tor, >(Y — y)*, decreases even more. Number of machine-hours and number of produc- 

tion batches are both important cost drivers of indirect manufacturing labour costs at 
Elegant Rugs. 

In Exhibit 10A-7, the slope coefficients—$7.60 for number of machine-hours and 
$37.77 for number of production batches—measure the change in indirect manufactur- 
ing labour costs associated with a unit change in an independent variable (assuming that 
the other independent variable is held constant). For example, indirect manufacturing 
labour costs increase by $37.77 when one more production batch is added, assuming that 
the number of machine-hours is held constant. 

An alternative approach would create two separate cost pools for indirect manufac- 
turing labour costs: one for costs related to number of machine-hours and another for 
costs related to number of production batches. Elegant Rugs would then estimate the 
relationship between the cost driver and the costs in each cost pool. The difficult task 
under this approach is to properly subdivide the indirect manufacturing labour costs into 
the two cost pools. 

Multicollinearity 

A major concern that arises with multiple regression is multicollinearity. Multicollinearity 
exists when two or more independent variables are highly correlated with each other. 
Generally, users of regression analysis believe that a coefficient of correlation between 
independent variables greater than 0.70 indicates multicollinearity. Multicollinearity 
increases the standard errors of the coefficients of the individual variables. That is, vari- 

ables that are economically and statistically significant will appear not to be significantly 
different from zero. 

The matrix of correlation coefficients of the different variables described in 
Exhibit 10A-6 are as follows: 

Indirect Manufacturing Number of Direct Manufacturing 
Labour Costs Machine-Hours Production Batches Labour-Hours 

Indirect manufacturing labour costs 1 

Machine-hours 0.72 1 

Number of production batches 0.69 0.4 1 

Direct manufacturing labour-hours 0.41 0.12 0.31 1 

? Adding another variable always increases 72. The question is whether adding another variable increases r* sufficiently. One 
way to get insight into this question is to calculate an adjusted 7? as follows: 

Adjusted ? = 1 - (1 - 7’) ; a : : rE where # is the number of observations and p is the number of coefficients estimated. 

In the model with only machine-hours as the independent variable, adjusted 7 = 1 — (1 — 0.52) wot; = 0.41. In the model 

with both machine-hours and number of batches as independent variables, adjusted 7 = 1 — (1 — 0.72) eT = 0.62. 

Adjusted r* does not have the same interpretation as r* but the increase in adjusted 7 when number of batches is added as 
an independent variable suggests that adding this variable significantly improves the fit of the model in a way that more than 
compensates for the degree of freedom lost by estimating another coefficient. 
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These results indicate that multiple regressions using any pair of the independent 
variables in Exhibit 10A-6 are not likely to encounter multicollinearity problems. 

When multicollinearity exists, try to obtain new data that do not suffer from multi- 
collinearity problems. Do not drop an independent variable (cost driver) that should be 
included in a model because it is correlated with another independent variable. Omitting 
such a variable will cause the estimated coefficient of the independent variable included 
in the model to be biased away from its true value. 

y-\ oe} ol-lalo| > auf @] =) 

Learning Curves 

Nonlinear cost functions also result from learning curves. A learning curve is a function LO ® 
that measures how labour-hours per unit decline as units of production increase because 
workers are learning and becoming better at their jobs. Managers use learning curves to 
predict how labour-hours, or labour costs, will increase as more units are produced. 

The aircraft-assembly industry first documented the effect that learning has on effi- 
ciency. In general, as workers become more familiar with their tasks, their efficiency 
improves. Managers learn how to improve the scheduling of work shifts and how to 
operate the plant more efficiently. As a result of improved efficiency, unit costs decrease 
as productivity increases, and the unit-cost function behaves nonlinearly. These nonlin- 
earities must be considered when estimating and predicting unit costs. 

Managers have extended the learning curve notion to other business functions in the 
value chain, such as marketing, distribution, and customer service, and to costs other 
than labour costs. The term experience curve describes this broader application of the 
learning curve. An experience curve is a function that measures the decline in cost per 
unit in various business functions of the value chain—marketing, distribution, and so 

on—as the amount of these’activities increases. For companies such as Dell, Walmart, 
and McDonald’s, learning curves and experience curves are key elements of their strate- 
gies. These companies use learning curves and experience curves to reduce costs and 
increase customer satisfaction, market share, and profitability. 

Describe a learning curve 

model. 

Cumulative Average-Time Learning Model 

In the cumulative average-time learning model, cumulative average time per unit declines 
by a constant percentage each time the cumulative quantity of units produced doubles. 
Consider Rayburn Corporation, a radar systems manufacturer. Rayburn has an 80% 
learning curve. The 80% means that when the quantity of units produced is doubled from 
X to 2X, cumulative average time per unit for 2X units is 80% of cumulative average time 
per unit for X units. Average time per unit has dropped by 20% (= 100% — 80%). 

Exhibit 10B-1 is a spreadsheet showing the calculations for the cumulative average-time 
learning model for Rayburn Corporation. Note that as the number of units produced doubles 
from 1 to 2 in column A, cumulative average time per unit declines from 100 hours to 80% 
of 100 hours (0.80 X 100 hours = 80 hours) in column B. As the number of units doubles 
from 2 to 4, cumulative average time per unit declines to 80% of 80 hours = 64 hours, and so 
on. To obtain the cumulative total time in column D, multiply cumulative average time per 
unit by the cumulative number of units produced. For example, to produce 4 cumulative units 
would require 256 labour-hours (= 4 units X 64 cumulative average labour-hours per unit). 

Incremental Unit-Time Learning Model 

In the incremental unit-time learning model, incremental time needed to produce the 
last unit declines by a constant percentage each time the cumulative quantity of units 
produced doubles. Again, consider Rayburn Corporation and an 80% learning curve. 
The 80% here means that when the quantity of units produced is doubled from X to 
2X, the time needed to produce the last unit when 2X total units are produced is 80% of 
the time needed to produce the last unit when X total units are produced. Exhibit 10B-2 
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Salle sulel=eal Cumulative Average-Time Learning Model 

Cumulative Cumulative 

Labour-Hours [Unit: Labour-Hours' 

D=ColAxColB 

E13=D13-D12 
= 210.63 — 160.00 

= (100 x 0.8) 

= (80 x 0.8) ; *The mathematical relationship underlying the cumulative average-time 
learning model is as follows: 

y=aX’ 

where y = Cumulative average time (labour-hours) per unit 

| X = Cumulative number of units produced 

= (64 x 0.8) ! a = Time (labour-hours) required to produce the first unit 
b = Factor used to calculate cumulative average time to 

produce units 

The value of b is calculated as 

In (leaning curve % in decimal form) 
In2 

For an 80% learning curve, b = In 0.8/In 2 = -0,2231/0,6931 =-0.3219 

For example, when X = 3, a = 100, b = -0,3219, 

y= 100x Bo ae 70.21 labour-hours 

The cumulative total time when X = 3 is 70.21 x 3 = 210,63 labour-hours, 

= (51 2x 0.8) i Numbers in table may not be exact because of rounding. 

Sdalislisnle)=Era Incremental Unit-Time Learning Model 

Es REY Ts NS <a a I PS a a i 
Incremental Unit-Time Learning Model for Rayburn Corporation 

a_i eS | 
80% Learning Curve 

Cumulative Individual Unit Time Cumulative Cumulative 

Number for Xth Unit (y)*: Total Time: Average Time 

of Units (X) | Labour-Hours Labour-Hours “per Unit: 

Labour-Hours 

E=ColD+ColA 

1 100.00 | 14 =D13+ B14 

2 = (100 x 0.8) 70 = 180.00 + 70.21 

3 
4 

J 

*The mathematical relationship underlying the incremental unit-time 
64,00 = (80 x 0.8) b learning model is as follows: 

y= 

where y = Time (labour-hours) taken to produce the last single unit 

X = Cumulative number of units produced 

a = Time (labour-hours) required to produce the first unit 

b = Factor used to calculate incremental unit time to produce units 

_ In (learning curve % in decimal form) 

- In2 

For an 80% learning curve, b = In 0,8 + In 2 = -0,2231 + 0.6931 =-0.3219 

For example, when X = 3, a = 100, b = -0.3219, 
—0.3219 

y=100x3 = 70,21 labour-hours 

The cumulative total time when X = 3 is 100 + 80 + 70,21 = 250.21 labour-hours. 

Numbers in the table may not be exact because of rounding, 

| 4 
ioe 
| 6 | 

| 8 | 
| 9 | 

| 18 | 

| 20 | 
| 21 | 
| 22 | 
| 23 | 
| 24 | 
| 25 | 
| 26 | 

| 28 | 



Plotting the Learning Curve Model 

Panel A: Cumulative Average Time per Unit 
(80% Learning Curve; First Unit Takes 100 Labour-Hours) 

Incremental Unit-Time 
Learning Model 
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Panel B: Cumulative Total Labour-Hours 
(80% Learning Curve; First Unit Takes 100 Labour-Hours) 

Cumulative Average-Time 

Incremental Unit-Time Learning Model 

120 

100 

80 : , Li ing Model 
Cumulative Average-Time plies 
Learning Model 
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i=" 

a 

E J 
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a 

5 = 

5] 
E 
| 

rac) 
48 64 80 Cumulative Number of Units 

Cumulative Number of Units 

is a spreadsheet showing the calculations for the incremental unit-time learning model 
for Rayburn Corporation based on an 80% learning curve. Note how when units pro- 
duced double from 2 to 4 in column A, the time to produce unit 4 (the last unit when 

4 units are produced) is 64 hours in column B, which is 80% of the 80 hours needed 
to produce unit 2 (the last unit when 2 units are produced). We obtain the cumulative 

total time in column D by summing individual unit times in column B. For example, to 
produce 4 cumulative units would require 314.21 labour-hours (= 100.00 + 80.00 + 
70.21 + 64.00). 

Exhibit 10B-3 presents graphs using a spreadsheet program for the cumulative aver- 
age-time learning model (using data from Exhibit 10B-1) and the incremental unit-time 
learning model (using data from Exhibit 10B-2). Panel A graphically illustrates cumula- 
tive average time per unit as a function of cumulative units produced for each model 
(column A in Exhibit 10B-1 or Exhibit 10B-2). The curve for the cumulative average-time 
learning model is plotted using the data from Exhibit 10B-1, column B, while the curve 
for the incremental unit-time learning model is plotted using the data from Exhibit 10B-2, 
column E. Panel B graphically illustrates cumulative total labour-hours, again as a 
function of cumulative units produced for each model. The curve for the cumulative aver- 
age-time learning model is plotted using the data from Exhibit 10B-1, column D, while 
that for the incremental unit-time learning model is plotted using the data from 
Exhibit 10B-2, column D. 

The incremental unit-time learning model predicts a higher cumulative total time to 
produce 2 or more units than the cumulative average-time learning model, assuming the 
same learning rate for both models. That is, in Exhibit 10B-3, Panel B, the graph for the 
80% incremental unit-time learning model lies above the graph for the 80% cumulative 
average-time learning model. If we compare the results in Exhibit 10B-1 (column D) with 
the results in Exhibit 10B-2 (column D), to produce 4 cumulative units, the 80% incre- 
mental unit-time learning model predicts 314.21 labour-hours versus 256.00 labour- 
hours predicted by the 80% cumulative average-time learning model. That’s because 
under the cumulative average-time learning model average labour-hours needed to pro- 
duce all 4 units is 64 hours; the labour-hour amount needed to produce unit 4 is much 
less than 64 hours—it is 45.37 hours (see Exhibit 10B-1), Under the incremental unit- 
time learning model, the labour-hour amount needed to produce unit 4 is 64 hours, and 
the labour-hours needed to produce the first 3 units are more than 64 hours, so average 
time needed to produce all 4 units is more than 64 hours. 

It is important to recognize that managers make choices about which model and 
what percent learning curve to use on a case-by-case basis. For example, if the behaviour 
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Appli- 
cation of Cost Prediction 

Using the Learning Curve 
Model Cumulative | Cumulative Costs Additions to 

Total Time: at $50 per Cumulative 

Labour-Hours®| Labour-Hours® Labour-Hour 
100.00 100.00 $5,000 | (100.00 x $50) $ 5,000 

8,000 | (160.00x 50) 
| 42,800 | (256.00x 50) 

20,480 | (409.60 x 50) 
32,768 | (655.36 x 50) 12,288 

of manufacturing labour-hour usage as production levels increase follows a pattern like 
the one predicted by the 80% learning curve cumulative average-time learning model, 
then the 80% learning curve cumulative average-time learning model should be used. 
Engineers, plant managers, and workers are good sources of information on the amount 
and type of learning actually occurring as production increases. Plotting this informa- 
tion and estimating the model that best fits the data is helpful in selecting the 
appropriate model. 

Incorporating Learning Curve Effects Into 

Prices and Standards 

Consider the data in Exhibit 10B-1 for the cumulative average-time learning model at 
Rayburn Corporation. Suppose variable costs subject to learning effects consist of direct 
manufacturing labour, at $20 per hour, and related overhead, at $30 per direct manufac- 
turing labour-hour. Managers should predict the costs shown in Exhibit 10B-4. These data 
show that the effects of the learning curve could have a major influence on decisions. For 
example, managers at Rayburn Corporation might set an extremely low selling price on its 
radar systems to generate high demand. As its production increases to meet this growing 
demand, cost per unit drops. Rayburn “rides the product down the learning curve” as it 
establishes a larger market share. 

Although it may have earned little operating income on its first unit sold—it may 
actually have lost money on that unit—Rayburn earns more operating income per unit as 
output increases. Alternatively, subject to legal and other considerations, Rayburn’s man- 
agers might set a low price on just the final 8 units. After all, the total labour and related 
overhead costs per unit for these final 8 units are predicted to be only $12,288 (=$32,768 — 
$20,480). On these final 8 units, the $1,536 cost per unit (= $12,288 + 8 units) is much 

lower than the $5,000 cost per unit of the first unit produced. 
Many companies, such as Pizza Hut and Home Depot, incorporate learning-curve 

effects when evaluating performance. The Nissan Motor Company expects its workers to 
learn and improve on the job and evaluates performance accordingly. It sets assembly 
labour efficiency standards for new models of cars after taking into account the learning 
that will occur as more units are produced. 

The learning-curve models examined in Exhibits 10B-1 to 10B-4 assume that learn- 
ing is driven by a single variable (production output). Other models of learning have been 
developed (by companies such as Analog Devices and Hewlett-Packard) that focus on 
how quality—rather than manufacturing labour-hours—will change over time, regard- 
less of whether more units are produced. Studies indicate that factors other than produc- 
tion output, such as job rotation and organizing workers into teams, contribute to 
learning that improves quality. 
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The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives 

1. What are linear cost functions, 
and how do they behave? 

2. Why is causality important in 
estimating cost functions? 

3, What are various methods of cost 

estimation? 

4. What are the steps in estimating a 
cost function using quantitative 
analysis? 

5, What are nonlinear cost 
functions, in particular those 
arising from learning curve 
effects? 

6. What is the impact of time as a 
cost driver? 

Guidelines 

A linear cost function is a cost function in which, within the relevant 
range, the graph of total costs based on the level of a single activity is a 
straight line. Linear cost functions can be described by a constant, a, 

which represents the estimate of the total cost component that, within 
the relevant range, does not vary with changes in the level of the activity; 
and a slope coefficient, b, which represents the estimate of the amount 
by which total costs change for each unit change in the level of the 
activity within the relevant range. Three types of linear cost functions are 
variable, fixed, and mixed (or semi-variable). 

The most important issue in estimating a cost function is determining 
whether a cause-and-effect relationship exists between the level of an 
activity and the costs related to it. Only a cause-and-effect relationship— 
not merely correlation—establishes an economically plausible 
relationship between the level of an activity and its costs. 

Four methods for estimating cost functions are the industrial engineering 
method, the conference method, the account analysis method, and the 
quantitative analysis method (which includes the high-low method and 
the regression analysis method). If possible, the cost analyst should use 
more than one method. Each method is a check on the others. 

Six steps need to be taken to estimate a cost function using quantitative 
analysis: (1) Choose the dependent variable; (2) identify the cost driver; 
(3) collect data on the dependent variable and the cost driver; (4) plot the 
data; (5) estimate the cost function; and (6) evaluate the cost driver of 

the estimated cost function. In most situations, working closely with 
operations managers, the cost analyst will cycle through these steps 
several times before identifying an acceptable cost function. 

A nonlinear cost function is one in which the graph of total costs based 
on the level of a single activity is not a straight line within the relevant 
range. Nonlinear costs can arise because of quantity discounts, step cost 
functions, and learning-curve effects. Due to learning curves, labour- 
hours per unit decline as units of production increase. With the 
cumulative average-time learning model, the cumulative average time per 
unit declines by a constant percentage each time the cumulative quantity 
of units produced doubles. With the incremental unit-time learning 
model, the time needed to produce the last unit declines by a constant 
percentage each time the cumulative quantity of units produced doubles. 

The relevant costs of time are the expected incremental costs to 
implement a program. The relevant benefits are the cost savings and the 
estimated increase in contribution margin from the higher revenues 
expected from improvements. 
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Learning Objectives Guidelines 

Costs of quality programs are prevention costs (costs incurred to prevent the 
production of products that do not conform to specifications), appraisal costs 
(costs incurred to detect which of the individual units of products do not 
conform to specifications), internal failure costs (costs incurred on defective 
products before they are shipped to customers), and external failure costs 
(costs incurred on defective products after they are shipped to customers). 

7. What is quality control, and how 
does it act as a cost driver? 

Data for quality measures managers can use include customer 
satisfaction measures such as the number of customer complaints and 
percentage of defective units shipped to customers; internal-business- 
process measures such as the percentage of defective and reworked 
products; and learning-and-growth measures such as the percentage of 
employees trained in and empowered to use quality principles. 

8. What issues of data collection and 

quality must be noted? 

Three methods to identify quality problems and to improve quality are 
(1) control charts to distinguish random from nonrandom variations in 
an operating process, (2) Pareto diagrams to indicate how frequently 
each type of failure occurs, and (3) cause-and-effect diagrams to identify 
and respond to potential causes of failure. 

9, How are regression models 
interpreted? 

A regression analysis is a function used to describe the relationship 
between one or more independent variables and the dependent variable. 
An independent variable that has a low P-value is likely a useful 
component of a cost function because changes in the independent 
variable’s value are related to changes in the dependent variable. 

10. What is a learning curve model? A learning curve is a function that measures how labour-hours per unit 
decline as units of production increase because workers are learning and 
becoming better at their jobs. Managers use learning curves to predict 
how labour-hours, or labour costs, will increase as more units are 

produced. 

Mea Kg aal-yute) m-t-lae 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

account analysis method (p. 365) 

appraisal costs (p. 379) 

average waiting time (p. 373) 

bottleneck (p. 373) 

cause-and-effect diagram (p. 383) 

coefficient of determination (p. 389) 

conference method (p. 365) 

constant (p. 362) 

control chart (p. 382) 

cost function (p. 361) 

costs of quality (p. 379) 

cross-sectional data (p. 367) 

cumulative average-time learning 

model (p. 397) 

customer-response time (p. 371) 

delivery time (p. 372) 

dependent variable (p. 366) 

external failure costs (p. 379) 

high-low method (p. 368) 

incremental unit-time learning 

model (p. 397) 

internal failure costs (p. 379) 

independent variable (p. 366) 

industrial engineering method (p. 364) 

manufacturing cycle 

efficiency (MCE) (p. 372) 

manufacturing cycle time (p. 371) 

manufacturing lead time (p. 372) 

mixed cost (p. 362) 

multicollinearity (p. 396) 

multiple regression (p. 369) 

nonlinear cost function (p. 370) 

on-time performance (p. 372) 

Pareto diagram (p. 383) 

prevention costs (p. 379) 

receipt time (p. 371) 

regression analysis (p. 369) 

residual term (p. 369) 

semi-variable cost (p. 362) 

simple regression (p. 369) 

specification analysis (p. 391) 

standard error of the estimated 

coefficient (p. 390) 

standard error of the 

regression (p. 389) 

step cost function (p. 371) 

time driver (p. 372) 

work-measurement method (p. 364) 
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Assignment Material 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 

feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

10-1 What two assumptions are frequently made when estimating a linear cost function? 

10-2 Whatis a linear cost function? Describe three alternative linear cost functions. 

10-3 What is the first step in any statistical analysis? 

10-4 “High correlation between two variables means that one is the cause and the other is the effect.” Do 

you agree? Explain. 

10-5 What is a discontinuous linear cost function? What types of analyses can be done to improve cost 

control when the data sets indicate a discontinuous linear cost function? 

10-6 Name four approaches to estimating a cost function. 

10-7 Discuss the conference method for estimating a cost function. What are advantages of this method? 

10-8 When using the high-low method, should you base the high and low observations on the outcome 

variable or on the predictor variable? 

10-9 What is the goal of an ordinary least squares (OLS) linear regression? 

10-10 Describe three criteria for evaluating cost functions and choosing cost drivers. 

10-11 What is the difference between the coefficient of determination, /, and the goodness of fit? 

10-12 “All independent variables in a cost function estimated with regression analysis are cost drivers.” Do 
you agree? 

10-13 Discuss four frequently encountered problems when collecting cost data on variables included in a 

cost function. 

10-14 Describe two benefits.of improving quality. 

10-15 How does conformance quality differ from design quality? Explain. 

10-16 Name two items classified as prevention costs. 

10-17 Distinguish between internal failure costs and external failure costs. 

Exercises 

10-18 Terminology. A number of terms are listed below: 

account analysis method conference method correlation 

economic plausibility explanatory power goodness of fit 

high-low method industrial engineering method linear cost function 

ordinary least squares (OLS) simple linear regression outcome variable 

predictor variable method r 

t-Stat P-value time series 

Required 

Select the terms from the above list to complete the following sentences. 

1. A management team can use several methods of quantitative analysis to predict the value of a single 

overhead cost pool in a traditional costing system. The methods are ' F F ’ 

and ; 
2. There are different criteria to consider when choosing a method of analysis: affordability, understand- 

ability, data availability and quality, ,and 
3. The relationship between cost of unequally shared resources used in production and their benefit to 

distinct types of cost objects must be economically plausible. The change in quantity of resources 
used must be a good measure of change in benefit. The relationship must be a if OLS simple 

linear regression analysis is to be used. 
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LO® 

4. Ideally, the OLS will be based on atleast 25 data points observed and reported in the pastas a 
lf insufficient data are available, then the other methods of analysis will help the management team 

predict the value of the indirect cost pool. 
5. When true, the orderly change in,the quantity of resource used will explain a large proportion of the 

change in the indirect cost pool. This is called . A high explanatory power indicates a 
high between the change in the measure of benefit or the variable, X, and the change in 
the predicted indirect cost pool, or AV: 

6. You can observe this in the between the predicted (X, y) line and the actual data points (X, Y) 
trom which the prediction was made. 

7, The measure of goodness of fit is called . Other important statistics that assess the reliability of - 
the predicted regression line are the and : 

8, While the OLS is a very rigorous analysis and can predict future values at a specific , itis not 
appropriate for all situations, 

10-19 Estimating a cost function. The controller of the Ijiri Company wants you to estimate a cost func- 

tion from the following two observations in a general ledger account called Maintenance: 

Month Machine-Hours Maintenance Costs Incurred 

January 5,000 $4,000 

February 10,000 5,400 

Required 

1. Estimate the cost function for maintenance. 

2. Can the constant in the cost function be used as an estimate of fixed maintenance cost per month? 
Explain. 

10-20 Discontinuous linear cost functions. Select the graph that matches the numbered manufactur- 
ing cost data, Indicate by letter which of the graphs best fits each of the situations or items described. 

The vertical axes of the graphs represent total dollars of cost, and the horizontal axes represent pro- 

duction output during a calendar year. In each case, the zero point of dollars and production is at the 
intersection of the two axes. The graphs may be used more than once. 

1. Annual depreciation of equipment, where the amount of depreciation charged is computed by the 
machine-hours method. 

2. Electricity bill—a flat fixed charge, plus a variable cost after a certain number of kilowatt-hours are 
used, where the quantity of kilowatt-hours used varies proportionately with quantity of production 
output. 



3. City water bill, which is computed as follows: 

First 1,000,000 litres or less $1,000 flat fee 

Next 10,000 litres $0.003 per litre used 

Next 10,000 litres $0.006 per litre used 

Next 10,000 litres $0.009 per litre used 

And so on And so on 

The litres of water used vary proportionately with the quantity of production output. 

. Cost of lubricant for machines, where cost per unit decreases with each kilogram of lubricant used 
(e.g., if one kilogram is used, the costis $10; if two kilograms are used, the costis $19.98; if three kilograms 
are used, the cost is $29.94) with a minimum cost per kilogram of $9.20. 

. Annual depreciation of equipment, where the amount is computed by the straight-line method. When 
the depreciation rate was established, it was anticipated that the obsolescence factor would be 
greater than the wear-and-tear factor. 

. Rent on a manufacturing plant donated by the city, where the agreement calls for a fixed fee payment 
unless 200,000 labour-hours are worked, in which case no rent need be paid. 

. Salaries of repair personnel, where one person is needed for every 1,000 machine-hours or less (i.¢., 0 

to 1,000 hours requires one person, 1,001 to 2,000 hours requires two people, etc.). 

. Cost of direct materials used (assume no quantity discounts). 

. Rent on a manufacturing plant donated by the county, where the agreement calls for rent of $100,000 

reduced by $1 for each direct manufacturing labour-hour worked in excess of 200,000 hours, but a 
minimum rental fee of $20,000 must be paid. 

10-21 Account analysis method. Gower, Inc., a manufacturer of plastic products, reports the following 

manufacturing costs and account analysis classification for the year ended December 31, 2021. 

Account Classification Amount 

Direct materials All variable $300,000 

Direct manufacturing labour All variable 225,000 

Power All variable 37,500 

Supervision labour 20% variable 56,250 

Materials-handling labour 50% variable 60,000 

Maintenance labour 40% variable 75,000 

Depreciation 0% variable 95,000 

Rent, property taxes, and administration 0% variable 100,000 

Gower, Inc., produced 75,000 units of product in 2021. Gower’s managementis estimating costs for 2022 on 

the basis of 2021 numbers. The following additional information is available for 2022. 

a. Direct materials prices in 2022 are expected to increase by 5% compared with 2021. 
b. Under the terms of the labour contract, direct manufacturing labour wage rates are expected to 

increase by 10% in 2022 compared with 2021. 

c. Power rates and wage rates for supervision, materials handling, and maintenance are not expected to 
change from 2021 to 2022. 

d. Depreciation costs are expected to increase by 5%, and rent, property taxes, and administration costs 

are expected to increase by 7%. 
e. Gower expects to manufacture and sell 80,000 units in 2022. 

Required 

1. Prepare a schedule of variable, fixed, and total manufacturing costs for each account category in 2022. 
Estimate total manufacturing costs for 2022. 

2. Calculate Gower's total manufacturing cost per unit in 2021, and estimate total manufacturing cost per 

unit in 2022. 

3. How can you obtain better estimates of fixed and variable costs? Why would these better estimates be 
useful to Gower? 

Assignment Material 
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Total variable cost 

per unit in 2021 = $8.45 
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Loge 
1, Slope coefficient is $43.00 

2. a. At 5,000 hours, 

costs overstated by $8,000 

Loge 
1. a. Average cost per frame, $30 

LOo6®6@ 
2. Total variable cost 

per person is $15.67 

10-22 Linear cost approximation. Bailey Nickles, managing director of the Vancouver Consulting 

Group, is examining how overhead costs behave with changes in monthly professional labour-hours billed 

to clients. Assume the following historical data: 

Total : Professional Labour-Hours 

Overhead Costs Billed to Clients 

$340,000 3,000 

400,000 4,000 

435,000 5,000 

477,000 6,000 

529,000 7,000 

587,000 8,000 

Required 

1. Compute the linear cost function, relating total overhead cost to professional labour-hours, using the 

representative observations of 4,000 and 7,000 hours. Plot the linear cost function. Does the constant 

component of the cost function represent the fixed overhead costs? Why? 

2. What would be the predicted total overhead costs for (a) 5,000 hours and (b) 8,000 hours using the cost 
function estimated in requirement 1? Plot the predicted costs and actual costs for 5,000 and 8,000 hours. 

3. Nickles had a chance to accept a special job that would have boosted professional labour-hours from 

4,000 to 5,000 hours. Suppose Nickles, guided by the linear cost function, rejected this job because it 

would have brought a total increase in contribution margin of $38,000, before deducting the predicted 

increase in total overhead cost, $43,000. What is the actual total contribution margin forgone? 

10-23 Cost-volume-profit and regression analysis. Garvin Corporation manufactures a children’s 

bicycle, model CT8. Garvin currently manufactures the bicycle frame. During 2023, Garvin made 30,000 

frames at a total cost of $900,000. Ryan Corporation has offered to supply as many frames as Garvin wants at 

a cost of $28.50 per frame. Garvin anticipates needing 36,000 frames each year for the next few years. 

Required 

1. a. Whatis the average cost of manufacturing a bicycle frame in 2023? How does it compare to Ryan's 

offer? 

b. Can Garvin use the answer in requirement 1a to determine the cost of manufacturing 36,000 bicycle 

frames? Explain. 

2. Garvin's cost analyst uses annual data from past years to estimate the following regression equation 

with total manufacturing costs of the bicycle frame as the dependent variable and bicycle frames pro- 

duced as the independent variable: 

y = $432,000 + $15X 

During the years used to estimate the regression equation, the production of bicycle frames varied 

from 28,000 to 36,000. Using this equation, estimate how much it would cost Garvin to manufacture 

36,000 bicycle frames. How much more or less costly is it to manufacture the frames rather than to 
acquire them from Ryan? 

3. What other information would you need to be confident that the equation in requirement 2 accurately 

predicts the cost of manufacturing bicycle frames? 

10-24 Regression analysis, service company. (CMA, adapted) Linda Olson owns a professional char- 
acter business in a large metropolitan area. She hires local college students to play these characters at 

children’s parties and other events. Linda provides balloons, cupcakes, and punch. For a standard party, the 

cost on a per-person basis is as follows: 

Balloons, cupcakes, and punch $7 

Labour (0.25 hour x $20 per hour) 5 

Overhead (0.25 hour x $40 per hour) 10 

Total cost per person $22 

Linda is quite certain about the estimates of the materials and labour costs, but is not as comfortable 

with the overhead estimate. The overhead estimate was based on the actual data for the past 9 months, 

which are presented here. These data indicate that overhead costs vary with the direct labour-hours 



used. The $40 estimate was determined by dividing total overhead costs for the 9 months by total 
labour-hours. 

Month Labour-Hours Overhead Costs 

April 1,400 $ 65,000 

May 1,800 71,000 

June 2,100 73,000 

July 2,200 76,000 

August 1,650 67,000 

September 1,725 68,000 

October 1,500 66,500 

November 1,200 60,000 

December 1,900 72,500 

Total 15,475 $619,000 

Linda has recently become aware of regression analysis. She estimated the following regression equation 
with overhead costs as the dependent variable and labour-hours as the independent variable: 

y = $43,563 + $14.66X 

Required 

1. Plot the relationship between overhead costs and labour-hours. Draw the regression line and evaluate 

it using the criteria of economic plausibility, goodness of fit, and slope of the regression line. 
2. Using data from the regression analysis, what is the variable cost per person for a standard party? 
3, Linda Olson has been asked to prepare a bid for a 20-child birthday party to be given next month. Deter- 

mine the minimum bid price that Linda would be willing to submit to recoup variable costs. 

10-25 Estimating a cost function, high-low method. Lacy Dallas is examining customer-service 
costs in the southern region of Camilla Products. Camilla Products has more than 200 separate electrical 
products that are sold with a 6-month guarantee of full repair or replacement with a new product. When a 

product is returned by a customer, a service report is prepared. This service report includes details of the 

problem and the time and cost of resolving the problem. Weekly data for the most recent 8-week period are 

as follows: 

Week Customer-Service Department Costs Number of Service Reports 

1 $13,300 185 

2 20,500 285 

3 12,000 120 

4 18,500 360 

5 14,900 275 

6 21,600 440 

7 16,500 350 

8 21,300 315 

Required 

1. Plot the relationship between customer-service costs and number of service reports. Is the relation- 
ship economically plausible? 

2. Use the high-low method to compute the cost function relating customer-service costs to the number 

of service reports. 
3. What variables, in addition to number of service reports, might be cost drivers of weekly customer- 

service costs of Camilla Products? 

Assignment Material 407 
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report is $30.00 per service report 
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Problems 

LoOee 10-26 High-low, regression. May Blackwell is the new manager of the materials storeroom for Clayton 
Manufacturing. May has been asked to estimate future monthly purchase costs for part #696, used in two of 

Clayton’s products. May has purchase cost and quantity data for the past 9 months as follows: 

Month Cost of Purchase Quantity Purchased 

January $12,675 2,710 parts 

February 13,000 2,810 

March 17,653 4,153 

April 15,825 3,756 

May 13,125 2,912 

June 13,814 3,387 

July 15,300 3,622 

August 10,233 2,298 

September 14,950 3,562 

Estimated monthly purchases for this part based on expected demand of the two products for the rest of 

the year are as follows: 

Month Purchase Quantity Expected 

October 3,340 parts 

November 3,710 

December 3,040 

Required 

1. The computer in May's office is down, and May has been asked to immediately provide an equation to 

estimate the future purchase cost for part #696. May grabs a calculator and uses the high-low method 
to estimate a cost equation. What equation does she get? 

2. Using the equation from requirement 1, calculate the future expected purchase costs for each of the 

last 3 months of the year. 

3. After a few hours May's computer is fixed. May uses the first 9 months of data and regression analysis 

to estimate the relationship between the quantity purchased and purchase costs of part #696. The 

regression line May obtains is as follows: 

y = $2,582.6 + 3.54X 

Evaluate the regression line using the criteria of economic plausibility, goodness of fit, and significance 

of the independent variable. Compare the regression equation to the equation based on the high-low 

method. Which is a better fit? Why? 
4. Use the regression results to calculate the expected purchase costs for October, November, and 

December. Compare the expected purchase costs to the expected purchase costs calculated using 

the high-low method in requirement 2. Comment on your results. 

LO 606 10-27 High-low method. Wayne Mueller, financial analyst at CELL Corporation, is examining the 

behaviour of quarterly utility costs for budgeting purposes. Mueller collects the following data on machine- 

hours worked and utility costs for the past 8 quarters: 

Quarter Machine-Hours Utility Costs 

1 120,000 $215,000 

2 75,000 150,000 

3 110,000 200,000 

4 150,000 270,000 

5 90,000 170,000 

6 140,000 250,000 

7 130,000 225,000 

8 100,000 195,000 
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Required 

1. Estimate the cost function for the quarterly data using the high-low method. 
2. Plot and comment on the estimated cost function. 

3. Mueller anticipates that CELL will operate machines for 125,000 hours in quarter 9. Calculate the pre- 

dicted utility costs in quarter 9 using the cost function estimated in requirement 1. 

10-28 Interpreting regression results. Spirit Freightways is a leader in transporting agricultural LO © 

products in the western provinces of Canada. Reese Brown, a financial analyst at Spirit Freightways, is 

studying the behaviour of transportation costs for budgeting purposes. Transportation costs at Spirit are of 
two types: (a) operating costs (such as labour and fuel) and (b) maintenance costs (primarily overhaul of 
vehicles). 

Brown gathers monthly data on each type of cost, as well as the total freight miles traveled by Spirit 

vehicles in each month. The data collected are shown below (all in thousands): 

Month Operating Costs Maintenance Costs Freight Miles 

January $ 942 $974 1,710 

February 1,008 776 2,655 

March 1,218 686 2,705 

April 1,380 694 4,220 

May 1,484 588 4,660 

June 1,548 422 4,455 

July 1,568 352 4,435 

August 1,972 420 4,990 

September 1,190 564 2,990 

October 1,302 788 2,610 

November 962 762 2,240 

December 772 1,028 1,490 

Required 

1. Conduct a regression using the monthly data of operating costs on freight miles. You should obtain the 

following result: 

Regression: Operating costs = a + (b X Number of freight miles) 

Variable Coefficient Standard Error tValue 

Constant $445.76 $112.97 3,95 

Independent variable: No. of freight miles $ 0.26 $ 0.03 7.83 

r? = 0.86; Durbin-Watson statistic = 2.18 

2. Plot the data and regression line for the above estimation. Evaluate the regression using the criteria of 
economic plausibility, goodness of fit, and slope of the regression line. 

3. Brown expects Spirit to generate, on average, 3,600 freight miles each month next year. How much in 

operating costs should Brown budget for next year? 

4. Name three variables, other than freight miles, that Brown might expect to be important cost drivers for 

Spirit's operating costs. 

5. Brown next conducts a regression using the monthly data of maintenance costs on freight miles. Verify 

that she obtained the following result: 

Regression: Maintenance costs = a + (b X Number of freight miles) 

Variable Coefficient Standard Error t-Value 

Constant $1,170.57 $91.07 12.85 

Independent variable: No. of freight miles $, = 0:15 $ 0.03 —5,83 

r’ = 0.77; Durbin-Watson statistic = 1.94 

6. Provide a reasoned explanation for the observed sign on the cost driver variable in the maintenance 

cost regression. What alternative data or alternative regression specifications would you like to use to 

better capture the above relationship? 



410 Chapter 10 Analysis of Cost Behaviour 

LO © 10-29 Cost estimation, cumulative average-time learning curve. The Pacific Boat Company, 
which is under contract to the Royal Canadian Navy, assembles troop deployment boats. As part of Its 
research program, it completes the assembly of the first of a new model (PT109) of deployment boats. The 
Navy is impressed with the PT109. It requests that Pacific Boat submit a proposal on the cost of producing 

another six PT109s. 
Pacific Boat reports the following cost information for the first PT109 assembled and uses a 90% 

cumulative average-time learning model as a basis for forecasting direct manufacturing labour-hours for 
the next six PT109s. (A 90% learning curve means b = —0.152004,) 

el ee ee ee ee eco eo Renn RM 
| 1 [Direct material cost $199,000 
| 2 |Direct manufacturing labour time for first boat 14,700 |labour-hours 

| 3 |Direct manufacturing labour rate $ 42 |per direct manufacturing labour-hour 

| 4 |Variable manufacturing overhead cost 26 - per direct manufacturing labour-hour 

| 5 |Other manufacturing overhead of direct manufacturing labour costs 
| 6 |Tooling costs® 

Learning curve for manufacturing labour time per boat 

20% 

$279,000 

cumulative average time? 

9 | Tooling can be reused at no extra cost because all of its cost has been assigned to the first deployment boat, 

: 4 In0.9 _ —0.105361 b 9 a ES eee) ae Using the formula (page 398) for a 90% learning curve, b in? 0.693147 0.152004 

Required 

1. Calculate predicted total costs of producing the six PT109s for the Navy. (Pacific Boat will keep the 
first deployment boat assembled, costed at $1,477,600, as a demonstration model for potential 
customers.) 

2. What is the dollar amount of the difference between (a) the predicted total costs for producing the six 
PT109s in requirement 1 and (b) the predicted total costs for producing the six PT109s, assuming that 
there is no learning curve for direct manufacturing labour? That is, for (b) assume a linear function for 

units produced and direct manufacturing labour-hours. 

LO eo 10-30 Costs of quality analysis. Safe Travel produces car seats for children from newborn to 2 years 

old. The company is worried because one of its competitors has recently come under public scrutiny 
because of product failure. Historically, Safe Travel’s only problem with its car seats was stitching in the 

straps. The problem can usually be detected and repaired during an internal inspection. The cost of the 
inspection is $5.00 per car seat, and the repair cost is $1.00 per car seat. All 200,000 car seats were 

inspected last year, and 5% were found to have problems with the stitching in the straps during the internal 
inspection. Another 1% of the 200,000 car seats had problems with the stitching, but the internal inspection 

did not discover them. Defective units that were sold and shipped to customers needed to be shipped back 
to Safe Travel and repaired. Shipping costs are $8.00 per car seat, and repair costs are $1.00 per car seat. 
However, the out-of-pocket costs (shipping and repair) are not the only costs of defects not discovered in 
the internal inspection. Negative publicity will result in a loss of future contribution margin of $100 for each 
external failure. 

Required 

1. Calculate appraisal cost. 
. Calculate internal failure cost. 

. Calculate out-of-pocket external failure cost. 

. Determine the opportunity cost associated with the external failures. 

. What are the total costs of quality? 

. Safe Travel is concerned with the high up-front cost of inspecting all 200,000 units. It is considering an 
alternative internal inspection plan that will cost only $3.00 per car seat inspected. During the internal 
inspection, the alternative technique will detect only 3.5% of the 200,000 car seats that have stitching 

problems. The other 2.5% will be detected after the car seats are sold and shipped. What are the total 
costs of quality for the alternative technique? 

7. What factors other than cost should Safe Travel consider before changing inspection techniques? 

ool S w PS 



10-31 Costs of quality, ethical considerations. Refer to information in Exercise 10-30 in answering 
this question. Safe Travel has discovered a more serious problem with the plastic core of its car seats. An 
accident can cause the plastic in some of the seats to crack and break, resulting in serious injuries to the 

occupant. It is estimated that this problem will affect about 200 car seats in the next year. This problem 

could be corrected by using a higher quality of plastic that would increase the cost of every car seat pro- 

duced by $10. If this problem is not corrected, Safe Travel estimates that out of the 200 car seats affected, 
customers will realize that the problem is due to a defect in the seats in only three cases. Safe Travel's legal 

team has estimated that each of these three cases would result in a lawsuit that could be settled for about 

$500,000. All lawsuits settled would include a confidentiality clause, so Safe Travel’s reputation would not be 
affected. 

1. Assuming that Safe Travel expects to sell 200,000 car seats next year, what would be the cost of 

increasing the quality of all 200,000 car seats? 

2. What will be the total cost of the lawsuits next year if the problem is not corrected? 
3. Suppose Safe Travel has decided not to increase the quality of the plastic because the cost of increas- 

ing the quality exceeds the benefits (saving the cost of lawsuits). What do you think of this decision? 

(Note: Because of the confidentiality clause, the decision will have no effect on Safe Travel’s 

reputation.) 
4, Are there any other costs or benefits that Safe Travel should consider? 

10-32 Costs of quality, quality improvement. Cell Design produces cell phone covers for all makes 

and models of cell phones. Cell Design sells 1,050,000 units each year at a price of $10 per unit and a contri- 

bution margin of 40%. 

A survey of Cell Design customers over the past 12 months indicates that customers were very satis- 

fied with the products, but a disturbing number of customers were disappointed because the products 

they purchased did not fit their phones. They then had to hassle with returns and replacements. 
Cell Design’s managers want to modify their production processes to develop products that more 

closely match Cell Design’s specifications because the quality control in place to prevent ill-fitting prod- 

ucts from reaching customers is not working very well. 
The current costs of quality are as follows: 

Prevention costs $210,000 

Appraisal costs $100,000 

Internal failure costs 

Rework $420,000 

Scrap $ 21,000 

External failure costs 

Product replacements $315,000 

Lost sales from customer returns $787,500 

The QC manager and controller have forecast the following 
additional costs to modify the production process. 

CAD design improvement $150,000 

Improve machine calibration to specifications $137,500 

Required 

1. Which cost of quality category are managers focusing on? Why? 
2. If the improvements result in a 60% decrease in customer replacement cost and a 70% decrease in 

customer returns, what is the impact on the overall COQ and the company's operating income? What 

should Cell Design do? Explain. 
3. Calculate prevention, appraisal, internal failure, and external failure costs as a percentage of total 

quality costs and as a percentage of sales before and after the change in the production process. 
Comment briefly on your results. 
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10-33 Quality improvement, relevant costs, relevant revenues. SpeedPrint manufactures and 

sells 18,000 high-technology printing presses each year. The variable and fixed costs of rework and repair 

are as follows: 
+a 

Variable Cost Fixed Cost Total Cost 

Rework cost per hour $ 79 $115 $194 

Repair costs 

Customer support cost per hour 35 55 90 

Transportation cost per load 350 115 465 

Warranty repair cost per hour 89 150 239 

SpeedPrint’s current presses have a quality problem that causes variations in the shade of some colours. 

Its engineers suggest changing a key component in each press. The new component will cost $70 more 

than the old one. In the next year, however, SpeedPrint expects that with the new component it will 

(1) save 14,000 hours of rework, (2) save 850 hours of customer support, (3) move 225 fewer loads, (4) save 
8,000 hours of warranty repairs, and (5) sell an additional 140 printing presses, for a total contribution 

margin of $1,680,000. SpeedPrint believes that even as it improves quality, it will not be able to save any of 

the fixed costs of rework or repair. SpeedPrint uses a 1-year time horizon for this decision because it 

plans to introduce a new press at the end of the year. 

Required 

1. Should SpeedPrint change to the new component? Show your calculations. 

2. Suppose the estimate of 140 additional printing presses sold is uncertain. What is the minimum number 

of additional printing presses that SpeedPrint needs to sell to justify adopting the new component? 
3. What other factors should managers at SpeedPrint consider when making their decision about chang- 

ing to a new component? 

10-34 Quality improvement, relevant costs, relevant revenues. Keswick Conference Centre and 
Catering is a conference centre and restaurant facility that hosts more than 300 national and international 

events each year attended by 50,000 professionals. Due to increased competition and soaring customer 

expectations, the company has been forced to revisit its quality standards. In the company’s 25-year history, 

customer demand has never been greater for high-quality products and services. Keswick has the following 
budgeted fixed and variable costs for 2021: 

Total Conference Centre Variable Cost per 
+ Fixed Costs Conference Attendee 

Building and facilities $4,320,000 

Management salaries ; $1,680,000 

Customer support and service personnel $ 66 

Food and drink $120 

Conference materials $ 42 

Incidental products and services $ 18 

The company's budgeted operating income is $4,200,000. 
After conducting a survey of 3,000 conference attendees, the company has learned that its customers 

would most like to see the following changes in the quality of the company’s products and services: 

(1) more menu options and faster service; (2) more incidental products and services (wireless access in all 
meeting rooms, computer stations for internet use, free local calling, and so on); and (3) upscale and 
cleaner meeting facilities. To satisfy these customer demands, the company would be required to increase 
fixed costs by 50% per year and increase variable costs by $12 per attendee as follows: 

Customer support and service personnel $4 

Food and drink $5 

Conference materials $0 

Incidental products and services $3 



Keswick believes that the preceding improvements in product and service quality would increase 
overall conference attendance by 40%. 

Required 

1. What is the budgeted revenue per conference attendee? 

2. Assuming budgeted revenue per conference attendee is unchanged, should Keswick implement the 
proposed changes? 

3. Assuming budgeted revenue per conference attendee is unchanged, what is the variable cost per 

conference attendee at which Keswick would be indifferent between implementing and not imple- 
menting the proposed changes? 

10-35 Waiting time. Kitty Wonderland (KW) makes toys for cats and kittens. KW’s managers have recently 

learned that they can calculate the average waiting time for an order from the time an order is received and 

the time it is manufactured. They have asked for your help and have provided the following information. 

Expected number of orders for the product: 2,000 
Manufacturing time per order: 4 hours 

Annual machine capacity in hours: 10,000 

. Calculate the average waiting time per order. 

2. After learning about the average waiting time, KW’s managers are confused. They do not understand 

why, if annual machine capacity is greater than the average number of orders for the product, there 

would be any waiting time at all. Write a memo to clarify the situation. 

3. The managers have asked for your suggestions on what they can do to minimize or eliminate waiting 

time. How would you respond? 

4, Management is expecting sales to increase. Will average waiting time increase or decrease? Explain 
briefly. 

—_ 

10-36 Waiting time, service industry. The registration advisors at Small Western University (SWU) 

help 4,200 students develop their class schedules and register for classes each semester. Each advisor 

works for 10 hours a day during the registration period. SWU currently has 10 advisors. While advising an 
individual student can take anywhere from 2 to 30 minutes, it takes an average of 12 minutes per student. 

During the registration period, the 10 advisors see an average of 300 students a day on a first-come, first- 

served basis. 

Required 

1. Using the formula in Appendix 10B, calculate how long the average student will have to wait in the 

advisors office before being advised. 

2. The head of the registration advisors would like to increase the number of students seen each day 

because at 300 students a day it would take 14 working days to see all of the students. This is a problem 

as the registration period lasts for only 2 weeks (10 working days). If the advisors could advise 420 students 

a day, it would take only 2 weeks (10 days). However, the head advisor wants to make sure that the 

waiting time is not excessive. What would be the average waiting time if 420 students were seen 

each day? 
3. SWU wants to know the effect of reducing the average advising time on the average wait time. If SWU 

can reduce the average advising time to 10 minutes, what would be the average waiting time if 

420 students were seen each day? 

10-37 Waiting time, cost considerations, customer satisfaction. Refer to the information pre- 
sented in Exercise 10-36. The head of the registration advisors at SWU has decided that the advisors must 

finish their advising in 2 weeks and therefore must advise 420 students a day. However, the average waiting 
time given a 12-minute advising period will result in student complaints, as will reducing the average advis- 

ing time to 10 minutes. SWU is considering two alternatives: 
a. Hire two more advisors for the 2-week (10-working day) advising period. This will increase the avail- 

able number of advisors to 12 and therefore lower the average waiting time. 

b. Increase the number of days that the advisors will work during the 2-week registration period to 6 days 
a week. If SWU increases the number of days worked to 6 per week, then the 10 advisors need only see 
350 students a day to advise all of the students in 2 weeks. 

Required 

1. What would the average wait time be under alternative A and under alternative B? 

2. If advisors earn $100 per day, which alternative would be cheaper for SWU (assume that if advisors 
work 6 days in a given work week, they will be paid time and a half for the sixth day)? 

3. From a student satisfaction point of view, which of the two alternatives would be preferred? Why? 
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Collaborative Learning Cases 

10-38 Cost estimation, incremental unit-time learning model. Assume the same information for the 

Pacific Boat Company as in Problem 10-29 with one exception. This exception is that Pacific Boat uses a 
90% incremental unit-time learning model as a basis for predicting direct manufacturing labour-hours in its 

assembling operations. (A 90% learning curve means b = —0.152004.) 

Required 

1. Prepare a prediction of the total costs for producing the six PT109s for the Navy. 
2. If you solved requirement 1 of Problem 10-29, compare your cost prediction there with the one you made 

here. Why are the predictions different? How should Pacific Boat decide which model it should use? 

10-39 Evaluating alternative simple regression models, not-for-profit. (Appendixes 10A and 10B) 

Kathy Hanks, executive assistant to the president of Eastern University, is concerned about the overhead 

costs at her university. Cost pressures are severe, so controlling and reducing overhead is very important. 

Hanks believes overhead costs incurred are generally a function of the number of different academic pro- 

grams (including different specializations, degrees, and majors) that the university has and the number of 

enrolled students. Both have grown significantly over the years. She collects the following data: 

Year Overhead Costs (in thousands) Number of Programs Enrolled Students 

1 $16,200 29 3,400 

2 23,040 36 5,000 

3 20,160 49 2,600 

4 24,120 53 4,700 

5 23,400 54 3,900 

6 27,720 58 4,900 

7 28,440 88 5,700 

8 24,120 72 3,900 

9 27,360 83 3,500 

10 35,640 73 3,700 

11 37,440 101 5,600 

12 45,720 103 7,600 

= Regression 1. Overhead costs = a+(bX number of academic programs) 

Variable Coefficient Standard Error t-Value 

Constant $8,553.30 $4,002.41 2.14 

Independent variable 1: number $ 288.76 $ 56.80 5.08 
of academic programs 

f° =0.72; Durbin-Watson statistic = 1.81 

The adjusted r- =0.693 

a Regression 2. Overhead costs = a+(bX number of enrolled students) 

Variable Coefficient Standard Error t-Value 

Constant $7,190.10 $6,081.45 1.18 

Independent variable 1: number $. 4.53 + ae 72: 3.52 
of enrolled students 

= 0.55; Durbin-Watson statistic = 0.7694 

The adjusted = 0.509 

Instructions 

Form groups of two or more students to complete the following requirements: 

Required 

1. Plot the relationship between overhead costs and each of the following variables: (a) number of aca- 

demic programs and (b) number of enrolled students. 
2. Compare and evaluate the two simple regression models estimated by Hanks, Use the comparison format. 
3. What insights do the analyses provide about controlling and reducing overhead costs at the university? 

4. What are two important issues that would suggest the predictions are unreliable? 
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10-40 Interpreting regression results, matching time periods. Nandita Summers works at Modus, LO © 
a store that caters to fashion for young adults. Nandita is responsible for the store's online advertising and 

promotion budget. For the past year, she has studied search engine optimization and has been purchasing 
keywords and display advertising on Google, Facebook, and Twitter. In order to analyze the effectiveness of 
her efforts and to decide whether to continue online advertising or move her advertising dollars back to 
traditional print media, Nandita collects the following data: 

Advertising 

Expense Revenue 

September 

October 42,480 

November 53,106 

December 64,560 

January 34,517 

February 

March 

36,720 

62,564 

59,568 

July 

August 36,211 

Required 

1. Nandita performs a regression analysis, comparing each month's online advertising expense with that 
month's revenue. Verify that she obtains the following result: 

Revenue = $51,999.64 —.(0.98 < Online advertising expense) 

Variable Coefficient StandardError ¢Value 

Constant $51,999.64 7,988.68 6.51 

Independent variable: Online advertising expense —0,98 1.99 —0,49 

? = 0,02; Durbin-Watson statistic = 2.14 

2. Plot the preceding data on a graph and draw the regression line. What does the cost formula indicate 

about the relationship between monthly online advertising expense and monthly revenues? Is the rela- 
tionship economically plausible? 

3, After further thought, Nandita realizes there may have been a flaw in her approach. In particular, there 

may be a lag between the time customers click through to the Modus website and peruse its social 
media content (which is when the online ad expense is incurred) and the time they actually shop in the 
physical store. Nandita modifies her analysis by comparing each month's sales revenue to the adver- 
tising expense in the prior month. After discarding September revenue and August advertising expense, 
show that the modified regression yields the following: 

Revenue = $28,361.37 + (5.38 < Online advertising expense) 

Variable Coefficient StandardError ¢Value 

Constant $28,361.37 5,428.69 5.22 

Independent variable; Previous month's online advertising 5.38 1.31 4.12 
expense r’ = 0.65; Durbin-Watson statistic = 1.71 

4, What does the revised formula indicate? Plot the revised data on a graph. Is this relationship econom- 
ically plausible? 

5. Can Nandita conclude that there is a cause-and-effect relationship between online advertising 
expense and sales revenue? Why or why not? 
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10-41 Purchasing department cost drivers, activity-based costing, simple regression analysis. 

Perfect Fit operates a chain of 10 retail department stores. Each department store makes its own purchasing 

decisions. Carl Hart, assistant to the president of Perfect Fit, is interested in better understanding the drivers 

of purchasing department costs. For many years, Perfect Fit has allocated purchasing department costs to 

products on the basis of the dollar value of merchandise purchased. A $100 item is allocated 10 times as many 

overhead costs associated with the purchasing department as a $10 item. 

Hart recently attended a seminar titled “Cost Drivers in the Retail Industry.” In a presentation at the 

seminar, Kaliko Fabrics, a leading competitor that has implemented activity-based costing, reported num- 

ber of purchase orders and number of suppliers to be the two most important cost drivers of purchasing 

department costs. The dollar value of merchandise purchased in each purchase order was not found 

to be a significant cost driver. Hart interviewed several members of the purchasing department at the 

Perfect Fit store in Miami. They believed that Kaliko Fabrics’ conclusions also applied to their purchasing 

department. 

Hart collects the following data for the most recent year for Perfect Fit's 10 retail department stores: 

Purchasing | Dollar Value of Number of 

Department 
Costs 
(PDC) 

$1,522,000 

Merchandise 

Purchased 

(MPS) 

$ 68,307,000 

Purchase 

Orders 

(No. of POs) 

Number of 

Suppliers 
(No. of Ss) 

1,095,000 33,463,000 

542,000 121,800,000 

2,053,000 

1,068,000 | 
119,450,000 

33,575,000 

517,000 
mle 

29,836,000 

1,544,000 102,840,000 

1,761,000 38,725,000 

1,605,000 

1,263,000 41 | Vancouver 

Hart decides to use simple regression analysis to examine whether one or more of three variables (the last 
three columns in the table) are cost drivers of purchasing department costs. Summary results for these 
regressions are as follows: 

Regression 1: PDC = a + (b X MP$) 

139,300,000 

130,110,000 

Variable Coefficient Standard Error t-Value 

Constant $1,041,421 $346,709 3.00 

Independent variable 1: MP$ 0.0031 0.0038 0.83 

r? = 0.08; Durbin-Watson statistic = 2.41 

Regression 2: PDC = a + (b X No. of POs) 

Variable Coefficient Standard Error t-Value 

Constant $722,538 $265,835 2.72 

Independent variable 1: No. of POs $ 159.48 $ 64.84 2.46 

r? = 0.43; Durbin-Watson statistic = 1.97 



Regression 3: PDC = a + (b X No. of Ss) 

Variable Coefficient Standard Error t-Value 

Constant $828,814 $246,571 3.36 

Independent variable 1: No. of Ss $ 3,816 $ 1,698 2.25 

r? = 0.39; Durbin-Watson statistic = 2.01 

. Compare and evaluate the three simple regression models estimated by Hart. Graph each one. 

. Do the regression results support the Kaliko Fabrics’ presentation about the purchasing department's 

cost drivers? Which of these cost drivers would you recommend in designing an ABC system? 

. How might Hart gain additional evidence on drivers of purchasing department costs at each of Perfect 
Fit's stores? 

10-42 Purchasing department cost drivers, multiple regression analysis (continuation of 10-41). 

Carl Hart decides that the simple regression analysis used in Problem 10-41 could be extended to a multiple 

regression analysis. He finds the following results for two multiple regression analyses: 

Regression 4: PDC = a + (b, X No. of POs) + (b) X No. of Ss) 

Variable Coefficient Standard Error t-Value 

Constant $484,522 $256,684 1.89 

Independent variable 1: No. of POs $ 126.66 $ 57.80 2.19 

Independent variable 2: No. of Ss $ 2,903 $ 1,459 1.99 

r? = 0.64; Durbin-Watson statistic = 1.91 

Regression 5: PDC = a + (b, X No. of POs) + (b) < No. of Ss) + (b;  MP$) 

Variable Coefficient Standard Error t-Value 

Constant $483,560 $312,554 1.55 

Independent variable 1: No. of POs $ 126.58 $ 63.75 1.99 

Independent variable 2: No. of Ss $ 2,901 $ 1,622 1.79 

Independent variable 3: MP$ 0.00002 0.0029 0.01 

r? = 0.64; Durbin-Watson statistic = 1.91 

The coefficients of correlation between combinations of pairs of the variables are as follows: 

PDC MP$ No. of POs 

MP$ 0.28 

No. of POs 0.66 0.27 

No. of Ss 0.62 0.30 0.29 

Required 

1. Evaluate regression 4 using the criteria of economic plausibility, goodness of fit, significance of inde- 

pendent variables, and specification analysis. Compare regression 4 with regressions 2 and 3 in Prob- 
lem 10-41. Which one of these models would you recommend that Hart use? Why? 

. Compare regression 5 with regression 4. Which one of these models would you recommend that Hart 

use? Why? 
. Hart estimates the following data for the Baltimore store for next year: dollar value of merchandise 

purchased, $78,500,000; number of purchase orders, 4,100; number of suppliers, 110. How much should 

Hart budget for purchasing department costs for the Baltimore store for next year? 

. What difficulties do not arise in simple regression analysis that may arise in multiple regression analy- 

sis? Is there evidence of such difficulties in either of the multiple regressions presented in this prob- 

lem? Explain. 
. Give two examples of decisions in which the regression results reported here (and in Problem 10-41) 

could be informative. 

Assignment Material 
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‘TRY itl > soLuTiONS 

1a. Average waiting time for an order of 239 

on average Ea Poa iad AG, 

of orders of 239 per order of 239 

Annual machine Annual average number _ Manufacturing time 

| capacity -( of orders of Z39 eee on) 

[50 x (80)?] (50 x 6,400) 320,000 a = = ee 2x [5000 — (80 x 80)] 2 (5000 — 4,000) (2x 1,000) 7 Mours per order 
1b. 

Average manufacturing  Averageorder Order manufacturing 

cycle time per order for Z39 — waiting time time for Z39 

= 160 hours + 80 hours = 240 hours per order 

2a. Average waiting time for 239 and Y28 

Annual average Manufacturing \? Annual average Manufacturing \? 

number of X | time per order x number of X | time per order 

orders of 239 of 239 orders of Y28 of Y28 

Annual Annual average Manufacturing Annual average Manufacturing 

2X | machine — number of Xx | time per order || — number of x | time per order 

capacity orders of 239 of Z39 orders of Y28 of Y28 

if [50 x (80)?] + [25 x (20)?] _ [(80 X 6,400) + (25 x 400)] — (320,000 + 10,000) 

2 x [5,000 — (50 x 80) — (25 x 20) ] 2 x [5,000 — 4,000 — 500} 2 x 500 

= S00 — so hours 
2b. 

Average manufacturing _ Average order Order manufacturing 

cycle time for 239 waiting time time for 239 

= 330 hours + 80 hours = 410 hours 

Average manufacturing _ Average order | Order manufacturing 

cycle time forY28  —- waiting time time for Y28 

= 330 hours + 20 hours = 350 hours 
Sf 

Selling price per order of Y28, which has an average manufacturing lead time $ 6,000 
of more than 320 hours 

Variable cost per order __ 5,000 

Additional contribution per order of ¥28 $ 1,000 

Multiply by expected number of orders X25 

Increase in expected contribution from Y28 $25,000 

Expected loss in revenues and increase in costs from introducing Y28: 

Expected Increase in Car- Expected Loss in 
| Expected Loss in Revenues rying Costs from Increasing Revenues Plus Expected 

from Increasing Average § Average Manufacturing Increases in Carrying Costs 
Manufacturing Cycle Cycle Times for All of Introducing Y28 

Product (1) Times for All Products (2) Products (3) (4) = (2) + (3) 

239 $25,000.008 $6,375.00° $31,375.00 

Y28 - 2,187.50° 2,187.50 

Total $25,000.00 $8,562.50 $33,562.50 

850 orders X ($27,000 — $26,500) 

(410 hours — 240 hours) x $0.75 x 50 orders 
°(350 hours — 0) x $0.25 x 25 
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Increase in expected contribution from Y28 of $25,000 is less than increase in expected costs of 
$33,562.50 by $8,562.50. Therefore, Seawall should not introduce Y28. 

Alternative calculations of incremental revenues and incremental costs of introducing Y28: 

Alternative 1: Alternative 2: Do Relevant Revenues 

Introduce Y28 Not Introduce Y28 and Relevant Costs 

(1) (2) (3) = (1) — (2) 

Expected revenues $1,475,000.008 $1,350,000.00° $125,000.00 

Expected variable costs 875,000.00° 750,000.002 125,000.00 

Expected inv. carrying costs 17,562.50° 9,000.00! 8,562.50 

Expected total costs 892,562.50 759,000.00 133,562.50 

Expected revenues minus $ 582,437.50 $ 591,000.00 $ (8562.50) 
expected costs OTST a 

4(50 x $26,500) + (25 x $6,000) °50 x $27,000 
°(50 X $15,000) + (25 x $5,000) 450 x $15,000 

9(50 x $0.75 X 410) + (25 x $0.25 x 350) '50 x $0.75 x 240 

1. Prevention Costs: Design engineering, Process engineering 

Appraisal Costs: Inspection 

Internal Failure Costs: Rework, Scrap 

External Failure Costs: Warranty repair costs 

2020 % of 2020 % of 2021 % of 2021 % of 

2020. Total€0Q Revenue 2021 TotalCOQ Revenue 

Prevention costs: 

Design engineering $ 8,950 $12,950 

Process engineering _10,000 _10,200 

Total prevention costs _ 18,950 _ 23,150 

Appraisal costs 7,000 9,200 
(Inspection) 

Internal failure costs 

Rework 17,960 12,400 

Scrap 15,000 _ 12,800 

Total internal failure costs "32,960 41.8% _25,200 33.6% 

External failure costs 19,960 25.3% 17,520 23.3% 

(Warranty repair costs) 

Total costs of quality $78,870 100.0% : $75,070 100.0% 



Learning Objectives 
@ Distinguish relevant from 

irrelevant information in decision 

situations. 

@ Identify the differences among 
relevant costs for short-term 

and long-term production 

output decisions. 

© Contrast relevant and irrelevant 
costs and revenue as well as 

quantitative and qualitative 

information influencing 

decisions. 

@ Explain the opportunity-cost 
concept and why it is used in 

decision making. 

@® Explain the theory of 
constraints and how to manage 

“bottlenecks.” 

@ Explain why book value of 
equipment is irrelevant in 

equipment replacement 

decisions. 

CPA Competencies* 
This chapter covers material 

outlined in Section 3: 
Management Accounting of 

the CPA Competency Map. The 

Learning Objectives in this chapter 

have been aligned with the CPA 

Competency Map to ensure the 
best coverage possible. 

3.3.1 Evaluates cost classifications 

and costing methods for manage- 

ment of ongoing operations 

3.3.2 Evaluates and applies cost 

management techniques appropriate 

for specific costing decisions 

3.4.1. Evaluates sources and 

drivers of revenue growth 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada, 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada, 
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Decision Making and a 
Relevant Information 

What does it cost Porter to fly a customer from Niagara-on-the-Lake to Toronto? 
The incremental cost is very small, because the other costs (the plane, pilots, ticket 
agents, fuel, airport landing fees, and baggage handlers) are fixed. Because most costs 
are fixed, would it be worthwhile for Porter to fill a seat provided it earns at least $5 for 

that seat? The answer depends on whether the flight is full. 

Suppose Porter normally charges $344 for this round-trip ticket. If the flight is 
full, Porter would not sell the ticket for anything less than $344 because there are still 
customers willing to-pay this fare for the flight. But what if there are empty seats? 
Selling a ticket for something more than $5 is better than leaving the seat empty and 
earning nothing. 

If a customer uses the internet to purchase the ticket a month in advance, Porter 
will likely quote $344 because it expects the flight to be full. If, on the Monday before 
the scheduled Friday departure, Porter finds that the plane will not be full, the airline 

may be willing to lower its prices dramatically in hopes of attracting more customers 
and earning a profit on the unfilled seats. 

Just as at Porter, managers in corporations around the world use a decision 
process, Managers at Scotiabank gather information about financial markets, 

consumer preferences, and economic trends before determining whether to offer new 
services to customers. Managers at The Bay examine all the relevant information 

related to domestic and international clothing manufacturing before selecting vendors. 

Managers at VW gather cost information to decide whether to manufacture a 
component part or purchase it from a supplier. The decision process may not 

always be easy, but as Peter Drucker said, “Wherever you see a successful business, 

someone once made a courageous decision.” 

Source: K, Owram, 2016, “From Niagara-on-the-Lake to Toronto in 8 Minutes: Region Pitches Porter Airlines on 
Commuter Flight to Toronto.” Financial Post, May 20. 
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Evidence, Analysis, and Decisions 

Accountants serve as technical experts, gathering and analyzing data, forecasting future 
outcomes, and recommending the best possible course of action or alternative. Reliable 
and relevant information is essential to good decision making, but it does not guarantee 
good decisions. The ability to distinguish relevant from irrelevant data and analyze rela- 
tionships in an organizational system is a fundamental skill needed for making reasonable 
business decisions. It is important to recognize the limitations of data quality or analytic 
techniques, and not to ignore recommendations or take impulsive actions. With objective 
use of high-quality data and readily used techniques of analyses, managers will make 
informed assumptions to predict future outcomes. 

Forecasting outcomes is the heart of a decision, but it is quite normal that the most 
relevant information is missing. There will almost always be a gap between what was 
expected and what is actually realized because the future cannot be predicted with accu- 
racy. A good decision process includes a post-implementation assessment and explanation 
of the key causes of differences between expected and actual outcomes. This is how man- 
agers learn from their experiences. 

Relevant Information and Decision Making 

Managers usually follow a decision model for choosing among different courses of action. 
A decision model is a formal method of making a choice that often involves both quanti- 
tative and qualitative analyses. Management accountants analyze and present relevant 
data to guide managers’ decisions. The five-step decision-making process presented in 
Exhibit 11-1 can be used to assist in making such a decision. 

Consider a strategic decision facing management at Precision Sporting Goods, a manu- 
facturer of golf clubs: Should it reorganize its manufacturing operations to reduce manufac- 
turing labour costs? Precision Sporting Goods has only two alternatives: (1) do not reorganize 
or (2) reorganize. Reorganization will eliminate all manual handling of materials. Current 
manufacturing labour consists of 20 workers—15 workers operate machines and 5 workers 
handle materials. The 5 materials-handling workers have been hired on contracts that permit 
layoffs without additional payments. Each worker works 2,000 hours annually. 

Reorganization is predicted to cost $90,000 each year (mostly for new equipment 
leases). Production output of 25,000 units as well as the selling price of $250, the direct 
material cost per unit of $50, manufacturing overhead of $750,000, and marketing costs 
of $2,000,000 will be unaffected by the reorganization. 

The Concept of Relevance 

Much of this chapter focuses on Step 4 in Exhibit 11-1 and on the concepts of relevant 
costs and relevant revenues when choosing among alternatives. 

Relevant Costs and Relevant Revenues 

Relevant costs are expected future costs, and relevant revenues are expected future 
revenues. Revenues and costs that are not relevant are said to be irrelevant. It is important 
to recognize that to be relevant costs and relevant revenues, they must 

s Occur in the future. Every decision deals with selecting a course of action based on its 
expected future results. 

= Differ among the alternative courses of action. Costs and revenues that do not differ 
will not matter and, hence, will have no bearing on the decision being made. 

The question is always, “What difference will an action make?” 
Exhibit 11-2 presents the financial data underlying the choice between the “do-not 

reorganize” and “reorganize” alternatives for Precision Sporting Goods. There are two 
methods to analyze the data. The first considers all revenues and costs, while the second 
considers only relevant revenues and costs. 

LOO 
Distinguish relevant from 
irrelevant information in 

decision situations. 

Loe 
Identify the differences 
among relevant costs for 
short-term and long-term 

production output decisions. 
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(eaitisaee The Five-Step Decision Model 

Should Precision Sporting Goods reorganize its manufacturing operations to reduce 

manufacturing labour costs? An important uncertainty is how the reorganization will 

affect employee morale. 

Historical hourly wage rates are $14 per hour. However, a recently negotiated 

increase in employee benefits of $2 per hour will increase wages to $16 per hour. 

The reorganization of manufacturing operations is expected to reduce the number 

of workers from 20 to 15 by eliminating all 5 workers who handle materials. The 

reorganization is likely to have negative effects on employee morale. 

| 
Other 

Information 

Historical 

Costs 

Managers use information from Step 2 as a basis for predicting future manufacturing 

labour costs. Under the existing do-not-reorganize alternative, costs are predicted to be 
$640,000 (= 20 workers x 2,000 hours per worker per year X $16 per hour), and under 
the reorganize alternative, costs are predicted to be $480,000 (= 15 workers X 2,000 

hours per worker per year X $16 per hour), Recall, the reorganization is predicted to 

cost $90,000 per year. 

Managers compare the predicted benefits calculated in Step 3 ($640,000 — $480,000 = 

$160,000—that is, savings from eliminating materials-handling labour costs, 

5 workers X 2,000 hours per worker per year X $16 per hour = $160,000) against 

the cost of the reorganization ($90,000) along with other considerations (such as likely 

negative effects on employee morale). Management chooses the reorganize alternative 

because the financial benefits are significant and the effects on employee morale are 

expected to be temporary and relatively small. 

Evaluating performance after the decision is implemented provides critical feedback 

for managers, and the five-step sequence is then repeated in whole or in part. Managers 

learn from actual results that the new manufacturing labour costs are $540,000, rather 

than the predicted $480,000, because of lower-than-expected manufacturing labour 

productivity. This (now) historical information can help managers make better 

subsequent predictions that allow for more learning time. Alternatively, managers 

may improve implementation via employee training and better supervision. 

SE SASSS MIS SE AAAS A STS TITIAN TERS NE SD IIIS IIS NE EN SS ST EI ET PS DR DIDI ERE] 

All Revenues and Costs Relevant Revenues and Costs 
EEcreekee Financial 
Data Underlying 
Alternatives for Precision 

; Alternative 1: Alternative 2: Alternative 1: Alternative 2: 

Sporting Goods DoNotReorganize  Reorganize DoNotReorganize Reorganize 

Revenues? $6,250,000 $6,250,000 — — 
Costs: 

Direct materials® 1,250,000 1,250,000 — — 
Manufacturing labour 640,000° 480,000° $ 640,000° $480,0004 
Manufacturing overhead 750,000 750,000 — — 

Marketing 2,000,000 2,000,000 —— — 
Reorganization costs _ 90,000 — 90,000 

Total costs 4,640,000 4,570,000 640,000 570,000 

Operating income $1,610,000 $1,680,000 $(640,000) $(570,000) 
————.--—-’ —-—.-—__“ 

$70,000 Difference $70,000 Difference 

825,000 units < $250 per unit = $6,250,000 

525,000 units X $50 per unit = $1,250,000 
°20 workers X 2,000 hours per worker X $16 per hour = $640,000 

415 workers X 2,000 hours per worker X $16 per hour = $480,000 
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The first two columns of Exhibit 11-2 describe the first method and present all cost 
and revenue data. The last two columns describe the second method and present only 
relevant costs—the $640,000 and $480,000 expected future manufacturing labour costs 
and the $90,000 expected future reorganization costs that differ between the two alterna- 
tives. The revenues, direct materials, manufacturing overhead, and marketing items can 
be ignored because they will remain the same whether or not Precision Sporting Goods 
reorganizes. They do not differ between the alternatives and, therefore, are irrelevant. 

Note that the past (historical) manufacturing hourly wage rate of $14 and total past 
(historical) manufacturing labour costs of $560,000 (= 20 workers X 2,000 hours per 
worker per year X $14 per hour) do not appear in Exhibit 11-2. Although they may be a 
useful basis for making informed predictions of the expected future manufacturing labour 
costs of $640,000 and $480,000, historical costs themselves are past costs that therefore 
are irrelevant to decision making. 

Past costs are also called sunk costs because they ate unavoidable and cannot be 
changed no matter what action is taken. The analysis in Exhibit 11-2 indicates that reor- 
ganizing the manufacturing operations will increase predicted operating income by 
$70,000 each year. Note that the managers at Precision Sporting Goods reach the same 
conclusion whether they use all data or include only relevant data in the analysis. Focus- 
ing on the relevant data is especially helpful when all the information needed to prepare a 
detailed statement of comprehensive income is unavailable. Understanding which costs 
are relevant and which are irrelevant helps the decision maker concentrate on obtaining 
only the pertinent data and is more efficient. 

Quantitative and Qualitative Information 

Managers divide the outcomes of decisions into two broad categories: quantitative and 
qualitative. Quantitative factors are outcomes measured in numerical terms. Some quantita- 
tive factors are financial; they can be expressed in monetary terms. Examples include the 
cost of direct materials, direct manufacturing labour, and marketing. Other quantitative 
factors are nonfinancial; they can be measured numerically, but they are not expressed in 
monetary terms. Reduction in new product development time and the percentage of on-time 
flight arrivals are examples of quantitative nonfinancial factors. Qualitative factors are out- 
comes that are difficult to measure accurately in numerical terms. Employee morale and 
customer loyalty are some examples. 

Relevant-cost analysis generally emphasizes quantitative factors that can be expressed 
in financial terms. But just because qualitative factors and quantitative nonfinancial fac- 
tors cannot be measured easily in financial terms does not make them unimportant. 
In fact, managers must wisely weigh these factors. In the Precision Sporting Goods example, 
managers carefully considered the negative effect on employee morale of laying off materials- 
handling workers, a qualitative factor, before choosing the reorganize alternative. Compar- 
ing and trading off nonfinancial and financial considerations is seldom easy. Exhibit 11-3 
summarizes the key features of relevant information. 

Some factors, such as health and safety, are not always calculated as part of a cost- 
benefit analysis. Responsible management teams will go to experts outside their enterprise 
to help them more clearly understand the risks a particular decision may pose to their 
employees, customers, and other stakeholders without assessing financial value. The idea 
of putting a price or a cost on safety and health is often enough to make the decision team 
aware that it will not sacrifice safety, regardless of the financial benefits of doing so. 

ESA LAS ST I NNN NE SNS NIT NINE SEL ELT EGE NOT SOS 

m Past (historical) costs may be helpful as a basis for making predictions. However, past costs, 
also commonly called sunk costs, are always irrelevant when making decisions. 

= Different alternatives can be compared by examining differences in expected total future revenues 
and expected total future costs. 

m= Not all expected future revenues and expected future costs are relevant. Expected future revenues 
and expected future costs that do not differ among alternatives are irrelevant and, hence, can be 
eliminated from the analysis. The key question is always, “What difference will an action make?” 

@ Appropriate weight must be given to qualitative factors and quantitative nonfinancial factors. 

LO © 
Contrast relevant and 

irrelevant costs and revenue 

as well as quantitative and 
qualitative information 

influencing decisions. 

Key 
Features of Relevant 

Information 
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Output Level Changes: Short- and 
Long-Term Decisions 

Production output decisions involve identifying differences among relevant costs, but some 
decisions are short term and some are long term in nature. Short-term production output 
decisions have no capacity management effects, such as accepting or rejecting one-time-only 
special orders when there is idle production capacity and when the order has no long-run 
implications. Consider the following example of Surf Gear, a company that produces towels. 
To simplify this short-term decision process and the identification of relevant costs, assume 

a All costs can be classified as either variable with respect to a single driver (units of 
output) or fixed. 

s No variable marketing costs are incurred to obtain the special one-time order. 

« All outcome data have already been weighted by their respective probabilities (risks). 

Under these assumptions, fixed costs are irrelevant. They must be paid whether the 
special order is accepted or not. Full absorption costing is inappropriate to the pricing of 
the finished goods. Only the incremental variable costs are relevant, and those costs must 
be recovered plus some profit. Variable (and in some cases, throughput) costing is appro- 
priate to pricing the finished goods. When there is idle capacity, the effect of a special 
order on operating income depends on the customer accepting the contract, not on full 
absorption cost recovery. 

Any increase in output will reduce the average unit fixed cost. But total fixed costs must 
be paid even if production or sales, or both, is zero. As long as there is capacity available, there 
are no opportunity costs. As long as all variable costs plus some profit are recovered, the spe- 
cial order will be an additional contribution to cover fixed costs. There is no other opportu- 
nity available; therefore, accepting the special order is the best use of available excess resources. 

A Special Order Example 

Surf Gear manufactures quality beach towels at its highly automated plant. The plant has 
a production capacity of 48,000 towels each month. Current monthly production is 
30,000 towels. Retail department stores account for all existing sales. Expected results for 
the coming month (August) are shown in Exhibit 11-4. (These amounts are predictions 
based on past costs.) We assume all costs can be classified as either fixed or variable with 
respect to a single cost driver (units of output). 

As a result of a strike at its existing towel supplier, Azelia, a luxury hotel chain, has 
offered to buy 5,000 towels from Surf Gear in August at $11 per towel. No subsequent 
sales to Azelia are anticipated. Fixed manufacturing costs are based on the 48,000-towel 
production capacity. That is, fixed manufacturing costs relate to the production capacity 
available and not the actual capacity used. If Surf Gear accepts the special order, it will use 
existing idle capacity to produce the 5,000 towels, and fixed manufacturing costs will not 
change. No marketing costs will be necessary for the 5,000-unit one-time-only special 
order. Accepting this special orderis not expected to affect the selling price or the quantity 
of towels sold to regular customers. Should Surf Gear accept Azelia’s offer? 

Exhibit 11-4 presents data for this example on an absorption-costing basis (i.e., both 
variable and fixed manufacturing costs are included in inventory costs and cost of 
goods sold). In this exhibit, the manufacturing cost of $12 per unit and the marketing cost 
of $7 per unit include both variable and fixed costs. The sum of all costs (variable and 
fixed) in a particular business function of the value chain, such as manufacturing costs or 
marketing costs, is called business function costs. Full product costs—in this case, 
$19 per unit—are the sum of all variable and fixed costs in all business functions of the 
value chain (R&D, design, production, marketing, distribution, and customer service). 
For Surf Gear, full costs of the product consist of costs in manufacturing and marketing 
because these are the only business functions. No marketing costs are necessary for the 
special order, so the manager of Surf Gear will focus only on manufacturing costs. Based 
on the manufacturing cost per unit of $12—which is greater than the $11-per-unit price 
offered by Azelia—the manager might decide to reject the offer. 



Output Level Changes: Short- and Long-Term Decisions 425 

Pee AL ee eee Cr eee 
Pea Total | Per Unit 

Variable manufacturing costs 

Fixed manufacturing costs 

Total cost of goods sold 

Fixed marketing costs 

Total marketing costs 

14 | Operating income 

‘Variable manufacturing Direct material Variable direct manufacturing , Variable manufacturing 

cost per unit ~ cost per unit labour cost per unit overhead cost per unit 

= $6.00 + $0.50 + $1.00 = $7.50 

°Fixed manufacturing _ Fixed direct manufacturing Fixed manufacturing 

cost per unit labour cost per unit overhead cost per unit 

= $1.50 + $3.00 = $4.50 

Exhibit 11-5 separates manufacturing and marketing costs into their variable- and 
fixed cost components and presents data in the format of a contribution statement of 
comprehensive income. The relevant revenues and costs are the expected future revenues 
and costs that differ as a result of accepting the special offer—revenues of $55,000 (= $11 per 
unit X 5,000 units) and variable manufacturing costs of $37,500 (= $7.50 per unit X 
5,000 units). The fixed manufacturing costs and all marketing costs (including variable 
marketing costs) are irrelevant in this case because these costs will not change in total 
whether the special order is accepted or rejected. Surf Gear would gain an additional 
$17,500 (= Relevant revenues of $55,000 — Relevant costs of $37,500) in operating 
income by accepting the special order. In this example, comparing total amounts for 
30,000 units versus 35,000 units, or focusing only on the relevant amounts in the differ- 
ence column in Exhibit 11-5, avoids a misleading implication—the implication that would 
result from comparing the $11-per-unit selling price against the manufacturing cost per 
unit of $12 (Exhibit 11-4), which includes both variable and fixed manufacturing costs. 

The assumption of no long-run or strategic implications is crucial to management’s 

analysis of the one-time-only special-order decision. Suppose Surf Gear concludes that the 
retail department stores (its regular customers) will demand a lower price if it sells towels 
at $11 apiece to Azelia. In this case, revenues from regular customers will be relevant. 

Why? Because the future revenues from regular customers will differ depending on 
whether the special order is accepted or rejected. The relevant-revenue and relevant-cost 
analysis of the Azelia order would have to be modified to consider both the short-run 
benefits from accepting the order and the long-run consequences on profitability if prices 
were lowered to all regular customers. 

Outsourcing—Make or Buy—and Idle Facilities 

Another type of output-level decision is long term in nature. This is the decision either 
to expand existing capacity to insource, and produce more output in-house, or to outsource 
the additional production externally. Another term to describe this decision is a 

CEnrrerees Surf Gear 
Expected Results for 
August 
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ANALYTICS 
INSIGHTS 

_ Qualitative Analytics 

Not all information can be quantified. There is some information that we try to approximate 
with quantitative proxies, for example, happiness. It is not uncommon to see a survey that 
asks, “How happy are you with the product?”, and it requires you to respond on a 5- or 
7-point scale. This might capture some relative understanding of your opinion of being 
pleased versus being upset, but it is unlikely it can capture your true level of “happiness.” 
There are other important aspects of data (usually questions that begin with “how” or 
“why”) that simply cannot be quantified. This is where qualitative analysis is important. 

Qualitative analysis provides systematic approaches to analyzing non-quantitative 
data to enrich understanding of a situation. NVivo! is a powerful application used to 
analyze qualitative information that may emerge in interviews and other sources of 
qualitative data (e.g., text, audio, visual sources). Data can be integrated, cleaned, and 
analyzed, and outputs can be generated to provide support for a decision process, in the 
same way quantitative analysis is conducted. 

make/buy decision. For example, Apple Computer outsources microchip production 
(formerly an in-house operation) to Intel. 

Insourcing implies a strategy of vertical integration, which means a company grows 
by including as much of the production function as possible within itself, from direct 
materials to finished goods. The oil and gas industry is made up of the very different 

(iiskees Surf Gear Contribution Format Presentation of Manufacturing and Marketing Costs 

With the 
Without the Special Order Special Order 

30,000 35,000 

Difference: 

Relevant Amounts 

for the 

Units to Be Sold Units to Be Sold 

Per Unit Total Units Special Order 

(2) = (1) x30,000 
| 6 |Revenues $20.00 $600,000 $655,000 $55,000" 

7 | Variable costs: 

|g | Manufacturing 7.50 225,000 262,500 37,500° 
| 9 | Marketing 5.00 150,000 1eo}000 Le] ae Ny Mine 
/40| Total variable costs) _ 12.50 375,000 412,500 | ___37,500 
hat | Contribution margin 7.50 225,000 242,500 _17,500 

| 12 | Fixed costs: | 

/43 | Manufacturing 4.50 135,000 135,000 | 02 
Marketing 200 | | _ 60,000 60,000 Panes 

Total fixed costs | 6.50 195,000 195,000 ule hel 
Operating income $ 1.00 $ 30,000 $ 47,500 $17,500 

eee rar] | ae thor" gust 
18 95,000 units x $11.00 per unit = $55,000. 

19 | 5,000 units x $7.50 per unit = $37,500. 

| 20, °No variable marketing costs would be incurred for the 5,000-unit one-time-only special order. 

| ot | ‘Fixed manufacturing costs and fixed marketing costs would be unaffected by the special order. 

' https://www.qsrinternational.com/nvivo/home 
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activities of oil and gas exploration, extraction, refining, and retailing. Suncor, for exam- 
ple, is a vertically integrated company that controls all of these various activities. 
It explores for new raw materials, extracts them, and transports them to its own refineries 
where the direct materials are inputs for gasoline, home heating oil, and other petroleum 
products. It sells gasoline and other automotive products at its Sunoco stations. 

Sometimes a company decides to protect its competitive advantage by protecting the 
secure supply of key inputs. For other companies, making the product in-house allows 
retention of control of the product and technology. For example, to safeguard Coca- 
Cola’s formula, the company does not outsource the manufacture of its concentrate. What 
are the most important factors in the make/buy decision? Surveys of company practices 
indicate they are quality, dependability of supplies, and cost. 

An Outsourcing Decision Example 

The Soho Company manufactures a two-in-one video system consisting of a DVD player 
and a digital media receiver (that streams movies and video from internet sites such as 
Netflix). Columns 1 and 2 of the following table show the expected total and per-unit 
costs for manufacturing the DVD player of the video system. Soho plans to manufacture 
the 250,000 units in 2,000 batches of 125 units each. Variable batch-level costs of 

$625 per batch vary with the number of batches, not the total number of units produced. 

Expected Total Costs of Expected Cost 
Producing 250,000 Units in per Unit 
2,000 Batches Next Year (1) (2) = (1) + 250,000 

Direct materials ($36 per unit x 250,000 units) $ 9,000,000 $36 

Direct manufacturing labour ($10 per unit < 250,000 units) 2,500,000 10 

Variable manufacturing overhead costs of power and 

utilities ($6 per unit < 250,000 units) 1,500,000 6 

Mixed (variable and fixed) batch-level manufacturing 

overhead costs of materials handling and setup 

[$750,000 + ($625 per batch x 2,000 batches)} 2,000,000 8 

Fixed manufacturing overhead costs of plant lease, 
insurance, and administration 3,000,000 iz 

Total manufacturing cost $18,000,000 $72 

Broadfield Inc., a manufacturer of DVD players, offers to sell Soho 250,000 DVD 
players next year for $64 per unit on Soho’s preferred delivery schedule. Assume that 
financial factors will be the basis of this make-or-buy decision. Should Soho make or buy 
the DVD player? 

Columns 1 and 2 of the preceding table indicate the expected total costs and expected 
cost per unit of producing 250,000 DVD players next year. The expected manufacturing 
cost per unit for next year is $72. At first glance, it appears that the company should buy 
DVD players because the expected $72-per-unit cost of making the DVD player is more 
than the $64 per unit to buy it. But a make-or-buy decision is rarely obvious. To make a 
decision, management needs to answer the question, “What is the difference in relevant 
costs between the alternatives?” 

For the moment, suppose (a) the capacity now used to make the DVD players will 
become idle next year if the DVD players are purchased, and (b) the $3,000,000 of fixed 
manufacturing overhead will continue to be incurred next year regardless of the decision 
made. Assume the $750,000 in fixed salaries to support materials handling and setup will 
not be incurred if the manufacture of DVD players is completely shut down. 

Exhibit 11-6 presents the relevant-cost computations. Note that Soho will save $1,000,000 
by making DVD players rather than buying them from Broadfield. Making DVD players is 
the preferred alternative. Note how the key concepts of relevance apply here. 

= Past costs are always irrelevant when making decisions. We should only consider 
differences in expected total future revenues and expected total future costs. 
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Eck Soho 
Company’s Relevant Cost 
Computations 

Total Relevant Cost 
Relevant Costs Per Unit 

Relevant Items e Make Buy Make Buy 

Outside purchase of parts ($64 x 250,000 units) $16,000,000 $64 
Direct materials $ 9,000,000 $36 
Direct manufacturing labour 2,500,000 10 

Variable manufacturing overhead 1,500,000 6 

Mixed (variable and fixed) materials- 
handling and setup overhead 2,000,000 al Bis 

Total relevant costs® $15,000,000 $16,000,000 $60 $64 
Se (emcee ae 

Difference in favour of making 

DVD players $1,000,000 $4 

®The $3,000,000 of plant-lease, plant-insurance, and plant-administration costs could be included under both alternatives, 
Conceptually, they do not belong ina listing of relevant costs because these costs are irrelevant to the decision. Practically, 
some managers may want to include them in order to list all costs that will be incurred under each alternative. 

= The $1,000,000 in Exhibit 11-6 represents future costs that differ between the alternatives, 
which are relevant to the make-or-buy decision. Buying DVD players and not manufactur- 
ing them will save $1,000,000 in future variable costs per batch and avoidable fixed costs. 

a The $3,000,000 of plant-lease, insurance, and administration costs are the same under 
both alternatives. Because these future costs will not differ between the alternatives, 
they are irrelevant. 

A common term in decision making is incremental cost. An incremental cost is the 
additional total cost incurred for an activity. In Exhibit 11-6, the incremental cost of mak- 
ing DVD players is the additional total cost of $15,000,000 that Soho will incur if it 
decides to make DVD players. The $3,000,000 of fixed manufacturing overhead is not an 
incremental cost because Soho will incur this cost whether or not it makes DVD players. 
Similarly, the incremental cost of buying DVD players from Broadfield is the additio- 
nal total cost of $16,000,000 that Soho will incur if it decides to buy DVD players. 
A differential cost is the difference in total cost between two alternatives. In Exhibit 11-6, 
the differential cost between the make-DVD-players and buy-DVD-players alternatives is 
$1,000,000 (= $16,000,000 — $15,000,000). 

Note that incremental cost and differential cost are sometimes used interchangeably in 
practice. When faced with these terms, always be sure to clarify what they mean. We define 
incremental revenue and differential revenue similarly to incremental cost and differential 
cost. Incremental revenue is the additional total revenue from an activity. Differential 
revenue is the difference in total revenue between two alternatives. 

The Rainier Company provides landscaping services to corporations and businesses. 
All its landscaping work requires Rainier to use landscaping equipment. Its land- 
scaping equipment has the capacity to do 10,000 hours of landscaping work. It is 
currently utilizing 9,000 hours of equipment time. Rainier charges $80 per hour for 
landscaping work. Cost information for the current activity level is as follows: 

Revenues ($80 x 9,000 hours) $720,000 

Variable landscaping costs (including materials and labour), which 450,000 

vary with the number of hours worked ($50 per hour x 9,000 hours) 

Fixed landscaping costs 108,000 

Variable marketing costs (5% of revenues) 36,000 

Fixed marketing costs 72,000 

Total costs 666,000 

Operating income $ 54,000 
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Rainier has just received a one-time-only special order for landscaping work 
from Lasell Corporation at $60 per hour that would require 1,000 hours of equip- 
ment time. Should Rainier accept the offer even though revenue per hour is less than 
Rainier’s landscaping cost of $62 per hour [($450,000 + $108,000) + 9,000 hours]? 

No marketing costs will be necessary for the one-time-only special order. 

Potential Probiems in Relevant-Cost Analysis 

Managers should avoid two potential problems in relevant-cost analysis. First, they must 
watch for incorrect general assumptions, such as “All variable costs are relevant and all 
fixed costs are irrelevant.” In the Surf Gear example, the variable marketing cost of $5 per 
unit is irrelevant because Surf Gear will incur no extra marketing costs by accepting the 
special order. But fixed manufacturing costs could be relevant. The extra production of 
5,000 towels per month does not affect fixed manufacturing costs because we assumed 
that the relevant range is from 30,000 to 48,000 towels per month. In some cases, how- 

ever, producing the extra 5,000 towels might increase fixed manufacturing costs, Suppose 
Surf Gear would need to run three shifts of 16,000 towels per shift to achieve full capacity 
of 48,000 towels per month. Increasing the monthly production from 30,000 to 35,000 

would require a partial third shift because two shifts could produce only 32,000 towels. 
The extra shift would increase fixed manufacturing costs, thereby making these additional 
fixed manufacturing costs relevant for this decision. 

Seepatetiaes Starbucks Sustains 
IN Vem gO) \\) 

While labour costs at the Ohio and Georgia plants 
are higher than in many offshore locations, Stephen 
Lovejoy, senior vice president of global supply chain at 
Starbucks, identified several cost-savings benefits from 
domestic production, These include 

a Access to highly skilled labour, which helps with 
production efficiency 

Reduced transportation and warehousing costs, since 
more than 50% of Starbucks’s retail stores are in the 
United States 

Greater speed to market, which cuts lead time and 
inventory carrying costs 

While many companies continue to benefit from the 
global supply chain, Starbucks is among many United States- 
based companies, including American Apparel and Ralph 
Lauren, who have benefited from having domestic manufac- 
turing and outsourcing as part of their production mix. 

After years of outsourcing production to lower-cost coun- 
tries around the world, many American-based companies 
are relocating their manufacturing activities within the 
United States. Starbucks, the world’s largest coffee chain, 

is a leader in the domestic outsourcing movement, In Sources: Z. Hines. 2015. “Case Study: Starbucks’ New Manufacturing 
2012, the company began sourcing its coffee mugs from 
American Mug and Stein, a reopened ceramics factory 
in northeastern Ohio. Starbucks also “re-shored” some 
of its own production back to the United States. For 
example, the company built a new $172 million facility 
in Georgia to produce its ready-brew VIA coffee and the 
coffee base for its Frappuccino blended beverages. 

in the USA.” University of San Diego Reshoring Institute (San Diego: 
University of San Diego), (http://www.reshoringinstitute.org/wp-content 
/uploads/2015/05/Starbucks-Casestudy.pdf); S. Li, T. Hsu, and A. 
Chang. 2014, “American Apparel, Others Try to Profit from Domestic 
Production.” Los Angeles Times, August 10 (http://www. latimes.com 
/business/la-fi-american-apparel-made-in-usa-20140810-story.html); 
A. Selko, 2012. “Starbucks Chooses Domestic Production.” Industry 
Week, July 13 (http://www.industryweek.com/expansion-management 
/starbucks-chooses-domestic-production). 
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LO® 
Explain the opportunity- 

cost concept and why it is 

used in decision making. 

Second, unit cost data can potentially mislead decision makers in two ways: 

1. When irrelevant costs are included. Consider the $4.50 of fixed manufacturing cost 
per unit (direct manufacturing labour, $1.50 per unit, plus manufacturing overhead, 
$3 per unit) included in the $12-per-unit manufacturing cost in the one-time-only 
special-order decision (see Exhibits 11-4 and 11-5). This $4.50-per-unit cost is irrele- 
vant, given the assumptions in our example, so it should be excluded. 

2. When the same unit costs are used at different output levels. Generally, managers use 
total costs rather than unit costs because total costs are easier to work with and 
reduce the chance for erroneous conclusions. Then, if desired, the total costs can be 

unitized. In the Surf Gear example, total fixed manufacturing costs remain at 
$135,000 even if Surf Gear accepts the special order and produces 35,000 towels. 
Including the fixed manufacturing cost per unit of $4.50 as a cost of the special order 
would lead to the incorrect conclusion that total fixed manufacturing costs would 
increase to $157,500 (= $4.50 per towel X 35,000 towels). 

The best way for managers to avoid these two potential problems is to base decisions on 
(1) total revenues and total costs (rather than unit revenue and unit cost) and (2) the relevance 
concept. Managers should always require all items included in an analysis to be expected total 
future revenues and expected total future costs that differ among the alternatives. 

Opportunity Costs and Outsourcing 

In the make-or-buy decision in Exhibit 11-6, we assumed that the capacity currently used 
to make DVD players would remain idle if Soho purchased the parts from Broadfield. 
Often, however, the unused capacity can be used for other, profitable purposes. In this 
case, the choice Soho’s managers are faced with is not whether to make or buy, but rather 
how best to use available production capacity. 

Suppose that if Soho decides to buy DVD players for its video systems from 
Broadfield, then Soho’s best use of the capacity that becomes available is to produce 
100,000 units of the Digitek, a portable, stand-alone DVD player. From a manufac- 
turing standpoint, Digiteks are similar to DVD players made for the video system. 
With help from operating managers, Soho’s management accountant estimates the 
following future revenues and costs if Soho decides to manufacture and sell Digiteks: 

Incremental future revenues $8,000,000 

Incremental future costs 

Direct materials $3,400,000 

Direct manufacturing labour 1,000,000 

Variable overhead (such as power, utilities) 600,000 

Materials-handling and setup overheads 500,000 

Total incremental future costs 5,500,000 

Incremental future operating income $2,500,000 

Because of capacity constraints, Soho can make either DVD players for its video-system 
unit or Digiteks, but not both. Which of the following two alternatives should Soho choose? 

1. Make video-system DVD players and do not make Digiteks. 

2. Buy video-system DVD players and make Digiteks. 

The “Total-Alternatives” Approach 

Exhibit 11-7, Panel A, summarizes alternative 1 (the “total-alternatives” approach)—the 
future costs and revenues for all products. Alternative 2, buying video-system DVD play- 
ers and using the available capacity to make and sell Digiteks, is the preferred alternative. 
The future incremental costs of buying video-system DVD players from an outside 
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Alternatives for Soho 

1. Make Video-System 2. Buy Video-System 
DVD Players and Do DVD Players and 

Relevant Items Not Make Digitek Make Digitek 

PANEL A Total-Alternatives Approach to Make-or-Buy Decisions 

Total incremental future costs of making/buying 

video-system DVD players (from Exhibit 11-6) $15,000,000 $16,000,000 
Deduct excess of future revenues over future costs 

from Digitek 0 (2,500,000) 
Total relevant costs under total-alternatives approach $15,000,000 $13,500,000 

1. Make Video-System 
DVD Players DVD Players 

PANEL B Opportunity-Cost Approach to Make-or-Buy Decisions 

Total incremental future costs of making/buying 
video-system DVD players (from Exhibit 11-6) $15,000,000 $16,000,000 

Opportunity cost: Profit contribution forgone 
because capacity will not be used to make 
Digitek, the next-best alternative 2,500,000 0 

Total relevant costs under opportunity-cost approach $17,500,000 $16,000,000 

Note that the differences in costs across the columns in Panels A and B are the same: The cost of alternative 3 is $1,500,000 less 
than the cost of alternative 1, and $2,500,000 lass than the cost of alternative 2. 

supplier ($16,000,000) exceed the future incremental costs of making video-system DVD 
players in-house ($15,000,000). Soho can use the capacity freed up by buying video- 
system DVD players to gain $2,500,000 in operating income (incremental future revenues 
‘of $8,000,000 minus total incremental future costs of $5,500,000) by making and selling 
Digiteks. The net relevant costs of buying video-system DVD players and making and 
selling Digiteks are $16,000,000 — $2,500,000 = $13,500,000. 

The Opportunity-Cost Approach 

Deciding to use a resource for a particular purpose causes a manager to forgo the oppor- 
tunity to use the resource in alternative ways. This lost opportunity is a cost that the 
manager must consider when making a decision. Opportunity cost is the contribution to 
operating income that is lost by not using a limited resource in its next-best alternative use. 

For example, the (relevant) cost of going to school for an MBA degree is not only the 
cost of tuition, books, lodging, and food, but also the income sacrificed (opportunity cost) 

by not working, Presumably, the estimated future benefits of obtaining an MBA (e.g., a 
higher-paying career) will exceed these costs. 

Exhibit 11-7, Panel B, displays the opportunity-cost approach for analyzing the alter- 
natives faced by Soho. Note that the alternatives are defined differently under the two 
approaches. 

Opportunity-Cost Approach 

(1) Make video-system (2) Buy video-system DVD 
DVD players (withno players (with no reference 
reference to Digiteks). to Digiteks). 

Total-Alternatives Approach 

(1) Make video-system (2) Buy video-system 
DVD players anddonot DVD players and make 
make Digiteks Digiteks. 

Under the opportunity-cost approach, the cost of each alternative includes (1) the 
incremental costs and (2) the opportunity cost, the profit forgone from not making 
Digiteks. This opportunity cost arises because Digitek is excluded from formal consideration 
in the alternatives. 

2, Buy Video-System 
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Consider the opportunity-cost approach’s alternative 1, to make video-system DVD 
players. What are all the costs of making video-system DVD players? Certainly Soho will 
incur $15,000,000 of incremental costs to make video-system DVD players, but is this the 
entire cost? No, because by deciding to use limited manufacturing resources to make 
video-system DVD players, Soho will give up the opportunity to earn $2,500,000 by not 
using these resources to make Digiteks. Therefore, the relevant costs of making video- 
system DVD players are the incremental costs of $15,000,000 plus the opportunity cost 
of $2,500,000. Next, consider alternative 2, to buy video-system DVD players. The incre- 

mental cost of buying video-system DVD players will be $16,000,000. The opportunity 
cost is zero, because by choosing this alternative, Soho will not forgo the profit it can earn 
from making and selling Digiteks. 

Panel B leads management to the same conclusion as Panel A: Buying video-system 
DVD players and making Digiteks is the preferred alternative. 

Opportunity costs are not recorded in financial accounting systems because historical 
recordkeeping is limited to transactions involving alternatives that were actually selected, 
rather than alternatives that were rejected. Rejected alternatives do not produce transac- 
tions and so they are not recorded. If Soho makes video-system DVD players, it will not 
make Digiteks, and it will not record any accounting entries for Digiteks. Yet the opportu- 
nity cost of making video-system DVD players, which equals the operating income that 
Soho forgoes by not making Digiteks, is a crucial input into the make-or-buy decision. 
Besides quantitative considerations, the make-or-buy decision should also consider strategic 
and qualitative factors. If Soho decides to buy video-system DVD players from an outside 
supplier, it should consider factors such as the supplier’s reputation for quality and timely 
delivery. Soho would also want to consider the strategic consequences of selling Digiteks. 
For example, will selling Digiteks take Soho’s focus away from its video-system business? 

The Rainier Company provides landscaping services to corporations and businesses. 
All its landscaping work requires Rainier to use landscaping equipment. Its land- 
scaping equipment has the capacity to do 10,000 hours of landscaping work. It 
currently anticipates getting orders that would utilize 9,000 hours of equipment 
time from existing customers. Rainier charges $80 per hour for landscaping work. 
Cost information for the current expected activity level is as follows: 

Revenues ($80 x 9,000 hours) $720,000 

Variable landscaping costs (including materials and labour), which 450,000 

vary with the number of hours worked ($50 per hour X 9,000 hours) 

Fixed landscaping costs 108,000 

Variable marketing costs (5% of revenue) 36,000 

Fixed marketing costs 72,000 

Total costs 666,000 

Operating income $ 54,000 

Rainier has received an order for landscaping work from Victoria Corporation 
at $60 per hour that would require 2,000 hours of equipment time. Variable land- 
scaping costs for the Victoria Corporation order are $50 per hour and variable mar- 
keting costs are 5% of revenues. Rainier can either accept the Victoria offer in whole 
or reject it. Should Rainier accept the offer? 

The Carrying Costs of Inventory 

Under the opportunity-cost approach, the relevant cost of any alternative is (1) the incre- 

mental cost of the alternative plus (2) the opportunity cost of the profit forgone from 
choosing that alternative. The opportunity cost of holding inventory is the income forgone 
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by tying up money in inventory and not investing it elsewhere. The cost associated with 
inventory encompasses more than the cost of the physical materials, and includes elements 
such as insurance, warehouse rental space, security, janitorial staff, theft, obsolescence, 
and other storage costs. The opportunity cost would not be recorded in the accounting 
system because, once the money is invested in inventory, there is no money available to 
invest elsewhere, and hence no return related to this investment to record. 

Consider the following data for Soho, and determine which alternative is best: 

Annual estimated video-system DVD player requirements for next year 250,000 units 

Cost per unit when each purchase is equal to 2,500 units $64 

Cost per unit when each purchase is equal to or greater than 125,000 units; $63.36 

$64 minus 1% discount 

Cost of a purchase order $500 

Alternatives under consideration: 

A. Make 100 purchases of 2,500 units each during next year 

B. Make 2 purchases of 125,000 units during the year 

Average investment in inventory: 

A. (2,500 units X $64 per unit) + 2° $80,000 

B. (125,000 units X $63.36 per unit) + 2° $3,960,000 

Annual rate of return if cash is invested elsewhere (e.g., bonds or stocks at the 9% 
same level of risk as investment in inventory) 

4 The example assumes that video-system-DVD-player purchases will be used uniformly throughout the year. The average 
investment in inventory during the year is the cost of the inventory when a purchase is received plus the cost of inventory just 
before the next purchase is delivered (in our example, zero) divided by 2. 

The following table presents the analysis using the total-alternatives approach, recog- 
nizing that Soho has, on average, $3,960,000 of cash available to invest. If Soho invests 
only $80,000 in inventory as in alternative A, it will have $3,880,000 (= $3,960,000 — 
$80,000) of cash available to invest elsewhere, which at a 9% rate of return will yield a 
total return of $349,200. This income. is subtracted from the ordering and purchasing 
costs incurred under alternative A. If Soho invests all $3,960,000 in inventory as in alter- 
native B, it will have $0 (= $3,960,000 — $3,960,000) available to invest elsewhere and 
will earn no return on the cash. 

Alternative A: Alternative B: 

Make 100 Purchases Make 2 Purchases 

of 2,500 Units Each of 125,000 Units Each 

During the Year and During the Year and 

Invest Any Excess Cash Invest Any Excess Cash Difference 

(1) (2) (3) = (1) — (2) 

Annual purchase-order costs 

(100 purch. orders x $500/purch. order; 
2 purch. orders X $500/purch. order) $ 50,000 $ 1,000 $ 49,000 

Annual purchase costs 

(250,000 units x $64/unit; 
250,000 units x $63.36/unit) 16,000,000 15,840,000 160,000 

Deduct annual rate of return earned by 

investing cash not tied up in inventory 

elsewhere at the same level of risk 

[0.09 x ($3,960,000 — $80,000); 
0.09 x ($3,960,000 — $3,960,000)] (349,200) 0 (349,200) 

Relevant costs $15,700,800 $15,841,000 $(140,200) 

Now look at the alternatives using the opportunity-cost approach. Each alternative is 
defined only in terms of the two purchasing choices with no explicit reference to investing 
the excess cash, as follows: 

433 
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Alternative A: Alternative B: 

Make 100 Purchases Make 2 Purchases 

of 2,500 Units Each _— of 125,000 Units Each 

During the Year During the Year Difference 

‘ (1) (2) (3) = (1) — (2) 

Annual purchase-order costs (100 purch, 
orders X $500/purch. order; 2 purch. 
orders X $500/purch. order) $ 50,000 $ 1,000 $ 49,000 

Annual purchase costs (250,000 units x 
$64/unit; 250,000 units X $63.36/unit) 16,000,000 15,840,000 160,000 

Opportunity cost: Annual rate of return 
that could be earned if investment in 
inventory were invested elsewhere at 

the same level of risk (0.09 x $80,000; 
0.09 x $3,960,000) 7,200 356,400 (349,200) 

Relevant costs $16,057,200 $16,197,400 $(140,200) 

Both approaches show that, consistent with the trends toward holding smaller inven- 
tories, purchasing smaller quantities of 2,500 units 100 times a year is preferred to pur- 
chasing 125,000 units twice a year by $140,200. 

Product-Mix Decisions 

The concept of relevance also applies to product-mix decisions—the decisions made by a 
company about which products to sell and in what quantities. These decisions usually 
have only a short-run focus, because they typically arise in the context of capacity 
constraints that can be relaxed in the long run. In the short run, for example, BMW, the 

German car manufacturer, continually adapts the mix of its different models of cars (e.g., 
525i, and 740i) to fluctuations in selling prices and demand. 

To determine product mix, a company maximizes operating income, subject to con- 

straints such as capacity and demand. Throughout this section, we assume that as short- 
run changes in product mix occur, the only costs that change are costs that are variable 
with respect to the number of units produced (and sold). Under this assumption, the 
analysis of individual product contribution margins provides insight into the product mix 
that maximizes operating income. 

Let us consider the example of Power Recreation, a company whose plant assembles 
two engines: a snowmobile engine and a boat engine. 

5 Snowmobile Engine Boat Engine 

Selling price $800 $1,000 

Variable cost per unit _560 625 

Contribution margin per unit $240 $ 375 

Contribution margin percentage ($240 + $800; $375 + $1,000) 30% 37.5% 

Assume that only 600 machine-hours are available daily for assembling engines. 
Additional capacity cannot be obtained in the short run. Power Recreation can sell as 
many engines as it produces. The constraining resource, then, is machine-hours. It takes 
two machine-hours to produce one snowmobile engine and five machine-hours to pro- 
duce one boat engine. What product mix should Power Recreation’s managers choose to 
maximize its operating income? 

In terms of contribution margin per unit and contribution margin percentage, boat 
engines are more profitable than snowmobile engines. The product that Power Recre- 
ation should produce and sell, however, is not necessarily the product with the higher 
individual contribution margin per unit or contribution margin percentage. Managers 
should choose the product with the highest contribution margin per unit of the con- 
straining resource (factor). That is the resource that restricts or limits the production or 
sale of products. 
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Snowmobile Engine Boat Engine 

Contribution margin per unit $240 $375 

Machine-hours required to produce one unit 2 machine-hours 5 machine-hours 

Contribution margin per machine-hour 

$240 per unit + 2 machine-hours/unit $120/machine-hour 

$375 per unit + 5 machine-hours/unit $75/machine-hour 

Total contribution margin for 600 machine-hours 

$120/machine-hour x 600 machine-hours $72,000 

$75/machine-hour x 600 machine-hours $45,000 

The number of machine-hours is the constraining resource in this example, and snow- 
mobile engines earn more contribution margin per machine-hour ($120/machine-hour) 
compared to boat engines ($75/machine-hour). Therefore, choosing to produce and sell 
snowmobile engines maximizes total contribution margin ($72,000 versus $45,000 from 

producing and selling boat engines) and operating income. Other constraints in manufac- 
turing settings can be the availability of direct materials, components, or skilled labour, as 
well as financial and sales factors. In a retail department store, the constraining resource 
may be display space. Regardless of the specific constraining resource, managers should 
always focus on maximizing total contribution margin by choosing products that give the 
highest contribution margin per unit of the constraining resource. 

The Rainier Company provides landscaping services to corporations and businesses. 
All its landscaping work requires Rainier to use landscaping equipment. Its land- 
scaping equipment has the capacity to do 10,000 hours of landscaping work. 
It currently anticipates getting orders that would utilize 9,000 hours of equipment 
time. Rainier charges.$80 per hour for landscaping work. Cost information for the 
current expected activity level is as follows: 

Revenues ($80 x 9,000 hours) $720,000 

Variable landscaping costs (including materials and labour), which vary with 450,000 

the number of hours worked ($50 per hour x 9,000 hours) 

Fixed landscaping costs 108,000 

Variable marketing costs (5% of revenue) 36,000 

Fixed marketing costs 72,000 

Total costs 666,000 

Operating income $ 54,000 

In order to fill its available capacity, Rainier’s salespersons are trying to find new 
business. Hudson Corporation wants Rainier to do 4,000 hours of landscaping 
work for $70 per hour. Variable servicing costs for the Hudson Corporation order 
are $45 per hour, and variable marketing costs are 5% of revenues. Rainier can 
accept as much or as little of the 4,000 hours of Hudson’s landscaping work. What 
should Rainier Corporation do? 

The Theory of Constraints 

The theory of constraints (TOC) describes methods to maximize operating income (or 
“throughput”) when faced with operations that because of limited capacity form a constraint, 
or “bottleneck.” The most important aspect of the TOC is to establish the organizational 
goals in terms of income, and also in terms of quality of output, legal and regulatory compli- 
ance, and other matters. The TOC suggests organizations can be measured and controlled by 
variations in three factors: throughput, operational expense, and investments. 

LO® 
Explain the theory of 
constraints and how to 

manage “bottlenecks.” 
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The TOC focuses on managing bottleneck operations as explained in the following 
steps: 

Step 1 Recognize that the bottleneck operation determines throughput margin of the 
entire system. : 

Step 2 Identify the bottleneck operation by identifying operations with large quantities 
of inventory waiting to be worked on. 

Step 3 Keep the bottleneck operation busy, and subordinate all non-bottleneck operations 
to the bottleneck operation. That is, the needs of the bottleneck operation determine the 
production schedule of the non-bottleneck operations. 

Step 4 Increase bottleneck efficiency and capacity. 

A process of continuous evaluation must also be adopted, as resolving one bottleneck 
will often highlight other weaknesses in the organizational system. For example, consider 
Cardinal Industries (CI), which manufactures car doors in two operations—stamping and 
pressing—as described in the table below. 

Stamping Pressing 

Capacity per hour 20 units 15 units 

Annual capacity (6,000 hours of capacity available in each operation) 

(6,000 hours x 20 units/hour; 6,000 hours X 15 units/hour) 120,000 units 90,000 units 

Annual production and sales 90,000 units 90,000 units 

Other fixed operating costs (excluding direct materials) $720,000 $1,080,000 

Other fixed operating costs per-unit produced ($720,000 + 90,000 units; 
$1,080,000 + 90,000 units) $8 perunit - $12 per unit 

Each door sells for $100 and has a direct materials cost of $40. Variable costs in 
other functions of the value chain—design of products and processes, marketing, distri- 
bution, and customer service—are negligible. CI’s output is constrained by the capacity 
of 90,000 units in the pressing operation. 

What can CI do to relieve the bottleneck constraint of the pressing operation? Desir- 
able actions include the following: 

1. Eliminate idle time at the bottleneck operation (time when the pressing machine is 
neither being set up to process products nor actually processing products). Cl’s man- 
ager is evaluating permanently positioning two workers at the pressing operation to 
unload finished units as soon as one batch of units is processed and to set up the 
machine to begin processing the next batch. This action will cost $48,000, and bottle- 
neck output will increase by 1,000 doors per year. Should CI incur the additional 
costs? Yes, because CI’s throughput margin will increase by $60,000 [= (Selling price 
per door of $100 — Direct materials cost per door of $40) X 1,000 doors], which is 

greater than the incremental cost of $48,000. All other costs are irrelevant. 

2. Process only those parts or products that increase throughput margin, not parts or 
products that will be placed in finished goods or spare parts inventories. Making 
products that remain in inventory will not increase throughput margin. 

3. Shift products that do not have to be made on the bottleneck machine to non-bottle- 
neck machines or to outside processing facilities. Suppose Spartan Corporation, an 
outside contractor, offers to press 1,500 doors at $15 per door from stamped parts 
that CI supplies. Spartan’s quoted price is greater than Cl’s own operating costs in the 
pressing department of $12 per door. Should CI accept the offer? Yes, because press- 
ing is the bottleneck operation. Getting additional doors pressed by Spartan will 
increase throughput margin by $90,000 [= ($100 — $40) per door X 1,500 doors], 
while the relevant cost of increasing capacity will be $22,500 (= $15 per door X 1,500 
doors). The fact that CI’s unit cost is less than Spartan’s quoted price is irrelevant. 

Suppose Gemini Industries, another outside contractor, offers to stamp 2,000 
doors from direct materials that CI supplies at $6 per door, Gemini’s price is lower 
than Cl’s operating cost of $8 per door in the stamping department. Should CI accept 
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the offer? No, because other operating costs are fixed costs. CI will not save any costs 
by subcontracting the stamping operations. Instead, its costs will increase by $12,000 
(= $6 per door X 2,000 doors) with no increase in throughput margin, which is con- 
strained by pressing capacity. 

4, Reduce setup time and processing time at bottleneck operations (for example, by 
simplifying the design or reducing the number of parts in the product). Suppose Cl 
can press 2,500 more doors at a cost of $55,000 a year by reducing setup time at the 
pressing operation. Should CI incur this cost? Yes, because throughput margin will 
increase by $150,000 [= ($100 — $40) per door X 2,500 doors], which is greater than 
the incremental costs of $55,000. CI will not find it worthwhile to incur costs to 
reduce machining time at the non-bottleneck stamping operation, as other operating 
costs will increase while throughput margin will remain unchanged because bottle- 
neck capacity of the pressing operation will not increase. 

5. Improve the quality of parts or products manufactured at the bottleneck operation. Poot 
quality is more costly at a bottleneck operation than at a non-bottleneck operation. The 
cost of poor quality at a non-bottleneck operation is the cost of materials wasted. If Cl 
produces 1,000 defective doors at the stamping operation, the cost of poor quality is 
$40,000 (= Direct materials cost of $40 per door X 1,000 doors). No throughput margin 
is forgone because stamping has unused capacity. Despite the defective production, 
stamping can produce and transfer 90,000 good-quality doors to the pressing operation. 

At an operational bottleneck, the cost of poor quality is the cost of materials wasted plus 
the opportunity cost of lost throughput. If CI produces 1,000 defective units at the pressing 
operation, the cost of poor quality is the lost revenue of $100,000 ot, alternatively stated, 
direct materials costs of $40,000 (= Direct materials cost of $40 per door X 1,000 doors) plus 
forgone throughput margin of $60,000 [= ($100 — $40) per door x 1,000 doors]. 

The high cost of poor quality at the bottleneck operation means that bottleneck time 
should not be wasted processing units that are defective. That is, parts should be inspected 
before the bottleneck operation to ensure that only good-quality parts are processed at 
the bottleneck operation. Furthermore, quality-improvement programs should place spe- 
cial emphasis on minimizing defects at bottleneck machines. 

If successful, the actions in Step 4 will increase the capacity of the pressing operation until 
it eventually exceeds the capacity of the stamping operation. The bottleneck will then shift to 
the stamping operation. CI would then focus continuous-improvement actions on increasing 
stamping efficiency and capacity. For example, the contract with Gemini Industries to stamp 
2,000 doors at $6 per door from direct materials supplied by CI will become attractive 
because throughput margin will increase by $120,000 (= $100 — $40 per door X 2,000 doors), 
which is greater than the incremental costs of $12,000 (= $6 per door X 2,000 doors), 

The theory of constraints emphasizes management of bottleneck operations as the 
key to improving performance of production operations as a whole. It focuses on short- 
run maximization of throughput margin, revenues minus direct materials cost of goods 
sold. Because TOC regards operating costs as difficult to change in the short run, it does 
not identify individual activities and drivers of costs. TOC is, therefore, less useful for 
the long-run management of costs. In contrast, activity-based costing (ABC) systems take 
a long-run perspective and focus on improving processes by eliminating non-value-added 
activities and reducing the costs of performing value-added activities. ABC systems, there- 
fore, are more useful for long-run pricing, cost control, and capacity management. 
The short-run TOC emphasis on maximizing throughput margin by managing bottle- 
necks complements the long-run strategic-cost-management focus of ABC. 

irrelevance of Past Costs and Equipment 
Replacement Decisions 

At several points in this chapter, when discussing the concept of relevance, we reasoned 
that past (historical or sunk) costs are irrelevant to decision making because a decision 
cannot change something that has already happened. We now apply this concept to deci- 
sions about replacing equipment. We stress the idea that book value—original cost minus 
accumulated depreciation—of existing equipment is a past cost that is irrelevant. 

Loo 
Explain why book value of 
equipment is irrelevant in 

equipment replacement 

decisions. 
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Toledo Company, a manufacturer of aircraft components, is considering replacing a 
metal-cutting machine with a newer model. The new machine is more efficient than the 
old machine, but it has a shorter life. Revenues from aircraft parts ($1.1 million per year) 
will be unaffected by the replacement decision. Here are the data the management accoun- 
tant prepares for the existing (old) machine and the replacement (new) machine: 

Old Machine New Machine 

Original cost $1,000,000 $600,000 

Useful life 5 years 2 years 

Current age 3 years 0 years 

Remaining useful life 2 years 2 years 

Accumulated depreciation $600,000 Not acquired yet 

Book value $400,000 Not acquired yet 

Current disposal value (in cash) $40,000 Not acquired yet 

Terminal disposal value (in cash 2 years from now) $0 $0 

Annual operating costs (maintenance, energy, repairs, $800,000 $460,000 
coolants, and so on) 

Toledo Company uses straight-line depreciation (time-value of money and taxes are 
ignored in this example). 

Exhibit 11-8 presents a cost comparison of the two machines. Consider why each of 
the four items in Toledo’s equipment replacement decision is relevant or irrelevant: 

ul Book value of old machine, $400,000. Irrelevant, because it is a past or sunk cost. 
Nothing can change what has already been spent or what has already happened. 

. Current disposal value of old machine, $40,000. Relevant, because it is an expected 
future benefit that will only occur if the machine is replaced. 

. Loss on disposal, $360,000. This is the difference between amounts in items (1) and 

(2). It is a meaningless combination blurring the distinction between the irrelevant 
book value and the relevant disposal value. Each should be considered separately. 

. Cost of new machine, $600,000. Relevant, because it is an expected future cost that 
will only occur if the machine is purchased. 

Exhibit 11-8 should clarify these four assertions. Column 3 in Exhibit 11-8 shows 
that the book value of the old machine does not differ between the alternatives and could 

Toledo Company Cost Comparison of Two Machines 

Two Years Together 

Keep Replace Difference 

(1) (2) (3) = (1) — (2) 

Revenues $2,200,000 $2,200,000 — 
Operating costs 

Cash operating costs 

($800,000/yr. x 2 years; 
$460,000/yr. x 2 years) 1,600,000 920,000 $ 680,000 

Book value of old machine ~ 

Periodic write-off as depreciation or 400,000 — — 
Lump-sum write-off a 400,0008 

Current disposal value of old machine — (40,000)2 40,000 
New machine cost, written off periodically 

as depreciation = 600,000 (600,000) 
Total operating costs 2,000,000 1,880,000 120,000 

Operating income $ 200,000 $ 320,000 $(120,000) 

*In a formal statement of comprehensive income, these two items would be combined as “loss on disposal of machine” of $360,000. 
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Two Years Together 

Keep Replace Difference 

(1) (2) (3) = (1) — (2) 

Cash operating costs $1,600,000 $920,000 $680,000 
Current disposal value of old machine _ (40,000) 40,000 
New machine, written off periodically 

as depreciation — 600,000 (600,000) 
Total relevant costs $1,600,000 $1,480,000 $120,000 

be ignored for decision-making purposes. No matter what the timing of the write-off— 
whether a lump-sum charge in the current year, or depreciation charges over the next two 
years—the total amount is still $400,000 because it is a past (historical) cost. 

By contrast, the $600,000 cost of the new machine and the current disposal value of 
$40,000 for the old machine are relevant because they would not arise if Toledo’s manag- 
ers decided not to replace the machine. Note that the operating income from replacing is 
$120,000 higher for the two years together. 

Exhibit 11-9 concentrates only on relevant items. Note that the same answer—higher 
Operating income as a result of lower costs of $120,000 by replacing the machine—is 
obtained even though the book value is omitted from the calculations. The only relevant 
items are the cash operating costs, the disposal value of the old machine, and the cost of 
the new machine that is represented as depreciation. 

Decisions and Performance Evaluation 

The decision model analysis (Step 4) for Toledo Company, which is presented in 
Exhibits 11-8 and 11-9, dictates replacing the machine rather than keeping it. In the 
real world, however, would the manager replace it? An important factor in replacement 
decisions is the manager’s perception of whether the decision model is consistent with 
how the manager’s performance will be judged after the decision is implemented (the 
performance-evaluation model in Step 5). 

From the perspective of their own careers, it is no surprise that managers tend to favour 
the alternative that makes their performance look better. If the performance-evaluation 
model conflicts with the decision model, the performance-evaluation model often prevails 
in influencing managers’ decisions. For example, if the promotion or bonus of the man- 
ager at Toledo hinges on his or her first year’s operating income performance under 
accrual accounting, the manager’s temptation not to replace will be overwhelming. Why? 
Because the accrual accounting model for measuring performance will show a higher first- 
year operating income if the old machine is kept rather than replaced (as the following 
table shows). 

First-Year Results: Accrual Accounting Keep Replace 

Revenues $1,100,000 $1,100,000 

Operating costs 

Cash operating costs $800,000 $460,000 

Depreciation 200,000 300,000 

Loss on disposal —_— 360,000 

Total operating costs 1,000,000 1,120,000 

Operating income (loss) $ 100,000 $ (20,000) 

Resolving the conflict between the decision model and the performance-evaluation 
model is frequently a baffling problem in practice. In theory, resolving the difficulty seems 
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obvious: Design models that are consistent. Consider our replacement example. Year-by- 
year effects on-operating income of replacement can be budgeted for the two-year plan- 
ning horizon. The manager then would be evaluated on the expectation that the first year 
would be poor and the next year would be much better. Doing this for every decision, 
however, makes the performance-évaluation model very cumbersome. As a result of these 
practical difficulties, accounting systems rarely track each decision separately. 

Performance evaluation focuses on responsibility centres for a specific period, not on 
projects or individual items of equipment over their useful lives. Thus, the impacts of 
many different decisions are combined in a single performance report and evaluation 
measure (e.g., operating income). Lower-level managers make decisions to maximize 
operating income, and top management—through the reporting system—is rarely aware 
of particular desirable alternatives that were not chosen by lower-level managers because 
of conflicts between the decision and performance-evaluation models. 

| Pulling It All Together—Problem for Self-Study 

Required 

(Try to solve this problem before examining the solution that follows.) 

Problem 

Wally Lewis is manager of the engineering development division of Mainland Products. 
Lewis has just received a proposal signed by all 10 of his engineers to replace the office 
computers (PCs) with newer models. Lewis is not enthusiastic about the proposal. 

Old PCs New PCs 

Original cost $300,000 $135,000 

Useful life 5 years 3 years 

Current age 2 years 0 years 

Remaining useful life 3 years 3 years 

Accumulated depreciation $120,000 Not acquired yet 

Current book value $180,000 Not acquired yet 

Current disposal value (incash) ~ $95,000 Not acquired yet 

Terminal disposal value (in cash 3 years from now) $0 $0 

Annual computer-related cash operating costs $40,000 $10,000 

Annual revenue $1,000,000 $1,000,000 

Annual non-computer-related operating costs $880,000 $880,000 

Lewis’s annual bonus includes a component based on division operating income. He 
has a promotion possibility next year that would make him a group vice-president of 
Mainland Products. . 

1. Compare the costs of the old PCs and new PCs options. Consider the cumulative 
results for the three years together, ignoring the time-value of money. What is the best 
alternative? 

2. What are some important interdependencies that should be considered? 
. Explain how this is either a short-term or a long-term decision. 

4. Explain how the table indicates how book value should be considered in this replace- 
ment decision. 

5. Why might Lewis be reluctant to purchase the 10 new computers? 

WwW 
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Solution 

1. The following table considers all cost items when comparing future costs of the old 
and new PCs options: 

Three Years Together 

All Items Old PCs New PCs Difference 

Revenues $3,000,000 $3,000,000 _ 

Operating costs: 

Non-computer-related operating costs 2,640,000 2,640,000 — 

Computer-related cash operating costs 120,000 30,000 $ 90,000 

Old PC book value: 

Periodic write-off as depreciation 180,000 — 

orLump-sum write-off — 180,000 

Current disposal price of PCs — (95,000) 95,000 

New P€s, written off periodically as depreciation — 135,000 (135,000) 

Total operating costs 2,940,000 2,890,000 50,000 

Operating income $ 60,000 $ 110,000 $ 50,000 

Alternatively, the analysis could focus on only those items in the preceding table that 
differ across the alternatives. 

Three Years Together 

Relevant Items Old PCs New PCs Difference 

Computer-related cash operating costs $120,000 $ 30,000 $ 90,000 

Current disposal price of old PCs — (95,000) 95,000 

New PCs, written off periodically as depreciation a 135,000 (135,000) 

Total relevant costs $120,000 $70,000 $ 50,000 

The conclusion from this analysis is that operating income would be strengthened by 
$50,000 if the old PCs were replaced with new PCs. 

2. This is a systems management decision about how engineers can best gather and com- 
municate various types of engineering nonfinancial data. Systems management affects 
areas of capacity management, process improvement, and overall financial perfor- 
mance. This manager should not be making this decision on his own, but as part of a 
team that includes the managers of these other areas. 

3. One reason this is a long-term decision is that the useful life of the PCs is longer than 
one year, although likely less than three years for an engineer whose productivity 
improves when the best equipment and software is available. 

4. In the table, the old PC book value appears as $180,000 in both alternatives; one is a 
line below the other. Book value is irrelevant because the acquisition cost of the old 
PCs is a historical cost and will remain unchanged irrespective of this decision. The 
book value of the old machines is not an element of difference between alternatives 
and could be completely ignored for decision-making purposes. 

5. The accrual accounting operating incomes for the first year under the “keep old PCs” 
versus the “buy new PCs” alternatives are as follows: 

Keep Old PCs Buy New PCs 

Revenue $1,000,000 $1,000,000 

Operating costs: 

Non-computer-related operating costs $880,000 $880,000 

Computer-related operating costs 40,000 10,000 

Amortization 60,000 45,000 

Loss on disposal of old PCs — 85,000* 

Total operating costs 980,000 1,020,000 

Operating income $ 20,000 $ (20,000) 

*$85,000 = Book value of old PCs, $180,000 — Current disposal price, $95,000. 
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Lewis would probably react negatively to the expected operating loss of $20,000 if the 
old PCs are replaced as compared to an operating income of $20,000 if the old PCs are kept. 
The decision would eliminate the component of his bonus based on operating income. He 
might also perceive the $20,000 operating loss as reducing his chances of being promoted to 
group vice-president. This, however, is not in the best interests of Mainland Products because 
the obsolete PCs are slowing down the production of his engineers. ; 

Engineers represent capacity—labour capacity—and their time is constrained. The 
extra time they spend on projects because they have no access to modern equipment is 
also a waste of money for Mainland. Fewer projects can be undertaken and completed, 
which affects the top line, incoming revenue, of the company. If engineering salaries are 
fixed, then any incremental revenue that could be gained if the engineers could work more 
effectively would go straight to operating income. Wally needs an accountant to point out 
important relevant information that remains unconsidered in this decision. 

yVeo)el-lalo|> au my.\ 

Linear Programming 

Linear programming (LP) is an optimization technique used to maximize total contribu- 
tion margin (the objective function) given multiple constraints. Optimization techniques 
are ways to find the best answer using a mathematical model. LP models typically assume 
that all costs can be classified as either variable or fixed with respect to a single driver 
(units of output). LP models also require particular assumptions to hold. When these 
assumptions fail, other decision models should be considered. 

Consider again the example of Power Engines. Suppose that both the snowmobile 
and boat engines must be tested on a very expensive machine before they are shipped to 
customers. The available testing machine time is limited. Production data are as follows: 

Available Use of Capacity in Hours Daily Maximum 
Daily per Unit of Product Production in Units 

Capacity Snowmobile Boat Snowmobile Boat 
Department in Hours Engine Engine Engine Engine 

Assembly 600 machine-hours 2.0 5.0 300* 120 

Testing 120 testing-hours 1.0 0.5 120 240 

*For example, 600 machine-hours + 2.0 machine-hours per snowmobile engine = 300, the maximum number of snowmobile 
engines that the assembly department can make if it works exclusively on snowmobile engines. 

Exhibit 11A-1 summarizes these and other relevant data. Note that snowmobile 
engines have a contribution margin of $240 and that boat engines have a contribution 
margin of $375. Material shortages for boat engines will limit production to 110 boat 
engines per day. How many engines of each type should be produced daily to maximize 
operating income? 

SL 03) G  ————— 

Data for Power Engines Department Capacity 

(per Day) in Product Units gejjing Variable Cost Contribution 
Product Assembly Testing Price per Unit Margin per Unit 

Only snowmobile engines 300 120 $ 800 $560 $240 

Only boat engines 120 240 1,000 625 375 

? Other decision models are described in G. Eppen, F. Gould, and C. Schmidt, Quantitative Concepts for Management 
(Englewood Cliffs, N.J.: Prentice-Hall, 1991) and $, Nahmias, Production and Operations Analysis (Homewood, Ill,: Irwin, 1993), 
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Steps in Solving an LP Problem 

We use the data in Exhibit 11A-1 to illustrate the three steps in solving an LP problem. 
Throughout this discussion, § equals the number of units of snowmobiles produced, and 
B equals the number of units of boat engines produced. 

Step 1: Determine the objective The objective function of a linear program expresses 
the objective or goal to be maximized (e.g., operating income) or minimized (e.g., oper- 
ating costs). In our example, the objective is to find the combination of products that 
maximizes total contribution margin in the short run. Fixed costs remain the same 
regardless of the product mix chosen and are therefore irrelevant. The linear function 
expressing the objective for the total contribution margin (TCM) is 

TCM = $240S + $375B 

Step 2: Specify the constraints A constraint is a mathematical inequality or equality 
that must be satisfied by the variables in a mathematical model. The following linear 
inequalities depict the relationships in our example: 

Assembly department constraint 2S + 5B = 600 

Testing department constraint 1S + 0.58 = 120 

Material shortage constraint for boat engines B= 110 

Negative production is impossible S=0andB=0 

The three solid lines on the graph in Exhibit 11A-2 show the existing constraints for 
assembly and testing and the material shortage constraint.? A line means the constraint 
never appears with an exponent or square root. If it did, then the line would curve and 
the relationship would be curvilinear. In Exhibit 11A-2, all the constraints are labelled 
and appear as straight lines. The coefficients of the constraints are often called technical 
coefficients. For example, in the assembly department, the technical coefficient is 2 machine- 
hours for snowmobile engines and 5 machine-hours for boat engines. 

The feasible alternatives are those combinations of quantities of snowmobile engines 
and boat engines that satisfy all the constraining factors. The shaded “Area of feasible 
solutions” in Exhibit 11A-2 shows the boundaries of those product combinations that 
are feasible, or technically possible. 

Boat Engines (units) 

0 50 100 150 200 250 300 

Snowmobile Engines (units) 

3 For an example of how the lines are plotted in Exhibit 11A-2, use equal signs instead of inequality signs and assume for the 
assembly department that B = 0; then § = 300 (= 600 machine-hours + 2 machine-hours per snowmobile engine). Assume that 
S =; then B = 120 (= 600 machine-hours + 5 machine-hours per boat engine). Connect those two points with a straight line. 

Linear 
Programming — Graphic 

Solution for Power 
Engines 
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Step 3: Compute the optimal solution In most real-world LP applications, however, 
managers use computer software packages to calculate the optimal solution. One com- 
mon approach is the “trial-and-error” approach, and another is the graphic approach. 

Trial-and-Error Approach 

Under this method, the optimal solution can be found by working with the coordinates of 
the corners of the area of feasible solutions. The approach is simple. First, select any set 
of corner points and compute the total contribution margin. Five corner points appear in 
Exhibit 11A-2. It is helpful to use simultaneous equations to obtain the exact graph coordi- 
nates. For instance, the graphical point (S = 75, B = 90) can be derived by solving the two 
pertinent constraint inequalities as simultaneous equations.’ 

2S + 5B = 600 (1) 

18 + 0.SB = 120 (2) 

Multiplying (2) by 2.0, we get 25 + 1B = 240 (3) 

Subtracting (3) from (1) 4B = 360 

Therefore B = 360 + 4 = 90 

Substituting B in (2) 1S + 0.5(90) = 120 

S = 120 - 45 =75 

Given S = 75 and B = 90, TCM = $240(75) + $375(90) = $51,750. 

Second, move from corner point to corner point, computing the total contribution 
margin at each corner point: 

Corner Snowmobile Boat 

Trial Point (S, B) Engines (S) Engines (B) Total Contribution Margin 

1 (0, 0) 0 0 $240(0) +$375(0) =$ 0 

2 (0, 110) 0 110 $240(0) +$375(110) = 41,250 

3 (25, 110) 25 110 $240(25) + $375(110) = 47,250 

4 (75, 90) 75 90 $240(75) +$375(90) =51,750* 

5 (120, 0) 120 0 $240(120) + $375(0) = 28,800 

*Indicates the optimal solution 

The optimal product mix is the mix that yields the highest total contribution—75 snow- 
mobile engines and 90 boat engines. 

Graphic Approach 

Consider all possible combinations that will produce an equal total contribution margin of, 
say, $12,000. That is, 

$2408 + $375B = $12,000 

The solution will not change so long as the contribution margin of the snowmobile engine 
does not fall below $150. Big changes in the contribution margin per unit of snowmobile 
engines have no effect on the optimal solution. 

What happens if the contribution margin falls below $150? The optimal solution will 
then shift to the corner (§ = 25, B = 110). Snowmobile engines now generate so little 
contribution margin per unit that Power Engines will choose to shift its mix in favour of 
boat engines. 

* Although the trial-and-error and graphic approaches can be useful for two or possibly three variables, they are impractical 
when many variables exist. One alternative is to use the Solver function in Excel. Please refer to the online tutorial for a full 
presentation of how to input data into the Solver menus to minimize cost. 
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Using Excel Solver 

In Appendix 11A, linear programming is explained and solved through the trial-and-error 
approach and the graphic approach. However, a more powerful and faster method of solving 
a linear programming problem exists. The add-in tool Solver, which works in Microsoft Excel, 
will allow you to solve very advanced linear programming problems (© Pearson Education). 

Steps in Solving a Linear Programming 

Problem Using Solver 

We will use the data in Appendix 114A to illustrate the steps in solving a linear programming 
problem using Solver. A review of the data follows. 

Power Engines assembles two engines, a snowmobile engine and a boat engine. 
Information on these two products is as follows: 

Snowmobile Boat 
Engine Engine 

Selling price $800 $1,000 

Variable costs per unit $560 $ 625 

Contribution margin per unit $240 $_375 

Assume that only 600 machine-hours are available daily for assembling engines. It takes 
2 machine-hours to assemble 1 snowmobile engine. It takes 5 machine-hours to assemble 
1 boat engine. 

Assume that both the snowmobile and boat engines must be tested on a very expen- 
sive machine before they are shipped to customers. Only 120 testing machine-hours are 
available daily for testing the engines. It takes 1 hour (60 minutes) to test each snowmo- 
bile engine. It takes half an hour (30 minutes) to test each boat engine. 

Assume that material shortages for boat engines will limit Power Engines to 110 boat 
engines per day. 

Step 1: Determine the Objective 

Use Solver to determine the solution to two types of linear programming problems. The 
first type of problem is to determine the optimum volume of product to be produced that 
will maximize total contribution margin. The second type of problem is to determine the 
optimum volume of product to be produced that will minimize costs. 

In the case of Power Engines, we are looking to determine the optimum volume to be 
produced that will maximize total contribution margin. The linear function expressing 
this objective is 

TCM (total contribution margin) = $2408 + $375B 

Where: 

S: Represents the number of snowmobile engines assembled per day. 
B: Represents the number of boat engines assembled per day. 

The “where” items (§ & B) represent volume variables. We are looking to determine the 
assembly volumes of each of these that will maximize total contribution margin. 

Step 2: Specify the Constraints 

Everyone (personally and in business) faces constraints. For example, you can’t work 
25 hours in a day, because there are only 24 hours in a day. Constraints also apply to 
Power Engines, and these constraints must be taken into consideration: 
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Assumption 1 Assume only 600 machine-hours are available daily for assembling 
engines. It takes 2 machine-hours to produce 1 snowmobile engine. It takes 5 machine- 
hours to produce 1 boat engine. 

The assembly constraint is ‘ 28 + SB <= 600 

Assumption 2 Assume that both the snowmobile and boat engines must be tested on a 
very expensive machine before they are shipped to customers. Only 120 testing machine- 
hours are available daily for testing the engines. It takes 1 hour (60 minutes) to test each 
snowmobile engine. It takes half an hour (30 minutes) to test each boat engine. 

The testing constraint is 18 + 0.SB <= 120 

Assumption 3 Assume that material shortages for boat engines will limit Power Engines 
to 110 boat engines per day. 

The boating constraint is B <= 110 

Assumption 4 Use Solver to solve the maximum daily contribution margin. In order to 
do so, always add a non-negativity constraint for each of the where variables. It is impos- 
sible for Power Engines to produce negative units of B or S, for example. 

The non-negativity constraint is S >= OandB >= 0 

This can be shortened to $, B >= 0 

Step 3: Creating the Solver Worksheet 

In the Power Engines example, managers need to solve two volume variables: how many 
snowmobiles engines to assemble (S$) and how many boat engines to assemble (B). The 
easiest way to solve the problem is to build a worksheet with the first column of informa- 
tion representing line descriptions, the next columns representing volume variables (in this 
case, there are two, S and B), and the last two columns representing total and constraints, 
respectively. 

ieee ere ee Gl ree ee ee eo Be 

oe 

The next step is to add the volume and total contribution margin descriptions. At the 
bottom of the page, the second to last row will always say volume. Remember, this is 
what you are trying to solve. Most of the formulas you build within your worksheet tie 
into volume. The last row will say total contribution margin or total costs, depending on 
whether you are maximizing total contribution margin or minimizing costs. In the case of 
Power Engines, you are maximizing total contribution margin. 

ag bE Le 
tel Descriptions Constraints 

7 

Bs 
Bod 

Volume 

Total Contribution Margin 

You'll notice there are a lot of blank rows. We’ll fill those in next. 



The next step is to add the descriptions. 

Appendix 11B: Using Excel Solver 

Bl amie 

| 2 | 
| 3 | Contribution Margin 
| 4 | Data & Constraints: 

| 5 | Assembly Data 
| 6 | Assembly Constraint 

Testing 

| 8 | Testing Constraint 

| 9 | Boat Constraint 
Volume 
Total Contribution Margin 

+—— 

Now you need to build in the data and formulas. The first constraint is assembly. Assume 
that it takes 2 hours to assemble 1 snowmobile engine, 5 hours to assemble 1 boat engine, 
and Power Engines has 600 assembly-hours available each day. 

| 1 | Descriptions 

| 2 | 
| 3 | Contribution Margin 
| 4 | Data & Constraints: 

| 6 | Assembly Data 
| 6 | Assembly Constraint 

Testing 

| 8 | Testing Constraint 
| 9 | Boat Constraint 
| 10 | Volume 
| 11 | Total Contribution Margin 

HE ae Ses Oe I se OS 
§ B Total Constraints 

The 0 values you see in cells B6, C6, and D6 represent assembly formulas. The formula in 

cell B6 is =B5*B10. The formula is cell C6 is =C5*C10. These values will be determined 
once you run solver and the optimum volume is determined. The formula in D6 is 
=SUM(B6:C6). This value determines the total of assembly-hours for snowmobile and 
boat engines. You will compare this value (in Solver) to your constraint of 600 (cell E6). 

The second constraint is testing. Assume that it takes 1 hour to test 1 snowmobile 
engine, half an hour to test 1 boat engine, and Power Engines has 120 testing-hours avail- 
able each day. 

Ce a AS a ee Te 
_B | Total | Constraints | [1 [Descriptions = S| Ss 

2 | 
| 3 | Contribution Margin 
| 4 Data & Constraints: 

| 6 | Assembly Data 
| 6 | Assembly Constraint 

| 11 | Total Contribution Margin 

The 0 values in cells B8, C8, and D8 represent testing formulas (very similar to assembly 
formulas). The formula in cell B8 is =B7*B10. The formula is cell C8 is =C7*C10. These 
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values will be determined once you run Solver and the optimum volume is determined. 
The formula in D8 is =SUM(B8:C8). This value determines the total testing-hours for 
snowmobile and boat engines. You will compare this value (in Solver) to your constraint 
of 120 (cell E8). 

The third constraint is a material shortage constraint for boat engines. Power Engines 
is limited to 110 boat engines per day. 

ee Descriptions 

eo Contribution Margin 

| 4 | Data & Constraints: 

poe Assembly Data 

| 6 | Assembly Constraint 

eee Testing Constraint 

ae, Boat Constraint 

| 11 | Total Contribution Margin 

The formula in cell D9 is =C10. C10 represents the volume of boat engines that will be 
assembled each day. You will compare the D12 value (in Solver) to your constraint of 
110 (cell E9), 

The last constraint, non-negativity, will be entered in the Solver Parameters worksheet. 
You don’t need to worry about that in this worksheet. 

The last set of formulas will determine total contribution margin. Note: You are 
adding data on line 3. 

app a Bt 
ae Descriptions Constraints 

Baa Contribution Margin 

| 4 | Data & Constraints: 

| 5 | Assembly Data 

| 6 | Assembly Constraint 

| 8 | Testing Constraint 

| 9 | Boat Constraint 

Pat Total Contribution Margin 

The 0 values in cells B11, C11, and D11 represent contribution margin formulas. The 
formula in cell B11 is =B3*B10. The formula is cell C11 is =C3*C10. These values will 
be determined once you run Solver and the optimum volume is determined. The formula 
in D11 is =SUM(B11:C11). This value determines the total contribution margin (what 

you are looking to maximize). 

Step 4: Installing Solver 

You may have to install Solver into your Excel package. The steps are as follows: 

a. Open Excel 

b. Select Blank workbook 

c. Click on File (top left) 

d. Click Options (left side) 
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. Select Add-Ins (left side) 

. Select Solver Add-in 

. Click Go 

. Click Solver Add-In (Add-Ins window) 

i. Click OK 

j. Click Data (menu bar of your worksheet) 

k. At the right-hand side, you should see Solver. Click Solver (Analysis). The Solver 

where Parameters worksheet should be shown. 

BS 0Q ‘es oO 

Step 5: Completing the Solver Parameters Section 

Open Solver Note: It is important that you have your cursor located in the area where 

you want to change or add information. 

Set Objective: Select cell D11 of the worksheet. Select the cell that is the total contribu- 

tion margin cell (maximization problem). 

To: Select Max (for maximization problems). 

By Changing Variable Cells: Move your cursor into the first volume cell of the work- 
sheet, and drag it to the right to the last volume cell. The formula should look like 
$B$10:$C$10. 

Subject to the Constraints: Click the Add button. This will allow you to enter in your 
constraint information. 

The first constraint is the 600-hour assembly constraint. Within the Cell Reference 
section (make sure your cursor is in there), click cell D6 of the worksheet. The <= symbol 

is the default. In the Constraint section (make sure your cursor is in there), click cell E6. 
You are finished with this constraint. Click Add. 

The second constraint is the 120-hour testing constraint. Within the Cell Reference 
section (make sure your cursor is in there), click cell D8 of the worksheet. The <= symbol 
is the default. In the Constraint section (make sure your cursor is in there), click cell E8. 
You are finished with this constraint. Click Add. 

The third constraint is the 110 boat constraint. Within the Cell Reference section 
(make sure your cursor is in there), click cell D9 of the worksheet. The <= symbol is the 
default. In the Constraint section (make sure your cursor is in there), click cell E9. You 

are finished with this constraint. Click Add. 
The last two constraints are the non-negativity constraints. Ensure that “Make 

Unconstrained Variables Non-Negative” is checked off. 
Click Solve, and your worksheet should look like this: 

Jo eB 
a Descriptions Constraints 

Bi] Contribution Margin 

| 4 | Data & Constraints: 

i Be Assembly Data 

ye 68 Assembly Constraint 

Testing 

| 8 | Testing Constraint 

Boat Constraint 

Volume 
Total Contribution Margin 
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The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question.» 

Learning Objective Guideline 

. How are relevant and irrelevant 

information distinguished in 
decision situations? 

. What are the differences among 
relevant costs for short-term and 
long-term production output 
decisions? 

. How do relevant and irrelevant 

costs and revenue differ, and 

how do quantitative and quali- 
tative information differ? 

. What is the opportunity-cost 
concept, and why is it used in 
decision making? 

. Explain the theory of constraints 
and how to manage bottlenecks. 

. Why is book value of equipment 

Only costs and revenues that are expected to occur in the future and differ 
among alternative courses of action are relevant. 

Long-term production costs must consider strategic elements and have lasting 
impact on the financial structure of the organization. Short-term decisions are 
typically related to individual projects and terminate. 

Relevant information is the.sets of data that should be included in the decision- 
making process. These data can be made of financial and other numerical data 
(quantitative) as well as contextual and descriptive data (qualitative). 

In all decisions, it is important to consider the contribution to income forgone 
by choosing a particular alternative and rejecting others. 

Select the product with the highest contribution margin per unit of the limiting 
resource, and keep bottlenecks busy and increase their efficiency and capacity 
by increasing throughput (contribution) margin. 

It is a past cost and should not be considered in present decisions. 
irrelevant in equipment replace- 
ment decisions? 

Pea k=) gaat-ticem m-t-\ ga) 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

book value (p. 437) 

business function costs (p. 424) 

constraint (as a limiting factor) (p. 435) 

constraint (of an LP problem) (p. 443) 
decision model (p. 421) 

differential cost (p. 428) 

differential revenue (p. 428) 

full product costs (p. 424) 

incremental cost (p. 428) 

incremental revenue (p. 428) 

insource (p. 425) 

linear programming (LP) (p. 442) 

make/buy decision (p. 426) 

objective function (p. 443) 

Opportunity cost (p. 431) 

optimization techniques (p. 442) 

outsource (p. 425) 

qualitative factors (p. 423) 

quantitative factors (p. 423) 

relevant costs (p. 421) 

relevant revenues (p. 421) 

sunk costs (p. 423) 

theory of constraints (TOC) (p. 435) 

vertical integration (p. 426) 
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| Assignment Material 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

11-1 Provide examples of interdependencies, and relate them to the decision framework. 

11-2 Define relevant cost, Why are historical costs irrelevant? 

11-3 Distinguish between quantitative and qualitative factors in decision making. 

11-4 Describe two potential problems that should be avoided in relevant-cost analysis. 

11-5 Define opportunity cost. 

11-6 “A component part should be purchased whenever the purchase price is less than its total manufac- 
turing cost per unit.” Do you agree? Explain briefly. 

11-7 “Management should always maximize sales of the product with the highest contribution margin per 

unit.” Do you agree? Explain briefly. 

11-8 “Managers should always buy inventory in quantities that result in the lowest purchase cost per 

unit.” Do you agree? Explain briefly. 

11-9 “A branch office or business segment that shows negative operating income should be shut down.” 

Do you agree? Explain briefly. 

11-10 “Cost written off as depreciation on equipment already purchased is always irrelevant.” Do you 

agree? Explain briefly. 

11-11 “Managers will always choose the alternative that maximizes operating income or minimizes costs in 

the decision model.” Do you agree? Explain briefly. 

11-12 “All future costs are relevant.” Do you agree? Explain briefly. 

11-13 Describe the four key steps in managing bottleneck resources. 

Exercises 

11-14 Terminology. A number of terms are listed below: 

cost minimization opportunity cost 

differential cost optimization technique 

full product costs out-of-pocket costs 

incremental costs outlay cost 

incremental revenue sunk costs 

objective function profit maximization 

Required 

Select the terms from the above list to complete the following sentences. 

1. A full absorption cost refers to all manufacturing costs including manufacturing overhead costs, 

whereas refers to all period or non-manufacturing costs as well as all manufacturing costs 

to bring the product to point of sale. 
2. The is the value lost because a different alternative was not chosen. 

3. The and are the unique inflows and outflows arising from a specific alternative, 

should it be chosen. 
4, Similarly, a(n) arises from implementation of a specific alternative. In comparison, a differen- 

tial cost is the savings or added costs that arise when comparing alternatives to the current state. 

5. There are some costs that are always irrelevant, and one category is that have already been 

spent and cannot be recovered by making a different decision. 

6. One way to select an alternative is to use a(n) called linear programming. Optimization under 

specific constraints on resources may target either or . The technical name to 

calculate what will be optimized is the 

11-15 Disposal of assets. Answer the following questions. Loe 

1. A company has an inventory of 1,000 assorted parts for a line of missiles that has been discontinued. 1. Difference in favour of not 
The inventory cost is $88,000. The parts can be either (a) remachined at total additional costs of $33,000 machining, $400 
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and then sold for $37,000 or (b) sold as scrap for $4,400. Which action is more profitable? Show your 
calculations. 

2. Atruck, costing $110,000 and uninsured, is wrecked on its first day in use. It can be either (a) disposed 
of for $11,000 cash and replaced with a similar truck costing $112,200 or (b) rebuilt for $93,500, and thus 
be brand-new as far as operating characteristics and looks are concerned. Which action is less 
costly? Show your calculations. 

LO@ 11-16 Inventory decision, opportunity costs. Lawnox, a manufacturer of lawn mowers, predicts that 
1, Opportunity cost of interest it will purchase 300,000 spark plugs next year. Lawnox estimates that 25,000 spark plugs will be required 

forgone, $106,400 gach month. A supplier quotes a price of $10 per spark plug. The supplier also offers a special discount 
option: If all 300,000 spark plugs are purchased at the start of the year, a discount of 3% off the $10 price will 

be given, Lawnox can invest its cash at 8% per year. It costs Lawnox $125 to place each purchase order. 

Required 

1. Whatis the opportunity cost of interest forgone from purchasing all 300,000 units at the start of the year 

instead of in 12 monthly purchases of 25,000 units per order? 
2, Would this opportunity cost be recorded in the accounting system? Why? 
3. Should Lawnox purchase 300,000 units at the start of the year or 25,000 units each month? Show your 

calculations. 

LOO 11-17 Relevant and irrelevant costs. Answer the following questions. 
1. Unit relevant cost, $200 ; 

Required 

1. Ewing Computers makes 5,000 units of a circuit board, CB76, at a cost of $230 each. Variable cost per 
unit is $180, and fixed cost per unit is $50. HT Electronics offers to supply 5,000 units of CB76 for $210. 
lf Ewing buys from HT, it will be able to save $20 per unit of fixed costs but continues to incur the 
remaining $30 per unit. Should Ewing accept HT’'s offer? Explain. 

2, AP Manufacturing is deciding whether to keep or replace an old machine. It obtains the following 

information: 

¢ Old Machine New Machine 

Original cost $10,000 $8,000 

Useful life 10 years 4 years 

Current age 6 years 0 years 

Remaining useful life 4 years 4 years 

Accumulated depreciation $6,000 Not acquired yet 

Book value $4,000 Not acquired yet 

Current disposal value (in cash) $2,500 Not acquired yet 

Terminal disposal value (4 years from now) $0 $0 

Annual cash operating costs $20,000 $12,000 

AP Manufacturing uses straight-line depreciation. Ignore the time-value of money and income taxes. Should 
AP replace the old machine? Explain. 

Logo 11-18 The careening personal computer. An employee in the accounting department of a certain 

business was moving a personal computer from one room to another. As he came alongside an open stair- 

way, he slipped and let the computer get away from him. It went careening down the stairs with a great 

racket and wound up at the bottom, completely wrecked. Hearing the crash, the office manager came rush- 
ing out and turned rather pale when he saw what had happened. “Someone tell me quickly,” the manager 

yelled, “if that is one of our fully depreciated items.” A check of the accounting records showed that the 
smashed computer was, indeed, one of those items that had been written off. “Thank God!” said the 
manager. 

Required 

Explain and comment on the point of this anecdote. 

LO® 11-19 Keep or drop a business segment. Lees Corp. is deciding whether to keep or drop a small seg- 
ment of its business. Key information regarding the segment includes: 

Contribution margin: 35,000 

Avoidable fixed costs: 30,000 

Unavoidable fixed costs: 25,000 
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Given the information on the previous page, Lees should: 

a. Drop the segment because the contribution margin is less than total fixed costs. 
b. Drop the segment because avoidable fixed costs exceed unavoidable fixed costs. 
c. Keep the segment because the contribution margin exceeds avoidable fixed costs. 
d. Keep the segment because the contribution margin exceeds unavoidable fixed costs. 

LO8@e 11-20 Relevant costs. Ace Cleaning Service is considering expanding into one or more new market 

areas. Which costs are relevant to Ace's decision on whether to expand? 

Sunk Costs Variable Costs Opportunity Costs 

a. No Yes Yes 

b. Yes Yes Yes 

c. No Yes No 

d. Yes No Yes 

11-21 Dropping a product line, selling more tours. Nelson River Tours, a division of Old World Travel, LO © 
offers two types of guided fishing tours, Beginner and Advanced. Operating income for each tour type for Lost operating income is 

the year is as follows: $212,000 

Beginner Advanced 

Revenues: (1,000 x $900; 800 x $1,650) $900,000 $1,320,000 

Operating costs 

Administrative salaries 240,000 200,000 

Guide wages 260,000 760,000 

Supplies 100,000 200,000 

Depreciation of equipment 50,000 120,000 

Vehicle fuel 60,000 48,000 

Allocated corporate overhead 90,000 132,000 

Total operating costs 800,000 1,460,000 

Operating income (loss) $100,000 $ (140,000) 

The equipment has a zero disposal value. Guide wages, supplies, and vehicle fuel are variable costs 
with respect to the number of tours. Administrative salaries are fixed costs with respect to the number of 

tours. Dennis Baldwin, Nelson River Tours’ president, is concerned about the losses incurred on the 
Advanced tours. He is considering dropping the Advanced tour and offering only the Beginner tour. 

Required 

1. If the Advanced tours are discontinued, one administrative position could be eliminated, saving the 

company $100,000. Assuming no change in the sales of Beginner tours, what effect would dropping the 

Advanced tour have on the company's operating income? 
2. Refer back to the original data. If Nelson River Tours drops the Advanced tours, Baldwin estimates that 

sales of Beginner tours would increase by 50%. He believes that he could still eliminate the $100,000 
administrative position. Equipment currently used for the Advanced tours would be used by the addi- 
tional Beginner tours. Should Baldwin drop the Advanced tour? Explain. 

3. What additional factors should Baldwin consider before dropping the Advanced tours? 

11-22 Theory of constraints, throughput margin, relevant costs. The Denver Corporation man- LO® 
ufactures filing cabinets in two operations: machining and finishing. It provides the following 1, Increase in operating income 
information: is $11,000 

Machining Finishing 

Annual capacity 120,000 units 100,000 units 

Annual production 100,000 units 100,000 units 

Fixed operating costs (excluding direct $600,000 $300,000 
materials) 

Fixed operating costs per-unit produced: $6 per unit $3 per unit 

($600,000 + 100,000; $300,000 + 100,000) 
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LO ® 
Incremental revenue from further 

processing, $24,990 

LO® 
Operating income without the 

special order = $400,000 

Each cabinet sells for $75 and has direct material costs of $35 incurred at the start of the machining oper- 

ation. Denver has no other variable costs. Denver can sell whatever output it produces. The following 

requirements refer only to the preceding data. There is no connection between the requirements. 

Required 

1. Denver is considering using some modern jigs and tools in the finishing operation that would increase 

annual finishing output by 1,150 units. The annual cost of these jigs and tools is $35,000. Should Denver 

acquire these tools? Show your calculations. 

2. The production manager of the Machining Department has submitted a proposal to do faster setups 

that would increase the annual capacity of the Machining Department by 9,000 units and would cost 

$20,000 per year. Should Denver implement the change? Show your calculations. 

3. An outside contractor offers to do the finishing operation for 10,000 units at $9 per unit, triple the $3 per 

unit that it costs Denver to do the finishing in-house. Should Denver accept the subcontractor’s offer? 
Show your calculations. 

4. The Hammond Corporation offers to machine 5,000 units at $3 per unit, half the $6 per unit that it costs 

Denver to do the machining in-house. Should Denver accept Hammond's offer? Show your calculations. 

5. Denver produces 2,000 defective units at the machining operation. What is the cost to Denver of the 

defective items produced? Explain your answer briefly. 

6. Denver produces 2,000 defective units at the finishing operation. What is the cost to Denver of the 

defective items produced? Explain your answer briefly. 

11-23 Sell or process further. Xylon Processing Limited is a chemical manufacturer. Two chemicals, 

Aardyn and Gargaton, are produced from the common chemical xylon. The joint process requires 16,000 

litres of xylon to be processed at a cost of $21,500 (including the cost of the chemical itself). From these 

16,000 litres, the company produces 10,200 litres of Aardyn and 5,800 litres of Gargaton. The joint costs of 

$21,500 are allocated $13,760 to Aardyn and $7,740 to Gargaton. The company can sell the Aardyn and the 

Gargaton at the split-off point for $17,000 and $8,748, respectively. Alternatively, the company can process 

the Aardyn further to produce 10,200 litres of Anardyn. The Anardyn sells for $2.45 per litre, and additional 
processing costs are $8,900. 

Required 

Should Xylon sell Aardyn, or should it process it further to produce Anardyn? 

11-24 Special order, activity-based costing. (CMA, adapted) The Reward One Company manufac- 

tures windows. Its manufacturing plant has the capacity to produce 12,000 windows each month. Current 

production and sales are 10,000 windows per month. The company normally charges $250 per window. Cost 

information for the current activity level is as follows: 

Variable costs that vary with number of units produced 

Direct materials $ 600,000 

Direct manufacturing labour 700,000 

Variable costs (for setups, materials handling, quality control, and so on) 150,000 
that vary with number of batches, :100 batches x $1,500 per batch 

Fixed manufacturing costs 250,000 

Fixed marketing costs 400,000 

Total costs $2,100,000 

Reward One has just received a special one-time-only order for 2,000 windows at $225 per window. 
Accepting the special order would not affect the company’s regular business or its fixed costs. Reward 

One makes windows for its existing customers in batch sizes of 100 windows (100 batches x 100 windows 

per batch = 10,000 windows). The special order requires Reward One to make the windows in 25 batches 

of 80 windows. 

Required 

1. Should Reward One accept this special order? Show your calculations. 

2. Suppose plant capacity were only 11,000 windows instead of 12,000 windows each month. The special 
order must either be taken in full or be rejected completely. Should Reward One accept the special 

order? Show your calculations. 

3. As in requirement 1, assume that monthly capacity is 12,000 windows. Reward One is concerned 

that if it accepts the special order, its existing customers will immediately demand a price dis- 

count of $20 in the month in which the special order is being filled. They would argue that Reward 

One's capacity costs are now being spread over more units and that existing customers should get 



the benefit of these lower costs. Should Reward One accept the special order under these condi- 
tions? Show your calculations. 

11-25 Make versus buy, activity-based costing. The Svenson Corporation manufactures cellular 
modems. It manufactures its own cellular modem circuit boards (CMCB), an important part of the cellular 

modem. It reports the following cost information about the costs of making CMCBs in 2021 and the expected 
costs in 2022: 

Current Costs Expected Costs 
in 2021 in 2022 

Variable manufacturing costs 

Direct material cost per CMCB $ 180 $ 170 

Direct manufacturing labour cost per CMCB 50 45 

Variable manufacturing cost per batch for setups, materials 1,600 1,500 
handling, and quality control 

Fixed manufacturing cost 

Fixed manufacturing overhead costs that can be avoided if 320,000 320,000 

CMCBs are not made 

Fixed manufacturing overhead costs of plant depreciation, 800,000 800,000 

insurance, and administration that cannot be avoided even 
if CMCBs are not made 

Svenson manufactured 8,000 CMCBs in 2021 in 40 batches of 200 each. In 2022, Svenson anticipates needing 
10,000 CMCBs. The CMCBs would be produced in 80 batches of 125 each. 

The Minton Corporation has approached Svenson about supplying CMCBs to Svenson in 2022 at 
$300 per CMCB on whatever delivery schedule Svenson wants. 

Required 

1. Calculate the total expected manufacturing cost per unit of making CMCBs in 2022. 

2. Suppose the capacity currently used to make CMCBs will become idle if Svenson purchases CMCBs 
from Minton. On the basis of financial considerations alone, should Svenson make CMCBs or buy 

them? Show your calculations. 
3. Now suppose that if Svenson purchases CMCBs from Minton, its best alternative use of the capacity 

currently used for CMCBs is to make and sell special circuit boards (CB8s) to the Essex Corporation. 
Svenson estimates the following incremental revenues and costs from CB3s: 

Total expected incremental future revenues $2,000,000 

Total expected incremental future costs $2,150,000 

On the basis of financial considerations alone, should Svenson make CMCBs or buy them from Minton? 

Show your calculations. 

11-26 Product mix, constrained resource. Wechsler Company produces three products: A130, 

B324, and C587. All three products use the same direct material, Brac. Unit data for the three products 

are 

Product 

A130 B324 C587 

Selling price $252 $168 $210 

Variable costs 

Direct materials $ 72 $ 45 $ 27 

Labour and other costs $ 84 $ 81 $ 120 

Quantity of Brac per unit 8 lb. 5 |b. 3 lb. 

The demand for the products far exceeds the direct materials available to produce the products. Brac 
costs $9 per pound, and a maximum of 5,000 pounds is available each month. Wechsler must produce a 
minimum of 200 units of each product. 
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Lovee 
Per-unit costs, It is more favour- 

able to MAKE by $41 / unit 

LoO@e 
Direct materlal cost per pound 

that Wechsler can pay without 

contribution margin becoming 

negative Is $30 
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LO ® 
2. Increase in operating income 

is $305,000 

LOo@e 
Contribution margin per machine- 

hour for Model 9 is $40 

Required 

1. How many units of product A130, B324, and C587 should Wechsler produce? 
2. What is the maximum amount Wechsler would be willing to pay for another 1,200 pounds of Brac? 

11-27 Theory of constraints, throughput margin, and relevant costs. Washington Industries 

manufactures electronic testing equipment. Washington also installs the equipment at customers’ sites and 
ensures that it functions smoothly. Additional information on the manufacturing and installation depart- 

ments is as follows (capacities are expressed in terms of the number of units of electronic testing 

equipment): 

Equipment Manufactured Equipment Installed 

Annual capacity 285 units per year 250 units per year 

Equipment manufactured and installed 250 units per year 250 units per year 

Washington manufactures only 250 units per year because the installation department has only enough 

capacity to install 250 units. The equipment sells for $55,000 per unit (installed) and has direct material 

costs of $30,000. All costs other than direct material costs are fixed. The following requirements refer only 

to the preceding data. There is no connection between the requirements. 

Required 

1. Washington’s engineers have found a way to reduce equipment manufacturing time. The new method 

would cost an additional $500 per unit and would allow Washington to manufacture 30 additional units 
a year. Should Washington implement the new method? Show your calculations. 

2. Washington's designers have proposed a change in direct materials that would increase direct mate- 

rial costs by $2,000 per unit. This change would enable Washington to install 285 units of equipment 

each year. If Washington makes the change, it will implement the new design on all equipment sold. 

Should Washington use the new design? Show your calculations. 

3. A new installation technique has been developed that will enable Washington's engineers to install 

7 additional units of equipment a year. The new method will increase installation costs by $145,000 

each year. Should Washington implement the new technique? Show your calculations. 
4. Washington is considering how to motivate workers to improve their productivity (output per 

hour). One proposal is to evaluate and compensate workers in the manufacturing and installation 

departments on the basis of their productivities. Do you think the new proposal is a good idea? 

Explain briefly. 

11-28 Selection of most profitable product. Body Image, Inc. produces two basic types of weight-lifting 

equipment, Model 9 and Model 14. Pertinent data are as follows: 

es eae a ee ee ee 
Per Unit 

Model 9 Model 14 ea 
| 3 |Selling price $150.00 $85.00 

4 | Costs 
Directmaterial 

Variable direct manufacturing labour 

Variable manufacturing overhead 

Fixed manufacturing overhead* 

Marketing (all variable) 

Total costs 

| 11 |Operating income 

| 13 [*Allocated on the basis of machine-hours 

The weight-lifting craze suggests that Body Image can sell enough of either Model 9 or Model 14 to 

keep the plant operating at full capacity. Both products are processed through the same production 
departments. 

Required 

Which product should the company produce? Briefly explain your answer. 



Problems 

11-29 Multiple choice. (CPA) Choose the best answer. 

1. The Cozy Company manufactures slippers and sells them at $10 a pair. Variable manufacturing cost is 

$5.75 a pair, and allocated fixed manufacturing cost is $1.75 a pair. It has enough idle capacity available 
to accept a one-time-only special order of 25,000 pairs of slippers at $7.50 a pair. Cozy will not incur any 

marketing costs as a result of the special order. What would the effect on operating income be if the 

special order could be accepted without affecting normal sales: (a) $0, (b) $43,750 increase, (c) $143,750 
increase, or (d) $187,500 increase? Show your calculations. 

2. The Manchester Company manufactures Part No. 498 for use in its production line. The manufacturing 

cost per unit for 10,000 units of Part No. 498 is as follows: 

Direct materials $3 

Variable direct manufacturing labour 40 

Variable manufacturing overhead 10 

Fixed manufacturing overhead allocated ail 

Total manufacturing cost per unit $74 

The Remnant Company has offered to sell 10,000 units of Part No. 498 to Manchester for $71 per unit. 

Manchester will make the decision to buy the part from Remnant if there is an overall savings of at least 

$45,000 for Manchester. If Manchester accepts Remnant's offer, $11 per unit of the fixed overhead allocated 
would be eliminated. Furthermore, Manchester has determined that the released facilities could be used 

to save relevant costs in the manufacture of Part No. 575. For Manchester to achieve an overall savings of 

$45,000, the amount of relevant costs that would have to be saved by using the released facilities in the man- 

ufacture of Part No. 575 would be which of the following: (a) $30,000, (b) $115,000, (c) $125,000, or (d) $100,000? 
Show your calculations. What other factors might Manchester consider before outsourcing to Remnant? 

11-30 Relevant costs, contribution margin, product emphasis. The Beach Comber is a take-out 

food store at a popular beach resort. Susan Sexton, owner of the Beach Comber, is deciding how much 

refrigerator space to devote to four different drinks. Pertinent data on these four drinks are as follows: 

Cola Lemonade Punch Natural Orange Juice 

Selling price per case $18.80 $20.00 $27.10 $39.20 

Variable cost per case $14.20 $16.10 $20.70 $30.20 

Cases sold per foot of shelf space per day 25 24 4 5 

Sexton has a maximum front shelf space of 12 feet to devote to the four drinks. She wants a minimum of 

1 foot and a maximum of 6 feet of front shelf space for each drink. 

Required 

1. Compute the contribution margin per case of each type of drink. 

2. A coworker of Sexton’s recommends that she maximize the shelf space devoted to those drinks with 

the highest contribution margin per case. Evaluate this recommendation. 

3. What shelf-space allocation for the four drinks would you recommend for the Beach Comber? Show 

your calculations. 

11-31 Optimal product mix. (CMA adapted) Della Simpson, Inc. sells two popular brands of cookies: 

Della’s Delight and Bonny’s Bourbon. Della’s Delight goes through the Mixing and Baking departments, and 
Bonny's Bourbon, a filled cookie, goes through the Mixing, Filling, and Baking departments. 

Michael Shirra, vice-president for sales, believes that at the current price, Della Simpson can sell all 

of its daily production of Della’s Delight and Bonny’s Bourbon. Both cookies are made in batches of 3,000. 

In each department, the time required per batch and the total time available each day are as follows: 

ait cmt Minutes 

a, s Delight 

| 4 |Bonny’s Bourbon 
| 5 [Total available per day 
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LOo8eee 
Maximize $600S + $500R 

where S = Sarah's Special and 

R= Rose’s Ruby 

LO® 

Revenue and cost data for each type of cookie are as follows: 

| 9 |Revenue per batch 
10 |Variable cost per batch 

Contribution margin per batch 

| 12 |Monthly fixed costs al 
(allocated to each product) $18,650 | $22,350 

Required 

1. Using Dto represent the batches of Della’s Delight and B to represent the batches of Bonny’s Bourbon 
made and sold each day, formulate Shirra’s decision as an LP model. 

2. Compute the optimal number of batches of each type of cookie that Della Simpson, Inc., should make 
and sell each day to maximize operating income. 

11-32 Optimal production mix. Sarah Armstrong Inc. sells two popular brands of muffins, Sarah’s Spe- 
cial and Rose’s Ruby. Sarah's Special goes through the Mixing and Baking Departments, and Rose's Ruby, a 

filled muffin, goes through the Mixing, Filling, and Baking departments. 
Jack Smith, vice-president of sales, believes that at the current price, Sarah Armstrong can sell all of its 

daily production of Sarah's Special and Rose’s Ruby. Both muffins are made in batches of 6,000 muffins. The batch 

times (in minutes) for producing each type of muffin and the minutes available per day are as follows: 

Department Minutes 

Mixing Filling Baking 

Sarah's Special 60 0 20 

Rose’s Ruby 30 30 30 

Minutes available per day 1,320 540 600 

Revenue and cost data for each type of muffin are: 

Sarah's Special Rose’s Ruby 

Revenue per batch $ 950 $ 750 

Variable cost per batch 350 250 

Contribution margin per batch 600 500 

Monthly fixed costs (allocated to each product) 37,300 44,700 

Required 

1. Using S to represent the batches of Sarah’s Special and R to represent the batches of Rose’s Ruby 
made and sold each day, formulate Smith’s decision as a linear programming model. 

2. Compute the optimal number of batches of each type of muffin that Sarah Armstrong Inc. should make 
and sell each day to maximize operating income using Solver (Appendix 11B). 

11-33 Opportunity costs. (H. Schaefer, adapted) The Wild Orchid Corporation is working at full production 
capacity producing 13,000 units of a unique product, Everlast. Manufacturing cost per unit for Everlast Is 

. Direct materials $10 

Variable direct manufacturing labour 2 

Manufacturing overhead 14 

Total manufacturing cost $26 

Manufacturing overhead cost per unit is based on variable cost per unit of $8 and fixed costs of $78,000 (at 
full capacity of 13,000 units). Marketing cost per unit, all variable, is $4, and the selling price is $52. 

A customer, the Apex Company, has asked Wild Orchid to produce 3,500 units of Stronglast, a modifi- 
cation of Everlast. Stronglast would require the same manufacturing processes as Everlast, Apex has 
offered to pay Wild Orchid $40 for a unit of Stronglast and share half of the marketing cost per unit. 



Required 

1. Whatis the opportunity cost to Wild Orchid of producing the 3,500 units of Stronglast? (Assume that no 
overtime is worked.) 

2. The Chesapeake Corporation has offered to produce 3,500 units of Everlast for Wild Orchid so that Wild 

Orchid may accept the Apex offer. That is, if Wild Orchid accepts the Chesapeake offer, Wild Orchid 
would manufacture 9,500 units of Everlast and 3,500 units of Stronglast and purchase 3,500 units of 

Everlast from Chesapeake. Chesapeake would charge Wild Orchid $36 per unit to manufacture 

Everlast. On the basis of financial considerations alone, should Wild Orchid accept the Chesapeake 
offer? Show your calculations. 

3. Suppose Wild Orchid had been working at less than full capacity, producing 9,500 units of Everlast, 

at the time the Apex offer was made. Calculate the minimum price Wild Orchid should accept for 
Stronglast under these conditions. (Ignore the previous $40 selling price.) 

11-34 Choosing customers. Newbury Printers operates a printing press with a monthly capacity of 3,200 

machine-hours. Newbury has two main customers: Wallace Corporation and Kimberly Corporation. Data on 
each customer for January are: 

Wallace Corporation Kimberly Corporation Total 

Revenues $240,000 $160,000 $400,000 

Variable costs 129,600 112,000 241,600 

Contribution margin 110,400 48,000 158,400 

Fixed costs (allocated) 75,000 50,000 _ 125,000 

Operating income $ 35,400 $ (2,000) $ 33,400 

Machine-hours required 2,400 hours 800 hours 3,200 hours 

Kimberly Corporation indicates that it wants Newbury to do an additiona/ $160,000 worth of printing jobs 

during February. These jobs are identical to the existing business Newbury did for Kimberly in January in 

terms of variable costs and machine-hours required. Newbury anticipates that the business from Wallace 

Corporation in February will be the same as that in January. Newbury can choose to accept as much of the 

Wallace and Kimberly business for February as its capacity allows. Assume that total machine-hours and 

fixed costs for February will be the same as in January. 

Required 

What action should Newbury take to maximize its operating income? Show your calculations. What other 

factors should Newbury consider before making a decision? 

11-35 Reduce conflict. Make or buy, unknown level of volume. Denver Engineering manufactures 

small engines that it sells to manufacturers who install them in products such as lawn mowers. The com- 

pany currently manufactures all the parts used in these engines but is considering a proposal from an exter- 

nal supplier who wishes to supply the starter assemblies used in these engines. 
The starter assemblies are currently manufactured in Division 3 of Denver Engineering. The costs 

relating to the starter assemblies for the past 12 months were as follows: 

Direct materials $ 400,000 

Variable direct manufacturing labour 300,000 

Manufacturing overhead 800,000 

Total $1,500,000 

Over the past year, Division 3 manufactured 150,000 starter assemblies. The average cost for each starter 

assembly is $10 ($1,500,000 + 150,000). 
Further analysis of manufacturing overhead revealed the following information. Of the total manufac- 

turing overhead, only 25% is considered variable. Of the fixed portion, $300,000 is an allocation of general 

overhead that will remain unchanged for the company as a whole if production of the starter assemblies is 

discontinued. A further $200,000 of the fixed overhead is avoidable if production of the starter assemblies 
is discontinued. The balance of the current fixed overhead, $100,000, is the division manager's salary. 

If Denver Engineering discontinues production of the starter assemblies, the manager of Division 3 will be 
transferred to Division 2 at the same salary. This move will allow the company to save the $80,000 salary 

that would otherwise be paid to attract an outsider to this position. 
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Required 

1. Tutwiler Electronics, a reliable supplier, has offered to supply starter-assembly units at $8 per unit. 

Because this price is less than the current average cost of $10 per unit, the vice-president of manufac- 

turing is eager to accept this offer. On the basis of financial considerations alone, should Denver Engi- 
neering accept the outside offer? Show your calculations. (Hint: Production output in the coming year 
may be different from production output in the past year.) 

2. How, if at all, would your response to requirement 1 change if the company could use the vacated plant 

space for storage and, in so doing, avoid $100,000 of outside storage charges currently incurred? Why 
is this information relevant or irrelevant? 

LO®@e 11-36 Equipment upgrade versus replacement. The TechMech Company produces and sells 

1, Total relevant cost to replace, 6,000 modular computer desks per year at a selling price of $500 each. Its current production equipment, pur- 
$5,040,000 chased for $1,500,000 and with a five-year useful life, is only two years old. It has a terminal disposal value of $0 

and is depreciated on a straight-line basis. The equipment has a current disposal price of $600,000. However, 

the emergence of a new moulding technology has led TechMech to consider either upgrading or replacing the 

production equipment. The following table presents data for the two alternatives: 

es ea ae ee ee 
| aaa Upgrade 
| 2 [One-time equipmentcosts =| ($2,700,000 $1200, 000 
Fa Variable manufacturing cost per desk $ 140 80 
| 4 [Remaining useful life of equipment (years) 3 3 
| 5 |Terminal disposal value ofequipment | $ O| $ O| 

All equipment costs will continue to be depreciated on a straight-line basis. For simplicity, ignore income 
taxes and the time-value of money. 

Required 

1. Should TechMech upgrade its production line or replace it? Show your calculations. 

2. Now suppose the one-time equipment cost to replace the production equipment is somewhat negotia- 

ble. All other data are as given previously. What is the maximum one-time equipment cost that 

TechMech would be willing to pay to replace the old equipment rather than upgrade it? 
3. Assume that the capital expenditures to replace and upgrade the production equipment are as givenin 

the original exercise, but that the production and sales quantities are not known. For what production 

and sales quantities would TechMech (a) upgrade the equipment or (b) replace the equipment? 

4, Assume that all data are as given in the original exercise. Dan Doria is TechMech’s manager, and his 
bonus is based on operating income. Because he is likely to relocate after about a year, his current 

bonus is his primary concern. Which alternative would Doria choose? Explain. 

LOo966 11-37 Product mix, special order. (N. Melumad, adapted) Gormley Precision Tools makes cutting tools 

for metalworking operations. It makes two types of tools: A6, a regular cutting tool, and EX4, a high-precision 
cutting tool. A6 is manufactured’on a regular machine, but EX4 must be manufactured on both the regular 

machine and a high-precision machine. The following information is available: 

AG EX4 

Selling price $ 180 $ 280 

Variable manufacturing cost per unit $ 110 $ 190 

Variable marketing cost per unit Si ceare0 $ 60 

Budgeted total fixed overhead costs $700,000 $1,100,000 

Hours required to produce one unit on the regular machine 1.0 0.5 

Additional information includes the following: 

. Gormley faces a capacity constraint on the regular machine of 50,000 hours per year. 

. The capacity of the high-precision machine is not a constraint. 

c. Of the $1,100,000 budgeted fixed overhead costs of EX4, $600,000 are lease payments for the high- 

precision machine. This cost is charged entirely to EX4 because Gormley uses the machine exclusively 

to produce EX4. The company can cancel the lease agreement for the high-precision machine at any 

time without penalties. 
d. All other overhead costs are fixed and cannot be changed. 

i— 7 



Required 

1. What product mix—that is, how many units of A6 and EX4—will maximize Gormley’s operating income? 

Show your calculations. 

2. Suppose Gormley can increase the annual capacity of its regular machines by 15,000 machine-hours 

at a \cost of $300,000. Should Gormley increase the capacity of the regular machines by 15,000 

machine-hours? By how much will Gormley’s operating income increase or decrease? Show your 
calculations. 

3. Suppose that the capacity of the regular machines has been increased to 65,000 hours. Gormley has 

been approached by Clark Corporation to supply 20,000 units of another cutting tool, V2, for $240 per 

unit. Gormley must either accept the order for all 20,000 units or reject it totally. V2 is exactly like A6 

except that its variable manufacturing cost is $130 per unit. (It takes 1 hour to produce one unit of V2 on 

the regular machine, and variable marketing cost equals $20 per unit.) What product mix should 
Gormley choose to maximize operating income? Show your calculations. 

11-38 Relevant costs, opportunity costs. Gavin Martin, the general manager of Oregano Software, 

must decide when to release the new version of Oregano’s spreadsheet package, Easyspread 2.0. Develop- 
ment of Easyspread 2.0 is complete; however, the diskettes, compact discs, and user manuals have not yet 

been produced. The product can be shipped starting July 1, 2021. 

The major problem is that Oregano has overstocked the previous version of its spreadsheet package, 

Easyspread 1.0. Martin knows that once Easyspread 2.0 is introduced, Oregano will not be able to sell any 

more units of Easyspread 1.0. Rather than just throwing away the inventory of Easyspread 1.0, Martin is 

wondering if it might be better to continue to sell Easyspread 1.0 for the next three months and introduce 
Easyspread 2.0 on October 1, 2021, when the inventory of Easyspread 1.0 will be sold out. 

The following information is available: 

Easyspread1.0 Easyspread 2.0 

Selling price $165 $215 

Variable cost per unit of diskettes, compact discs, user manuals 24 38 

Development cost per unit 60 95 

Marketing and administrative cost per unit wcsil 4 

Total cost per unit 115 _174 

Operating income per unit $ 50 $41 

Development cost per unit for each product equals the total costs of developing the software product 

divided by the anticipated unit sales over the life of the product. Marketing and administrative costs 

are fixed costs in 2021, incurred to support all marketing and administrative activities of Oregano 

Software. Marketing and administrative costs are allocated to products on the basis of the budgeted 

revenues of each product. The preceding unit costs assume Easyspread 2.0 will be introduced on 

October 1, 2021. 

Required 

1. On the basis of financial considerations alone, should Martin introduce Easyspread 2.0 on July 1, 2021, 

or wait until October 1, 2021? Show your calculations, clearly identifying relevant and irrelevant reve- 

nues and costs. 
2. What other factors might Gavin Martin consider in making a decision? 

11-39 Product mix. Short-run pricing, capacity constraints. Fashion Fabrics makes pants from a 
special material. The fabric is special because of the way it fits many body types. The pants sell for $142. 

A well-known retail establishment has asked Fashion Fabrics to produce 3,000 shorts from the same fabric. 

The factory has unused capacity, so Barbara Brooks, the owner of Fashion Fabrics, calculates the cost of 

making a pair of shorts from the fabric. Costs for the pants and shorts are as follows: 

Pants Shorts 

Fabric (6 yds. x $12;3 yds. x $12) $ 72 36 

Variable direct manufacturing labour 20 10 

Variable manufacturing overhead 8 4 

Fixed manufacturing cost allocated 15 2p) 

Total manufacturing cost $115 $59 
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Required 

1. Suppose Fashion Fabrics can acquire all the fabric that it needs. What is the minimum price the com- 

pany should charge for the shorts? 

2. Now suppose that the fabric is in short supply. Every yard of fabric Fashion Fabrics uses to make shorts 

will reduce the pants that it can make and sell. What is the minimum price the company should charge 

for the shorts? 

LOoge9e 11-40 Special order, short-run pricing. Diamond Corporation produces baseball bats for kids that it 

sells for $37 each. At capacity, the company can produce 54,000 bats a year. The costs of producing and 
selling 54,000 bats are as follows: 

Cost per Bat Total Costs 

Direct materials $14 $ 756,000 

Variable direct manufacturing labour 4 216,000 

Variable manufacturing overhead 2 108,000 

Fixed manufacturing overhead 5 270,000 

Variable selling expenses 2 108,000 

Fixed selling expenses ms 162,000 

Total costs $30 $1,620,000 

Required 

1. Suppose Diamond is currently producing and selling 44,000 bats. At this level of production and sales, 

its fixed costs are the same as given in the preceding table. Home Run Corporation wants to place a 

one-time special order for 10,000 bats at $21 each. Diamond will incur no variable selling costs for this 

special order. Should Diamond accept this one-time special order? Show your calculations. 
2. Now suppose Diamond is currently producing and selling 54,000 bats. If Diamond accepts Home Run's 

offer, it will have to sell 10,000 fewer bats to its regular customers. (a) On financial considerations 
alone, should Diamond accept this one-time special order? Show your calculations. (b) On financial 

considerations alone, at what price would Diamond be indifferent between accepting the special order 

and continuing to sell to its regular customers at $37 per bat. (c) What other factors should Diamond 
consider in deciding whether to accept the one-time special order? 

LO@e®9o 11B-41 Linear Programming. Allan‘s Fine Shoes and Jackets employs three seamstresses (S1, S2, and 
$3). Allan’s sells two products—hand-stitched men’s dress shoes of varying styles and widths and bomber 
style leather jackets for men. The three seamstresses produce excellent work. However, their production 

varies based on skill level and experience for each product. 

Allan is going to assign each seamstress to the product that maximizes the contribution margin of the 
company. After completing a management accounting course, Allan has collected the following informa- 

tion regarding the average time each seamstress requires to complete a pair of shoes and a jacket: 

Shoes (pairs) Jacket 

$1 4.50 hours per pair 7.50 hours per jacket 

$2 4.00 hours per pair 6.50 hours per jacket 

$3 4,50 hours per pair 6.00 hours per jacket 

Based on their skill level and years with the company, the seamstresses earn the following hourly rates: 

S1 $29/hour 

$2 $34/hour 

$3 $22/hour 

The three seamstresses work 36 hours per week. 

The current market price for each pair of shoes is $400. The current market price for each bomber 
style jacket is $800. Other variable costs include materials (high-quality leather) and sales commission. 

Material variable costs are $25 per pair of shoes and $200 per jacket. Sales commission equals 20% of the 
selling price. These products never go on sale. 

To create a balanced inventory and, ideally, sell both products to existing customers, Allan has 
insisted on producing at least 12 pairs of shoes and 4 jackets each week. 

Allan has formulated the following linear program to maximize contribution margin. 



Maximize contribution margin per seamstress: 

$ (S18, $1J, $28, $2J, $3S, $3J) = 164.5081S + 222.50S1J + 159.00S2S +219.00S2J + 196.00S3S + 308.00S3U 

Subject to: 

4.581S+ 7.58 1J <= 36 hours a week 

4,0S2S + 6.5S2J <= 36 hours a week 

4.50S3S + 6.00S3J <= 36 hours a week 

S1S + S28 + $3S >= 12 pairs of shoes a week 

S1JU + $2 + $3J >= 4 jackets a week 

$18, $28, $38, Stu, $2U, S3U >= 0 units of S & J 

Where: 

$1S represents the quantity of shoes (pairs) made by seamstress S1 

$28 represents the quantity of shoes (pairs) made by seamstress S2 

$38 represents the quantity of shoes (pairs) made by seamstress S3 

S1J represents the quantity of jackets made by seamstress S1 

$2J represents the quantity of jackets made by seamstress S2 

$3J represents the quantity of jackets made by seamstress S3 

Required 

1, Formulate and solve the linear programming problem to determine the production mix that will maximize 

the total contribution margin each week for Allan's Fine Shoes and Jackets. 

2. Based upon your solver results, identify how the weekly working time of seamstress S1 will be divided 
between shoes and jackets. 

3. State the impact on Allan's profitability of increasing the number of hours seamstress S2 works from 
36 to 40 hours a week. Re-run your solver worksheet. 

4, Seamstress S3 has asked if she can make both shoes and jackets throughout the week. She has asked 
to make two pairs of shoes each week plus jackets. Re-run your solver worksheet again (use original 

data) to determine the impact this will have on the weekly total contribution margin for Allan’s Fine 
Shoes and Jackets, 

Based on your original answer, why does seamstress S3 make the jackets and seamstresses S1 and S2 
make the shoes? 

11B-42 Linear Programming. Awesome Too! Cabinets Company manufactures and sells three styles of 
tool cabinets: Super Durable (S), Durable (D), and Tough (T). Two departments (machining and assembly) 
work together to complete the finished product. 

Information regarding selling prices, labour cost, material cost, variable overhead, and additional 
information is presented below: 

Super Durable Durable Tough 
per unit per unit per unit 

Selling price $1,100 $775 $450 

Direct-labour cost $ 240 $160 $ 80 

Direct material cost $ 320 $250 $ 75 

Variable overhead $150 $ 65 $ 75 

Labour requirements in hours per unit of output: 

Machining department 3.0 2.0 1.0 

Assembly department 3.0 2.0 1.0 

In addition to the information provided above, we learn that: 

ws The machining department has 340 hours of labour available each week. 

w The assembly department has 320 hours of labour available each week. 

m Contract requirements require Awesome Tool Cabinets to make at least 15 Super Durable units a 
week, 45 Durable units a week, and 80 Tough units a week. 

w Due to customer demand, the maximum number of Tough units that can be produced each week is 

150 units. 
m Estimated fixed manufacturing overhead costs are $45,000 per week. 
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Lovee 

Where: 

S =units of Super Durable Tool Cabinets produced 

D =units of Durable Too! Cabinets produced 

T= units of Tough Tool Cabinets produced 

Required: 

a. Formulate the correct set of equations (maximization formula and constraints) for Awesome Tool Cabinets. 
b. Using Solver, what is the volume of Super Durable, Durable, and Tough Tool Cabinets that will be pro- 

duced per week, the total contribution margin per week, and the operating income per week? 

c. You have the opportunity to purchase 20 additional hours of labour for the machining department. 

Would you do it (why or why not?) 

Based on your analysis, determine which tool cabinet should be your highest priority, second highest priority, 

etc? Hint: CM/constrained resource. 

Collaborative Learning Case 

11-43 Make versus buy, governance. Lynn Hardt, a management accountant with the Paibec Corpora- 

tion, is evaluating whether a component, MTR-2000, should continue to be manufactured by Paibec or pur- 

chased from Marley Company, an outside supplier. Marley has submitted a bid to manufacture and supply 

the 32,000 units of MTR-2000 that Paibec will need for 2023 at a unit price of $17.30, to be delivered according 
to Paibec’s production specifications and needs. While the contract price of $17.30 is only applicable in 

2023, Marley is interested in entering into a long-term arrangement beyond 2023. 
From plant records and interviews with John Porter, the plant manager, Hardt gathered the following 

information regarding Paibec’s costs to manufacture 30,000 units of MTR-2000 in 2022: 

Costs for 

30,000 
Units in 2022 

| 4 [Direct materials $195,000 
| 5 |Direct manufacturing labour 120,000 

| 6 [Plant space rental 84,000 
Equipment leasing 36,000 

| 8 |Other manufacturing overhead 225,000 
|_9 {Total manufacturing costs 

Hardt has collected the following additional information related to manufacturing MTR-2000: 

ws Variable costs per unit in 2023 for the MTR-2000 are expected to be the same as variable costs per 

unit in 2022. 
s Plant rental and equipment lease are annual contracts that are going to be expensive to wiggle out 

of. Porter estimates it will cost $10,000 to terminate the plant rental contract and $5,000 to terminate 

the equipment lease contract. 

= 40% of the other manufacturing overhead is variable, proportionate to the direct manufacturing 

labour costs. The fixed component of other manufacturing overhead is expected to remain the same 

whether MTR-2000 is manufactured by Paibec or outsourced to Marley. 
a Paibec’s just-in-time policy means inventory is negligible. 

Hardt is aware that cost studies can be threatening to current employees because the findings may 

lead to reorganizations and layoffs. She knows that Porter is concerned that outsourcing MTR-2000 will 

result in some of his close friends being laid off. Therefore, she performs her own independent analysis of 
competitive and other economic data, which reveals that 

m Prices of direct materials are likely to increase by 8% in 2023 compared to 2022. 
= Direct manufacturing labour rates are likely to be higher by 5% in 2023 compared to 2022. 

m The plant rental contract can, in fact, be terminated by paying $10,000. Paibec will not have any need ~ 
for this space if MTR-2000 is outsourced. 

m The equipment lease can be terminated by paying $3,000. 

Hardt shows Porter her analysis. Porter argues that Hardt is ignoring the amazing continuous improve- 

ment that is occurring at the plant and that the increases in direct material prices and direct manufactur- 

ing labour rates assumed by Hardt will not occur. But Hardt is very confident about the accuracy of the 
information she has collected. 
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Required 

1. Based on the information Hardt has obtained, should Paibec make MTR-2000 or buy it? Show all 

calculations. 
2. What other factors should Paibec consider before making a decision? 

3. What should Lynn Hardt do in response to John Porter's comments? 

11-44 Relevance, short term. Hernandez Corporation is bidding on a new construction contract, here LOge6e 
called Contract No. 1. If the bid is accepted, work will begin in a few days, on January 1. Contract No. 1 1, Relevant cost, $25,000 
requires a special cement. Hernandez has already purchased 10,000 kilograms of the special cement for 
$20,000. The current purchase cost of the cement is $2.40 per kilogram. The company could sell the cement 

now for $1.60 per kilogram after all selling costs. One month from now, Hernandez will also bid on Contract 
No. 2. If Contract No. 1 is not landed, the special cement will be available for Contract No. 2. If Contract No. 1 

is landed, Hernandez will need to buy 10,000 kilograms of another grade of cement for $2.50 per kilogram to 
fulfill Contract No. 2. 

If itis not used in either of these two ways, the special cement would be of no use to the company and 

would be sold a little more than a month from now for $1.50 per kilogram after all selling costs. 

The president of Hernandez, Julio Gomez, is puzzled about the appropriate total cost of the special 

cement to be used in bidding on Contract No. 1. Competition is intense and markups are very thin, so deter- 
mining the relevant material costs when bidding on Contract No. 1 is crucial. 

Required 

1. Suppose Gomez is certain that Hernandez will land Contract No. 2; what (relevant) cost figure should 

Gomez use for the special cement when bidding on Contract No. 1? 

2. This part requires knowledge of the material on decision making under uncertainty, which was covered in 

Chapter 3. Suppose Gomez estimates a probability of 0.7 that Hernandez will land Contract No. 2. What 

(relevant) cost figure should Gomez use for the special cement when bidding on Contract No. 1? 
3. Suppose Hernandez could sell the special cement now for $2.30 per kilogram after all selling costs 

(instead of $1.60 per kilogram as described in paragraph 1). Suppose Gomez is certain that Hernandez 

will land Contract No. 2. What (relevant) cost figure should Gomez use for the special cement when 

preparing a bid on Contract No. 1? 

SOLUTIONS 

Try lt11-1 
The relevant revenues and costs are the expected future revenues and costs that differ as a result of 

Rainier accepting the special offer: 

Revenues ($60 per hour X 1,000 hours) $60,000 

Variable landscaping costs ($50 per hour X 1,000 hours) 50,000 

Increase in operating income by accepting the one-time special order $10,000 

The fixed landscaping costs and all marketing costs (inc/uding variable marketing costs) are irrele- 
vantin this case because these costs will not change in total whether the special order is accepted or 

rejected. In this example, by focusing only on the relevant amounts, the manager avoids a misleading 

implication: to reject the special order because the $60-per-hour selling price is lower than the land- 

scaping cost per hour of $62, which includes both relevant variable landscaping costs and irrelevant 

fixed landscaping costs. 

Rainier could use either the Total-Alternatives Approach or the Opportunity-Cost Approach to make 

a decision. 

Total-Alternatives Approach 

The two options available to Rainier are 

1. Do 8,000 hours of landscaping work for its current customers and 2,000 hours of work for 

Victoria. 

2. Do 9,000 hours of landscaping work for its current customers. 

(Continued) 



466 Chapter 11 Decision Making and Relevant Information 

The table below presents the relevant revenues and relevant costs, those future revenues and 

costs that differ between the alternatives. It shows that Rainier is better off rejecting Victoria's offer 
because it reduces operating income by $12,000. 

“ Current customers: 8,000 hours Current customers: 

Victoria: 2,000 hours 9,000 hours 

Relevant revenues 

($80 x 8,000 + $60 Xx 2,000) $760,000 $720,000 

($80 x 9,000) 

Relevant costs 

Variable landscaping costs 
($50 x 10,000) 500,000 450,000 

($50 x 9,000) 

Variable marketing costs 

(5% xX $760,000) 38,000 36,000 

(5% X $720,000) 

Total relevant costs 538,000 486,000 

Relevant operating income $222,000 $234,000 

The Opportunity-Cost Approach 

In the opportunity-cost approach, the options are defined as follows: 

1. Accept Victoria's offer for 2,000 hours of landscaping work. 

2. Reject Victoria's offer. 

The analysis focuses only on the Victoria offer. 

We first calculate the opportunity cost of accepting Victoria's offer. 

There is no opportunity cost for the first 1,000 hours of equipment time since Rainier has 10,000 hours 
of equipment time and its current customers require only 9,000 hours. 

For using the next 1,000 hours of equipment time on the Victoria offer, Rainier will have to forgo contri- 
bution margin on the 1,000 hours of services it would have sold to its existing customers. 

Revenue from 1,000 hours of landscaping for existing $80,000 
customers ($80 x 1,000 hours) 

-Variable costs of landscaping ($50 x 2,000 hours) 50,000 

Variable marketing costs (5% x $80,000) 4,000 

Contribution margin from 1,000 hours of landscaping $26,000 
from serving existing customers 

The opportunity cast of accepting Victoria's offer is $26,000. 

We next focus only on Victoria's offer and the effect on operating income from accepting it. 

Accept Victoria's offer Reject Victoria's offer 

Incremental future revenues $120,000 ($60 x 2,000 hours) $0 

Incremental future costs 100,000 ($50 x 2,000 hours) 0 
Variable landscaping costs 6,000 (5% x $120,000) 0 
Variable marketing costs 

Opportunity cost of using 1,000 hours of 26,000 0 
equipment for the Victoria offer and 
forgoing the profit contribution on 
existing customers 

Total relevant costs 132,000 00 

Effect on operating income of accepting $ (12,000) $0 
Victoria's offer 



The opportunity-cost approach yields the same conclusions as the total-alternatives approach. 

Rainier's operating income decreases by $12,000 if it accepts Victoria's offer. Note that by consider- 

ing only the incremental revenues and incremental costs, it would appear that Rainier should accept 

Victoria's offer because incremental revenues exceed incremental costs of the Victoria offer by 

$14,000 ($120,000 — $106,000). But there is an opportunity cost of $26,000 by using the equipment for 
Victoria’s business because the next-best use of this equipment by Rainier would result in an increase 

in operating income of $26,000. Unless the contract with Victoria results in more than $26,000 in oper- 
ating income, Rainier should reject the offer. 

This problem is one of making product- (or customer-) mix decisions with capacity constraints. 

Rainier's managers should choose the product with the highest contribution margin per unit of 

the constraining resource (equipment-hours). That's the resource that restricts or limits the sale of 

Rainier’s services. 

Contribution margin from regular customers: 

Revenues ($80 x 9,000 hours) $720,000 

Variable landscaping costs (including materials and 450,000 

labour), which vary with the number of hours 

worked ($50 per hour x 9,000 hours) 

Variable marketing costs (5% of revenue) 36,000 

Total variable costs 486,000 

Contribution margin $234,000 

Contribution margin per hour of equipment time from $26 per hour 

regular customers ($234,000 + 9,000 hours) 

Contribution margin from Hudson Corporation: 

Revenues ($70 x 4,000 hours) $280,000 

Variable landscaping costs (including materials and 180,000 

labour), which vary with the number of hours 
worked ($45 per hour x 4,000 hours) 

Variable marketing costs (5% of revenue) 14,000 

Total variable costs 194,000 

Contribution margin $ 86,000 

Contribution margin per hour of equipment time from $21.50 per hour 

Hudson Corporation ($86,000 + 4,000 hours) 

To maximize operating income, Rainier should allocate as much of its capacity to customers who 

generate the most contribution margin per unit of the constraining resource (equipment). That is, 

Rainier should first allocate equipment capacity to existing customers ($26 per hour) and only the 
balance to Hudson Corporation ($21.50 per hour). Rainier maximizes total contribution margin by 

allocating 9,000 hours of equipment capacity to existing customers yielding contribution margin of 

$234,000 ($26 per hour X 9,000 hours) and only the balance of 1,000 hours to Hudson Corporation 
yielding contribution margin of $21,500 ($21.50 per hour X 1,000 hours) for a total contribution margin 

of $255,500 ($234,000 + $21,500). 
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Learning Objectives 
@ Explain how management 

accountants can work with 

data to create value. 

@ Identify the questions 
management wants to ask 

and the relevant data. 

© Explain the elements of a 
decision tree model. 

@ Describe how to refine a 

decision tree model to ensure 

the data represent the business 

context. 

@ Explain how to validate the 
predictions of full versus refined 

decision trees. 

@ Evaluate the predictions of 

different data science models 

to choose the best one for the 

business need and visualize 

and communicate model 

insights. 

@ Describe how to use and 

deploy data science models. 

CPA Competencies* 
This chapter covers material 
outlined in Section 3: 
Management Accounting of the 

CPA Competency Map. The 

Learning Objectives in this chapter 
have been aligned with the CPA 

Competency Map to ensure the 
best coverage possible. 

4.3.6 Develops appropriate 

procedures, including Audit Data 
Analytics (ADA), based on the 

identified risk of material 

misstatement 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada. 
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Data Analytic Thinking 
and Prediction 

One of the most important roles of the management accountant is to help managers make 

decisions. In today’s business environment, managers can access unprecedented amounts of 

data. Specifically, businesses generate vast amounts of data about customer preferences, supplier 

behaviour, and marketing operations in the course of daily operations. Managers use data analytic 

techniques to make predictions based on these data. The business press refers to these trends as 

the age of big data, machine learning, and artificial intelligence. The management accountant helps 

companies derive value from big data by helping managers to use data-analytic techniques to 

transform the company and unlock significant cost-saving and revenue-generating opportunities. 

Predictive Analytics Inside: How Intel Drives 
Value and Speeds Time to Market 
For more than 50 years, Intel has been one of the world’s leading semiconductor manufac- 
turers. In recent years, the company’s information technology (IT) department has turned 

to predictive analytics to help drive revenue and get its products to market more quickly. 
In 2018, Intel’s IT group delivered $1.25 billion in business value through the use of 

predictive analytics across the company’s sales, supply chain, factory, and manufacturing 

operations. Applying analytics and artificial intelligence (Al) in its sales and marketing 
channels, Intel interprets marketplace data from around the world in real time to help 

customers configure their machines and increase customer satisfaction and revenues. 

Additionally, using smart analytics, Intel improved the time to market for key company 

platforms and products by nearly 52 weeks. How? Intel created a machine learning platform 

to find potential bugs during the design phase of its products before they go into 

development. Testing and validation is now completed about 60 times more quickly and 
identifies 30% more bugs than the previous process, all before costly manufacturing begins. 

Sources; Inte] Corporation, 2018-2019 Intel IT Annual Performance Report (Santa Clara, CA: Intel Corporation, 
2019); Justine Brown, “Intel Is Saving $656M per Year Using Predictive Analytics Across Departments,” CIO Dive, 
June 1, 2017 (https://www.ciodive.com/news/intel-saving-predictive-analytics-across-department/443957/); Peter High, 
“Intel’s CIO Leverages AI to Drive $350 Million in Revenue Growth,” Forbes.com, November 20, 2017. (https://www 
forbes,com/sites/peterhigh/2017/11/20/intels-cio-leverages-ai-to-drive-350-million-in-revenue-growth/#54d43d9dé6cle). 
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Data Science Basics and 
Management Accounting 

This chapter covers foundational concepts of data science for predictive modelling to aid 
decision making. Data science refers to the use of data analytics to draw conclusions from 
data. Predictive modelling is a data science technique used to make predictions based on 
past or current data. 

Outcome Prediction 

The increasing availability of inexpensive data storage and web-based (cloud) computing 
power allows data scientists to use very large data sets to train sophisticated algorithmic 
models. These models learn from training data (thousands or millions of records) and can 

then predict a new record according to some feature of interest. For example, a feature of 
interest to a telecommunications provider is churn, that is, whether customers will switch 
providers in the next quarter. A cellular telecommunications operator, such as Telus or 
Bell, can use data, such as number of calls made, number of dropped calls, and number of 
family members who are on a family plan, to predict which customers are most likely to 
leave the company in the next three months. In this example, the feature churn takes two 
possible values (binary): likely to leave in three months (1), not likely to leave in three 
months (0). The management accountant can then work with marketing to determine the 
costs and benefits of keeping those customers or alternatively letting them leave. The ability 
to accurately predict outcomes can directly impact how an organization crafts its strategy. 

As shown in Exhibit 12-1, data science sits at the intersection of (1) computer science 

and data skills, (2) math and statistics, and, critically, (3) substantive expertise in a partic- 
ular area of interest or domain such as industry and management accounting knowledge. 
As the churn example in the telecommunications industry indicates, deep knowledge 
about the economics of a business and industry is important for formulating relevant 
questions for data science to address. Exhibit 12-1 also makes another point. Manage- 
ment accountants need to understand some of the computer science and statistics tools 
used in data science so that they can effectively interact with other members of the data 
science team. The circle representing the expertise needed by management accountants 
overlaps with computer science and statistical inference skills. 

Value Creation 

Understanding how costs behave helps managers make better decisions. In this chapter, the 
focus is on predicting future revenues and costs. The methods of prediction help managers 
and management accountants understand cost drivers, but this is not the primary goal. 

Management accountants work with data scientists to create value across all parts of 
the value chain. For example, they use data to identify what product design decisions and 

Science 

Substantive Expertise 

& 

Management 

Accounting 

Knowledge 

LOO 
Explain how management 
accountants can work with 

data to create value. 

Components of Data 

Science 
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manufacturing parameters result in product defects. They then do a cost-benefit analysis 
to evaluate whether the company should spend additional resources to change designs or 
implement new manufacturing controls. Consider these specific examples: 

a At Air Canada, management accountants work with data scientists to assess whether 
paying Google for advertising keywords helps drive more sales. 

u At Sobeys grocery stores, management accountants work with data scientists to help 
determine how much of each product to stock at each location and which location 
should be used to fulfill online orders based on demand predictions. 

= At Visa, management accountants work with data scientists to determine how much 
to spend on detecting credit card fraud. 

s At Whirlpool, management accountants work with data scientists to evaluate the 
costs and benefits of making a sale and extending credit to a customer based on pre- 
dicted default risk. 

« At Novartis, management accountants partner with data scientists to forecast sales 
and cash flow for prescription medicines based on internal and market information 
and also recommend how best to allocate marketing and sales resources. 

Concepts in Action: Carnival Uses Big Data and Machine Learning to Sail Toward Greater 
Profitability describes the application of data science tools to manage revenues and costs 
in the cruise ship industry. As several of these examples illustrate, engaging with data 
science broadens the set of problems management accountants can engage with to create 
value. In particular, it helps management accountants to contribute to activities that 
increase revenues rather than focusing largely on managing costs. 

Data Science Framework 

Throughout this chapter we focus on Sierra Investments, a small wealth management firm. 
Sierra is evaluating whether it should invest in and buy certain loans. To make this deci- 
sion, Sierra compares the interest revenue from the loans to the costs of acquiring loans, 
including costs of late payments, defaults, and collections activities. Paige Baumann, the 
management accountant at Sierra Investments, is interested in exploring how she might 
use data science to help managers make more effective investment decisions by identifying 
the payoffs and risks associated with different investment choices.! 

As she contemplates next steps, Paige goes through the data science framework, a 
seven-step decision-making process for applying machine learning techniques in business 
situations: 

1. Gain a business understanding of the problem. 

2. Obtain and explore data. 

3. Prepare data. 

4. Build a model. 

5. Evaluate the model. 

6. Visualize and communicate insights. 

7. Deploy the model. 

We discuss each of these steps in subsequent sections. As you go through these steps, keep 
the “big picture” in mind. Data science relies on backtesting and feedback to choose 
among models. To do this, data scientists subdivide their data into a training sample (used 
in Step 4 to build a model), a cross-validation sample (used in Step 5 to evaluate and 

' The chapter is based on issues and challenges faced by companies in the peer-to-peer online lending industry. See, for example, 
the Harvard Business School LendingClub Case Series, Srikant Datar and Caitlin Bowler, “LendingClub (A): Data Analytic 
Thinking (Abridged),” HBS No. 119-020 (Boston: Harvard Business School Publishing, 2018); Srikant Datar and Caitlin 
Bowler, “LendingClub (B): Decision Trees & Random Forests,” HBS No. 119-021 (Boston: Harvard Business School Publish- 
ing, 2018); and Srikant Datar and Caitlin Bowler, “LendingClub (C): Gradient Boosting & Payoff Matrix,” HBS No. 119-022 
(Boston: Harvard Business School Publishing, 2018). HBS cases are developed solely as the basis for classroom discussion, and 
they are not intended to serve as endorsements, sources of primary data, or illustrations of effective or ineffective management. 



Defining the Problem and the Relevant Data 471 

fete) Sejaaem Carnival Uses Big Data and Machine Learning 
Geile to Sail Toward Greater Profitability 

containers, cleaning waste, and engine waste. Big data 
analytics is helping Carnival to reduce and recycle waste 
and cut costs. 

Beyond cost reduction, Carnival is also using big 
data and artificial intelligence (AI) for price optimization 
and personalization. The company’s data science team 
regularly analyzes internal and external data from past 
cofisutners and vacationers to help match customers to 
the right cruise experience, whether that is a budget fam- 
ily cruise or a luxury voyage. Similarly, Carnival uses 
wearable devices and thousands of sensors to make per- 

Carnival, the largest cruise operator in the world, lever- sonalized recommendations to customers for onboard 
ages big data, machine learning, and artificial intelligence activities. Delighting customers helps drive higher 
(AI) to cut costs and drive revenue to create “smart cities reverues. 
at sea.” Its goal: to operate more efficiently while increas- 
ing sustainability. : i RES i ee ne 

; ources: Rebecca Gibson, “Carnival Maritime Uses Machine Learning to 
Carnival uses data from thousands of SeusOES OM Optimize Cruise Operations,” Cruise & Ferry, February 2, 2017 (http:// 

board its ships and machine learning to predict water www.ctuiseand-ferty.net/articles/carnival-maritime-uses-machine-learning 
‘ } ips. ; i -to-optimise-ctuise-operations); Barbata Grady, “Trash 2.0? Nike, Carnival 

noes belie a ae ie ne ships ee aa ie - Cruises and Wading Through Waste Data,” GreenBiz, October 8, 2015 
optimize how much water it should carry for a specific (https://www.gteenbiz.com/article/trash-20-nike-cruise-ships-and-wading 
route with a specific set of guests. By carrying less water, -through-waste-data); Kim Nash, “Carnival Strategy Chief Bets That Big 

‘ : Data Will Optimize Prices,” The Wall Street Journal, April 30, 2015 
each ship saves as much as $200,000 each year in fuel (https://blogs.wsj.com/cio/2015/04/30/catnival-strategy-chief-bets-that-big 
costs while also reducing carbon emissions. -data-will-optimize-prices/); Bernard Marr, “The Amazing Ways Carnival 

Carnival also uses data science to reduce waste. Cruises Is Using IoT and Al to Create Smart Cities at Sea,” Forbes.com, 
: \ : . Match 22, 2019 (https://www.forbes.cotn/sites/bernardmart/201 9/03/22 

Cruise ships generate several types of waste while ferrying /the-amazing-ways-carnival-cruises-is-using-iot-and-ai-to-create-smatt-cities 
passengers: food waste;meal servicing waste, cardboard -at-sea/#192d22ce5a64), 

choose among models), and a holdout sample (used in Step 5 to test how the model would 
perform on completely new data). Backtesting helps the data scientist to decide how 
detailed a model to build. Too simple a model may miss important features for making 
good predictions; too detailed a model may introduce irrelevant features that weaken 
predictions. 

Defining the Problem and the Relevant Data 

As the costs of gathering and storing data continue to decrease, organizations are saving 
large quantities of data. How these data should be used depends on the questions manage- 
ment would like to have answered. The management accountant plays an important role 
in helping management decide which questions and what data have the potential to create 
value for the organization. These are the first three steps in the decision-making process. 
We describe these steps and the management accountant’s contribution in the context of 
the investment decision facing Sierra Investments. 

Loe 
Identify the questions 
management wants to ask 

and the relevant data. 

Step 1: Gain a Business Understanding of the Problem 

The first step in the decision-making process is gaining an understanding of the business 
problem. That is, what questions does the management accountant need to examine to 
advise the manager on a business decision. We illustrate the process by looking at Sierra 
Investments, which manages assets on behalf of clients. The firm is considering investing 
in loans offered by the peer-to-peer lending platform PeerLend Digital (PD), which con- 
nects individual borrowers to individual investor-lenders through an online platform. 
The platform allows all parties to bypass traditional banking infrastructure and their high 
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=> alielianbee-m Loan Grade 

Categories A Through F Grade A B C D E F 

Default rate 5.3% 11.4% 19.6% 26.0% 34.8% 40.8% 

Interest rate 6.0% 9.3% 13.0% 17.4% 22.5% 31.1% 

Adjusted net annualized return 5.2% 7.0% 7.6% 7.9% 74% 7.7% 

operations costs. In exchange, borrowers get lower interest rates and investors get higher 
returns. The loans available on the PD platform range from $1,000 to $10,000. PD col- 
lects and keeps data on all loans that investors fund from the platform. 

PD assigns a grade rating to each loan based on an estimate of the riskiness of a loan, 
that is, the probability of the borrower defaulting. To estimate risk, PD uses sophisticated 
models using historical loan data and features such as credit score, annual income, and 
amount of loan. PD assigns low-risk loans a grade of A or B, moderate-risk loans a grade 
of C or D, and high-risk loans a grade of E or F.2 PD assigns an interest rate to each grade 
that reflects the grade’s level of risk. Exhibit 12-2 shows the default rate (number of 
default loans divided by the total number of loans), interest rate, and the adjusted net 
annualized return for a certain selection of PD loans. Note that the interest rate increases 
with default risk. The adjusted net annualized return is the return after considering PD 
service fees and losses from defaults. For example, investing in C-grade loans yields a net 
annualized return of 7.6% on an interest rate of 13.0% with a default rate of 19.6%. 
Note that when a borrower defaults, an investor does not lose all of his or her investment. 
That is because a borrower often pays some interest and principal before the default. 

How does PD earn money? PD charges the borrower a 3.5% origination fee on each 
loan and a 1% servicing fee to investors for collecting interest and principal. In the event 
of a default, PD charges investors collection fees to recover money from the borrower.3 

Paige has two options: 

1. Invest in a random sample of PD loans based on the level of risk she is willing to take. 
For example, invest in a random sample of C-grade loans and expect a return of 7.6%. 

2. Do additional analyses to choose specific loans to invest in based on features about 
each loan available on the PD website. 

The question is “Should Paige do further data analysis beyond what PD has already done 
to classify loans into different grades?” What might she learn from doing so? 

Forming questions is a critical first step for the management accountant at the outset 
of any data science task. The widespread availability of data and access to computing 
resources allows the management accountant to run many different analyses. It is import- 
ant, however, to pause and ask whether it is worthwhile to do so. In this case, Paige 

decides to run more analyses because the default rates and the cost of defaults are very 
high. If she can identify default loans more precisely, Sierra Investments can increase 
returns by avoiding those loans. Her next task is to identify data that would be most use- 
ful and relevant for the analysis. 

Step 2: Obtain and Explore Relevant Data 

An important role of the management accountant is to evaluate the data that managers 
use when making decisions. For example, how objective are the data? Are the data an 
estimate or carefully measured? What data and costs are relevant for the decision at hand? 

The term exploratory data analysis refers to any activity that reveals deeper insight 
into a dataset. This activity may include numeric analysis, such as finding the mean, 
median, minimum, and maximum values for a feature like annual income. 

2 In practice, loans can be classified into many more finely defined categories. 

> For example, consider a grade A borrower who applies for a $10,000 loan through PD. PD assigns the loan a grade of A and 
offers the borrower a 6.03% interest rate. PD charges the borrower a 3.5% origination fee ($350) and disburses $9,650 to the 
borrower. Each month the borrower pays the investor $304.36 (calculations not shown) and PD keeps $3.046 of that payment 
($304.36 x 0,01) from the investor as a fee for servicing the loan. Of the $304.36, the first month’s interest is $50.25 and the 
remaining $254.11 ($304.36 — $50.25) reduces the principal. 
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Phase 1 (Before) Phase 2 (After) 

Past Data Present Data Decision to Invest “Future” Data 

© Credit score e Loan amount Yes or No e Payments made 

e No. of mortgages e Annual income e Payments missed 
e No. ofbankruptcies ¢ Debt-to-income e Number of late payments 

e Purpose of loan 

e Grade 
e Homeownership 
e Province 

Before the data science team builds a sophisticated model, Paige explores the 
PD dataset to understand its size and contents. There are 500,000 funded loans in the data 
set from the years 2021 and 2022, of which 100,000 are defaults (loan status = 1) and 
400,000 are repays (loan status = 0). The overall default rate is 20% (100,000 + 500,000). 

Each record in the PD dataset has a number of features that describe the characteris- 
tics of the loan and the borrower. The target feature is loan status. This is the feature the 
Sierra Investments team wants to predict (default or repay). The independent features of 
each record are the loan and borrower characteristics Paige plans to use to predict whether 
a loan will default or be repaid. Some independent features are from the past, such as 
credit score, number of mortgages, and number of bankruptcies. Other features are from 
the present, such as a borrower’s employment, annual income, amount of loan, and the 
stated purpose of the loan. (See columns under “Phase 1” in Exhibit 12-3.) Examples of 
purpose are refinancing credit card debt or home renovation. PD has done a careful job of 
verifying information such as employment and annual income because its business model 
is based on being transparent and having high-quality data that lenders can trust when 
making their decisions. 

Paige wonders whether the purpose of the loan is a feature she should include in her 
analysis. Should she have an a priori reason about why the purpose of the loan might help 
distinguish between default and repay loans? Or should she simply include this feature 
and let the analysis tell her whether it matters? Management accountants could include 
many independent features in the model because it is easy and inexpensive to handle large 
quantities of data. At the same time, it is important to understand why a particular fea- 
ture might affect the target feature. Otherwise, as discussed in earlier chapters, this might 
result in mistaking correlation for causation. This type of critical thinking about what 
data should go into a model is a key role of the management accountant. However, there 
are data analytic methods that explicitly select those feature variables that best explain 
the target feature. 

Step 3: Prepare the Data 

In this step, the management accountant determines how to organize and process the data. 
What additional data might be needed? How should different variables be measured, and 
what variables should be excluded? For example, Paige must probe how PD measures 
“annual income.” As the management accountant, she may draw different conclusions 
about the value of this measure depending on whether it refers to an average annual 
income over the past five years (indicating some stability of annual income) versus income 
from just the past year. To clarify this definition, she may have to refer to PD’s data dictio- 
nary or find more detailed documentation of the collection process. This is an example of 
the importance of substantive expertise and management accounting knowledge in doing 
data science, as shown in Exhibit 12-1. 

Dataset Features 

Paige notices that the PD data contain “past” and “present” data as well as loan perfor- 
mance data. These features are shown in Exhibit 12-3 under the column “Phase 2.” 
PD collects these data after the loan is funded and the borrower has begun to repay the loan. 

| Exhibit 12-3 | Features 

in the Unmodified 

PD Dataset 
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LO ® 
Explain the elements of a 
decision tree model. 

PD does not have these data at the time it approves a borrower and places the loan on the 
platform. Neither does Sierra Investments. From the point of view of the model, these data 
are from the future. The model Sierra Investments builds with these performance data will 
perform much better than a model it builds without it, because these data “from the 
future” add significant additional signals about loan performance. But these are data 
Sierra’s managers must ot use in building the model because the data are not available at 
the time of making the investment decision. If Sierra’s managers did include future data, it 
would be an example of target leakage. Data scientists use the term target leakage to refer 
to data that are not available at the time of the analysis that should be excluded. Paige 
must use substantive expertise to determine which features might contribute to target 
leakage. In preparing the data, the management accountant must advise the data science 
team that these features cannot be used for training the predictive models. 

To build a model to predict defaults, Sierra Investments downloads the dataset of 
500,000 records for the period Q1 2015 to Q4 2016 from the PD website. All these loans 
are scheduled to come due between Q1 2018 and Q4 2019. Sierra Investments planis to use 
this model to predict which of the new loans PD offers in Q1 2020 it should avoid because 
these loans are likely to default. Paige wonders whether she should obtain data from even 
earlier periods such as from 2005 onward. If she did, she would have access to more data 
to estimate the model. The core of data science is using data from the past to predict the 
future. The judgment she must make is whether the older data are representative of the 
economic conditions in 2020. Paige is concerned that the older data come from a period 
spanning the global financial crisis. The circumstances of that time differ from what she 
expects in 2020. She is much more comfortable using the most recent data to make predic- 
tions. She also believes that 500,000 records are more than enough to run her models. 

Data Privacy 

Before releasing the historic loan data, PD scrubs the data of any information that would 
allow an investor to discover the individual identities of any borrowers. Knowledge of 
these identities might help the data science team make better-informed decisions. This 
would be particularly true if the team could integrate additional data about borrowers 
into its dataset. Such data might include preferences shared over social media, criminal 
records, driving records, etc. Any data that could indicate a leaning toward risky decision 
making and behaviour might provide an additional signal. 

Paige might be tempted to seek out such data. However, personal data privacy has 
become a highly contested issue in the last several years and the legal landscape is rapidly 
changing. Before acting, she would have to research what activity for collecting data was 
legal. For example, data scientists could scrape data from websites, but they should only 
do so under the terms of the website. Some websites allow scraping of data; others limit 
this activity. In addition, she would need to think carefully about what activity was, and 
was not, ethical from the perspective of the firm. For example, if she could buy third- 
party data on the borrowers at PD, should she? Or could data on individual borrowers be 
discriminatory if information on race, religion, gender, age, or marital status is included? 

Data Algorithms and Models 

In the last several years, data scientists have developed myriad models to analyze vast 
quantities of data. These range from simple regression techniques to sophisticated neural 
networks. The hallmark of most of these models is that they are extremely flexible in fit- 
ting to the data and rely heavily on computational power. This flexibility, however, comes 
with its own problems that the management accountant’s skills can help address. In this 
section, we examine functional versus flexible relationships and introduce a specific model: 
the decision tree. 

Step 4: Build a Model 

Management accountants and data scientists build models, and must decide the kinds of 
models to build and how to validate them. 
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Functional Relationship Model 

Paige and the data science team recognize that the target (dependent variable) is binary: 1 
if the loan defaults and 0 if the loan repays. It is possible to use logistic regression to esti- 
mate the relationship between independent feature variables (such as [annual] income, 
credit score, and amount of the loan) and the target variable. This approach assumes a 
particular functional form of the relationship between feature variables and the target 
variable to fit the curve. More flexible models that do not assume a particular functional 
relationship between feature variables and the target variable are popular data science 
technique called decision trees. 

The Decision Tree: A Predictive Modelling Technique The decision tree is a technique 

for segmenting the target variable into different regions based on a set of rules. These 
rules make the model easier to interpret than some other models. Industry analyst Dean 
Abbot writes, “All trees can be read as a series of ‘if-then-else’ rules that ultimately gen- 
erate a predicted value . . . [They are] much more accessible to decision makers than 
mathematical formulas.” They are also easy to build and perform better with more data. 

Paige is eager to learn why more flexible models yield better default predictions. She is 
also keen to understand the problems and challenges of the decision tree technique. This 
seems very difficult to do in the context of thousands of variables and hundreds of features. 
She asks whether it is possible to describe the approach in a simple visual way. She would 
then be able to use the output of the model to guide managers in their decision making. 

To explain the technique, the team starts with a simple example that links directly to 
Sierra Investments’ objective. They select a data set of 24 loans containing 12 default 
loans (labelled as 1) and 12 repay loans (labelled as 0). Two features, income and credit 
score, describe each data point. Exhibit 12-4 presents the default loans in columns 1 
through 3 and the repay loans in columns 4 through 6. 

Exhibit 12-5 plots the data in Exhibit 12-4. The x-axis represents the income level. 
The y-axis represents credit score. Each default loan from Exhibit 12-4, column 3 is rep- 
resented as a red dot. Each repay loan from Exhibit 12-4, column 6 is represented as a 
blue dot. For example, the red dot at an income level of $50,000 and credit score of 530 
represents the first default loan (from columns 1, 2, and 3 in Exhibit 12-4). In this initial 

plot the 12 repay loans and 12 default loans sit within one rectangle. If Paige selects one 
dot at random from this pool, it is equally likely to be a blue dot as a red dot. 

The Decision Tree Algorithm An algorithm is a set of instructions. The decision tree 
emerges from an algorithmic process of subdividing the data along the two possible fea- 
tures, income or credit score. The decision tree algorithm instructs Paige to divide the 

Loan Status Loan Status 
Income Credit Score (Default = 1) Income Credit Score (Repay = 0) 

(1) (2) (3) (4) (5) (6) 

$50,000 530 1 $ 86,000 620 0 

$62,000 552 1 $108,000 648 0 

$57,000 594 1 $ 59,000 676 0 

$45,000 604 1 $110,000 701 0 

$64,000 627 1 $ 69,000 731 0 

$84,000 640 1 $ 81,000 716 0 

$49,000 638 1 $ 95,000 747 0 

$66,000 667 1 $ 61,000 752 0 

$33,000 680 1 $ 65,000 767 0 

$75,000 708 1 $ 52,000 788 0 

$43,000 730 1 $ 82,000 802 0 

$53,000 748 1 $ 87,000 840 0 

Eee Default 
and Repay Loan Data for 

24 Loans 
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Screed Loan Data: 
12 Default Loans and 
12 Repay Loans 

Eciciesy First Cut 
for Decision Tree 

y: Repay s; e; Bos ° 

~ or oO 

Xo: Credit Score 

30 40 50 60 70 #80 #90 100 + 10 
x; Income ($000s) 

data with a cut or line parallel to the x-axis (income) or y-axis (credit score) such that 
e€ac h of the two smaller rectangles contains a mix of dots that are purer than the original 
rectangle; that is, one rectangle contains more repay loans than default loans and the 
other rectangle contains more default loans than repay loans. For example, in the scatter 
plot on the left side of Exhibit 12-6, Paige places a cut at credit score of 675 (a horizontal 
line parallel to the x-axis).4 This creates rectangle R1 above the line and rectangle R2 

y: Repay e; erate ‘eae 

First Cut 

X: Credit Score 

30.40 50 60 70 80 90 100 110 
X,: Income ($000s) 

Loan Status R1 R2 Total 8 

Repay (blue) 10 2 12 & 

Default (red) 3 9 12. aa 

Total Sr Ads 24d res 

Note: 
1. Decision nodes: These are indicated by circles. The label beneath is the near on which the split 

was made. The number inside the circle indicates the value at which the rectangle was split. 

2. Connecting lines: These lines connect nodes at various levels of the tree. The path to the right of ee 
the node represents observations greater than the cutoff value and the path to the left of the node bi 
represents observations less than the cutoff value. The number below indicates the number of 

observations that were directed down that path. a 
3. Terminal nodes: These are indicated by rectangles and they are pouring’ that are pure (no further 

classification can be done). They have no successors, hence the name “terminal.” Because Rl and — 
R2 are impure (they each contain repayers and defaulters), they end in decision nodes (elnclaai a oe 
rather than terminal nodes. ee 

* The cutoff boundary need not be at an actual credit score. For example, for a different sample, the decision tree algorithm 
might have placed the cutoff boundary at 675.5, which is not an actual credit score. 
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below the line. All borrowers in R1 have a credit score greater than 675 and there are 
more repay loans (10 blue dots) than default loans (3 red dots). All borrowers in R2 have 

credit scores less than 675 and there are fewer repay loans (2 blue dots) than default 
loans (9 red dots). Therefore, the mix of dots in rectangles R1 and R2 are each purer 
than the mix in the original rectangle, which had an equal number of red and blue dots. 
However, the mix in each is still impure: Rectangle R1 contains mostly repay loans, but 
a also few default loans, and rectangle R2 contains mostly default loans, but also a few 
repay loans. The table in Exhibit 12-6 shows the tally of default and repay loans across 
each of the two new rectangles. 

At the top right of Exhibit 12-6 is a visualization of a decision tree as a series of deci- 
sion nodes and connecting lines. In this example, the feature credit score with a value of 675 
is the first decision node. The 13 borrowers with credit scores higher than 675 go to the 
right, to R1, while the 11 borrowers with credit scores less than 675 go to the left, to R2. 

The process of subdividing the data into smaller subsets that get purer with each sub- 
division is the essence of the decision tree. The algorithm uses a measure of impurity, the 
focus of the following section, to calculate precisely how pure the resulting subsets will be 
at any specific cut. 

Measuring Impurity Gini impurity is a way to measure the purity of a collection of obser- 
vations in a rectangle (set). If a rectangle is very mixed, it is “impure” and the Gini impu- 
rity is high. As a rectangle becomes more pure, that is, it contains more members of one 
class than another, the Gini impurity decreases. Gini impurity can be calculated for any 
number of classes; in the Sierra Investments example, there are two classes: repay and 
default. The reduction in the Gini impurity from the level in the original rectangle to the 
levels in the new rectangles created by the cut (in our example R1 and R2) is called infor- 
mation gain. Information gain and Gini impurity are inversely related. 

To place the first cut, as it did at credit score 675, the algorithm tests all possible val- 
ues for vertical and horizontal cuts. It calculates the Gini impurity measure for each pair 
of rectangles that result from that cut and then compares the Gini impurity of the rectan- 
gles after the cut is made to the impurity of the rectangle(s) before the cut is made. 
The algorithm selects the value that reduces Gini impurity the most. 

The equation for calculating Gini impurity for any point on the credit score or income 
axis is 

probability of picking a repayer (blue) X (1 — probability of picking a repayer) 

+ probability of picking a defaulter (red) X (1 — probability of picking a defaulter) 

Exhibit 12-7 illustrates the calculations. It shows the distribution of classes (repay 
and default loans) in the original scatter plot and in the rectangles R1 and R2 that the first 
cut creates. 

The process for calculating Gini impurity is shown below: 

1. Establish the baseline Gini impurity. This calculation is based on the number of 
classes in the population. In this example there are two classes comprising 12 repay 
loans and 12 default loans. The initial calculation of the Gini impurity for the original 
rectangle is 

probability of picking a repay loan [blue] X (1 — probability of picking a repay loan) 

+ probability of picking a default loan [red] X (1 — probability of picking a default loan) 

12 122) 12 Ne Matty. (i 4 Lott 
= — _- — — —- —] =>{— — »< = =— 

zx(1 a) +32 x(s ) (Fx3)+( +) ei ac 

Original Rectangle Ri R2 Total 

Repay 12 10 2 

Default 12 3 g 12 

Total 24 13 11 

Distribution 
of Repay Loans and 

Default Loans Before and 

After Cut of 675 
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The Gini impurity is %, which in fact is the maximum value for the measure, 
given two classes.° 

2. Compare new Gini impurities for any possible cut. With the baseline established, a 
software program then (a) tests each possible placement of a cut (at every value on 
either the credit score or income axis), (b) calculates the new Gini impurity values for 
each possible partition, R1 and R2, (c) calculates the difference between baseline and 
new values, and then (d) places the cut to maximize reduction in the Gini impurity. 
Note the very large number of calculations that need to be done to determine the 
optimal way to partition the data compared to the formulae used when doing multi- 
ple regressions. These calculations would not be possible without access to cheap 
computing power. Note also the extreme flexibility of the techniques to separate 
default loans from repay loans. The partitions are based on the actual sample data 
without assuming any functional form. 

For the first cut at a credit score equal to 675, the Gini impurity calculations for R1 
and R2 are as follows: 

10 10 3} 3 10 3 3 10 60 
mit?x(1-B) +x (1-3)-Bx 3+ 3x B- 3 = 0355 

5; 2 9 rae) D alert Oiume 2 EE a2 36 
rx (1-2)+3x(1-F)-2 x54 5x2 = 3 - 0298 

Weighted-average Gini impurity for R1 and R2 = 

proportion of observations in R1 X Gini impurity for R1 + proportion of observations in R2 

X Gini impurity for R2 

13 11 
0A xX 0.355 + 7A X 0.298 = 0.329 

By placing the first cut at credit score 675, the decision tree algorithm reduces the 
Gini impurity from 0.500 to 0.329. 

Why did the algorithm choose to make the first cut at a credit score of 675? Return to 
Exhibit 12-6 and lay a ruler along this line, then pull it down so that it sits at a credit 
score of 600. Count and record the number of red and blue dots in the new R1 and the 
new R2. We can use these counts to calculate the reduction in Gini impurity if the algo- 
rithm had made the first cut at 600. 

At credit score equals 600, the Gini impurity calculations for R1 and R2 are 

ridz x (1 2) 43x (1-2)- 2x 545 x2 = 0.400 
ay Oy a 21 oh May Maio be 5 

0 0 3 3 Oe ease pooh 2") 
nad x(1-S)43x(1-3)=2x543x2=0 

Weighted-average Gini impurity for R1 and R2 = 

proportion of observations in R1 X Gini impurity for R1 + proportion of observations in R2 

X Gini impurity for R2 

21 0 
— x 0.490 +-—x0=0. | 7A 0.490 3 0 = 0.429 

By placing the first cut at credit score 600, the decision tree algorithm reduces the Gini 
impurity from 0.500 to 0.429. Exhibit 12-8 shows the counts and calculation outcomes 
as if the first cut had been made at several different values of credit score. It also shows ~ 
counts and calculations if the first cut had been made at several different values of income. 
Among these options a first cut at credit score 675 reduces the Gini impurity the most. 

SIf there were three classes of 12 each, you can verify that the Gini impurity would be 2/3. 
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Gini Impurity for Different Cuts Based on Credit Score and Income 
SS NL EAS IT OT SLI ITD I SELES RET TET ELIE IEG LLIN IT LE ELLE TESS EEL ELIE, 

Credit Score Income 

600 650 675 700 800 $49,000 $74,000 $85,000 

Ri Repay 12 10 10 9 2 12 5 7 

Default g 5 3 3 0 8 10 12 

2 Repay 0 2 2 3 10 0 7 5 

Default 3 7 g 9 12 4 2 0 

Ri 21 15 13 12 2 20 15 19 

F2 3 9 11 12 22 4 9 5 

New Gini Impurity 0.429 0.407 0.329 0.375 0.455 0.400 0.407 0.368 

Continuing to Build the Tree The algorithm next evaluates all possible values for a hori- 
zontal or vertical cut on income and credit score in any ove rectangle. In the scatter plot 
in Exhibit 12-9, it places the second cut in rectangle R1 on the income feature of $56,000. 
This line cuts R1 into two smaller rectangles, R3 to the left and R4 to the right. The three 
loans in R3 have incomes less than $56,000, of which one is a repay loan and two are 
default loans. The 10 loans in R4 have incomes greater than $56,000, where nine are 
repay loans and one is a default loan. There are now three rectangles, R2, R3, and R4, 
and none is fully pure. In the Exhibit 12-9 decision tree, the node to the right of the first 
node now has an income value of $56,000. At the first node, the 13 borrowers whose 
credit score is greater than 675 go to the right; those 10 borrowers whose income is 
greater than $56,000 move again to the right, while the three borrowers whose income 
is less than $56,000 go to the left. 

For the second cut at income equals $56,000, the Gini impurity calculations for R3 
and R4 are 

1 a\ine2 DG en Re gL cae | 
rat x(1-t)+2x(1-2)=5x242x 3-3 = 040 

9 9 1 1 OREM Tem oY re 18 
reo x(i-Z)+ix(i-t)-4 fin wo. wiOaeOe ee 

Credit 
Score 

R83 
Xo: Credit Score 

x,; Income ($000s) 

Loan Status A1 R2 R3_ R4 Total 

Repay (blue) n/a 2 = 1 B12 

Default (red) n/a 9 2 AA 12 

Total nas its 310.3 24 
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Weighted-average Gini impurity for R2, R3, and R4 = 

proportion of observations in R2 X Gini impurity for R2 + proportion of observations in R3 

X Gini impurity for R3 + proportion of observations in R4 X Gini impurity for R4 

11 3 10 
ag X 0.298 + 2 x 0.444 + 57 x 0.180 = 0.267 

By placing the second cut at income $56,000, the decision tree algorithm reduces the 
Gini impurity from 0.329 to 0.267. 

On its third iteration, the algorithm makes a cut on the income value of $85, 000 i in 
rectangle R2. In the scatter plot in Exhibit 12-10, it splits rectangle R2 into RS to the left ~ 
and R6 to the right. The nine borrowers in R5 have incomes less than $85,000 and zero 
are repay loans and nine are default loans. The two borrowers in R6 have incomes greater 
than $85,000; two are repay loans and zero are default loans. Both rectangles RS and R6 
are now pure. The purity of these nodes in the decision tree is indicated in Exhibit 12-10 
by a rectangle around the name of the class. The third node has an income value of 
$85,000; the two borrowers with incomes higher than this move right. They both repay, 
so the terminal node is labelled “repay.” The nine borrowers with incomes below $85,000 
move to the left and, because they all default, this too is a terminal node and labelled 
“default.” 

For the third cut in our example, at income equals $85,000, the Gini impurity calcu- 
lations for RS and R6 are 

Weighted average Gini impurity for R3, R4, RS, and R6 = 

proportion of observations in R3 X Gini impurity for R3 + proportion of observations in R4 

x Gini impurity for R4 + proportion of observations in RS X Gini impurity for RS 

+ proportion of observations in R6 X Gini impurity for R6 

3 10 9 2 
24 OE a OOD eg OO og 

EESereesry Third Cut of the Decision Tree (with income shown in $000s) 

850 

700 

X,: Credit Score 

oO a r) 

Q So Oo 
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y: Repaye ; Defaults 

30 40 50 60 70 80 90 100 110 

Third Cut 

Credit A 
Score 

X,: Income ($000s) 

Loan Status A1 R2 

Repay (blue) n/a n/a 

Default (red) n/a n/a 

Total n/a n/a 

R3 R4 R5 R6 Total 

1 9 O 2 12 

Best 0 Geta we 
see O81 (cea anes, 
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Fully Grown Decision Tree (with income shown in $000s) 

Fully Grown Decision Tree 

y: Repaye ; Default 

S > S 

Income 
9 

Xz: Credit Score 

ve 

30. 40 50 60 70 80 90 100 110 
x1: Income ($000s) 

By placing the third cut at income of $85,000, the decision tree algorithm reduces the 
Gini impurity from 0.267 to 0.131. 

The algorithm continues this process over and over until all rectangles are pure. The 
technical term for this process is recursive partitioning. Recursion means to apply a pro- 

cedure again and again. In this case, the algorithm is placing “cuts” to partition the space 
into smaller and smaller subsets. Exhibit 12-11 shows the full decision tree. 

The full set of classification rules for defaults in the decision tree model in Exhibit 12-11 
are as follows: 

1. If credit score < 675 and income < $85,000, then = 1 (default), identified by red line 
(dashed). There are nine defaults identified by this rule. 

2. If 675 < credit score < 768 and income < $56,000, then = 1 (default), identified by 

green line (solid). There are two defaults identified by this rule. 

3. If 704.5 < credit score < 712 and income > $56,000, then = 1 (default), identified by 

blue line (dotted). There is one default identified by this rule. 

If the borrower’s features do not satisfy any of these conditions, then classify 
as = 0 (repay). 

Paige is puzzled by this analysis. She observes that at the node labelled 704.5 the 
default terminal node is to the right of the repay terminal node. This suggests that for the 
same level of income (greater than $56,000), the decision tree will classify a borrower 

with a higher credit score (greater than 704.5) as a default, while classifying a borrower with 
a lower credit score (less than 704.5) as a repay. She wonders why this happened and 
whether it makes sense. 

Rafael Alvarez, the management accountant at Wyatt Manufacturing, is reviewing TRY ITE 12.1, 
defective products from the most recent batch of the plant’s complex signature prod- 
uct, SB171. The product is produced across different machines in the factory and 
has a defect rate of 20%. Workers’ experience (measured in years) and the level of 
machine automation (measured on an interval scale from 0 to 5) varies across these 
machines and Rafael hypothesizes that these two factors contribute to defects. 

Wyatt produced 40 units, of which 8 are defective (40 X 0.2 = 8). Rafael selects 
the records of the eight defective units and eight randomly selected good units to 
build a training set of 16 observations. He then builds a decision tree using this 
data set. 
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LO® 
Describe how to refine 

a decision tree model to 

ensure the data represent 

the business context. 
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a. The figure shows a plot of the data and the first cut. Calculate the Gini impurity 
for this cut. 

b, Using a ruler, consider other values on the x-axis (experience) or y-axis (level 
of automation) where you might make a cut. Confirm that there is no other 
first cut on the experience or automation dimension that has fewer than three 
misclassifications, 

Refining the Decision Tree 

Management accountants have a unique ability to contribute to the development of deci- 
sion models because they have a deep understanding of the economics of the business. 
We look at two specific areas that management accountants address when refining a deci- 
sion tree to better match the economics of the business: 

s Addressing overfitting, when a model matches the specific details of a dataset too 
closely, limiting its predictive powers 

= Pruning the decision tree to sharpen the model’s predictive powers 

Developing effective decision models requires that management accountants and data sci- 
entists work together. It is this understanding that causes Paige to question the decision 
tree model. 

Overfitting 

Based on her understanding of the business, Paige concludes that the decision tree devel- 
oped from the dataset of 24 borrowers accounted for 21 borrowers in a way that makes 
intuitive sense. However, the rules for the last two nodes, credit score 712 and credit 
score 704.5, are 

If income > $56,000 and 712 > credit score > 704.5 then = 1 (default) 

If income > $56,000 and credit score < 704.5 then = 0 (repay) 

Consider two borrowers with identical incomes of $65,000. Borrower 1 has a credit 
score of 700. Borrower 2 has a credit score of 710. These rules say that Borrower 1, with 

a credit score less than 704.5, lower than Borrower 2, will repay and that Borrower 2, 
with a credit score greater than 704.5 but Jess than 712 will default (= 1). This prediction 

contradicts the overall trend within the data—the signal—in which repayers have higher 
credit scores and incomes and defaulters have /ower credit scores and incomes. This is an 
example of overfitting, which is a direct outcome of the flexibility and power of these 
models. Overfitting occurs when a model adheres too closely to the specific details of a 
dataset such that, in addition to signal, it captures noise from random chance, making it 
less effective at accurately classifying observations from a new dataset. Overfitting limits 
a model’s ability to predict future outcomes. 
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Overfitting is an important concept for management accountants to recognize when 

using data analytic techniques. The decision tree algorithm, like many data analytic meth- 
ods, is extremely flexible. It does not a priori assume a model for predicting defaults. 
Recall from earlier, we assume a linear relation, y = mx + b, between machine-hours 
and indirect manufacturing labour costs (y) and then proceed to estimate the coefficients 
m and b. In contrast, the decision tree algorithm simply partitions the data to separate 
repay loans from default loans (by reducing Gini impurity) and creates rules to predict 
new loan applications as either repay or default loans. Given the management accoun- 
tant’s training and skills, he or she will quickly realize that the decision tree method “fits” 
to observations even when 

1. Credit scores and income levels may have been recorded in error. 

2. Other factors not considered by the model (e.g., the amount of the loan; the model 

only considers income and credit score) may have affected whether a loan was repaid. 

3. The borrower with the higher credit score defaulted because of some other chance or 
random event (e.g., having to pay healthcare bills because of a freak accident to a 
family member). 

Pruning 

One solution to the problem of overfitting is pruning. Pruning is a technique in which the 
tree is not grown to its full size, but instead is only allowed to grow to a certain depth. 
Exhibit 12-12 shows the decision tree from the previous example grown to a depth of 
three layers. 

If we prune the tree to a depth of three layers, we get the following tree and rule for 
defaulters: 

1. If credit score < 675 and income < $85,000, then = 1 (default). 

2. If 675 < credit score < 768 and income < $56,000, then = 1 (default). 

3. If 675 < credit score < 712 and income > $56,000, then default with probability 1/3. 

If the borrower’s features do not satisfy any of these conditions, then classify 
as = 0 (repay). 

The first two rules for classifying defaulters in the pruned tree are identical to the rules 
for classifying defaulters in the fully grown tree. The third rule is different. Pruning creates 
one impure node in the lower right part of the tree, as shown in Exhibit 12-12. Of the three 
borrowers whose credit scores are less than 712, two borrowers at that node are repayers 
and one is a defaulter. Without purity in the node, the model classifies the three borrowers 
in probabilistic terms. When a borrower’s credit score is less than 712 but greater than 
675, and income is greater than $56,000, the pruned decision tree model indicates there is 
a 1/3 probability of a borrower defaulting (1 default loan out of 3 total loans). 

LL I I RS LE RI ETT GILT ISN I I OL LINEA LE MESA 
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LO © 
Explain how to validate the 

predictions of full versus 
refined decision trees. 

Rafael Alvarez, the management accountant at Wyatt Manufacturing, builds the 
following decision tree. He prunes the tree at a depth of 4. Write the rules for classi- 
fying defective products based on the pruned tree. 

Tree Depth 

----Depth 1 

----Depth 2 

Years 
Experience 

----Depth 3 

Years Experience = Years of Worker Experience 

Auto Level = Level of Machine Automation 

Building models by pruning trees raise two questions: (1) To what depth should the 
tree be pruned? For example, why not prune the tree up to depth 2 rather than depth 3? 
(2) How can a data scientist compare trees when there are thousands of data points and 
hundreds of features? In some contexts, as was the case in the prior example, the manage- 
ment accountant can use his or her understanding of the economics of a business to rec- 
ognize overfitting, but in other, more complex models with many features, this may be 
more difficult. 

Validating and Choosing Models 

Now that you understand full versus pruned decision trees and the related trade-offs, we 
introduce three techniques: cross-validation using prediction accuracy, cross-validation 
using maximum likelihood, and testing on holdout samples that management accountants 
and data scientists use to choose among models such as the full and pruned decision tree. 

Cross-Validation Using Prediction Accuracy to Choose 

Between Full and Pruned Decision Trees 

Cross-validation is the process of comparing predictions of different models on a new set 
of data for which the actual outcomes (default or repay) are already known. Managers 
choose the model that predicts most accurately. 

To determine whether the pruned tree performs better than the full tree, data scien- 
tists at Sierra test both models on 10 randomly selected new borrower records listed in 

Exhibit 12-13. For each new borrower listed in column 1, column 2 lists income, column 3 

lists the credit score, and column 4 lists the actual outcome: default or repay. Of the 10 
new observations, eight repaid and two defaulted; that is, the validation sample has the 

same 20% default rate as the population. 
Exhibit 12-13 shows the predictions for each borrower made by the full tree 

(column 5S) and the pruned tree (column 6).° 

en a validation sample observation exactly equals the cutoff boundary, it is randomly assigned to either branch (rectangle). 
This has no effect on conclusions in large data sets. 
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FqeSESE Choosing Among Models Based on Fewest Misclassifications 
SS GS LI ER LIT LIEN LIEB SENG SE TNE DEEL OSEAN LSI LADIES SELES LN ISELIN EE BE NEALE ELODIE BE PY 

Actual Outcome Full Tree 
Observation Income Credit Score fy) Prediction Pruned Tree Prediction 

(1) (2) (3) (4) (5) (6) 

1 $60,000 690 Default Repay* Repay*(with probability 2/3) 

2 $67,000 710 Repay Default* Repay (with probability 2/3) 

3 $55,000 772 Repay Repay Repay (with probability 1) 

4 $61,000 702 Repay Repay Repay (with probability 2/3) 

5 $58,000 715 Repay Repay Repay (with probability 1) 

6 $54,000 725 Default Default Default (with probability 1) 

7 $87,000 665 Repay Repay Repay (with probability 1) 

8 $90,000 660 Repay Repay Repay (with probability 1) 

g $59,000 718 Repay Repay Repay (with probability 1) 

10 $53,000 775 Repay Repay Repay (with probability 1) 

Correct Classification Rate 8/10 9/10 

* Misclassified 

Fully Grown Decision Tree 

To compare how the full tree and pruned tree classify each of the borrowers, consider 
record 2, with income of $67,000 and credit score of 710. Follow how the full decision 
tree in Exhibit 12-11 classifies this record. 

1. The cutoff at node 1 is credit score 675; with a credit score of 710, record 2 goes to 
the right. 

2. The cutoff at node 2 is income of $56,000; with an income of $67,000, record 2 
again goes to the right. 

3. The cutoff at node 3 is credit score 712; with a credit score of 710, tecord 2 now goes 
left. 

4, At the fourth and final node, which is at a depth of 4, the cutoff is credit score 704.5. 
With a credit score of 710, the tree sends record 2 to the right and classifies the record 
as default (column 5). 

That default classification is wrong because the actual outcome for record 2 in 
Exhibit 12-13 is repay. 

Pruned Decision Tree 

Now turn to the pruned tree in Exhibit 12-12 and follow how the pruned tree classifies 
record 2, noting that the path of the record for the first three nodes is the same as for the 
full tree: 

1. The cutoff at node 1 is credit score 675; with a credit score of 710, record 2 goes to 
the right. 

2. The cutoff at node 2 is income of $56,000; with an income value of $67,000, record 
2 again goes to the right. 

3. The cutoff at node 3 is credit score 712; with a credit score of 710, record 2 goes to 

the left. 

4, Record 2 now flows into a mixed pool that contains two repay loans and one default 
loan. The pruned tree cannot classify this record as either default or repay. It instead 
assigns a probability based on the contents of the pool. Only one of three observa- 
tions in the pool is default, so there is a 1/3 probability that record 2 is default. In the 
simplest version of the model, any pool where the probability of default is less than 
1/2 is classified as repay. Therefore, the pruned tree predicts record 2 as repay. 
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The actual outcome of record 2 in Exhibit 12-13 is also repay. The pruned tree correctly 
predicts the actual outcome. 

Exhibit 12-13 shows the predictions of the full decision tree and the pruned decision 
tree for the 10 new borrowers. The pruned tree more accurately classifies the validation 
set overall by correctly predicting 9 out of 10 loans (9/10), while the fully grown tree cor- 
rectly predicts only 8 out of 10 loans (8/10). Data scientists at Sierra Investments recom- 
mend using the pruned tree model on new data because it performs better in predicting 
default and repay loans. 

The data scientists also suggest a more sophisticated approach to comparing the full 
decision tree model to the pruned decision tree model. 

Using Maximum Likelihood Values to Choose Between 
Full and Pruned Decision Trees 

An alternative approach used by data scientists to compare the performance of the full 
decision tree and the pruned decision tree is to calculate the maximum likelihood value of 
the predictions. Exhibit 12-14 describes the maximum likelihood computations for the 
full decision tree and the pruned decision tree. In the description below, we focus on the 
pruned decision tree. 

The first four columns are the ona anon data from Exhibit 12-13 with the loan 
coded as 1 if it is a default and 0 if it is a repay. Now focus on column 7, which shows the 
probabilities of default for each of the cross-validation loans taken from Exhibit 12-13, 
column 6: 

1. The pruned decision tree predicts observations 1, 2, and 4 will repay with a probability 
of 2/3 or, alternatively stated, will default with probability 1/3(1 — 2/3). Exhibit 12-14, 
column 7 records the probability of default as 0.33 for observations 1, 2, and 4. 

2. The pruned decision tree predicts observations 3, 5, 7, 8, 9, and 10 in Exhibit 12-13, 
column 6, will repay with probability 1 (or alternatively stated, default with probabil- 
ity 0). Exhibit 12-14, column 7 records the probability of default as 0.01.7 

3. Finally, the pruned tree predicts observation 6 in Exhibit 12-13, column 6 will default 
with probability 1.00 so Exhibit 12-14, column 7 records the probability of default 
as'0.99.5 

For each observation in the validation sample, Exhibit 12-14, column 8 calculates the 
likelihood value L = p” X (1 — p)'~’, based on the pruned decision tree model, where p 
is the predicted probability of default and y equals 1 if the loan defaults and 0 otherwise. 
What does the likelihood value do? It ranges between 0 and 1 with a value near 0 when 
the predicted probability is-very far from the actual value and a value close to 1 when the 
predicted probability is close to the actual value. 

Consider a loan that defaults so y = 1. If the prediction model predicts a high proba- 
bility of default, say p = 0.99, the likelihood value L = 0.99! x (1 — 0.99)'"! = 0.99. 
If, however, the prediction model predicts a low probability of default, p = 0.01, the likeli- 
hood value L = 0.01' x (1 — 0.01)'~! = 0.01. When y = 1, the likelihood value is max- 
imized when p is close to 1. 

Now consider a loan that repays so y = 0. If the prediction model predicts a low prob- 
ability of default, say p = 0.01, the likelihood value L = 0.01° x (1 — 0.01)'~° = 0.99. 
If, however, the prediction model predicts a high probability of default in this case, p =0.99, 
the likelihood value L = 0.99° x (1 — 0.99)'~° = 0.01. When y = 0, the likelihood 
value is maximized when p is close to 0. 

Consider the likelihood calculation for observation 1 in column 8 for the pruned tree. 

The actual outcome is a default y = 1 while the predicted probability of default is 0.33. 

7 Because (likelihood) values will be later multiplied together, data scientists do not record the probability of default as 0 but as 
some very small number; for example, they could write it as 0.000001, but 0.01 keeps the math simpler. 

® Recording the probability as a number very close to 1 rather than 1 avoids mathematical complexity such as the value of 0 
raised to the power of 0. 
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Choosing Between Full and Pruned Decision Tree Models Using Maximum Likelihood Estimates 
SE SS ET SED IE GS I ITSO SE LI ER DLN TLE LL GID SEI DONTE II EEA SITE SS CIR IS ONDE ESI OTE SSI TR TET GEESE TET 

For Full Tree For Pruned Tree 

Actual Likelihood Likelihood 

Outcome _—_— Probability of Value Probability of Value 
Observation Income Credit Score (y) Default (p) px (1 — pp)’ Default (p) px (1 — pl! 

(1) (2) (3) (4) (5) (6) (7) (8) 

1 $60,000 690 1 (Default) 0.01 0.018 0.33 0.33° 

2 $67,000 710 0 (Repay) 0.99 0.01 0.33 0.67 

3 $55,000 772 0 (Repay) 0.01 0.995 0.01 0.99 

4 $61,000 702 0 (Repay) 0.01 0.99 0.33 0.679 

5 $58,000 715 0 (Repay) 0.01 0.99 0.01 0.99 

6 $54,000 725 1 (Default) 0.99 0.99° 0.99 0.99 

7 $87,000 665 0 (Repay) 0.01 0.99 0.01 0.99 

8 $90,000 660 0 (Repay) 0.01 0.99 0.01 0.99 

9 $59,000 718 0 (Repay) 0.01 0.99 0.01 0.99 

10 $53,000 7715 0 (Repay) 0.01 0.99 0.01 0.99 

L,= 0.000092! = 0.13807" 

4 (0.01)! x (1 — 0.01)'"' = 0.01 x 1 = 0.01; (0.01)? x (1 — 0.01)'° = 1 x 0.99 = 0.99; © (0.99)! x (1 — 0.99)'"! = 0.99 x 1 = 0.99 
40,01 x 0.01 x 0.99 X 0.99 x 0.99 x 0.99 x 0.99 x 0.99 x 0.99 x 0.99 = 0.000092 
® (0.33)' x (1 — 0.33)'"! = 0.33 x 1 = 0.33; (0,33)° x (1 — 0.33)'-° = 1 x 0.67 = 0.67; 9 (0.33)" x (1 — 0.33)" = 1 x 0.67 = 0.67 
h 0.33 x 0,67 X 0.99 x 0.67 x 0.99 x 0.99 x 0.99 x 0.99 x 0.99 x 0.99 = 0.13807 

The likelihood value L = (0.33)' x (1 — 0.33)!" = 0.33 x 1 = 0.33, indicating that 
for this observation the mode! did not do a good job of assessing default. Exhibit 12-14, 
column 8 shows the likelihood value calculations for all 10 observations in the cross-val- 
idation sample. The likelihood values range from a low of 0.33 to a high of 0.99 for these 
observations. 

How well does the model do in predicting defaults across all observations taken 
together? To measure this performance, data scientists multiply the likelihood values cal- 
culated for the individual observations.’ Exhibit 12-14, column 8 shows the overall like- 
lihood value for the pruned decision tree model, L, = 0.14230. Exhibit 12-14, column 7 
shows the overall likelihood value for the full decision tree model, L,= 0.000095. In this 
example, the overall likelihood is maximized for the pruned decision tree model because 
it has a higher overall likelihood value than the full decision tree model. This means that, 
when measured across all observations, the predictions of the pruned decision tree model 
are closer to actual values. Sierra Investments prefers the pruned decision tree model to 
the full decision tree model for predicting defaults. In other contexts, the full decision tree 
model might have a higher likelihood value than the pruned decision tree model. 

Paige still has some doubts about this approach. Choosing a model based on feed- 
back from the validation sample means, in effect, using the validation sample to make 
decisions about which model performs better. The real test is how well the pruned deci- 
sion tree model performs against data it has not seen. Paige proposes testing the pruned 
decision tree model on a completely new data set called a holdout sample (sometimes also 
called a test sample). She would be more confident of the model’s ability to predict 
defaults if the overall likelihood value is similar to the overall likelihood value in the 
cross-validation set. 

? For very large numbers of observations in the validation sample, multiplying a series of numbers less than 1 makes the product 
very, very small, running into several thousand decimal places. Instead, data scientists calculate the natural logarithm of the 
likelihood values. The logarithm of a product of numbers is the sum of the logarithms so instead of multiplying the likelihood 
values, computer models add the natural logarithms of the likelihood values. The natural logarithms of numbers less than 1 is 
negative, which means maximizing a negative number. Data scientists often flip the sign of the logarithm likelihood value and 
minimize the negative of the logarithm likelihood, that is, minimize the log loss. 



488 Chapter 12 Data Analytic Thinking and Prediction 

Testing the Pruned Decision Tree Model 

on the Holdout Sample 

Managers randomly select 10 new borrower records listed in Exhibit 12-15. For each new 
borrower listed in column 1, column 2 lists the income, column 3 lists the credit score, and 
column 4 lists the actual outcome: default or repay. Of the 10 new observations, eight 
repaid and two defaulted. Based on the pruned decision tree model, the table shows the 
predicted probability of default for each borrower (column 5) and the likelihood value 
calculation (column 6). The overall likelihood value is 0.18972, very similar to the overall 
likelihood value in the validation sample. Paige is now more confident using the pruned 
decision tree to predict probability of defaults. If the holdout sample had given results very 
different from the validation sample, Sierra’s data science team would have needed to go 
back and rework the model. 

Criteria for the Model Choice 

Two important principles guide the choice of models: 

1. Feedback loops are fundamental to data science. Data scientists use a training data 
set to train models. They choose among competing models based on how well the 
models perform in making classifications or predictions on a separate randomly 
selected cross-validation set. The feedback loop from the cross-validation set becomes 
the basis for choosing among competing models. 

2. The choice of model is based on performance on the cross-validation data, not the 
training data. In the Sierra Investments example, the full tree does better than the 
pruned tree in identifying default loans and repay loans in the training data by fitting 
the model to the peculiarities and specifics of the training data. As a result, it overfits the 
model to the training data and so performs poorly on the validation data. The pruned 
tree predicts default probabilities more accurately compared to the full tree in the 
validation sample. This raises the question of whether further pruning would yield 
more accurate predictions. 

eee es Likelihood Value of Predictions for Pruned Decision Tree in Holdout Sample 

Actual Probability Likelihood 
’ Outcome of Default Value 

Observation Income Credit Score (y) (p) px (1 — py’ 

(1) (2) (3) (4) (5) (6) 

1 $87,000 650 0 (Repay) 0.01 0.998 

2 $79,000 670 1 (Default) 0.99 0.99° 

3 $70,000 708 0 (Repay) 0.33 0.67° 

4 $51,000 695 1 (Default) 0.99 0.99° 

5 $64,000 700 0 (Repay) 0.33 0,67° 

6 $68,000 710 0 (Repay) 0.33 0.67° 

7 $59,000 690 0 (Repay) 0.33 0.67° 

8 $92,000 670 0 (Repay) 0.01 0.998 

9 $52,000 778 0 (Repay) 0.01 0.998 

10 $65,000 720 0 (Repay) 0.01 0.998 

Overall likelihood value L,= 0.189724 

9 (0.01) x (1 — 0.01)'"° = 1 x 0.99 = 0.99; (0.99)! x (1 — 0.99)'"! = 0.99 x 1 = 0.99; 
© (0,33)? x (1 — 0,33)'"° = 1 x 0.67 = 0.67 
40,99 x 0.99 x 0.67 x 0.99 x 0.67 X 0.67 x 0.67 X 0.99 x 0.99 x 0.99 = 0.18972 
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The Bias-Variance Tradeoff 

What are the trade-offs of further pruning? As we have already discussed, the benefit of 
pruning is that it avoids overfitting the model to noise, so a different training data set 
would have yielded a fairly similar model. The risk of further pruning is that it might 
weaken the signals in the feature variables that help more accurately assess the probability 
of default. The model would be underutilizing information signals in the data. Pruning the 
tree too much would “underfit” the data, biasing the model from fully understanding 
features that help distinguish between default loans and repay loans. 

In contrast, building out the tree allows features to be more fully used to separate 
default loans from repay loans. A fully grown tree captures more richness of the data and 
so more accurately reflects the underlying reality. But, as mentioned, it also risks overfit- 
ting the model to the noise and randomness in the training data. Slightly different data 
sets would lead to very different models. Building full trees would increase the variance of 
the model, making it less reliable in predicting default probabilities in a new sample of 
loans. In general, the more complex the model, the /ower the bias and the higher the vari- 
ance. Inversely, the Jess complex the model, the higher the bias and the lower the 
variance. 

Data scientists try to balance the bias—variance tradeoff by, for example, pruning 
trees to various depths. The greater the depth, the lower the bias and the higher the vari- 
ance of the model. But at what point is the trade-off optimal? There is nothing that Sierra 
Investments can do a priori to determine whether pruning the tree to a depth of 2 or a 
depth of 3 is better. It must simply try both models and see which model has a higher 
overall likelihood value. This is the model that optimizes the bias—variance tradeoff. 
In the context of decision trees, the depth to which to prune is called a hyperparameter. 
A hyperparameter is a parameter that cannot be learned by running the model. It must be 
chosen prior to doing the analysis.!° 

Pruning Guidelines 

In large data sets, it would be difficult to detect the anomalies that result from fully grow- 
ing the tree and then pruning, as we did in our example. Data scientists use some rules of 
thumb to guide their pruning. 

1. Stop growing the tree after a certain depth. In the example, the data scientist grows 
the tree to a maximum depth of 3. Therefore, no further cuts are made even though 
rectangle 9 (R9) is impure with two repay loans and one default loan. 

2. Stop growing the tree if a node contains fewer than a certain number of data points. 
In the example, the data scientist might choose to stop growing the tree if it has fewer 
than four data points. If this rule were applied, the cut at a credit score of 768 of rect- 
angle 3 (R3) into rectangles 7 and 8 (R7 and R8) would not be made. Why? Because 
there are only three data points for income levels less than $56,000. The decision tree 
would classify loans with a credit score greater than 675 and income less than $56,000 
as an impure node—a default loan with probability 2/3. 

Management Accounting Insights 

Management accountants provide important insights into the models that data scientists 
evaluate. For example if the tree were pruned to a depth of 2, then it follows from 
Exhibit 12-10 (p. 480) that the rule for defaults would be 

If credit score < 675 and income < $85,000, then = 1 (default) 

If the borrower’s features do not satisfy this condition, then classify as 0 (repay) 
because for a decision tree pruned to depth 2, the probability of repayment at all other 
nodes would be greater than 0.5. 

10 In addition to pruning, more sophisticated data science models such as random forests, gradient boosting, and neural net- 
works can be used to obtain more accurate probabilities of default in the PeerLend Digital (PD) setting to optimize the bias— 
variance tradeoff. These techniques are beyond the scope of this book. 

489 
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Even if cross-validation using prediction accuracy of maximum likelihood was slightly 
better for the model pruned to a depth of 2 than for a model pruned to a depth of 3, the 
management accountant might suggest that the model provides only weak signals about 
the probability of default. 

1. It signals default when both the credit score and income levels are below certain 
thresholds. Based on business knowledge, the management accountant might suggest 
that the model is largely being driven by the credit score since many borrowers nee 
incomes below $85,000. 

2. From a business standpoint, the management accountant might ask whether the 
model could be strengthened to identify defaults when income is low but credit score 
is high, 

Balanced Versus Unbalanced Samples 

Paige is curious about one more point. Although the number of default loans in the data 
set is close to 20%, the training sample consists of an equal number of default and repay 
loans, while the validation and holdout samples have 20% default loans. She wonders 
whether the number of default and repay loans in the training data should also be repre- 
sentative of the population (20% default loans and 80% repay loans) or should the train- 
ing data comprise 50% default loans and 50% repay loans. To her the trade-offs seem 
clear: If the decision tree models are built using the population distribution of default 
loans and repay loans, the models would be driven by repay loans since they are greater in 
number. But, just as in the case of detecting credit card fraud, the main goal of the “ask” 
is to identify default loans. Choosing more default loans in the training data than appear 
in the population will emphasize default loans and give the model more default data to use 
to help identify the characteristics of default loans. 

The downside is that the decision tree models are being built on data that are not 
representative of the population (20% default loans, not 50%). Of course, the validation 
and holdout samples are representative of the population (they each contain 20% of 
default loans) and so the models are being selected and tested using the proportion 
of default loans the model will be encountering in practice. There is no clear answer, but 
in many circumstances choosing a “balanced” sample of default and repay loans (50% of 
each) in the training sample often performs better than an “unbalanced” sample 

Rafael Alvarez, the management accountant at Wyatt Manufacturing, obtains the 
validation sample for product $B171, shown below. The sample contains data on 
workers’ experience (measured in years), the level of machine automation (mea- 
sured on an interval scale from 0 to 5), and the actual outcome (defective = 1 and 
good = 0). 

Use the format of Exhibit 12-14 to calculate (a) the probability of defect for 
each observation using the pruned tree shown in Try It 12-2. (If the observation is 
predicted to be a defective unit at a pure (terminal) node, write the probability as 
0.99; if the observation is predicted to be a good unit at a pure (terminal) node, 
write the probability as 0.01; if the observation is predicted to be in a mixed node, 
write the probability for that node as defined by the decision tree rules you wrote.) 
(b) Calculate the likelihood value for each observation in the validation set using the 
equation, L = p” x (1 — p)'”. Remember: x! = x and x° = 1. (c) Calculate the 
overall likelihood value for the validation set. 

Observation # 1 2 3 4 5 6 7 8 10 

Automation Level So 1.5 220 2.1 26 Ua 2.8 3.4 U2 23 

Years’ Experience 8.5 11.5 

Actual Outcome 
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(20% default loans and 80% repay loans). The data scientist will often run different 
training models using both “balanced” and “unbalanced” data and see which approach 
has a higher overall likelihood value and gives better predictions in the validation and 
holdout samples. 

Evaluating Data Science Models 

Management accountants play a pivotal role in helping managers evaluate and use data 
science models. Does the model make economic sense? Does it reflect underlying reality? 
In the Sierra Investments context, can the pruned decision tree model classify loans as repay 
or default well enough to inform investment decisions? We will present Step 5 in our data 
science framework by examining five methods for evaluating a model and then conclude 
with Step 6, in which the management accountant visualizes and communicates insights. 

Step 5: Evaluate the Model 

Having selected a model, in Step 5 of the decision-making process, Paige helps to evaluate 
the model and answer important questions. There are several ways to evaluate the model 
and Paige considers each of them in turn: (1) the magnitude of the likelihood values, 
(2) evaluation of feature variables, (3) confusion matrix classifications, (4) receiver operating 
characteristic (ROC) curve, and (5) quantifying predictions using the payoff matrix. 

Magnitude of the Likelihood Values 

Models with high likelihood values give better predictions. Sometimes even the most 
sophisticated data science models do not do a good job of prediction because the problem 
itself is complex, important variables are missing, or the data has errors or is incomplete. 
It appears from Exhibits 12-14 and 12-15 that the model does very well in predicting the 
probability of default in both the validation and holdout samples. The average of the like- 
lihood values is about 0.86.!! Average values above 0.65 indicate that the model’s predic- 
tions are good. A likelihood value of 0.5 would indicate that it is just a random chance 
that the model would distinguish default loans from repay loans. 

Evaluation of Feature Variables 

Management accountants use their knowledge of the business to judge whether the feature 
variables used to make predictions about the target variable make economic sense. In the 
Sierra Investments example, Paige is comfortable with the model features used to separate 
default loans from repay loans. Income levels indicate an ability to repay, and credit scores 
indicate how borrowers have managed debt in the past. The decision tree partitions iden- 
tify borrowers with low income levels and low credit scores to be more likely to default 
and those with high income levels and high credit scores as more likely to repay. These 
results make intuitive sense and reflect what she believes to be the underlying economic 
reality. She cannot judge the exact cutoff values derived from the model, but the broad 
insights are consistent with her business experience. 

Identifying Misclassifications 

Data science models are not perfect and misclassify predictions. In the Sierra Investments 
case, the model (1) correctly classifies some default loans but misclassifies other default 
loans as repay loans and (2) correctly classifies some repay loans but misclassifies other 
repay loans as default loans. Classifying a default loan as a repay loan and a repay loan as 
a default loan creates risk. 

To identify misclassifications, Paige constructs Exhibit 12-16 using information from 
the pruned decision tree validation sample in Exhibit 12-14, column 7. Columns 1 and 2 

11 Prom Exhibit 12-14, column 8, average likelihood 
value = (0.33 + 0.67 + 0.99 + 0.67 + 0.99 + 0.99 + 0.99 + 0.99 + 0.99 + 0.99) + 10 = 0.86 

LO® 
Evaluate the predictions 

of different data science 

models to choose the best 

one for the business need 

and visualize and communi- 

cate model insights. 
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(2%iikrsstee Actual Outcomes and Prediction Probabilities of Default From the Validation Sample of the 
Pruned Decision Tree 
FFL eS NS SS A AAI ESS GSI ESTA eS SG ID NI DE 

Predicted ‘ 
Probability of 
Default Ranked 

Observation from Highest to Actual False Positive True Positive 

Number (from Lowest (from | Outcome(from Cumulative Cumulative Rate Rate 
Exhibit 12-14) Exhibit 12-14) Exhibit 11) Number of 0s Number of 1s (x-axis) (y-axis) 

(1) (2) (3) (4) (5) (6) = (4) +8 (7) = (5) +2 

6 0.99 1 0 1 0 0.5 

1 0.33 1 

2 0.33 0 

4 0.33 0 2 2 0.25 1.0 

3 0.01 0 

5 0.01 0 

7 0.01 0 

8 0.01 0 

9 0.01 0 

10 0.01 0 8 2 1.0 1.0 

in Exhibit 12-16 order the information in Exhibit 12-14, column 7 from the highest to the 
lowest predicted probabilities of default. Observation 6 has the highest predicted proba- 
bility of default of 0.99. She records this as the first observation in Exhibit 12-16, col- 
umns 1 and 2. Observations 1, 2, and 4 each have a predicted default probability of 0.33. 
She records these as the next three observations in Exhibit 12-16, columns 1 and 2. 
Finally, observations 3, 5, 7, 8, 9, and 10 each have a predicted default probability of 
0.01. She records these as the final six observations in Exhibit 12-16, columns 1 and 2. 

Column 3 records the actual outcome for each observation. 
Columns 4 and 5 record the cumulative number of zeroes (repay loans) and ones 

(default loans) based on the information in column 3. For example, the first observation 
in column 3 is a 1 (default) so the cumulative number of zeroes after the first observation 
is O and the cumulative number of ones is 1. The second, third, and fourth observations 
have the same probability of default and are all part of a group. The actual values are 1, 
0, and 0. The cumulative number of zeroes after this group of observations is 2 and the 
cumulative number of ones is also 2.!* After the fifth, sixth, seventh, eighth, ninth, and 
tenth observations, all of which are zeroes, the cumulative number of zeroes is 8 and the 
cumulative number of ones is 2. 

Columns 6 and 7 in Exhibit 12-16 calculate the false positive rate and the true posi- 
tive rate. At Sierra Investments, the target (positive) feature variable is defaults. The false 
positive rate in a classification problem is the fraction of negatives (repay loans) incor- 
rectly identified as positives (default loans) at a given threshold value. The true positive 
rate in a classification problem is the fraction of positives (default loans) correctly identi- 
fied as positive (default loans) at a given threshold value. Exhibit 12-16, column 6 calcu- 
lates the false positive rate equal to the cumulative number of repay loans divided by the 
total number of repay loans (column (4) + 8). Exhibit 12-16, column 7 calculates the true 
positive rate equal to the cumulative number of default loans divided by the total number 
of default loans (column (5) + 2). 

There are two primary ways that Paige can use Exhibit 12-16. First, she can plot the 
receiver operating characteristic curve, and, second, she can construct the confusion 
matrix. 

2 We cannot calculate the cumulative number of 0s and 1s after each observation since at the probability of 0.33 all three out- 
comes occur simultaneously. The three horizontal lines in the table indicate these groupings. 
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Receiver Operating Characteristic (ROC) Curve 

A useful and commonly used tool to evaluate a model is the receiver operating characteristic 
(ROC) curve that plots the false positive rate (FP) on the x-axis and the true positive rate 
(TP) on the y-axis. Comparing these two rates provides insight into how well a model 
correctly classifies borrowers at any threshold. Exhibit 12-17 presents the ROC curve 
based on the false positive rate (column 6) and the true positive rate (column 7) in 

Exhibit 12-16. Point A on the ROC curve indicates that the default prediction model can 
choose a cutoff to get 50% of the true positives (value on the y-axis) without attracting 
any false positives. This is the case when the cutoff value is set at a default probability 
above 0.33, say 0.50. At this cutoff default probability, the model correctly predicts loan 
6 to be a default (true positive for one of the two defaulting loans) and does not predict 
any repaying loan as a default (zero false positives). If, however, Paige wants to avoid 
lending to both actual defaulters (100% of true positives), she must move to point B on 
the ROC curve (default probability below 0.33, say 0.30). At this point, however, Sierra 
must accept 25% false positives. That is, although this cutoff probability correctly predicts 
both default loans, it also misidentifies two of eight repay loans as default loans (25%), 
Increasing the true positive rate also increases the false positive rate. 

The more accurately a model predicts defaults as defaults and repays as repays, the 
closer the ROC curve will go up along the y-axis on the left and then move horizontally 
across the top. Exhibit 12-18, Panel A shows such an ROC curve. In the context of Sierra 
Investments, such an ROC curve would mean there is a cutoff probability such that all 
defaulting loans have a probability of default above the cutoff (100% true positives) with- 
out classifying any repayer loans as defaults (0% false positives), In other words, the 
model has a very good hit rate without any false alarms! The closer an ROC curve follows 
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the diagonal line from the origin (0, 0) to the upper-right corner (1, 1) as in Exhibit 12-18, 
Panel B, the less effective the model is at correctly predicting a new loan (increasing the 
true positives increases the false positives at the same rate), Exhibit 12-18, Panel C shows 

a reasonably good ROC curve, much like the ROC curve in Exhibit 12-17. If the actual 
ROC curve for the full data set is like this ROC curve, Paige will be more confident that 
the model predictions will be useful for predicting defaults without the risk of too many 
false positives and false negatives. 

Data scientists cannot make perfect predictions. As we have seen, they may predict a 
loan to default that ultimately is repaid. They may also predict a loan to be repaid that 
eventually defaults. Based only on the ROC curves, the data scientist favours a point corre- 
sponding to a default probability cutoff where the ROC curve starts to flatten out, result- 
ing in a high true positive rate without a correspondingly high false positive rate. Paige 
points out that a far better way to choose a default probability cutoff is to estimate the 
payoffs—the rewards and costs of each of the four quadrants of the confusion matrix. 

Confusion Matrix 

A confusion matrix is a matrix that shows the predicted and actual classifications at a given 
threshold value. In the Sierra Investments example, this threshold value is the cutoff value 
for the default probability above which the model would indicate not to invest in the loan 
and below which the model would suggest investing in the loan. We will label the decision 
not to invest in the loan as the model predicting default (or, more accurately, high risk of 
losses because of default risk) and the decision to invest in the loan as the model predicting 
repay (or, more accurately, high returns because of the likelihood of repayment). 

Just as we did in Exhibit 12-13, the most intuitive cutoff value is a default probability 
of 0.50. That is, for all values greater than 0.50, the model would predict not to invest 
(default) and for all values less than 0.50, the model would predict invest (repay). 
Exhibit 12-19 shows the confusion matrix for the validation sample using the pruned 
decision tree and a cutoff probability of 0.50. 

To see how to build the confusion matrix at a cutoff value of 0.50, consider the line 
drawn at a value of 0.50 in Exhibit 12-16 between the probability values of 0.33 and 
0.99. The cutoff probability of 0.50 means that Sierra Investments will reject all loans for 
which the predicted default probability is greater than or equal to 0.50 (i.e., all loans 
above the line) and invest in all loans for which the predicted default probability is less 
than 0.50 (i.e., all loans below the line). Ideally, Sierra would like (1) all loans above the 
line to be default loans (coded as 1) with no repay loans (coded as 0) and (2) all loans 

below the line to be repay loans (coded as 0) with no default loans (coded as 1). 

From Exhibit 12-16, Sierra Investments will predict loan 6 as default and will not 
invest in this loan (which has a predicted probability of default of 0.99). It will predict all 
other loans as repays and invest in these loans (which have a predicted probability of 
default of 0.33 or 0.01). The cutoff probability of 0.50 correctly predicts that loan 6 will 
actually default, but it predicts that Sierra should invest in loan 1 when it actually defaults. 
It correctly predicts the other eight loans below the cutoff as repays. Using the cutoff 
probability of 0.50 results in only one misclassification. 

Confusion Matrix at Cutoff Value of 0.50 for Pruned Decision Tree 
Validation Sample 

Predicted Outcomes 

Default Repay 
(Do Not Invest in Loan) (Invest in Loan) 

Actual Outcomes Default (A) TP (Z) FN 2 

1 1 

Repay (Y) FP (B) TN 8 
0 8 

1 9 10 
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This leads to the confusion matrix in Exhibit 12-19. The first column shows the only 
predicted default, loan 6, which actually defaults and appears in the box labelled (A) as 
true positives (TP)—positives correctly predicted as positives, that is, default loans cor- 
rectly predicted as defaults. Sierra Investments does not invest in loans predicted as default 
and avoids those losses. Loans that are actually repays but are falsely predicted as defaults 
appear in the box labelled (Y) as false positives (FP)—negatives incorrectly predicted as 
positives. These are good loans that Sierra would like to invest in and earn interest on but 
will not because the model wrongly predicts them as default loans. At a cutoff probability 
of 0.50 there are no such loans, so the box labelled Y has a value of 0. 

The second column in Exhibit 12-20 shows the predicted repay loans—1, 2, 3, 4, 5, 
7, 8, 9, and 10. Of these nine loans, eight actually repay and appear in the box labelled (B) 
as true negatives (TN)—negatives correctly predicted as negatives, that is, repay loans 
correctly predicted as repays. Sierra invests in the loans classified as repay and gets the 
benefit of interest payments on these fully paid loans. There is one loan (loan 1) in the box 
labelled (Z) or false negatives (FN)—positives incorrectly predicted as negatives, that is 
loans predicted to repay, leading Sierra to invest, but which actually default. Sierra would 
like to avoid loans in box Z because they lead to loss of principal as a result of a default. 

So, what is the consequence of setting the cutoff probability at 0.50? The good news 
is that Sierra invests in all loans that repay. The downside is that Sierra invests in one 
loan, loan 1, which the model misclassifies as repay but which actually defaults (false 
negative). 

As the management accountant, Paige has insight into this problem. She understands 
that it is very costly for Sierra to invest in loans that default. Even though a cutoff proba- 
bility of default of 0.50 may sound very appealing for separating default loans from repay 
loans, Sierra may want to be conservative and minimize investing in loans that default 
even if it means not investing in some loans that repay. One way for Sierra to invest in 
fewer default loans is to set the cutoff probability lower at, say, 0.30. At this cutoff, Sierra 
will only invest in loans when the predicted default probability is less than 0.30 and not 
invest in loans when the.predicted default probability is greater than 0.30. 

The lower cutoff probability means lowering the cutoff in Exhibit 12-16 below loans 
1, 2, and 4, which have a predicted probability of default of 0.33. This means loans 6, 1, 
2, and 4 with a predicted default probability of 0.99 and 0.33 are above the cutoff line. 
Sierra will not invest in these loans because they are above the cutoff probability. It will 
invest in loans 3, 5, 7, 8, 9, and 10 that are below the cutoff line (with a predicted default 
probability of 0.01). This leads to the confusion matrix in Exhibit 12-20. The first column 
shows the loans Sierra will not invest in (called predicted defaults)—loans 6, 1, 2, and 4. 
Of these loans two loans, 6 and 1, actually default and appear in the box labelled (A) as 

true positives (TP). Sierra does not invest in these loans and avoids these losses, Two 
loans, 2 and 4, actually repay but are above the cutoff probability and appear in the box 
labelled (Y) as false positives (FP). These are repay loans that Sierra would have liked to 
invest in and earn interest on but will not because the predicted default probability is 
above the cutoff probability. 

The second column in Exhibit 12-20 shows the loans Sierra will invest in (called pre- 
dicted repay)—3, 5, 7, 8, 9, and 10. All six of these loans actually repay and appear in the 
box labelled (B) as true negatives (TN). There are no loans in the box labelled (Z) as false 
negatives (FN). At the 0.30 cutoff, Sierra avoids investing in loans that are predicted to 
repay but actually default. 

The two confusion matrices indicate the nature of the trade-off in choosing the cutoff 
default probability. If the cutoff probability is set low (0.30), Sierra would only invest in 
loans that have a default probability of less than 0.30. It would avoid investing in loans 
that default (false negatives) but would also miss out on investing in loans that repay (true 
negatives). By raising the cutoff default probability to 0.50, Sierra would be more aggres- 
sive and invest in loans with a default probability less than 0.50. It would then invest in 

13 Tn many data science applications, the cutoff default probability is set below 0.50 because of data quality issues even absent 
payoff or risk considerations, For example, if data around defaults are not accurate, the model may predict a default at a 
cutoff default probability less than 0,50. 
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(ieee) Confusion Matrix at Cutoff Value of 0.30 for Pruned Decision Tree Validation 
Sample 

Predicted Outcomes 

Default Repay 

(Do Not Invest in Loan) (Invest in Loan) 

Actual Outcomes Default (A) TP (Z) FN 2 
| 2 0 : 

Repay (Y) FP (B) TN 8 
2 6 

4 6 10 

more loans that repay (true negatives) but would also be stuck with some loans that 
default (false negatives). In summary, raising the cutoff decreases true positives and false 
positives and increases true negatives and false negatives. 

So which cutoff should Sierra choose? At first glance, the cutoff probability of 0.50 
appears more appealing—it is intuitive in that loans with default probabilities above 0.50 
are rejected while those with default probabilities below 0.50 are accepted. The confusion 
matrix in Exhibit 12-19 at a cutoff probability of 0.50 also misclassifies only one loan 
(loan 1 as a false negative). In contrast, the confusion matrix in Exhibit 12-20 at a cutoff 
probability of 0.30 misclassifies two loans (loans 2 and 4 as false positives). But choosing 
cutoffs is seldom obvious. It depends on the payoffs for each quadrant of the confusion 
matrix. 

Quantifying Predictions Using the Payoff Matrix 

Management accountants use their insights and knowledge of the business to estimate the 
payoffs. In the Sierra Investments example, Paige must choose between the 0.30 default 
probability cutoff of Exhibit 12-17 or the 0.50 default probability cutoff of Exhibit 12-18. 
Paige estimates the payoffs to Sierra for each of the four quadrants of the confusion matrix 
over the three-year period of the loans. For simplicity, she ignores the time value of money. 
She prepares the payoffs assuming she invests $100 in a loan. 

1. The payoff for the true negatives in quadrant B—loans that Sierra invests in that actu- 
ally repay—is relatively easy. If Sierra invests $100 in each loan, Sierra will receive a 
payoff of 15% per year or $45 over 3 years, in addition to getting back the $100 the 
firm invested for a net payoff of $45. 

2. The computations for the false negatives in quadrant Z—loans Sierra invests in but 
which actually default—is not so straightforward. Sierra would not lose all the $100 
invested in these loans. That’s because defaulting loans start defaulting sometime 
along the way during the next three years. Paige does a detailed analysis of how much 
borrowers repay before they default. She estimates that Sierra will, on average, receive 
$30 as interest and principal repayments on the loan before the loan defaults. She 
therefore concludes that the payoff for false negatives in quadrant Z is —$70. 

3. Next, she considers the payoffs for all outcomes where Sierra does not invest in the 
PD loan because the model predicts a high default risk. These are the true positives in 
quadrant A— loans that are predicted to have high default risk and actually default 
and the false positives in quadrant Y—loans that are predicted to have high default 
risk but actually repay. In either case, once the model predicts these loans as having - 
high default risk, Sierra will not invest in these loans even though in the false positive 
case, it would have been beneficial for Sierra to invest. The key question is the payoff 
Sierra would get elsewhere from the money not invested in PeerLend Digital. 

Case A. Paige learns that Sierra would invest $100 not invested in PeerLend Digital in a 
bond fund that is expected to earn 4% per year or $12 over 3 years. She uses a payoff of 
$12 for both quadrant A and quadrant Y. Exhibit 12-21 presents the payoff matrix. 
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: Payott Matrix 
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Predicted Outcomes 

Default Repay 
(Do Not Invest in Loan) (Invest in Loan) 

Actual Outcomes Default (A) TP (Z) FN 

$12 —$70 

Repay (Y) FP (B) TN 
$12 $45 

If Paige chooses a default probability cutoff of 0.30, her payoff for that strategy 
equals the number of loans in each quadrant in Exhibit 12-17 multiplied by the payoff for 
the corresponding quadrant in Exhibit 12-21: 

$12 xX 2 (quadrant A) + $12 X 2 (quadrant Y) + ($70) X 0 (quadrant Z) + $45 x 6 (quadrant B) 

= $24 + $24 + $0 + $270 = $318 

The total investment for all 10 loans is $100 X 10 = $1,000 so a $318 net payoff 
would equal a return of 31.8% ($318 + $1,000) over 3 years or an average of 10.6% per 
year (31.8% + 3). 

If Paige chooses a default probability cutoff of 0.50, her payoff for that strategy 
equals the number of loans in each quadrant in Exhibit 12-18 multiplied by the payoff for 
the corresponding quadrant in Exhibit 12-21: 

$12 X 1 (quadrant A) + $12 X 0 (quadrant Y) + ($70) X 0 (quadrant Z) + $45 x 8 (quadrant B) 

= $12 + $0 — $70 + $360 = $302 

What if Paige had chosen not to develop the decision tree model to predict defaults 
and had done no analysis? She could then simply invest in all 10 loans in the validation 
sample. In this case, Sierra’s expected payoff would be $45 for the eight repay loans and 
—$70 for the two default loans or ($45 x 8) — ($70 X 2) = $220, or a return of 22% 

($220 + $1,000) over 3 years or 7.33% (22% + 3) per year. 
On the basis of these assumptions, Paige will recommend to her managers that Sierra 

should be conservative and use a default probability cutoff of 0.30 to make the loans. 
That is, only make loans for which the predicted probability of default is less than 0.30. 
This means that Sierra will only invest in 6 of the 10 loans so as to avoid the losses that 
come from defaulting loans. Using the decision tree model to make loan decisions increases 
Sierra’s profitability from 7.33% to 10.6%. 

Case B. If the outside investment opportunities yield a payoff of only 2% per year, or $6 
over 3 years, the expected payoffs are as follows: 

Cutoff of 0.30: $6 x 2 (A) + $6 X 2(Y) + $70 X 0(Z) + $45 X 6 (B) = $12 + $12 + $0 + $270 

= $294 

Cutoff of 0.50: $6 X 1 (A) + $6 X 0(Y) + ($70) X 1 (Z) + $45 X 8 (B) = $6 + $0 — $70 + $360 

= $296 

In this scenario, the outside investment opportunities are sufficiently unattractive that 
Sierra is willing to be more aggressive (invest in loans with a default probability less than 
0.50). Sierra will invest in many more repaying PeerLend Digital loans (true negatives) 
even though this means accepting some false negatives (default loans) as well. 

Depending on the outside investment opportunities (Case A or Case B), the decision 
tree model helps Sierra increase the payoff to approximately $300 or 30% ($300 + 
$1,000) over 3 years, or 10% (30% ~ 3) per year. Paige can now clearly visualize what the 
model is doing and is eager communicate her takeaways to managers. 

Step 6: Visualize and Communicate Insights 

Visualizing and communicating the insights of data science models is an important task 
for the management accountant because it helps managers understand the value and 
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trade-offs from using these models, We have already seen ways of visualizing how models 
work (e.g., using a decision tree diagram to explain how different values of the feature 
variables separate different classes of the target variable). The ROC curve and the confu- 
sion matrix help visualize the performance of a model by identifying the trade-off between 
false positives and true positives (and the corresponding false negatives and true nega- 
tives). The visual shape of the ROC curve communicates how accurately a model can 
classify the target value of interest (default loans in Exhibit 12-18). 

Communicating the output of a model can help managers grasp the choices they face 
and the judgments they must make. For example, Paige should try to communicate and 
explain intuitively why the decision tree model helps to generate higher returns. Suppose 
the outside investment opportunities are as described in Case B. At a default probability 
cutoff of 0.50, the decision tree model identifies one of the two defaulting loans without 
classifying any of the repaying loans as defaults. As a result, Sierra will invest in nine PD 
loans, of which one loan is a default. In the absence of the model, Sierra would have 

invested in 10 PD loans, of which two would be defaults. Correctly identifying one 
default loan and not investing in it increases Sierra’s payoff by $70 from $220 to $290 
($220 + $70). In addition, Sierra earns $6 by investing in a loan outside PeerLend Digital, 
resulting in a total payoff of $296. 

What if the manager chooses the lower default probability cutoff of 0.30? Paige 
explains that at this cutoff, Sierra would avoid investing in both default loans but will 
misclassify two repay loans as defaults and so not invest in those repay loans. Correctly 
identifying two default loans and not investing in them increases Sierra’s payoff by $140 
($70 X 2). But not investing in two of the repay loans lowers Sierra’s payoff by 
$90 ($45 X 2), The result is an increase in the payoff by $50 ($140 — $90) from $220 to 

$270. In addition, Sierra earns $24 by investing in four loans outside PeerLend Digital at 
$6 per loan, resulting a total payoff at the 0.30 cutoff of $294 ($270 + $24). 

Paige should also communicate to her manager when the model would not be effec- 
tive in increasing returns. Suppose that at the default probability cutoff of 0.30, the model 
correctly identified only one of the two defaulting loans (true positives), but in the process 
also classified two repaying loans as defaults (false positives). Once again, correctly iden- 
tifying and not investing in the default loan will increase Sierra’s payoff by $70 but now 
Sierra will also not invest in two of the repay loans, resulting in the payoff decreasing by 
$90 ($45 X 2). Sierra would be worse off by $20. By investing in three outside loans, 
Sierra will gain $18 ($6 X 3), but is still worse off by using the model. The model only has 
value if it can identify true positives (default loans) without classifying too many repay 
loans as defaults (false positives). 

Working With PeerLend Digital Data 

Having understood the tools and methods data scientists use and their strengths and 
weaknesses, Paige is ready to train a model from the full PD data set and construct a pay- 
off matrix to quantify the value of its predictions on the new loans PD offers in Q1 2020. 

Rafael Alvarez, the management accountant at Wyatt Manufacturing, estimates that 
the company earns $200 for each good product it sells. It loses $300 on each defec- 
tive product produced. Rafael believes that if he can predict defects using a model 
based on workers’ experience and level of machine automation, he can repurpose 
the manufacturing capacity to produce a simpler product that less-skilled workers 
can successfully produce on less-automated machines. The company will earn $40 
on each unit of this alternate product. 

a. Refer to the validation sample table in Try It! 12-3. Construct a confusion matrix 
for the cutoff points 0.30 and 0.50. 

b. Construct the payoff matrix. 

c. What cutoff point should Rafael choose? Explain your answer briefly. 
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=item Feature Impact Scores 

Feature Impact Score 

Grade 100 

Credit score 18 

Debt-to-income 17 

Annual income 15 

Loan amount 11 

Purpose of loan 1 

Homeownership 1 

Paige’s team returns to the PD dataset described in Step 2: Obtain and Explore Data. 
There are 500,000 funded loans in the data set, of which 100,000 are loans that default 
(loan status = 1) and 400,000 are loans that repay (loan status = 0). The overall default 
rate is 20% (100,000 + 500,000). 

Per Step 3: Clean and Prepare the Data, the team cleans the data to eliminate any 
features that would contribute to target leakage. It then separates the dataset into a train- 
ing, validation, and holdout samples. The holdout sample is 20% of the total set (500,000 x 
0.20 = 100,000), the training set is 60% of the total set (500,000 X 0.60 = 300,000), and 

the cross-validation set is 20% of the total set (500,000 x 0.20 = 100,000). 
In Step 4: Building a Model, the team trains its models on the sample of 300,000 

loans and cross-validates them with a sample of 100,000. It never touches the holdout set. !* 
Per Step 5: Evaluating a Model, Paige and the team consider some important metrics 

to understand how much they can rely on the model to give accurate predictions on a set 
of new loan data. The first metric, the model’s likelihood value computed on the valida- 
tion set, is very good: it is 0.85.15 The model will provide accurate predictions. The sec- 
ond set of metrics is feature impact. Exhibit 12-22 presents the feature impacts. 
The feature impact is a value (0 to 100) assigned to each feature variable in the training 
set that indicates how important it is in partitioning the data to minimize Gini impurity, 
that is, how frequently a feature is used in making cuts at various nodes of the decision 
tree model. The variable that is used most often (grade) is normalized to a value of 100. 
The next most important variable in making cuts is credit score with a value of 18, indi- 
cating that it is used 18% as frequently as grade is to make a cut. 

Not surprisingly, the grade assigned to the loan by PeerLend Digital was by far the 
most important feature for distinguishing default loans from repay loans. Grades A and B 
had a high number of repay loans, while Grades E and F had many more default loans. 
It suggested, as Paige had expected, that PeerLend Digital was doing a good job of identi- 
fying default risk. Interestingly, however, credit score, debt-to-income, annual income, 
and loan amount were also relevant features (though much less important than grade) for 
separating repay loans from default loans in the decision tree model. This meant that 
there was incremental information content in these variables for identifying default loans 
over and above what was available in the grade feature. These variables might help to 
identify more of the default loans (true positives) without classifying too many repay 
loans as default loans (false positives). If they could, Sierra would not invest in loans pre- 
dicted to default and earn a return greater than what it would have earned by investing in 
all PD loans. 

Paige is surprised by some features not being relevant to identifying default loans. 
For example, she had anticipated that homeownership would have a higher impact; she 

14 After separating the full data set into a holdout set and a training set, data scientists often partition the training set into several 
smaller subsets equal in size instead of just two as described in this chapter. For example, they might separate the training set 
into four folds, so that folds 1-3 can train the model and fold 4 serves as validation. They can then recombine the folds, say, 
use sets 2-4 to train the model and use fold 1 to serve as validation, By systematically mixing smaller slices of data, they can 
artificially create an even larger dataset. This can be helpful when too little data are available. 

15 Tt is similarly high on the holdout set. 
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hypothesized that loan applicants who owned homes tended to have more stable incomes, 
savings, and lives, which were all characteristics that would make them more likely to 
repay a small loan. Instead, the model showed the feature had no discernable impact. 
Nevertheless, Paige is comfortable with the features used by the model to identify default 
loans. They made intuitive sense. She is ready to evaluate how well the model performed 
in classifying default and repay loans. 

Next Paige turns to the ROC curve. Exhibit 12-23 presents the ROC curve. It moves 
nicely up along the y-axis far away from the diagonal line joining the origin (0, 0) to the 
upper-right corner (1, 1), indicating that the model does well in partitioning defaults from 
repays. The shape of the curve suggests that the model predictions will be useful for pre- 
dicting defaults without the risk of too many false positives and false negatives. 

Paige explores several confusion matrixes using different default probability cutoffs. 
Exhibit 12-24 presents the contents of the confusion matrixes vertically for easy compar- 
ison of the distribution of predictions across six selected default probability cutoffs for the 
validation sample of 100,000 loans. Sierra plans to invest $100 in each of the 100,000 
loans; if Sierra does not invest in a PeerDigital loan, Sierra will invest the $100 earmarked 
for that loan in the alternate investment. Recall that Paige rejects all loans above the 
default probability cutoff (classified as positive with a high predicted probability of 
default) and accepts all loans below the default probability cutoff (classified as negative 
with a low predicted probability of default). For example, at the 0.35 cutoff, Sierra rejects 
all loans with a predicted default probability greater than 0.35—the true positives of 
3,942 and the false positives of 5,072 for a total of 9,014 (3,942 + 5,072) loans—and 
invests in all loans with a predicted default probability below 0.35—the true negatives of 
76,959 and the false negatives of 14,027 for a total of 90,986 (76,959 + 14,027) loans. 

Consistent with the simple example, a higher default probability cutoff means that 
Sierra is rejecting fewer loans and accepting more loans. Therefore, as the default probability 

Classification of Loans in Validation Sample 

| 1 | Number r Loans in iv Quadrant of the pas Matrix EE 
| 2 | Model Classification 0.20 0.25 0.35 0.37 0.40 
| 3 | True positive 10,840 | 8,082 ree 3,942 
| 4 | True negative ea 57,702 | 67,035 73,586 | 76,959 78,201 
[5 | False positive ae 24,328 14,994 | 8,444 5,072 3,828 
| 6 | False negative 7,130 9,889 12,380 14,027 14,788 

Total Number of Loans 100,000 100,000 100,000 100,000 100,000 100,000 
: pe Se 

| 8 |Dollarinvestment | $  10,000,000'$ 10,000,000 '$ 10,000,000 10,000,000'$  10,000,000'$ 10,000,000 
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Seale reer Two Payoff Scenarios 

fie Alternate Investment Payout (3 Les $6 

| 2 | Model Classification| Payoffs 0.20 0.25 a 0.37 0.40 

| 3 | True positive $ 6.00 | $ 65,040 | $ 48,492 | $ 33,540 § 23,652 $ 19,098 | $ 14,214 

| 4 | True negative $ 45.00 | $ 2,596,590 | $ 3,016,575 | $ 3,311,370 $ 3,463,185 $ 3,519,045 | $ 3,572,640 

| 5 | False positive $ 6.00 | $ 145,968 | $ 89,964 | $ 50,664 $ 30,432 $ 22,968 | $ 15,822 

6 | False negative $ (70.00) | $ (499,100) | $ (692,230) | $ (866,600) $ (981,890) $ (1,035,160) | $ (1,092,140) 

Ea Total $ 2,308,498 | $ 2,462,801 | $ 2,528,974 $ 2,535,349 $ 2,525,951 | $ 2,510,536 

PB |ROM% (3years) =| |, 23.08% 24.63% 25.29% 25.35% 25.26% | 25.11% 
8.45% 8.43% 7.69% 8.21% 8.42% 8.37% 

Payout (3 yr): $12 11 
| 12 | Model Classification] Payofts 0.20 0.25 0.30 0,35 0.37 0.40 
13 | True positive $ 12.00 | $ 130,080 | $ 96,984 -$ 67,080 $ 47,304 | $ 38,196 | $ 28,428 

14 | True negative $ 45.00 | $ 2,596,590 | $ 3,016,575 $ 3,311,370 $ 3,463,155 | $ 3,519,045 | $ 3,572,640 

15 | False positive  |$ 1200 /$  —_ 291,936 |$ 179,928 $ 101,328 60,864 | § 45,936. $ 31,644 
8 False negative $ (70.00) | $ (499,100) | $ (692,230) $ (866,600) $ (981,890) | $ (1,035,160) | $ (1,092,140) 

$ 2,519,506 |$ 2,601,257 $ —-2613,178 § 2,580,483 |§ 2,568,017 $ 2,540,572 
io RO! % (3 years) 25.20% | 26.01% 26.13% 25.89% 25.68% 25.41% 

8.71% 8.63% 8.67% 8.40% 

cutoff increases, Sierra rejects fewer default loans (true positives) and also has fewer repay 
loans misclassified as defaults (false positives). At a higher default probability cutoff, 
Sierra accepts more loans that repay (true negatives) but also has more default loans mis- 
classified as repay (false negatives). 

Paige uses values from her payoff matrix to determine which default probability cut- 
off is the most profitable investment. Recall that Paige assigns $45 to each true negative 
(repay loans) and —$70 to a false negative (default loan). She uses two values for the alter- 
native investment opportunities, $6 over 3 years and $12 over 3 years, to model a 
more-conservative and a less-conservative payoff scenario. Exhibit 12-25 presents these 
two payoff scenarios and the cumulative and annual returns on investment (ROI) on the 
$10,000,000 investment. Consider the payoff column for the 0.35 default probability 
cutoff and the alternate investment payoff of $6 over 3 years. 

On the 76,959 true negative loans, Sierra earns $3,463,155 (76,959 loans x $45), 

On the 14,027 false negative loans, Sierra loses $981,890 (14,027 x (-$70)). Sierra does not 
invest in the 3,942 loans it classifies as true positives. Instead it invests the available funds 
$394,200 (3,942 loans X $100 per loan) in the safe bond to earn 6% over 3 years equal 
to $23,652 (6% X $394,200). Sierra also does not invest in the 5,072 loans it classifies as 
false positives and instead invests $507,200 in the safe bond to earn $30,432 (6% X 
$507,200). The 0.35 default probability cutoff yields the highest ROI of $2,535,349 + 
$10,000,000 = 25.35% over 3 years or 8.45% (25.35% + 3) per year.!6 

From a technical perspective, Paige is pleased with the analysis, In the 6% alternative-payout 
scenario, the optimal default probability cutoff of 0.35 yields an annual return of 8.45%, 
which is 1% greater than what Sierra would have earned by investing in all 100,000 PD loans. 
Twenty percent of the loans would have defaulted and 80% would have repaid, for a payout 
of 20,000 x $(-70) + 80,000 x $45 = —$1,400,000 + $3,600,000 = $2,200,000. 

16 The payoffs could be further refined based on how many of the different classes of loans (A, B, C, D, E, and F) Sierra contin- 
ues to invest in at each cutoff value. For example, if at the cutoff of 0.35 Sierra invests in fewer E and F class loans that offer 
higher interest rates, the average return from the true positives will be less than $15 (which is the average interest tate across 
all 100,000 loans in the validation sample). Similarly, if loans in classes A, B, C, and D repay for longer periods (25 months, 
say) before defaulting, the losses from false negatives will be smaller than $70, which is the average loss based on repayment 
patterns across all six classes of loans in the validation sample. These are additional ways in which the management accoun- 
tant can add value. 

8.56% 8.47% 
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LOo@ 
Describe how to use and 

deploy data science 

models. 

The return over 3 years, based on the $10,000,000 investment, would be $2,200,000 + 

$10,000,000 = 22% or 22% + 3 = 7.33% per year. Data science allows her to make better 
investments on behalf of clients to increase their returns and increase the firm’s profit. 

Using Data Science Models 

Management accountants work with managers to operationalize the data science model 
to make decisions. In doing so, they evaluate what elements need to be modified in light 
of the model inputs and how best to balance quantitative and qualitative assessments. 
We use the Sierra Investments context to describe these general insights. 

Step 7: Deploy the Model 

As the manager prepares to implement the model, the management accountant must 
underscore critical model inputs and areas of significant judgment. These normally pertain 
to data and cutoff values. 

Data 

Data issues can be tricky and require judgment. Are the data adequate for the intended 
purpose? How accurate are the data? How representative are the past data for predicting 
the future? Are past conditions different from what might be encountered in the future? 
Paige knows from her understanding of data science models and the bias—variance tradeoff 
that the models are powerful enough to deal with spotty data. But if she judges the data 
to be more suspect, it is a problem that data scientists cannot overcome. 

For example, Paige trusts that PD is providing relevant and accurate data. That’s 
because creating and maintaining the integrity of pertinent and appropriate data is one of 
PD’s major value propositions to lender-investors. It is an issue PD takes very seriously. 

However, it is very costly for PD to verify all lender information. Paige reviews the data 
that individual applicants provide to PD to secure a loan and uses qualitative judgment to 
evaluate whether the data are accurate enough to use in the models. 

Paige is also aware that the model reflects PD loan activity up to a specific moment in 
time. These are the data she uses to build a model to predict the future. The model only 
works if historical data are representative of the future. Market conditions change all the 
time. Paige will have to use qualitative judgment to assess whether the model is still useful 
two years from now or whether she needs to obtain newer data from PD to train new 
models. These are important judgments that she will have to make. She thinks back to the 
recession that began in October 2008. Wall Street’s most sophisticated models failed to 
predict the calamitous stock market crash and resulting recession caused by a particular 
mix of conditions and dynamics that had never happened before. Paige will make the 
manager aware of these issues. But in her own judgment, she concludes that the data are 
rich, accurate, and representative enough to use to predict defaulting loans in the future. 

Cutoff Values 

The choice of the cutoff depends heavily on the payoff matrix, so it is important to get 
good estimates of the payoffs. The management accountant best understands the eco- 
nomic consequences of different decisions and how certain he or she is about the different 
payoff values. Where there is uncertainty, the management accountant evaluates the sen- 
sitivity of different payoffs on the cutoff decision. 

Paige has a strong understanding of the effect of alternate investment strategies on the 
PeerLend Digital investment decision. She is fairly confident about the payoffs if the loans - 
repay since these are contracted amounts and the returns from alternative investments if 
Sierra does not invest in PD loans. She is less sure about the value she should assign to false 
negatives. She varies the loss from $60 to $80 on a $100 loan. The cutoff values change 
but, as in Exhibit 12-25, the overall payoffs are reasonably close to each other and well 
above the payoffs from investing in all 500,000 PD loans. She plans to share these analyses 
with the manager to support her recommendation to use the model to invest in PD loans. 
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Advances in data science create many exciting opportunities for organizations. 
Although the algorithms vary, the basic approach to data science follows the methods 
described in this chapter—avoiding overfitting, balancing the bias—variance tradeoff, 
identifying false positives and false negatives, evaluating models, and measuring economic 
impact. Management accountants bring deep insights about the economic consequences 
of decisions. By understanding the statistical and data science tools, management accoun- 
tants can build models that create value. 

Pulling It All Together—Problem for Self-Study 

It is June and the manager of the retail chain PriceTrimmer wants to increase revenues 
during the back-to-school period. He plans to identify parents in early August whose chil- 
dren are entering school for the first time in September. His question is how to identify 
and target those households whose children will need to purchase school supplies. 

PriceTrimmer’s data science team extracts prior-year data on 10,000 households from 
its customer database and trains a new model. The team partitions the sample into three 
subsamples: a training sample of 6,000 observations, a validation sample of 2,000 
observations, and a holdout sample of 2,000 observations. The rate of households with a 
child entering school for the first time in each subsample is 18%. 

1. Is this an interesting problem for PriceTrimmer to solve? Why? Required 
2. What data might be available to help solve this problem? 
3. Complete the confusion matrices below for the validation sample. 

A Confusion Matrix (Cutoff 0.5) B Confusion Matrix ec paleivene 0.3) 

| Predicted Outcomes | | Predicted Outcomes | Predicted | Predicted Outcomes _| 

First-Time | No First- First-Time | No First- 

Kids Time Kids | Total Kids Time Kids = 

First-Time (TP) (FN) First-Time (TP) (FN) 

Kids 100 ? Kids ? ? 

No First- (FP) (TN) No First- (FP) (TN) 

Time Kids ? 1,440 Time Kids 900 ? 

Ee 0 ea ee ee ee 
4. As the management accountant you have determined the following. Without doing 

any promotion, PriceTrimmer earns $20 from every family sending a child to school 
for the first time. If it decides to promote the program, it will cost PriceTrimmer 
$10 per child in the form of mailers and promotions sent to households that are pre- 
dicted to have a child entering school. This money would yield no return if the family 
was not sending a child to school for the first time. If, however, the family was send- 
ing a child to school for the first time, PriceTrimmer would earn $50 (net of the cost 
of the promotion) instead of $20. Develop a payoff matrix for this situation. 

5. Which cutoff probability of first-time kids would you select: (a) 0.3 or (b) 0.5? 
Comment briefly on the results. 

Actual 

Outcomes 

Actual 

Outcomes 

Solution 

1. This is an interesting problem for PriceTrimmer to solve because households with 
children who are going to school for the first time are more likely to need to purchase 
many more school supplies than households with children who have already been to 
school and have many of the necessary supplies. The first-time households are look- 
ing for a store that can help them with all that they need. If PriceTrimmer can accu- 
rately identify these households and their needs and promote their products to the 
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households just at the time they are looking for these materials, it is a good opportu- 
nity to increase revenues. 

2. PriceTrimmer may already have these data for households with loyalty cards. Some 
loyalty programs ask for data on all household members. For those who have not 
provided such explicit data, PriceTrimmer may be able to identify these households 
based on their past purchasing behaviour. For example, there may be a progression of 
items a household buys for a child who grows from age 2, to 3, and then 4 or 5 when 
he or she enters kindergarten and needs a backpack, peed case, and lunchbox. 
If PriceTrimmer can identify this pattern for past customers, it could build a model to 
predict those households that will behave similarly in the future. 

3. The rate of households with children attending school for the first time 18%, so 
the number of instances of this target feature in the validation set is 360 (2,000 X 
0.18 = 360). 

A Confusion Matrix (Cutoff 0.5) B Confusion Matrix  idasd OER 0.3) 

Predicted Outcomes | Predicted Outcomes _ Outcomes 

First-Time No First- 

Kids Time Kids | Total 

First-Time No First- 

Kids Time Kids 

First-Time (TP) (FN) First-Time (TP) (FN) 
Kids 100 260 360 Actual Kids 310 50 

No First- (FP) (TN) Outcomes | No First- (FP) (TN) 

Time Kids 200 1,440 1,640 Time Kids 900 740 

Se sai _| 70 | 2.0 
4. The payoff matrix follows. 

Actual 

Outcomes 

Payoff Matrix 

Predicted Outcomes 

First-Time No First-Time 

Kids Kids 

First-Time (TP) (FN) 
Kids $50 $20 

No First- (FP) (TN) 
Time Kids —$10 $0 

Predicted First-Time Kids 

s True positives: These are households PriceTrimmer correctly predicts have a child 
going to school for the first time (true positives). The store sends them a promotion 
believing they are likely to buy many supplies, which on average will yield $50 in 
cash. 

False positives: These are households PriceTrimmer predicts to have a child 
going to school for the first time, but actually, they do not. The —-$10 represents the 
marketing cost of reaching out to these customers with no benefit. 

Predicted No First-Time Kids 

a True negatives: These are households the model correctly predicts do not have a 
child going to.school for the first time. PriceTrimmer does not target them and they 
generate $0 incremental cash since these customers are not in the market for first- 
time supplies. 

s False negatives: These are households PriceTrimmer predicts to not have a child - 
going to school for the first time, but actually they do. The $20 represents the addi- 
tional revenue these households spend at PriceTrimmer based on what they would 
buy without any targeted promotion. It is much less than the households 
PriceTrimmer correctly predicts had a child going to school for the first time 
because they do not receive a promotion and shop at competitor stores for some of 
the other items. 

Actual 

Outcomes 
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5. To calculate the payoff for the model at a particular cutoff probability of first-time 
kids, multiply the payoff matrix by the confusion matrix and add the products from 
each quadrant together. 

At the 0.3 cutoff, 

Payoff = ($50 x 310) + ($20 x 50) + (-$10 x 900) + ($0 x 740) 
= $15,500 + $1,000 — $9,000 + 0 = $7,500 

At the 0.5 cutoff, 

Payoff = ($50 xX 100) + ($20 x 260) + (-$10 x 200) + ($0 x 1,440) 
= $5,000 + $5,200 — $2,000 + 0 = $8,200 

The management accountant will select the cutoff of 0.5 because the payoff of $8,200 
is higher than the payoff for the cutoff at 0.3, which is $7,500. 

The key insight is that by lowering the cutoff probability of first-time kids to 0.3, 
PriceTrimmer would market its products to many more customers—from 300 to 
1,210. Of these, 310 are true first-time households, an increase of 210 from the 100 
PriceTrimmer reached by setting the cutoff probability of first-time kids at 0.5. These 
210 kids increase PriceTrimmer’s cash flow by $6,300 (210 x $50 — $20) but the false 
positives increase by 700, from 200 to 900, resulting in additional marketing expenses 
with no benefit of $7,000. The net effect is a decrease in cash flow of $700 ($6,300 — 
$7,000). Lowering the cutoff probability of first-time kids would be better only if the 
cost of marketing and promotion were significantly lower or if the benefits from tar- 
geting were significantly higher. 

The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objective Guideline 

Management accountants can contribute in each step of the seven-step 
decision-making process for applying machine learning techniques in business 
situations: (1) Gain a business understanding of the problem, (2) Obtain and 

explore data, (3) Prepare data, (4) Build a model, (5) Evaluate the model, 
(6) Visualize and communicate insights, and (7) Deploy the model. 

1. How can management 

accountants work with data 

to create value? 

. Will solving the proposed 
problem create value, and 
are the relevant data 
available? 

. What are the strengths and 
weaknesses of a decision 

tree model? 

. What is pruning, and why is 
it useful? 

The management accountant must work with data to judge whether addressing 
the problem will create value. The management accountant must avoid target 
leakage and ensure that the data are objective, correctly measured, and 
relevant for predicting the target feature. 

A decision tree model is an algorithmic predictive modelling technique that 
subdivides data along features to reduce Gini impurity so that each partition is 
purer (contains more members of one class than another). Its strength is that it 
is very flexible to fit the data set on which it is trained. Its weakness is that it 
will fit to noise, not just the signal, and so will not perform well on a brand 
new data set. 

Pruning is a technique by which the tree is not grown to its full size, but 
instead only allowed to grow to a certain depth. The benefit of pruning is that 
it helps to avoid overfitting that occurs when a model adheres too closely to 
the specific details of a dataset such that, in addition to signal, it captures noise 
from random chance. 
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Learning Objective 

5. How do managers choose 
among different data science 
models? 

6. How do management 
accountants help managers 
evaluate data science 
models? 

7. How can management 
accountants help managers 
to operationalize data sci- 
ence models? 

Guideline 

Managers ask data scientists to cross-validate the model by comparing 
predictions of different models on a new set of data for which the actual 
outcomes (e.g., default or repay) are already known. Managers choose the 
model that predicts most accurately based on the overall number of correct 
predictions or a higher overall likelihood value. The selected model best 
balances the bias—variance tradeoff. In the context of decision trees, the greater 
the depth, the lower the bias and the higher the variance of the model. Data 
scientists also verify that the overall likelihood value of the validation sample 
used to choose the model is similar to the overall likelihood value of a brand 
new and yet unseen (by the model) hold-out sample. 

Management accountants help managers answer the following questions when 
evaluating models: (1) Are the likelihood values big enough? (2) Are the 
confusion matrix and receiver operating characteristic (ROC) curve useful 
to inform decisions? (3) Do the model and feature variables make economic 
sense? (4) Does the model reflect underlying reality? (5) Is there confidence 
in the payoff matrix to guide decisions? To help managers evaluate models, 
management accountants visualize and communicate insights from the model. 

Management accountants help managers understand the critical inputs to be 
monitored and evaluated to implement models. They combine quantitative and 
qualitative judgment about how the data and the model should be used to 
reach conclusions. 

si=laaatmcon Mt laa | | 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

confusion matrix (p. 494) 

cross-validation (p. 484) 

data science (p. 469) 

decision tree (p. 475) 

false negatives (FN) (p. 495) 

false positive rate (p. 492) 

false positives (FP) (p. 495) receiver operating characteristic 

Gini impurity (p. 477) (ROC) curve (p. 493) 

hyperparameter (p. 489) target leakage (p. 474) 

overfitting (p. 482) true negatives (TN) (p. 495) 

predictive modelling (p. 469) true positive rate (p. 492) 

pruning (p. 483) © true positives (TP) (p. 495) 

| Assignment Material 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

12-1 How do management accountants work with data to create value for an organization? 

12-2 What is the seven-step decision-making process for applying machine-learning techniques in busi- 
ness situations? 

12-3 Define target leakage. 

12-4 Describe the decision tree technique of predictive modelling. 
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12-5 What is Gini impurity? 

12-6 Why does overfitting occur? 

12-7 What is pruning? Why is it helpful? 

12-8 How do data scientists use cross-validation and holdout samples? 

12-9 What is the likelihood value? Why do prediction models attempt to maximize it? 

12-10 Explain the bias—variance tradeoff. 

12-11 What is the receiver operating characteristic (ROC) curve? 

12-12 What is the confusion matrix? 

12-13 Explain false positives (FP) and false negatives (FN). 

12-14 How does the management accountant use the payoff matrix to make decisions using data science 
models? 

12-15 How do management accountants help managers to operationalize data science models? 

Exercises 

12-16 Terminology. A number of terms are listed below: 

receiver operating characteristic (ROC) curve decision tree 

data science confusion matrix 

pruning overtitting 

Gini impurity predictive modelling 

Required 

Select the terms from the above list to complete the following sentences. 

1. refers to the use of data analytics to draw conclusions from data. 

technique used to make predictions based on past or current data. 

2. The is a technique for segmenting the target variable into different regions based on a set of 

rules, is a way to measure the purity of a collection of observations in a rectangle (set). Two 
specific areas that management accountants address when refining a decision tree to better match 

the economics of business are and 
3. A useful and commonly used tool to evaluate a model is the 

(FP) on the x-axis and the true positive rate (TP) on the y-axis. 
4. A is a matrix that shows the predicted and actual classifications at a given threshold value. 

12-17 Gini impurity. Kevin Brown is the management accountant at Boehm and Sons Bank. Some of his 
colleagues attended a conference recently where they learned that machine learning can be used to accu- 

rately predict loan performance. Excited by the possibilities, they asked Kevin to work with the data science 
team to develop a machine learning model that predicts whether a loan will repay or default. Kevin knows 

that defaulting loans have significantly hurt Boehm and Sons’ profitability. 
Kevin tells the data science team that his colleagues will appreciate a model that is interpretable and 

easy to understand, so they decide to use a decision tree. The team selects a random sample of eight 

loans (three loans that defaulted and five loans that repaid) from Boehm and Sons’ internal loan database 

and begins the analysis. 

is a data science 

that plots the false positive rate 

e Repay e Default 

: i 
j 

Credit Score 

Tn ae 
Annual Income ($000s) 
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Required 

1. Use your ruler to identify two possible places to make the first cut. Visually, is one of these cuts better 

than the other at separating the data? 

2. For each potential cut, calculate the Gini impurity and the information gain. Based on these calcula- 

tions, which cut should be used to form the first node of the decision tree? Is this consistent with your 

visual intuition from requirement 1? 
3. How could Kevin use the decision tree analysis to help senior managers at Boehm and Sons improve 

profitability? 

12-18 Gini impurity. Laurie Rech is a management accountant at Donnelly Bank, which has recently suf- 

fered significant loan losses. Rech and her team are worried that they do not fully understand the risk profile 

of their loans, so they would like some way of identifying loans that are likely to default. One team member 
suggests developing a decision tree so that loans can be quickly and easily classified as “likely to default” 

or “likely to repay.” 

After plotting and inspecting a sample of seven loans (three loans that defaulted and four loans that 

repaid), Rech and her team notice there are two different cuts that result in only one misplaced observa- 

tion: Credit Score = 650 and Income = $70,000. Based on this, they conclude that either would be fine to 

use as the first node for their decision tree. 

e Repay e Default 
750 E SESE 

Credit Score 

G5 mC eaG5knik70 eR 7 BNR OO MME ESHENOO 
Annual Income ($000s) 

Required 

1. Are Rech and her team correct that the two cuts are equivalent? Which one would you chose to be the 

first node of the decision tree? 
2. Why might Rech care about Gini impurities when making decisions? 

12-19 Decision trees. The data science team at Swift Investments uses a sample of 16 loans to build a 

decision tree that predicts whether a loan will repay or default. Although the data science team is very 

familiar with decision trees and other machine learning models, they do not have much experience in the 

finance or lending industries. — 
The team shows the decision tree to Royce Brown, the management accountant at Swift, who indi- 

cates that some of the decisions made by the model seem incorrect. To understand how the decision tree 

partitions the data, the team writes out the rules and thinks through some examples. 

\ 

Credit Score 

4 Credit Score 



Required 

{. Write out the rules dictated by this decision tree. 

2, How would the decision tree classify the following loans? 

a. Borrower has a credit score of 650 and income of $62,000. 

b. Borrower has a credit score of 670 and income of $75,500. 

c. Borrower has a credit score of 690 and income of $58,000. 

d. Borrower has a credit score of 725 and income of $62,000. 

3. Is Brown correct that something is wrong with the model? If so, what might explain this? Why is under- 

standing the model important to Brown in his role as a management accountant? 

12-20 Decision trees. TelMark Mobile Services provides mobile phone services to millions of customers 
in Canada, TelMark’s customer base is constantly changing as old customers leave the service and new 

customers join. This is called churn and it is a very important dynamic for the company to manage effec- 
tively because it has significant profit implications. Churn has increased recently, so managers at TelMark 
have started a program to offer targeted promotions to customers who are likely to abandon the service. 

They would like to develop a machine learning model to help identify these customers. Sylvia Restler is the 
management accountant assigned to work on the project with the data science team. 

Sylvia speaks with a few members of the customer service team to better understand why customers 

leave their platform. The team tells her that two variables are highly related to customer churn: number of 
lines per customer family planand number of months the customer has been with the company. According 

to their data, customers who have already been with the company for a long time tend to stay, as do cus- 

tomers with many lines on their family plan. Sylvia asks the data science team to use these variables to 

create a decision tree. 

ae 

Number of 
Lines 

Number of 
Lines 

The team uses the following as a validation set: 

Observation Number of Lines Number of Months Actual Outcome 

(1) (2) (3) (4) 

| 2 13 Leave 

2 2 23 Stay 

3 1 20 Stay 

4 4 21 Stay 

5 3 27 Stay 

6 3 19 Leave 

7 I 25 Stay 

8 1 21 Stay 

9 3 23 Stay 

Required 

1. Write out the rules for this decision tree. 
2. Using the full decision tree, classify each customer in the validation sample as leave or stay. Calculate 

the proportion of customers correctly classified as in Exhibit 12-13, column 5. 

12-21 Decision trees and pruning (continuation of 12-20). Assume the same information for TelMark as in 
Exercise 12-20. A member of the data science team points out that overfitting is often an issue with decision 

trees. To avoid this issue, he suggests pruning the tree at depth 3 so that the third cutis not made. 

Assignment Material 509 



510 Chapter 12 Data Analytic Thinking and Prediction 

Required 

1. Using the pruned tree, classify each customer in the validation sample as leave or stay (if the probabil- 

ity of leave is greater than 0.5, classify the customer as leave). Calculate the proportion of customers 

correctly classified as in Exhibit 12-13, column 6. 

2. Based on your answer to requirement 1 of this problem and Exercise 12-20, requirement 2, which tree 

should Sylvia use to identify customers who are likely to leave? 

3. As the management accountant, what business recommendations could Sylvia make to management 

based on the decision tree model? 

12-22 Maximum likelihood. Margo London is the management accountant at Norse Credit. Norse Credit 

spends a lot of time and resources trying to detect fraudulent activity within customers’ accounts, For most 

customers this is a low probability event. However, if it happens and Norse Credit does not detectit, itis very 

costly for the company. 
London is working with the data science team to improve models for predicting fraudulent activity in 

customers’ accounts. The table below lists six observations in a model's validation sample and the proba- 

bility of default predicted by the (pruned) decision tree. 
Useful exponent rules: b°=1; b'=b 

Probability of Fraud Predicted by 
Actual Outcome the Pruned Decision Tree 

Observation (y) (p) 

(1) (2) (3) 

1 1 (fraud) 0.45 

2 0 (clean) 0.30 

3 0 (clean) 0.01 

4 0 (clean) 0.99 

5 0 (clean) 0.70 

6 0 (clean) 0.01 

Required 

1. Calculate the likelihood value for each observation in the validation set as in Exhibit 12-14, column 8 

using the following equation L = pY x (1 — p)'-Y(remember x! = x and x°=1). 
2. Calculate the overall likelihood value for this set of predictions by multiplying the likelihood values for 

each observation together. 

3. As the management accountant, would you use this model for decision making? Explain. 

4, After becoming more familiar with the data, London's team returns with a second model. The table 

below lists the six observations in the model's validation sample and the probability of fraud predicted 

by the (pruned) decision tree. How does this model compare to the previous one? Should London be 
satisfied with the accuracy of the new model? Explain. 

Probability of Fraud Predicted by the 

Actual Outcome Pruned Decision Tree 
Observation (y) (p) 

(1) (2) (3) 

1 1 (fraud) 0.99 

2 0 (clean) 0.20 

3 0 (clean) 0.33 

4 0 (clean) 0.01 

5 0 (clean) 0.01 

6 0 (clean) 0.01 

12-23 Receiver operating characteristic (ROC) curve. An ROC curve plots the false positive rate 
(x-axis) against the true positive rate (y-axis) for different model thresholds. The graph below shows three 
different ROC curves labelled 1, 2, and 3. 
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Required 

1. Compare the curves labelled 1, 2, and 3 in the chart above. Which curve represents the model that 
would be most useful for a management accountant? Explain. 

2, Explain what a “straight line” ROC curve actually represents. 

12-24 Confusion matrices, payoff matrix, and choosing cutoff values. SunTV manufactures smart 
TV sets, Its marketing and data science teams track customer visits to SunTV's website. They then gather 

other information about the customer (income level, previous purchases, homeownership, etc.) to predict 
whether the customer is in the market to buy a smart TV. If the model predicts that the customer is looking 
to buy a smart TV, SunTV will aggressively promote the product to the customer. 

The team needs to decide how sure it must be in predicting customer interest in a smart TV. If itis too 
cautious, it will choose a very high cutoff probability and only market to customers who it believes are very 

likely to be in the market for a smart TV. This may cause them to miss out on many customers. If they are too 

aggressive and choose a low cutoff probability, they may identify individuals interested in buying smart TVs 
but also end up wasting marketing dollars on customers who are not interested in purchasing smart TVs. 

To choose a cutoff probability, the team develops the confusion matrices below for two cutoff proba- 
bilities on a validation sample of 1,000 households comprising 100 purchasers and 900 non-purchasers of 
smart TVs. 

Confusion Matrix (0.70) Confusion Matrix (0.30) 

ee 
outcomes | Non-Buyers || | 900} | Outcomes [Won-Buyers || —*+dtso0 
oc ME a fo a A 
Required 

1. Complete the confusion matrices for the validation set as in Exhibits 12-19 and 12-20. 
2. Ateam of management accountants at SunTV estimates the payoffs from their actions. For every cus- 

tomer it targets, SunTV will spend $20 to market to that customer. For every smart TV it sells, SunTV 

makes a profit of $200 after taking into account the $20 it spends on that customer. Construct the payoff 
matrix as in Exhibit 12-21 and determine which cutoff value SunTV should use. 

3, Are there any other factors SunTV should consider before building such a model? 

12-25 Model thresholds and payoff matrices. Blanda Brothers is a produce processing company that 
specializes in fruits, with apple sales representing the majority of their revenue. Their main facility receives 

a daily shipment of apples, which are then sorted and shipped to grocery stores and to producers of apple 
jelly and juice, depending on the apple quality (sweetness, taste, colour, etc.). The acceptable-quality apples 
are sold to grocery stores and low-quality apples are sold to apple processors. If a low-quality apple is sold 

to a grocery store, the apples are returned and Blanda must pay the stores a fee to compensate the store for 
lost sales and for the extra work of shipping the apples back. Blanda’s reputation also suffers, affecting 

future business, Blanda has a testing process to determine apple quality, but the process is not perfect and 

misclassifies apples. 
The data science team presents their work to Cindy Hansen, the management accountant at Blanda, 

to help them choose between two cutoff prediction probabilities for low-quality apples of 0.50 and 0.30. 
The following confusion matrices are based on the validation sample. 
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Confusion Matrix (0.30) Confusion Matrix "peated Oo 50) 

Predicted Outcomes 

Acceptable 

. Quality 

Predicted | Predicted Outcomes | 

Low | Acceptable 

Quality Quality 

cay | Sony | a Actual | Quality Actual | Quality 
Outcomes | Acceptable | 230 Outcomes 

Quality 
Acceptable 730 

Quality 

Required 

1. Cindy estimates that apples of acceptable quality result in a profit of $0.30 per apple. She also knows 

that low-quality apples can be sold to juice companies at a profit of $0.04. Finally, she estimates that the 

cost to Blanda of selling a low-quality apple to the grocery store as an acceptable-quality apple is $1.05 

for each low-quality apple. Use this information to construct a payoff matrix as in Exhibit 12-21. 

2. Using Cindy's knowledge about the payoff of each outcome, which threshold should the team choose? 

12-26 Model thresholds and payoff matrices (continuation of 12-25). Assume the same information 

for Blanda Brothers as in Problem 12-25. Due to increased competition among grocery stores, the cost to 

Blanda of selling a low-quality apple to the grocery store as an acceptable-quality apple is now $0.75 

instead of $1.05 for each low-quality apple. — 

Required 

1. Cindy realizes that the change in the cost of selling a low-quality apple to the grocery store as an 

acceptable-quality apple may change the optimal model cutoff. Re-evaluate the two cutoffs based on 

the new payoff matrix. How does this compare to the decision in Problem 12-25, requirement 2? 

2. Why is it important for Cindy as the management accountant to work closely with the data science team? 

Problems 

12-27 Thinking through the data. James Silva is a management accountant at Keebler-Olson, where 

he is in charge of their investment portfolio. In 2015, James worked with a data scientist to develop a model 

that predicts how a given loan will perform in the future based on the characteristics of the borrower avail- 

able on the peer-to-peer lending platform Mandel Credit. On April 1, 2016, he purchased $100,000 worth of 

loans with 36-month terms (3 years). His investments had performed well. James planned to invest another 

$100,000 on January 1, 2020. Looking ahead, he debated some strategic questions around the model. 

Required 

1. James wonders whether he should use new data to train a new model in December 2019, just prior to 

his planned investment on January 1, 2020. What should he do with the older data? 

2. How much of the actual performance of the loans (such as repayments, loan restructuring, delayed 

repayments, hardship plans, etc.) should James use in classifying loans as default or repay when 
building his prediction model? 

12-28 Decision trees. Assume the same information for Keebler-Olson as in Problem 12-27. James Silva 

and the data scientist on his team work together to develop the following decision tree: 



To test the accuracy of the decision tree, the data science team tests the model on the following 
validation set: 

Observation Income Credit Score Actual Outcome 

(1) (2) (3) (4) 

1 $85,000 710 (0) Repay 

2 $62,000 650 (1) Default 

) $72,000 660 (0) Repay 

4 $75,000 640 (0) Repay 

5 $71,000 680 (0) Repay 

6 $59,000 705 (0) Repay 

7 $48,000 690 (1) Default 

8 $57,000 685 (0) Repay 

Required 

1. Write out the rules for this full decision tree. 

2. Classify each loan in the validation sample as repay or default. Calculate the proportion of loans cor- 
rectly classified as in Exhibit 12-13, column 5. 

3. Based on his experience in management accounting, James reviews the model and notes that some- 

thing appears to be wrong with the tree at a depth of 3. What problem did James observe? What should 
James propose? 

12-29 Decision trees and pruning (continuation of 12-28). Assume the same information for 

Keebler-Olson as in Problems 12-27 and 12-28. 

Required 

1. Prune the tree at depth 3. Using the pruned tree, classify each loan in the validation sample as repay or 

default (if the probability-of default is greater than 0.5 classify the loan as default). Calculate the propor- 
tion of loans correctly classified as in Exhibit 12-13, column 6. 

2. Based on your answer to requirement 1 of this problem and Problem 12-28, requirement 2, which deci- 

sion tree should James use to identify default and repay loans? 

3. James has to present both models and the conclusions to the president of Keebler-Olson. He knows 
that in the past the president has preferred using models based on full decision trees because they 

seem to fit the training data more closely. How should James explain the pruned decision tree model? 

12-30 Calculate likelihood values (continuation of 12-28 and 12-29). Assume the same information for 
Keebler-Olson as in Problems 12-27, 12-28, and 12-29. While James is presenting his work to the president 

and his team, someone asks whether he had calculated the overall likelihood value for the trees. Wanting to 

make sure that he had fully evaluated the model, James agrees that this was a good idea. 

Required 

1. For the full and pruned trees, calculate likelihood values for the validation set in Probem 12-28 as in 

Exhibit 12-14, columns 6 and 8. 

2. Calculate the overall likelihood for the full and pruned trees. 

3. As the management accountant, which model would you use for decision making based on the likeli- 

hood values? Does this differ from your answer to Problem 12-29, requirement 2? Explain. 

12-31 Payoff matrix and choosing cutoff values (continuation of 12-28, 12-29, and 12-30). Assume the 
same information for Keebler-Olson as in Problems 12-27, 12-28, 12-29, and 12-30. James plans to invest $100 

in each of the 1,000 loans he is examining. If he decides not to invest in a loan, he will invest the $100 in an 

alternative investment. As James and the data scientist work to improve their model, James mentions that 

different model predictions are associated with different payoffs for Keebler-Olson. Based on his 
management accounting experience, James estimates that the average payout for a repay loan of 3 years 

is $48 dollars. James also estimates that Keebler-Olson loses $60 over 3 years if it purchases a default loan. 

If Keebler-Olson does not invest in a loan, it places the money in an alternative investment with a payout 

of $14 over 3 years. James uses the pruned tree to evaluate the total payoff at a cutoff value of 0.25 and a 

cutoff value of 0.50. 
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Required 

1. Fillin the payoff matrix below as in Exhibit 12-21. 

Payoff Matrix 

Predicted Outcomes 

Default Repay 
(Do Not Invest in Loan) (Invest in Loan) 

for [Do [an 1) sag ln yt 

2. James is deciding whether to use a cutoff of 0.25 or 0.5. Complete the confusion matrices below using 
the pruned tree for each cutoff as in Exhibits 12-19 and 12-20. 

Confusion Matrix (0.50) Confusion Matrix (0.25) 

Predicted Outcomes Predicted Outcomes 

Actual | Defaut | Actual | Default | 

Default Repay Default Repay 
(Do Not Invest in Loan) | (Invest in Loan) (Do Not Invest in Loan) | (Invest in Loan) 

3. What cutoff value should James use? Explain. 

12-32 Maximum likelihood. Sarah Letourneau is the management accountant at Turcotte Manufactur- 
ing, an auto supplier that produces brake pads. Their customers have high safety standards, and managers 

at Turcotte believe they can gain a competitive advantage by reducing the number of defective parts they 

produce. Sarah works with an external data science consulting company to develop a prediction model that 
identifies defective brake pads (y= 1) before they are shipped to Turcotte's clients. After building the model 

on a training data set, Sarah tests its accuracy on the validation set below. 

Observation number 1 2 3 4 5 6 7 

Model probability(p) 099 0.01 033 020 001 033 0.33 

Actual outcome (y) 1 0 1 0 0 0 0 

Required 

1. Calculate the likelihood value for each observation in the validation set using the following equation: 

L=p’ x (1— p)'~¥ (remember x! = x and ¥ = 1) 
2. Calculate the overall likelihood value for the validation set. 
3, As the management accountant, what should Sarah do with this information? 

12-33 Payoff matrix and choosing cutoff values (continuation of 12-32). Assume the same information 
for Turcotte as in Problem 12-32. Working brake pads yield a profit of $25. If defective brake pads are identi- 
fied before they are shipped, they can be fixed and sold as working brake pads. However, the process of 

inspecting and repairing brake pads that are predicted to be defective incurs costs. If a brake pad is pre- 
dicted to be defective, it costs $8 to re-inspect it and, if found to be actually defective, it costs an additional 
$12 to repair. Turcotte incurs a net loss of $50 for defective brake pads shipped to customers because of 
additional costs (including reputation costs). 

Required 

1. Fillin the payoff matrix below as in Exhibit 12-21. 

Payoff Matrix 

Detaive | wrking_| 
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2. Sarah is debating two different model cutoffs of 0.50 and 0.30. Using the table below, fill in the confu- 
sion matrices as in Exhibits 12-19 and 12-20. 

Confusion Matrix (0.50) Confusion Matrix (0.30) 

Dees | Working Detective | Working 

3. What cutoff value should Sarah use? Explain. 

4. Sarahis uncertain about the $50 net loss if a defective brake pad is shipped to customers. At what loss 

would Sarah prefer to use the other cutoff value (i.e., the cutoff value Sarah did notuse in requirement 3)? 

12-34 Receiver operating characteristic (ROC) curve. It is June, and the manager of the retail chain 

Stapleton wants to increase revenues during the back-to-school period. To do that, he plans to attract more 

customers in August whose children are entering school for the first time. His question for the data science 
team is how to identify and target those households. 

Caitlin Finch is the management accountant assigned to the project. The data science team has built 

a predictive model. The nodes of the decision tree result in four possible prediction probabilities (0.99, 0.55, 

0,33, and 0.01). The validation sample of 1,000 records comprises 100 households with a child going to 
school for the first time and 900 households with no children going to school for the first time. The team 

prepares the following table, like the one in Exhibit 12-16. The table orders the predicted probabilities of 

households having kids ranked from highest to lowest (as in Exhibit 12-16, column 2) based on the model, 

the cumulative number of households with no kids (as in Exhibit 12-16, column 4), and the cumulative num- 

ber of households with kids (as in Exhibit 12-16, column 5). This means, for example, that at a cutoff proba- 

bility of 0.50, the model would correctly predict 50 households with kids but also predict 135 households as 
having kids when those households do not have kids. 

Predicted Probability of Cumulative Number of 
Household Having Kids Ranked Households Cumulative Number of 

From Highest to Lowest With No Kids (0s) Households With Kids (1s) 

(1) (2) (3) 

0.95 0 30 

0.55 135 50 

0.33 585 90 

0.01 900 100 

Required 

1. Calculate the false positive and true positive rate for the above table as in Exhibit 12-16, columns 6 

and 7. 

2. Draw the ROC curve. Would you recommend using this ROC curve to make predictions about house- 

holds with kids entering school for the first time? 

3. Use the table to determine how many true positives and false positives the model identifies at a cutoff 
of 0.25 and 0.50. Fill in the confusion matrices below as in Exhibits 12-19 and 12-20. 

Confusion Matrix (0.5) Confusion Matrix (0.25) 

Kids [No Kids kids [Nos 

4. For those households predicted to have kids going to school for the first time, Stapleton will spend 

$2 promoting products to each household. Stapleton expects to make $25 (after taking into account 
the $2 spent on promotion) from those households that it correctly identifies as having kids, Without 

doing promotion, Stapleton will earn an average of $10 from every household with a kid entering school 

for the first time. Using this information, create a payoff matrix as in Exhibit 12-21 and determine which 

cutoff Caitlin should use. 
5. Why might a large increase in false positives be acceptable to Stapleton if the number of true positives 

also increase? 

Actual 

Outcomes 
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12-35 Model thresholds and payoff matrices. David Porter is the management accountant at Spruce 
Bank, where the data science department is leading an initiative to predict whether loans will default or 
repay. The default rate in the training set is 15%. After building a model on the training set that predicts 
whether a loan will default or repay, the data scientist applies it to the validation set of 400 observations to 
evaluate its accuracy. : 

Required 

1, Help the data scientist complete the confusion matrixes below for different model thresholds as in 
Exhibits 12-19 and 12-20, 

Confusion Matrix (0.40) Confusion Matrix (0.55) 

oa aertcomne eepaiaee eae 
a 

2. Assume that Spruce Bank has $1,000 to invest in each loan of the validation sample. If Spruce Bank does 
not invest in a loan, it keeps the money in a risk-free investment at 3% a year for 3 years (ignore the time 

value of money). If Spruce invests in a loan that eventually repays, it receives 10% a year for 3 years. 
If Spruce invests in a loan that eventually defaults, Spruce loses 65% of the amount of the loan. Fill in the 

payoff matrix below as in Exhibit 12-21. Which model threshold should David and the data scientist use? 

Payoff Matrix 

Predicted Outcomes 

Default Repay 
(Do Not Investin Loan) | (Invest in Loan) 

Ace [etait ST ee no ee 
Outcomes 

12-36 Model thresholds and payoff matrices, sensitivity analysis (continuation of 12-35). Assume 
the same information for Spruce Bank as in Problem 12-35. David believes that within the pool of borrowers 
he invests in, the timing of when borrowers ultimately default could be different from what he has assumed. 

That means he might lose more or less than the 65% he has assumed in the payoff matrix. 
He decides to model “worst case” and “best case” scenarios of losing 75% and 55%, respectively, of the 
amount of the loan in the event of a default. 

Required 

1, Calculate the model payoffs for both the worst- and best-case scenarios for each cutoff. 
2. If you were David, how would this analysis impact your decision making? 

“TRY IM! > SOLUTIONS 

a. Gini Impurity at Cut 1 

i<j 

2 

Z 
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Years of Worker Experience 
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The distribution of good vs. defective products after the first cut: 

Original Ri R2 Total 
Rectangle 

Good 8 7 | 8 

Defective 8 2 6 8 

Total 16 i) 7 16 

For the first cut at a level of machine automation of 1.95, the Gini impurity calculations for 
R1 and R2 are as follows: 

R1: 

W Th Ds 2 Oe oe aT, DX: 
—x er an —_— = — — eX ee 9 (1 Z) 42x (1 ) FOIL 9 346 

R2: 

Weighted-average Gini Impurity for R1 and R2 = proportion of observations in 

R1 X Gini impurity for R1+ proportion of observations in R2 X Gini impurity for R2 

9 Z 
16 x 346 + ae x 245 = 195 + .107 = .302 

b. Students will use their rulers to confirm that there are no other first cuts on either axis that 
has fewer than three misclassifications. No Cuts create a greater reduction in Gini impurity. 

The full set of classification rules for defective products based on the pruned tree are as follows: 

1. If auto level < 1.95 and years experience < 18, then = 1 (defect), 

2. If 1.95 < auto level and years experience < 6.25, then = 1 (defect). 

3. If 1.95 <auto level < 2.5 and years experience > 9.25, then=1 (defect) with probability of 1/3. 

If the features do not satisfy any of these conditions, then classify as = 0 (good). 

a. and b. see columns 5 and 6 in the table 

c. overall likelihood value = 0.09344 

For Pruned Tree 

Automation Years’ Actual Probebility of siaiinads Value 
Observation # Level Experience Outcome(y) ODefect(p) px (1 —- p)'” 

1 35 g 0 0.01 0.998 

2 1.5 15 1 0.99 0.995 

3 2.25 10 0 0.33 0.67° 

4 2.1 11 1 0.33 0.334 

5 2.6 12 0 0.01 0.99 

6 1.7 19 0 0.01 0.99 

7 2.3 8.5 0 0.33 0.67 

8 3.4 11 0 0.01 0,99 

) 3.2 10 0 0.01 0.99 

10 2.3 11.5 0 0.33 0.67 

c. overall likelihood value for the validation set L, = 0,09344° 

1 = defective 

0 = good 

4(0.01)° x (1 — 0.01)'° = 1 x 099 = 0.99 
6(0,99)' x (1 — 0.99)'"' = 0.99 x 1 = 0.99 
£(0,33)° x (1 — 0.33)'"° = 1 x 0.67 = 0.67 
4(0,33)' x (1 — 0.33)'"' = 0.33 x 1 = 0.33 
®0,99 x 0.99 x 0.67 x 0.33 x 0.99 x 0.99 x 0.67 x 0.99 x 0.99 x 0.67 
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Confusion Matrix (0.30) Confusion Matrix (0.50) 

Trott Predicted 
Payoff Matrix 

Defective | Good 
0 

rare 
Actual (A) (Z) 

Actual (Y) on 
ae ee Te ae 
Total payoff at cutoff = 0.30: $40(2) — $300(0) + $40(3) + $200(5) = $1,200 
Total payoff at cutoff = 0.50: $40(1) — $300(1) + $40(0) + $200(8) = $1,340 

The table below shows the payoffs in each on the quadrants obtained by multiplying the 
observations in the confusion matrix with the corresponding values in the payoff matrix. The 
total payoff is the sum of the values in all four quadrants. 

Payoff Values (0.30) Payoff Values (0.50) 

| Defect | Good | | Defect | Good 
Defect (A) (Z) (A) (2) 

pene $80 $0 $40 $(300) 

(Y) (B) (Y) (B) 
$120 $1,000 $0 $1,600 

Total pee atale T AS20087 ,200 Total $1,340 

. As the tables and calculations show, Wyatt should set the defective probability cutoff at 
0.50 to maximize profitability. Wyatt gets a return of $1,340 when the defective probabil- 
ity cutoff is set at 0.50 versus a return of $1,200 when the defective probability cutoff is 
set at 0.30, What is the insight underlying this result? Lowering the defective probability 
cutoff to 0.30 means that Wyatt will only make $B171 when the probability of a defective 
product is lower than 0.30. Setting the cutoff so low means it will not produce a defective 
SB171 but it also means that it will not produce three good SB171s (false positives). The 
money lost from not producing SB171s when they should have been produced is much 
more than the cost of producing one more defective $B171. 
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Pricing Decisions: Profitability 
and Cost Management 

Extreme Pricing and Cost Management at IKEA 
IKEA is a global furniture retailing industry phenomenon. Known for products named 
after Swedish towns, modern design, flat packaging, and do-it-yourself instructions, 
IKEA has grown into the world’s largest furniture retailer with 327 stores in 38 coun- 

tries worldwide. IKEA’s success is a combination of successful strategies around local 

markets in which they operate and effective approaches to pricing and cost manage- 
ment. When IKEA selects a site for a store, primary characteristics include the size and 
density of the population and its disposable income, brand awareness, and ease of 
access to media. Considerations such as having a developed transportation infrastruc- 
ture (e.g., a port) also play a role. 

When IKEA decides to create a new product, product developers survey competi- 

tors to determine how much they charge for similar items and then select a target 
price that is 30% to 50% lower than competitors’ prices. With a product and price 

established, IKEA determines the materials to be used and selects one of its 1,800 
suppliers to manufacture the item through a competitive-bidding process. It also iden- 
tifies cost efficiencies throughout design and production. All IKEA products are 

shipped unassembled in flat packages, because shipping costs are at least six times 
lower than shipping assembled product. IKEA applies the same cost management 
techniques to existing products. For example, one of IKEA’s best-selling products, the 

Lack bedside table, has retailed for the same low price since 1981 despite increases in 

raw materials prices and wage rates. Since hitting store shelves, more than 100 techni- 
cal development projects have been performed on the Lack table to reduce product 

and distribution costs and maintain profitability. As founder Ingvar Kamprad once 
summarized, “Waste of resources is a mortal sin at IKEA. Expensive solutions are a 

sign of mediocrity, and an idea without a price tag is never acceptable.” 

Sources: IKEA.com, 2019. “IKEA Canada Announces Full Size Store in Halifax” (January 22) (http://www.ikea 
.com/ca/en/about_ikea/newsitem/2016_ikea_cattada_halifax); L. Matgonelli. 2002. “How IKEA Designs Its Sexy 
Price Tags.” Business 2.0 (October); D, Terdiman, 2008. “Anatomy of an IKEA Product.” CNET News.com, April 19 
(http://news.cnet.com/8301-13772_3-9923315-52.html); and A. Ringstrom. 2013, “IKEA Founder to Leave 
Board.” The New York Times (June 5); IKEA Annual Report, 2015. 
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LO® 
Discuss the three major 

influences on pricing 

decisions. 

Like IKEA, managers at many companies, such as Microsoft, Unilever, and Walmart, are 
strategic in their pricing decisions. This chapter describes how managers evaluate demand 
at different prices and manage customers and costs across the value chain and over a 
product’s life cycle to achieve profitability. 

This chapter describes how managers integrate relevant information about consumer 
demand at different prices to manage costs, influence supply, and earn a predicted profit. Man- 
agers make pricing decisions about the products and services their companies deliver in a highly 
competitive environment. There is no universal principle of relevant cost selection for product 
pricing when different customers demand different value propositions from different products. 

Major Influences on Pricing 

Three pricing strategies are discussed in this chapter: 

1. Target pricing, where the price is based on what customers are willing to pay. 

2. Cost-plus pricing, where a flat rate target profit percentage is added to the full product cost. 

3. Life-cycle pricing (cradle to grave), which includes the environmental costs of pro- 
duction, reclamation, recycling, and reuse of materials. 

Customers, costs, and competitors all influence which of the above three strategies is 
most appropriate. Pricing decisions also depend on the time horizon—relevant information 
in the short run will differ from relevant information for the long-run pricing decision. Some 
factors can be controlled by managers of a company, while others, such as the nature of the 
competition, are uncontrollable. Three major influences on pricing decisions are as follows: 

= Customers. Customers influence price through their effect on the demand for a prod- 
uct or service, based on factors such as the features of a product and its quality. Com- 
panies must always examine pricing decisions through the eyes of their customers and 
then manage costs to earn a profit. 

= Competitors. No business operates in a vacuum. Companies must always be aware of 
the actions of their competitors. At one extreme, alternative or substitute products of 
competitors hurt demand and force a company to lower prices. At the other extreme, 
a company without a competitor is free to set higher prices. When there are competi- 
tors, companies try to learn about competitors’ technologies, plant capacities, and 
Operating strategies to estimate competitors’ costs—valuable information when set- 
ting prices. Because competition spans international borders, fluctuations in exchange 
rates between different countries’ currencies affect costs and pricing decisions. For 
example, if the yen weakens against the US dollar, Japanese products become cheaper 
for American consumers and, consequently, more competitive in US markets. 

= Costs. Costs influence prices because they affect supply. The lower the cost of pro- 
ducing a product, the greater the quantity of product the company is willing to sup- 
ply. Generally, as companies increase supply, the cost of producing an additional unit 
initially declines but eventually increases. Companies supply products as long as the 
revenue from selling additional units exceeds the cost of producing them. Managers 
who understand the cost of producing products set prices that make the products 
attractive to customers while maximizing operating income. 

Corporations weigh the importance of the influence of customers, competitors, and 
costs differently. Companies selling commodity products such as steel, wheat, and rice 
have many competitors, each offering identical products or substitute products. The cus- 
tomers in the market set the price, but cost data can help sellers decide on the output lev- 
els that best meet a company’s particular profit objective. In less competitive markets — 
where products can be distinguished or differentiated by their desirable features 
(e.g., luxury automobiles), the pricing decision depends on three factors: 

1. How much customers value and will pay for the attributes of the product. 

2. The costs of producing, selling, distributing, and after-sale service of a product. 

3. The pricing strategies of any competitors. 
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Managers of a company who know about its rival’s technology, plant capacity, and 
operating policies can estimate a rival’s costs, which is valuable information in setting 
competitive prices. For multinational corporations with excess production capacity, there 
are opportunities to sell the same product at different prices in different countries. 

Costing and Pricing for the Short Run 

Short-run pricing decisions typically have a time horizon of less than a year and include 
decisions such as (a) pricing a one-time-only special order with no long-run implications 
and (b) adjusting product mix and output volume in a competitive market. By contrast, 
long-run pricing decisions have a time horizon of a year or longer and include pricing a 
product in a market where there is some leeway in setting price. 

Consider a short-run pricing decision facing the management team at Astel Computers. 
Astel manufactures two brands of personal computers (PCs): Deskpoint, Astel’s top-of-the- 
line product; and Provalue, a less-powerful alternative. Datatech Corporation has asked 
Astel to bid on supplying 5,000 Provalue computers over the last three months of the year. 
After this three-month period, Datatech is unlikely to place any future sales orders with Astel. 
Datatech will sell Provalue computers under its own brand name in regions and markets 
where Astel does not sell Provalue. Whether Astel accepts or rejects this order will not affect 
Astel’s revenues—neither the units sold nor the selling price—from existing sales channels. 

Relevant Costs for Short-Run Pricing Decisions 

Before Astel can bid on Datatech’s offer, Astel’s managers must estimate how much it will 
cost to supply the 5,000 computers. Astel’s managers must include all direct and indirect 
costs throughout the value chain that will change in total by accepting the one-time-only 
special order from Datatech. Astel’s managers outline the relevant costs as follows: 

Direct materials ($460 per computer x 5,000 computers) $2,300,000 

Direct manufacturing labour ($64 per computer x 5,000 computers) 320,000 

Fixed costs of additional capacity to manufacture Provalue 250,000 

Total costs $2,870,000* 

*No additional costs will be required for R&D, design, marketing, distribution, or customer service. 

The relevant cost per computer is $574 (= $2,870,000 + 5,000). Therefore, any sell- 
ing price above $574 will improve Astel’s profitability in the short run. What price should 
Astel’s managers bid for the 5,000-computer order? 

Strategic and Other Factors in Short-Run Pricing 

Based on its market intelligence, Astel believes that competing bids will be between $600 
and $625 per computer, so Astel makes a bid of $610 per computer. If it wins this bid, 
operating income will increase by $180,000 (relevant revenues, $610 X 5,000 = $3,050,000 
minus relevant costs, $2,870,000). In light of the extra capacity and strong competition, 
management’s strategy is to bid as high above $574 as possible while remaining lower 
than competitors’ bids. 

What if Astel were the only supplier and Datatech could undercut Astel’s selling price 
in Astel’s current markets? The relevant cost of the bidding decision would then include 
the contribution margin lost on sales to existing customers. What if there were many par- 
ties eager to bid and win the Datatech contract? In this case, the contribution margin lost 
on sales to existing customers would be irrelevant to the decision because the existing 
business would be undercut by Datatech regardless of whether Astel wins the contract. 

In contrast to the Astel case, in some short-run situations, a company may experience 

strong demand for its products or have limited capacity. In these circumstances, a com- 
pany will strategically increase prices in the short run to as much as the market will bear. 
This results in high short-run prices in the case of new products or new models of older 
products, such as microprocessors, computer chips, cell phones, and software. 

Loe 
Understand how companies 

make short-run pricing 
decisions. 



522 Chapter 13 Pricing Decisions: Profitability and Cost Management 

LOo® 
Understand how companies 

make long-run pricing 

decisions. 

Effect of Time Horizon on Short-Run Pricing Decisions 

Two key factors affect short-run pricing: 

1. Many costs are irrelevant in short-run pricing decisions. In the Astel example, most 
of Astel’s costs in R&D, design, manufacturing, marketing, distribution, and cus- 
tomer service are irrelevant for the short-run pricing decision, because these costs will 
not change whether Astel wins or does not win the Datatech business. These costs 
will change in the long run and therefore will be relevant. 

2. Short-run pricing is opportunistic. Prices are decreased when demand is weak and 
competition is strong and increased when demand is strong and competition is weak. 
As we will see, long-run prices need to be set to earn a reasonable return on 
investment. 

Costing and Pricing for the Long Run 

Long-run pricing is a strategic decision designed to build long-run relationships with cus- 
tomers based on stable and predictable prices. A stable price reduces the need for continu- 
ous monitoring of prices, improves planning, and builds long-run buyer-seller relationships. 
But to charge a stable price and earn the target long-run return, a company must, over the 
long run, know and manage its costs of supplying products to customers. Accordingly, 
relevant costs for long-run pricing decisions include all future fixed and variable costs. 

Calculating Product Costs for Long-Run 

Pricing Decisions 

In the Astel example, the company has no beginning or ending inventory of Provalue and 
manufactures and sells 150,000 units during the year. Astel uses activity-based costing 
(ABC) to calculate the manufacturing cost of Provalue. Astel has three direct manufactur- 
ing costs (direct materials, direct manufacturing labour, and direct machining costs), and 
three manufacturing overhead cost pools (ordering and receiving components, testing and 
inspection of final products, and rework [correcting and fixing errors and defects]) in its 
accounting system. Astel treats machining costs as a direct cost of Provalue because Prov- 
alue is manufactured on machines that only make Provalue.! 

ANALYTICS 
INSIGHTS 

- Pricing Analytics 

Analytics techniques handle large data sets which can include millions of variables and 
unstructured data, such as text, emails, tweets, images, and audio and video files. A pric- 
ing analysis is a powerful tool to-improve profitability; however, many companies fail to 
mobilize this strategy. A lack of the appropriate level of visibility into the data, such as 
the true complex sales channels, product portfolios, and customers, means analytics 
efforts do not have the inputs they need to produce the insights necessary to achieve the 
radical gains on profitability that are possible. Many organizations, unable to generate 
valid data-driven models, revert to instinct for these critical decisions. 

Organizations have to start making decision about operations, pricing, production, 
and marketing with data in mind, thinking about the data they want to use as inputs and 
collect as outputs. This is the path to a strong analytics framework. 

Source: Deloitte. 2012. “Pricing Analytics: The Three-Minute Guide.” (https://www2.deloitte.com/content/dam 
/Deloitte/global/Documents/Deloitte-Analytics/dttl-analytics-us-da-pricinganalytics3minguide. pdf). 

' Astel makes two types of PCs: Deskpoint and Provalue. If Deskpoint and Provalue had shared the same machines, Astel would 
have allocated machining costs on the basis of the budgeted machine-hours used to manufacture the two products and would 
have treated these costs as fixed overhead costs. 
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Provalue Manufacturing Costs, 2021 

Manufacturing Cost Information 

to Produce 150,000 Units of Provalue 

Total 

Driver Details of Cost Driver Quantities Cost Driver 

Cost per 
Cost Quantity of | Unit of Cost 

Driver 

(2) (3) (4) (5) = (3) x (4) 
ring Costs 

(6) 

kit per unit 150,000 150,000 

——$ —— — J 

Direct 2|DMLhours | 150,000 480,000 
manufacturing per unit 

labour (DML) 

$ 20 

Satis er | 
Direct machining | Machine- 300,000 | 

hours 

Ordering and No. of orders per 450 | components 22,500 
receiving orders component 

Testing and Testing- testing-hours| 150,000 | units 4,500,000 

| inspection hours per unit 

Rework 8% | defect rate 
paleo 

Rework- | 2.5) rework-hours|} 12,0008! defective eS 30,000 

hours per defective units 
unit 

il L 
88% defect rate x 150,000 units = 12,000 defective units 

Astel uses a long-run time horizon to price Provalue. Over this horizon, Astel’s man- 
agers observe the following: 

a Direct materials costs vary with number of units of Provalue produced. 

» Direct manufacturing labour costs vary with number of direct manufacturing labour- 
hours used. 

s Direct machining costs are fixed costs of leasing 300,000 machine-hours of capacity 
over multiple years. These costs do not vary with the number of machine-hours used 
each year. Each unit of Provalue requires 2 machine-hours. In 2021, Astel uses the 
entire machining capacity to manufacture Provalue (2 machine-hours per unit X 
150,000 units = 300,000 machine-hours). 

a Ordering and receiving, testing and inspection, and rework costs vary with the quan- 
tity of their respective cost drivers. For example, ordering and receiving costs vary 
with the number of orders. In the long run, staff members responsible for placing 
orders can be reassigned or laid off if fewer orders need to be placed, or increased if 
more orders need to be processed. 

Exhibit 13-1 summarizes manufacturing cost information to produce 150,000 units 
of Provalue in 2021. 

Exhibit 13-2 indicates that the total cost of manufacturing Provalue in 2021 is 
$102 million, and the manufacturing cost per unit is $680. Manufacturing is just one 
business function in the value chain, however. To set long-run prices, Astel’s managers 
must calculate the full cost of producing and selling Provalue. 

For each non-manufacturing business function, Astel’s managers trace direct costs to 
products and allocate indirect costs using cost pools and cost drivers that measure cause- 
and-effect relationships (supporting calculations not shown). Exhibit 13-3 summarizes 
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524 Chapter 13 Pricing Decisions: Profitability and Cost Management 

(eines Manufacturing Costs of Provalue for 2021 Using Activity-Based Costing 

| Direct manufacturinglabourcosts =| J 

ai 

7 (150,000 kits x $460 per kit) $ 69,000,000 $460 

600, 64 

7 

Direct manufacturing costs 90,000,000 6 

6 

00 

(Cee ear tmerssmtal len wer nme 
14 

1 
1 
Rework costs PNGY | WEOT "| aUOE- pee | US fe sBPCOR Et) ae Oe 
(90000 rework-hoursxSiOperhour! =| amo 
[Manufacturing overhead cost ——~—Si Sz] 

$702.00 000 
RE ee ee ea eee 

Bes, 

coim~w w 

(iiss Product Profitability of Provalue for 2021 Using Value-Chain Activity-Based Costing 

eee eee ee 
| Si eee 
.— irre Per Unit 

(1) (2) = (1) + 150,000 
$150,000,000 $1,000 

Costs of goods sold? (from Exhibit 13-2) 102,000,000 680 

Diperating costa) Uy re ee ae 
5,400,000 36 ~N 

Design cost of product and process 6,000,000 40 

Marketing costs 15,000,000 100 

Distribution costs 3,600,000 24 

Customer-service costs 3,000,000 20 

Operating costs 33,000,000 220 

Full cost of the product 135,000,000 900 

14 |Operating income $ 15,000,000 100 

8Cost of goods sold = Total manufacturing costs because there is no beginning or ending 

7 inventory of Provalue in 2021 —— 

Numbers for operating cost line items are assumed without supporting calculations 

= 

fe or 
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Provalue’s 2021 operating income and shows that Astel earned $15 million from Provalue, 
or $100 per unit sold in 2021. 

Companies operating in competitive markets (e.g., commodities such as steel, oil, and 
natural gas) use the market-based approach. The items produced or services provided by 
one company are very similar to items produced or services provided by others. Companies 
in these markets must accept the prices set by the market. Companies operating in Jess 
competitive markets offer products or services that differ from each other (e.g., automobiles, 
computers, management consulting, and legal services) and can use either the market-based 
or cost-based approach as the starting point for pricing decisions. 

It is common for an organization to look first at costs because cost information is more 
easily available and then consider customers or competitors (the cost-based approach). 
Others start by considering customers and competitors and then look at costs (the mar- 
ket-based approach). Both approaches consider customers, competitors, and costs; only their 
starting points differ. Management must always keep market forces in mind, regardless of 
which pricing approach they use. For example, building contractors often bid on a cost-plus 
basis but then reduce their prices during negotiations to respond to other lower-cost bids. 

Companies operating in markets that are not competitive favour cost-based 
approaches because these companies do not need to respond or react to competitors’ 
prices, The margin they add to costs to determine price depends on the value customers 
place on the product or service. 

Target Costing for Target Pricing 

Market-based pricing starts with a target price—the estimated price for a product or ser- 
vice that potential customers are willing to pay. This estimate is based on an understand- 
ing of customers’ perceived value for a product or service and how competitors will price 
competing products or services. This understanding of customers and competitors is 
becoming increasingly important for three reasons: 

1. Competition from lower-cost producers is continually restraining prices. 

2. Products are on the market for shorter periods of time, leaving less time and opportu- 
nity to recover from pricing mistakes, loss of market share, and loss of profitability. 

3. Customers are becoming more knowledgeable and incessantly demanding products 
of higher and higher quality at lower and lower prices. 

Understanding Customers’ Perceived Value 

A company’s sales and marketing organization, through close contact and interaction with 
customers, identifies customer needs and perceptions of product value. Companies such as 
Samsung also conduct market research on features that customers want and the prices 
they are willing to pay for those features for products such as the Galaxy brand phones 
and tablets. 

Competitor Analysis 

To gauge how competitors might react to a prospective price, a company must understand 
competitors’ technologies, products or services, costs, and financial conditions. In general, 

the more distinctive its product or service, the higher the price a company can charge. 
Where do companies like Ford Motor Company or PPG Industries obtain information 
about their competitors? Usually from former customers, suppliers, and employees of 
competitors. Another source of information is reverse engineering—that is, disassembling 
and analyzing competitors’ products to determine product designs and materials and to 
become acquainted with the technologies competitors use. At no time should a company 
resort to illegal or unethical means to obtain information about competitors. For example, 
a company should never pay off a competitor’s current employees or pose as a supplier or 
customer in order to obtain competitor information. 

Loe 
Price products using the 

target-costing approach. 
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SUSTAINABILITY 
IN ACTION 

H&M is the worldwide leader in fast fashion, bringing 
trendy, affordable clothes from the runway to stores in a 
matter of weeks, Famous for offering Alexander Wang- 
designed dresses for $4.95 and trench coats for $20, the 
Swedish-based company is now the world’s second-largest 
clothing retailer, with more than 3,900 stores across 

61 countries, selling an estimated 3 billion articles of clothing 
a year. How did this happen? Aggressive target pricing, 
coupled with “cost-consciousness” across the company. 

When H&M decides to produce an item, its 160 
in-house designers set out to strike the right balance 
between fashion, quality, and price. Concept teams 
of designers, buyers, pattern makers, and a controller 
work together to set a target price. H&M outsources to 
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H&M Uses Target Pricing to Bring Fast 
Fashion to Stores Worldwide 

suppliers throughout Europe and Asia to manufacture the 
item. High-volume items such as basics and children’s wear 
are ordered far in advance to ensure volume-based cost 
efficiencies. Trendy items in small quantities are produced 
at shorter notice. Once produced, the items are shipped to 
H&M’s logistics centres for distribution to stores. H&M 
stores carry no backup stocks. Stores are replenished 
directly from the logistics centres, allowing stores to be 
restocked quickly with only the best-selling products. 

H&M has incorporated sustainability into its target 
pricing and cost management practices. Around 90% 
of H&M’s products are transported from suppliers to 
distribution centres via sea or rail to avoid fossil fuel- 
intensive air and road shipping. Additionally, certified 
organic cotton and environmentally conscious materials, 
such as organic hemp and recycled wool, make up 14% 
of the company’s total material use. 

Sources: Elizabeth Paton and Sapna Maheshwari. 2019, “H&M’s Dif- 
ferent Kind of Clickbait.” The New York Times, December 18 (https:// 
www.nytimes.com/2019/12/18/fashion/hms-supply-chain-transparency 
-html); A, Hoffman et al., “H8¢M’s Global Supply Chain Management 
Sustainability: Factories and Fast Fashion,” University of Michigan 
Erb Institute No. 1-429-373 (Ann Arbor, MI: University of Michigan, 
2014); “Sales development in 2015,” H&M AB press release, Stockholm, 
Sweden, December 15, 2015 (http://about.hm.com/en/news 
/newsroom/news.html/en/financial-reports/2015/12/2065879.html); 
H&M AB, “From Idea to Store,” http://about.hm.com/en/About 
/Facts-About-HM/Idea-to-Store; C. Lu. 2014. “Behind H&M’s Fashion 
Forward Retail Inventory Control.” TradeGecko blog, August 12 
(https://www.tradegecko.com/blog/hm-retail-inventory-control). 

Implementing Target Pricing and Target Costing 

There are five steps in developing target prices and target costs. We illustrate these steps 
using the Provalue example. 

Step 1: Develop a product that satisfies the needs of potential customers Customer 

requirements and competitors’ products dictate the product features and design modifi- 
cations for Provalue for 2022. Astel’s market research indicates that customers do not 
value Provalue’s extra features, such as special audio features and designs that accommo- 
date upgrades to make the PC run faster. They want Astel to redesign Provalue into a 
no-frills but reliable PC and to sell it at a much lower price. 

Step 2: Choose a target price Astel expects its competitors to lower the prices of PCs that 
compete with Provalue to $850. Astel’s management wants to respond aggressively, reduc- 
ing Provalue’s price by 20%, from $1,000 to $800 per unit. At this lower price, Astel’s 
marketing manager forecasts an increase in annual sales from 150,000 to 200,000 units. 

Step 3: Derive a target cost per unit by subtracting target operating income per unit 

from the target price Target cost per unit is really just that—a target—something the ~ 
company must commit to achieve. To attain the target return on the capital invested in 
the business, Astel’s management needs to earn 10% target operating income on target 
revenues. (Target operating income per unit is the operating income that a company 
aims to earn per unit of a product or service sold. Target cost per unit is the estimated 
long-run cost per unit of a product or service that enables the company to achieve its 
target operating income per unit when selling at the target price.) 
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Total target revenues = $800 per unit X 200,000 units = $160,000,000 

Total target operating income = 10% X $160,000,000 = $16,000,000 

Target operating income per unit = $16,000,000 + 200,000 units = $80 per unit 

Target cost per unit= Target price — Target operating | =$800 per unit—$80 per unit=$720 per unit 
income per unit 

Total current full costs of Provalue = $135,000,000 (from Exhibit 13-3) 

Current full cost per unit of Provalue = $135,000,000 + 150,000 units = $900 per unit 

Step 4: Perform cost analysis This step analyzes the specific aspects of a product or 
service to target for cost reduction. Astel’s managers focus on the following elements of 
Provalue: 

s The functions performed by, and the current costs of, different component parts. 

u The importance that customers place on different product features. For example, 
Provalue’s customers value reliability more than video quality. 

a The relationship and trade-offs across product features and component parts. For 
example, choosing a simpler motherboard enhances reliability but is unable to sup- 
port the top-of-the-line video card. 

Step 5: Perform value engineering to achieve target cost This systematic evaluation of 

all aspects of the value chain focuses on reducing costs and achieving a quality level that 
satisfies customers. 

Value-Analysis and Cross-Functional Teams 

Usually a value-analysis team consists of top management experts in marketing, 
product design and engineering, process improvement, supply-chain management, 

Gonzalo Inc. is a small distributor of mechanical pencils. Gonzalo identifies its three 
major activities and cost pools as ordering, receiving and storage, and shipping, and 
it reports the following details for 2021: 

Quantity of Cost per Unit of 
Activity Cost Driver Cost Driver Cost Driver 

1, Placing and paying for Number of orders 500 $100 per order 
orders of pencil packs 

2. Receiving and storage Loads moved 4,000 $60 per load 

3. Shipping of pencil Number of shipments 1,500 $80 per shipment 
packs to retailers 

For 2021, Gonzalo buys 250,000 pencil packs at an average cost of $6 per pack and 
sells them to retailers at an average price of $8 per pack. Assume Gonzalo has no 
fixed costs and no inventories. For 2022, retailers are demanding a 5% discount off 
the 2021 price. Gonzalo’s suppliers are only willing to give a 4% discount. Gonzalo 
expects to sell the same quantity of pencil packs in 2022 as it did in 2021. 

Required 

If all other costs and cost driver information remain the same, by how much must 
Gonzalo reduce its total cost and cost per unit if it is to earn the same target operat- 
ing income in 2022 as it earned in 2021 (and thereby earn its required rate of return 
on investment)? 
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distribution, customer service, and management accounting. The team evaluates the 
impact of design innovations and modifications on all business functions of the value 
chain. They choose modifications that have the greatest value to their customers rela- 
tive to the costs required to provide those features. Here are some of the team’s ideas 
for Astel: 

= Use a simpler, more reliable motherboard without complex features. 

w Design Provalue so that various parts snap-fit together rather than solder together to 
decrease direct manufacturing labour-hours and the related costs. 

s Simplify the Provalue design and use fewer components to decrease ordering and 
receiving costs and also decrease testing and inspection costs. 

s Design Provalue to be lighter and smaller to reduce distribution and packaging 
costs. 

# Design Provalue to reduce repair costs at customer sites to lower customer-service 

costs. 

Key concepts in value analysis are cost incurrence and locked-in costs. Cost incurrence 
arises when a resource is sacrificed or consumed. Financial reporting systems recognize 

and record costs only when costs are incurred, and this transactions logic assures reliabil- 
ity. Astel’s costing system, for example, recognizes the direct materials costs of Provalue 
as each unit of Provalue is assembled and sold. But Provalue’s direct materials costs per 
unit are determined much earlier when designers finalize the components that will go into 
Provalue. Direct materials costs per unit of Provalue are locked in (or designed in) at the 
product design stage. Locked-in costs (or designed-in costs) are those costs that have not 
yet been incurred but that will be incurred in the future on the basis of decisions that have 
already been made. 

Locked-in costs become unavoidable. For example, rework costs incurred during 
manufacturing could be locked in by a faulty design. Similarly, in the software industry, 
costs of producing software are often locked in at the design and analysis stage. Costly 
and difficult-to-fix errors that appear during coding and testing are frequently locked in 
by bad designs. 

It is important to note that costs are not always locked in at the design stage. In some 
industries (such as bulk chemical manufacturing, legal services, and consulting) costs are 
locked in and incurred at the same time. If costs are not locked in early, cost reduction can 
be achieved right up to the time when costs are incurred. In such cases, costs are lowered 
through improved operating efficiency and productivity (e.g., reducing the time it takes to 
do a task) rather than better design. 

Management accountants use their understanding of the technical and business 
aspects of the entire value chain to quickly estimate cost savings and to explain the cost 
implications of alternative design choices to the team. These cost estimates are based on 
elements required by the new design or operating process. 

Having finished the value analysis, Astel’s management team feels it has two alterna- 
tives: respond less aggressively to its competitors or replace Provalue with a newly 
designed computer that has fewer complex features and is therefore less costly to make. 
Astel decides to go with the second alternative. 

Exhibit 13-4 illustrates how the locked-in cost curve and the cost-incurrence curve 
might appear in the case of Provalue. (The numbers underlying the graph are assumed.) 
The bottom curve plots the cumulative costs per unit incurred in different business func- 
tions, The top curve plots when the cumulative costs are locked in. Both curves deal with 
the same total cumulative costs per unit. The graph emphasizes the wide divergence 
between the time when costs are locked in and the time when those costs are incurred. » 
In our example, once the product and processes are designed, nearly 87% (say, $780 + 
$900) of the unit costs of Provalue are locked in when only about 8% (say, $76 + $900) 
of the unit costs are actually incurred. For example, at the end of the design stage, costs 
such as direct materials, direct manufacturing labour, direct machining, and many manu- 
facturing, marketing, distribution, and customer-service overheads are all locked in. 

To reduce total costs, Astel must act to modify the design before costs get locked in. 
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Cumulative Costs per Unit 

R&D Manufacturing Mktg., Dist., | Value- 
and and Chain 

Design Cust. Serv. | Functions 

In the Provalue example, direct materials, direct manufacturing labour, and machining 
costs are value-added costs; ordering and testing costs fall in the grey area (customers per- 

_ ceive some portion of but not all of these costs as necessary for adding value); and rework 
costs are non-value-added costs. Astel’s goal is to reduce and if possible eliminate non-value- 
added costs such as ordering, quality control, and rework costs by reducing the defect rate. 

Reducing costs requires reducing unit input costs, which may be achieved by good 
negotiation or changing suppliers or quantity of the input consumed. Other factors such 
as appropriate training, production scheduling, and maintenance also contribute to reduced 
direct labour costs. The variable direct and indirect costs throughout the value chain are 
interdependent. For example, replacing the motherboard with a simpler, less expensive 
component will reduce direct materials costs per unit but may require a more complex 
assembly that will increase variable manufacturing labour costs. This is an example of how 
one outcome, driven externally by customer preference, affects two other outcomes driven 
internally by the consumption of labour in a more complex process. 

Value engineering is a systematic evaluation of all aspects of the value chain. The 
purpose is to reduce costs but retain both product attributes and quality the customer 
desires and will pay for. Both value engineering and target costing have some undesirable 
effects if these processes are mismanaged: 

w Decreased morale if employees fail to attain performance targets 

s A poorly designed product as the cross-functional team compromises on the various 
customer attributes 

s A protracted development cycle causing a missed market opportunity 

= Conflict among business functions, as the goal is to remove non-value-added costs 
wherever they arise, but the burden of cost reduction will be unequal 

Strong employee participation in the new project and realistic expectations regarding 
the difficulties of manufacturing of new products using new processes will encourage 
employees. Retaining focus on the customer’s priorities among the attributes will reduce 
the problem of compromises within the pricing team. Disciplined progress toward the 
goal of a timely introduction of a new product will reduce the problem of paralysis by 
analysis, in which managers decide to wait and wait for more information, with the dan- 
ger that the opportunity to actually remedy problems can disappear faster than relevant 
information can appear. 

Pattern 
of Cost Incurrence and 

Locked-In Costs for 

Provalue 
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Gonzalo Inc. is a small distributor of mechanical pencils. Gonzalo identifies its three 
. Ais CEC t . One . ’ 

major activities and cost pools as ordering, receiving and storage, and shipping, and 
it reports the following details for 2021: 

Quantity of Cost per Unit of 
Activity Cost Driver Cost Driver Cost Driver 

1. Placing and paying for orders Number of orders 500 $100 per order 

of pencil packs 

2. Receiving and storage Loads moved 4,000 $60 per load 

3. Shipping of pencil packs to Number of shipments 1,500 $80 per shipment 

retailers 

For 2021, Gonzalo buys 250,000 pencil packs at an average cost of $6 per pack 
and sells them to retailers at an average price of $8 per pack. Assume Gonzalo has 
no fixed costs and no inventories. For 2022, retailers are demanding a 5% discount 
off the 2021 price. Gonzalo’s suppliers are only willing to give a 4% discount. 
Gonzalo expects to sell the same quantity of pencil packs in 2022 as it did in 2021. 

Using value engineering, Gonzalo decides to make changes in its ordering and 
receiving-and-storing practices. By placing long-run orders with its key suppliers, 
Gonzalo expects to reduce the number of orders to 400 and the cost per order to 
$75 per order. By redesigning the layout of the warehouse and reconfiguring the 
crates in which the pencil packs are moved, Gonzalo expects to reduce the number 
of loads moved to 3,500 and the cost per load moved to $50. 

Required 

Will Gonzalo achieve its target operating income of $90,000 and its target operating 
income per unit of $0.36 per pencil pack in 2022? Show your calculations. 

Cost-Plus Pricing 

LO ®@ In the previous section, Astel used an external market-based approach in its long-run pric- 
ing decisions. One alternative strategy has an internal focus to determine a cost-based 
price. This is the cost-plus pricing strategy. Managers can turn to numerous pricing for- 

mulas based on cost. The starting point is relevant information about costs, not relevant 
information about attributes and price. The general formula for setting a price adds a 
markup to the cost base: 

Price products using the 

cost-plus approach. 

~x< Cost base $ 

Markup component 

Prospective selling price $X+Y 

~< 

Consider a cost-based pricing formula that Astel could use for the redesigned Proy- 
alue. Assume that Astel’s engineers have successfully redesigned the Provalue—the 
Provalue II—and that Astel uses a 12% markup on the full product cost per unit in 
developing the prospective selling price. 

Cost base (full product cost per unit, from Exhibit 13-5) $720.00 

Markup component (12% x $720) 86.40 

Prospective selling price $806.40 
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ele) \(ela-yecm Operating Income Analysis Reveals Strategic 
alice Challenges at Best Buy 

Ee 

Best Buy is a leader of electronics retailing initially based services, many consumers were drawn to the low prices 
on a successful strategy of aggressive “big box” store of Amazon and other online retailers. To respond to this 
expansion. From 2008 to 2012, Best Buy added challenge, Best Buy ramped up spending on advertising 
532 stores across the United States, increasing capacity by and its e-commerce capabilities and adopted an 
49% and growing annual revenue by $10.6 billion. aggressive price and cost management strategy. This 

However, by 2013, an analysis of the company’s approached was effective; by fiscal year-end 2019, Best 
operating income revealed strategic challenges. Revenue Buy had annual revenue of $43 billion. 
had declined over $7 billion from the year before to 
$38 billion. While the company pursued strategic 
differentiation through customer experience and add-on Source: Best Buy, Inc. Annual Report 2019. 

The markup was obtained by first estimating the target rate of return on investment 
(ROI). The target ROI is the target operating income that an organization must earn 
divided by invested capital. Invested capital to redesign the Provalue is defined as total 
assets (long-term or fixed assets plus current assets), in total $96 million. Companies usu- 
ally specify their target ROI. Suppose Astel’s (pre-tax) target ROI is 18%. The target oper- 
ating income that Astel must earn from Provalue II can then be calculated as follows: 

Invested capital $115,200,000 

Target rate of return on investment 15% 

Target annual operating income (0.15 X $115,200,000) $ 17,280,000 

Target operating income per unit of Provalue II ($17,280,000 + 200,000 units) $ 86.40 

The ROI cost-plus pricing method is often used when prices are regulated. In Canada, 
examples include milk, hydroelectric power, and telecommunications. Government regu- 
lators examine the full product costs of the supplier and negotiate a target ROI. The new 
price is established on this cost-plus basis for a specified time period with periodic, regu- 
lated increases. Suppliers may not charge consumers a rate higher than the contracted rate. 

Alternative Cost-Pius Methods 

We illustrate these alternatives using the Astel example. Exhibit 13-5 separates the cost per 
unit for each value-chain business function into its variable and fixed components (with- 
out providing details of the calculations). The following table illustrates some alternative 
cost bases and markup percentages: 

Estimated Markup Forecast Selling 

Cost per Unit Markup Component Price for 

of Provalue Il Percentage _‘ for Provalue Il Provalue Il 

Cost Base (1) (2) (3) = (1) x (2) (4) = (1) + (3) 

Variable manufacturing cost $483.00 65% $313.95 $796.95 

Variable product cost 547.00 45 246.15 793.15 

Manufacturing cost (COGS) 540.00 50 270.00 810.00 

Absorption cost 720.00 12 86.40 806.40 

The different cost bases and markup percentages that are used in the table give pro- 
spective selling prices that are relatively close to one another. In practice, a company will 
choose a cost base that it regards as reliable, and a markup percentage on the basis of its 
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Estimated Estimated Business- 

Variable Cost Fixed Cost Function Cost 

Business Function per Unit per Unit? per Unit 

R&D $ 8 $ 12 $ 20 

Design of product/process 10 20 30 

Manufacturing 483 57 540 

Marketing 25 65 90 

Distribution 13 9 22 

Customer service 8 _ 10 _ 18 

Total $547 $173 $720 

Per-unit Per-unit Per-unit 

variable cost fixed cost full cost 

of the product of the product of the product 

'Based on budgeted annual capacity of 200,000 units. 

experience in pricing products and to recover its costs and earn a desired return on invest- 
ment. For example, a company may choose a full product cost base if it is unsure about 
variable and fixed cost distinctions. 

The markup percentages in the table vary a great deal, from a high of 65% on vari- 
able manufacturing costs to a low of 12% on absorption costs. To set a price high enough 
to cover both total period costs and cost of goods sold (COGS) requires that a higher 
percentage of variable costs be added. The markup percentage on full product costs is 
much lower because this cost already includes all period costs and COGS. The markup 
percentage on variable costs is higher as fixed costs are reflected in variable costs, but still 
must be covered in the final price. The desired markup percentage may need to be adjusted 
depending on the competitiveness of the product market. Markups and profit margins 
tend to be lower in more competitive markets. 

Surveys indicate that most managers use full product costing and include unitized fixed 
costs from COGS and period costs per unit as well as variable costs per unit from both 
COGS and period costs in the cost base when making their pricing decisions. The advan- 
tages cited for including unitized fixed costs for pricing decisions include the following: 

a Full product cost recovery. For long-run pricing decisions, absorption costing informs 
managers of the bare minimum costs they need to recover to continue in business 
rather than shut down. Using variable costs as a base does not give managers this 
information. There is then a temptation to engage in excessive long-run price cutting 
as long as prices give a positive contribution margin. Long-run price cutting, however, 

may result in long-run revenue being less than long-run full product costs, resulting in 
the company going out of business. 

u Price stability. Managers believe that a full product cost policy for pricing promotes 
price stability, because it limits the ability of managers to cut prices. Because it facili- 
tates planning, managers prefer price stability. 

a Simplicity. A full product cost policy does not require a detailed analysis of cost behaviour 
patterns to separate costs into fixed and variable components for each product. Calcu- 
lating variable costs for each product is expensive and prone to errors. For these reasons, 
many managers believe that full product cost pricing meets the cost-benefit test. 

Including unit fixed costs when pricing is not without its problems. Allocating fixed 
costs to products can be somewhat arbitrary. Calculating fixed cost per unit requires an 
estimate of expected future sales quantities. If actual sales fall short of this estimate, the 
actual full product cost per unit could exceed the selling price per unit. 
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Cost-Plus Pricing Contrasted Against Target Pricing 

The selling prices calculated under cost-plus pricing are prospective or forecast prices. 
For example, suppose Astel’s initial product design results in a $750 cost for the redesigned 
Provalue II. Assuming a 12% markup, Astel sets a prospective price of $840 [=$750 + 
(12% X $750)]. Since the computer market is extremely competitive, customet and compet- 
itor reactions to this price may force Astel to reduce the markup percentage and reduce the 
price to $800. Alternatively, Astel may redesign Provalue again to reduce cost to $720 per 
unit, as in our example, and achieve a markup of $80 per unit. The eventual design and cost- 
plus price balance the conflicting tensions among costs, markup, and customer reactions. 

The target-pricing approach eliminates the need to go back and forth among cost- 
plus prospective prices, customer reactions, and design and cost modifications. Instead, 
the target-pricing approach first determines product characteristics and price on the basis 
of customer preferences and competitor responses. Professional service firms also con- 
sider a multiyear client perspective when choosing prices. Chartered Professional Accoun- 
tants, for example, may charge a client a low price initially and higher prices later, a 
practice referred to as “penetration pricing.” 

Refined cost driver identification and cost information play an important role in both 
cost-plus pricing and target costing and pricing. Service companies such as home repair, 
automobile repair, and architectural firms often use a cost-plus pricing method called the 
time and materials method. Individual jobs are priced based on materials and labour time. 
The price charged for materials equals the cost of materials plus a markup. The price 
charged for labour represents the cost of labour, allocated overhead, and a markup. 
Therefore, the price charged for each cost item includes its own markup. 

Fixed and Variable Cost Coverage 

Assume that the full cost of a product is $50, of which $20 is fixed and avoidable if the prod- 
uct is discontinued and $30 is a variable cost per unit. Also assume that the fixed cost rate is 
based on sales of 1,000 units. Avoidable costs are those that will not be incurred if a company 
stops the activity that causes the cost. At a unit sales price of $35, there will still be a positive 
contribution margin of $5 per unit ($35 unit sales price — $30 unit variable cost = $5 unit 
contribution margin). The total contribution margin will be $5,000 if the sales volume is 
1,000 units ($5 unit contribution margin X 1,000 units = $5,000 total contribution margin). 
The remaining avoidable costs are incurred and total $20,000 ($20 avoidable per unit x 
1,000 units = $20,000) because the product has not been discontinued. There will be an unre- 

covered cost of $15,000 using full product costing ($20,000 — $5,000 = $15,000). This com- 
pany will have to sell a minimum of 4,000 units to cover the fixed cost of $20,000 ($5 unit 
contribution margin X 4,000 units sold = $20,000) and be profitable in the long run. 

Life-Cycle Costing and Relevant Qualitative 
Factors in Pricing 

The meaning of a product life cycle is viewed differently by different stakeholders. From 
the internal view of the company, the product life cycle spans the time from initial R&¢D 
to the time at which support to customers is withdrawn. If the company is purchasing an 
asset, then its life cycle begins with the acquisition through maintenance to disposal. 
Life-cycle budgeting requires that managers estimate full product costs across the entire 
value chain of business functions. This view is evolving, however, to include recycling, 
reuse, and reclamation costs of disposing of obsolete finished products. 

Customer life-cycle costing focuses on the external customer’s costs to acquire, main- 
tain, and dispose of the product or services. 

Life-cycle costing tracks and accumulates the actual costs attributable to each prod- 
uct from start to finish. The terms cradle-to-grave costing and womb-to-tomb costing 
convey the sense of fully capturing all costs associated with the product. Clearly, in this 
long-term approach, the past, current, and expected cost behaviour for a specific product 
will change as technology and other factors affect the product’s usefulness. Throughout 

LOO 
Use life-cycle budgeting 
and costing when making 
pricing decisions. 
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its life cycle, improvements need to be made to the product simply to keep costs and price 
within a competitive range. This is particularly important if the company has focused on 
a strategy of agility and customization to differentiate the product. 

Life-cycle budgeted costs can provide important information for pricing decisions. 
For some products, the development period is relatively long and many costs are incurred 
before manufacturing. Consider Insight, Inc., a computer software company developing a 
new accounting package, General Ledger. Assume the following budgeted amounts for 
General Ledger over a six-year product life cycle: 

Years 1 and 2 

R&D costs $240,000 

Design costs 160,000 

Years 3 to 6 

Total Variable 

Fixed Costs Unit Costs 

Production costs $100,000 $25 

Marketing costs 70,000 24 

Distribution costs 50,000 16 

Customer-service costs 80,000 30 

Insight’s strategic goals require the company to generate revenue to cover costs in all 

six business functions. A product life-cycle budget highlights the importance of setting 
prices and budgeting revenue to recover costs in all the value-chain business functions 
rather than costs in only some of the functions (such as production). The life-cycle budget 
also indicates the costs to be incurred over the life of the product. Exhibit 13-6 presents 
the life-cycle budget for General Ledger. The sensitivity analysis reports on three sets of 
assumptions about selling-price and sales-quantity combinations. These alternatives reflect 
the general economic principle that, in a competitive market, as the price of a commodity 
increases, the demand or quantity sold decreases. 

(20S EES) Budgeted Life-Cycle Revenue and Costs for the General Ledger Software Package? 

Alternative Selling Price/ 

Sales-Quantity Combinations 

1 2 3 

Selling price per package $ 400 $ 480 $ 600 
Sales quantity in units 5,000 4,000 2,500 

Life-cycle revenues ($400 x 5,000; $480 x 4,000; $600 x 2,500) $2,000,000 $1,920,000 $1,500,000 
Life-cycle costs: 

240,000 240,000 240,000 
Design costs of product/process 160,000 160,000 160,000 

Production costs: 

$100,000 + ($25 x 5,000); $100,000 + ($25 x 4,000); 
$100,000 + ($25 x 2,500) 225,000 200,000 162,500 

Marketing costs: é 

$70,000 + ($24 x 5,000); $70,000 + ($24 x 4,000); $70,000 + ($24 x 2,500) 190,000 166,000 130,000 
Distribution costs: 

$50,000 + ($16 x 5,000); $50,000 + ($16 x 4,000); $50,000 + ($16 x 2,500) 130,000 114,000 90,000 

Customer-service costs: 

$80,000 + ($30 x 5,000); $80,000 + ($30 x 4,000); $80,000 + ($30 x 2,500) 230,000 200,000 155,000 

Total life-cycle costs 1,175,000 1,080,000 937,500 

Life-cycle operating income $ 825,000 $ 840,000 $ 562,500 

*This exhibit does not take into consideration the time value of money when computing life-cycle revenues or life-cycle costs. 
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A sensitivity analysis of three combinations of both prospective selling price per pack- 
age and demand are shown in Exhibit 13-6. For example, R&D and product design costs 
constitute more than 30% of total costs for each of the three combinations of selling price 
and predicted sales quantity. At 5,000 units in sales, the costs in years 1 and 2 are 34% of 
total life-cycle costs ($400,000 + $1,175,000 = 0.34 or 34%), and at 2,500 units in sales, 
this increases to 42.7%. 

Developing Life-Cycle Reports 

Most accounting systems emphasize reporting on a calendar basis—monthly, quarterly, 
and annually. In contrast, product life-cycle reporting does not have this calendar-based 
focus. Consider the life spans of four Insight products shown below, where each product 
spans more than one calendar year: 

General Ledger package 

Law package 

Payroll package 

Engineering package 

Developing life-cycle reports for each product requires tracking costs and revenue on 
a product-by-product basis over several calendar periods. For example, the R&D costs 
included in a product life-cycle cost report are often incurred in different calendar years. 
When R&D costs are tracked over the entire life cycle, the total magnitude of these costs 
for each individual product can be computed and analyzed. 

A product life-cycle reporting format offers at least three important benefits: 

1. The full set of revenue and costs associated with each product becomes visible. Man- 
ufacturing costs are highly visible in most accounting systems, but the costs associ- 
ated with upstream areas (e.g., R&D) and downstream areas (e.g., customer service) 
are frequently less visible on a product-by-product basis. 

2. Differences in when the bulk of product costs are incurred are highlighted on a 
product-by-product basis. For example, the largest contribution to the total cost of 
Product A is design, and the largest contribution to the total cost of Product B is 
customer service. 

3. Interrelationships among business functions are highlighted. For example, companies 
that cut back their R&¢D and product design costs may experience major increases in 
customer-service costs in subsequent years. Those costs arise because products fail to 
meet promised quality-performance levels. 

Life-cycle costs further reinforce the importance of locked-in costs, target costing, and 
value engineering in pricing and cost management. For products with long life cycles, a 
very small fraction of the total life-cycle costs is actually incurred at the time when costs 
are locked in. But locked-in costs will determine how actual costs will be incurred later. 
For example, poor product design can lock in very costly rework and quality control 
activities at the production stage. 

Conducting Fair Business and Pricing Decisions 

The Competition Act in Canada is the legislation enacted to “protect the specific public inter- 
est in free competition.”* Each of the pricing practices discussed below is a criminal offence 

2 See Weidman v. Schragge (1912), 20 C.C.C. 177 at 147 where the Supreme Court of Canada first considered the rationale to 
regulate trades and industties. 
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for contravening the Act.3 For example, under section 50(1) of the Act, companies cannot 
engage in price discrimination between two customers with the intent to reduce or obstruct 
competition among customers. There are four key elements of the price discrimination laws: 

1. They apply to manufacturers, not service providers. 

2. Different pricing to different customers is not an offence unless there is intent to 
obstruct competition among the customers. 

3. Different pricing to different customers on the basis of different costs of production is 
not an offence. 

4. Illegality hinges on the intent to obstruct or destroy competition when a manufac- 
turer engages in price discrimination.* 

Consider the prices airlines charged for a round-trip flight from Toronto to Beijing during 
the 2008 Summer Olympics. Booking prior to the opening day of the Olympics, a direct Air 
Canada one-week return flight in economy-class was listed on Expedia.ca as $1,772. Book- 
ing the opening day of the Olympics and returning one week later cost $2,809, and during 
the last week of the Olympics the flight would have cost you $2,799. Can the price differ- 
ences be explained by the difference in the cost to Air Canada of these round-trip flights? No, 
it cost the airline the same amount of money to transport the passenger from Toronto to 
Beijing and back regardless of whether the passenger flew August 1, 8, or 18, 2008. 

In the airline example, the demand for airline tickets comes from two main sources: 
business travellers and pleasure travellers. Business travellers generally travel to their destina- 
tions and return home within the same week. These aspects make business travellers’ demand 
for air travel relatively insensitive to prices. The insensitivity of demand to price changes is 
called demand inelasticity. Airlines can charge business travellers higher fares because the 
higher fares have little effect on demand and earn higher operating income for the airlines. 

It is also illegal under section 50(1)(c) of the Act to engage in predatory pricing, which 
occurs when manufacturers sell products at lower than cost with the intent to reduce com- 
petition. It is difficult to say with any certainty what the legal thresholds are because few 
cases have been tried.> To clarify matters, the Director of Investigation and Research at 
Consumer and Corporate Affairs Canada released the Predatory Pricing and Enforcement 
Guidelines (the Guidelines) on May 21, 1992. In these Guidelines the Director defined pred- 
atory pricing as a “situation where a dominant firm charges low prices over a long enough 
period of time so as to drive a competitor from the market or deter others from entering and 
raises prices to recoup its losses.”® According to these Guidelines, the predator must account 
for more than 35% of the market and be able to sustain a pricing increase for more than 
two years after the period of low pricing for its actions to be considered predatory pricing. 

In determining whether pricing is “unreasonably low,” the courts draw a distinction 
between pricing a product above average variable cost and below. It is likely that as long as 
a product is sold above average variable cost (even when the price is below average total 
product cost), and it cannot be established that the accused would have made a greater 

total contribution to overhead by raising prices, a court will not find the price “unreason- 
ably low.” In economic terms, the court is aware of the effect of price inelasticity of demand. 

There are only limited circumstances when pricing below average variable costs will 
be tolerated by the courts. In R. v. Hoffmann-La Roche Ltd.’ the Ontario Court of Appeal 
affirmed the trial judge’s decision of an “unreasonably low” price. In this trial, it was held 
that the pharmaceutical firm that chose to combat new competition in the hospital mar- 
ket by giving away Valium was “selling” its products at an unreasonably low price. 

3 Although a “practice” is not specifically defined, more than one sale is likely required to establish this as a corporate practice. 
The practice of price discrimination does not actually have to result in any observable adverse effect on competition for com- 
panies to contravene the Act. 

4 This section is provided with assistance from Russell Hoffman, LLB., MBA. 

> Although the Supreme Court of Canada has never considered a case under this section, R. v. Hoffmann-La Roche Ltd. (1980), 
28 O.R. (2d) 164, was affirmed by the Ontario Court of Appeal in 1981, 125 D.L.R. (3d) 607 (C.A.). 

® Director of Investigation and Research, “Executive Summary,” Predatory Pricing Enforcement Guidelines (Ottawa: Consumer 
and Corporate Affairs Canada, 1992). 

7 Seen. 5 supra. 
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The year-long Valium giveaways were in response to a new competitor’s price reductions 
of 25% to 50% of the Hoffmann-La Roche Ltd. price. 

The Court stated that in determining the reasonableness or unreasonableness of a 
particular price, it will “take into account all the economic costs, which include the direct 
production costs as well as any potential future savings or benefits.”® This includes look- 
ing at benefits that derive to related markets or future markets. The trial judge continued, 
stating that the Court should look into four general considerations to determine if the 
price was unreasonably low: 

1. The magnitude of difference between the average variable cost and the sales price is 
important, and the greater the unrecovered average variable cost, the greater the 
probability the price will be seen as unreasonable. 

2. The greater the duration of sales at less than average variable cost, the more likely the 
price will be declared unreasonable. 

3. The circumstances of the situation need to be taken into account, because a price cut 
to defend against a competitor may be justifiable. 

4. Any accrual of external or long-term benefits to the seller arising from selling at a 
price below average variable cost is considered, and the higher the estimated long- 
term benefit, the more likely the price will be seen as unreasonable.? 

This highlights documenting the decision process as it can provide a defence against 
the accusation that the intent of the price cut was to obstruct or destroy competition. 

Dumping is closely related to predatory pricing and occurs when a non-Canadian 
company: 

1. sells goods in Canada at a price below the market value in the home country; 

2. receives a government subsidy; and, 

3. the action materially injures or threatens to materially injure an industry in Canada. 

If dumping is proverunder section 42(1)(c)(ii) of the Special Import Measures Act 
(SIMA), the Canadian International Trade Tribunal has the power to impose a counter- 
vailing duty, sometimes called a tax or tariff, on the goods to prevent the recurrence of the 
material injury. Cases related to dumping have occurred in the agricultural and automo- 
tive industries and more recently in the softwood lumber industry.!° 

Collusive pricing is also a violation of the Competition Act. Collusive pricing occurs when 
companies in an industry conspire in their pricing and output decisions to achieve a price above 
the competitive price. Section 45 of the Act makes it a criminal offence to conspire, agree, or 
combine with another person to prevent, lessen, or unduly restrain competition. Collusive pric- 
ing violates the Act because an agreement on pricing and output levels prevents competition 
among the companies in an industry. 

In addition to price discrimination, pricing decisions also consider other noncost consid- 
erations such as capacity constraints. Peak-load pricing is the practice of charging a higher 
price for the same product or service when demand approaches physical capacity limits. That 
is, the prices charged during busy periods (when loads on the system are high) are greater than 
the prices charged when slack or excess capacity is available. Peak-load pricing can be found 
in the telephone, telecommunication, hotel, car rental, and electric utility industries. The fol- 
lowing are the daily rental rates charged by Discount Car Rental for compact cars rented at its 
Yonge and Bloor Toronto location at 8:00 a.m. and returned by noon the next day: 

Weekdays (Monday-Thursday) $39 per day 

Weekends (Friday-Sunday) $32 per day 

Discount’s incremental costs of renting a car are the same whether the car is rented on 
a weekday or a weekend. So what explains the difference in prices? We offer two separate 

8 R. v. Hoffmann-La Roche Ltd., p. 199. 

? R. v. Hoffmann-La Roche Ltd., pp. 200-204. 

10 See American Farm Bureau Federation v. Canadian Import Tribunal (1990), 74 D.L.R. (4th) 449. 

537 



538 Chapter 13 Pricing Decisions: Profitability and Cost Management 

but related explanations. One explanation is that there is a greater demand for cars during 
weekdays because of business activity. Faced with capacity limits, Discount raises rental 
rates to levels that the market will bear. A second explanation is that the rental rates are a 
form of price discrimination. During weekdays, the demand for cats comes largely from 
business travellers who need to rent cars to conduct their business and who are relatively 
insensitive to prices. Charging higher rental rates during weekdays is profitable because it 
has little effect on demand. In contrast, the demand for weekend rentals comes largely 
from nonbusiness or pleasure travellers who are more price-sensitive. Lower rates stimu- 
late demand from these individuals and increase Discount’s operating income. Under 
either explanation, the pricing decision is not driven by cost considerations. 

Managing Environmental and Sustainability Costs 

Environmental sustainability and life-cycle costing touch on the increasing social concern 
about what constitutes the end of a product’s life cycle. 

Managing environmental costs is another example of life-cycle costing and value 
engineering. Environmental laws like the Canadian Environmental Protection Act have 
introduced tougher environmental standards, imposed stringent cleanup requirements, 
and introduced severe penalties for polluting the air and contaminating subsurface soil 
and groundwater. In some countries, such as Sweden, the government levies a carbon tax, 
a fee or surcharge on carbon-based fuels and other sources of pollution. A carbon tax puts 
a monetary price on greenhouse gas emissions. Other regions such as the European Union 
use a cap-and-trade system, where the government puts a limit or cap on the overall level 
of carbon pollution and conducts a market auction for pollution quotas. Companies pay 
for the right to pollute and can then either sell (or buy) these rights to (or from) other 
companies if they pollute less (or more) than their quotas. 

Environmental costs that are incurred over several years of the product’s life cycle are 
often locked in at the product- and process-design stage. To avoid environmental liabilities, 
reduce carbon taxes, or reduce the cost of buying pollution quotas, managers in industries 
such as oil refining, chemical processing, and automobile manufacturing value engineer and 
design products and processes to prevent and reduce pollution over the product’s life cycle. 
For example, laptop computer manufacturers such as Hewlett-Packard and Apple have intro- 
duced recycling programs to ensure that chemicals from nickel-cadmium batteries do not leak 
hazardous chemicals into the soil. The carbon tax has spurred innovation in the design of 
energy-efficient products and clean energy solutions, such as solar and wind power.!! 

What is the effect of sustainability investments on overall financial performance in 
subsequent periods? A new organization, the Sustainability Accounting Standards Board 
(SASB), has begun defining standards for environmental, social, and governance (ESG) 
performance for different iridustries. The relevant (or material) ESG standards vary across 
industries based on financial impact and interest of user groups. For example, the relevant 
ESG standards in the oil and gas industry include greenhouse gas emissions and water and 
wastewater management, while the relevant ESG standards in the technology and com- 
munications industries include life-cycle impacts of products and services and energy 
management. When measured over multiple periods, companies that have higher relevant 
ESG ratings have higher future profitability and financial performance, perhaps because 
of customer loyalty and satisfaction, employee engagement, or brand and reputation. 

Manufacturers can reclaim the 1.36 billion kilograms of high-value plastic used in 
casings for laptops,.smartphones, and HDTV converters by recycling the casings back 
into a high-value plastic supply chain. In one reporting year, TELUS recycled 17,024 tons 
of materials of which 6% arose from electronic products. At a disposal cost of $70 per 
ton, TELUS estimated it avoided approximately $2 million in landfill fees. Used, recycled, - 
and surplus equipment produced $4.8 million revenue that would not have otherwise 
been realized. !2 

" Although Sweden has one of the highest carbon taxes at $140 per ton of carbon pollution, its economy has continued to grow 
strongly since the tax was introduced in 1991. 

2 TELUS, Leading the Telecommunications Sector in CSR at http://www.ntcan-tncan.ge.ca/sd-dd/pubs/est-tse/pdf/cas/telus_e.pdf, 
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The enactment of strict environmental laws for resource extraction and refining 
industries has introduced tougher environmental standards and increased the penalties 
and fines for polluting the air and contaminating subsurface soil and groundwater. The 
goal is to include ecological responsibility as a value-added cost engineered in at the design 
phase.!3 It is difficult to forget watching millions of litres of oil gushing into the Gulf of 
Mexico from a BP offshore deep water well in 2010. Environmental costs are often locked 
in at the product and process design phase, but some arise from negligence, bad deci- 
sion-making, or simply bad luck. 

One example is gold. Over 90% of gold production is direct material for the jewellery 
industry. Reclamation of even very small amounts of gold from obsolete finished products 
carries with it a far smaller potential environmental cost than refining. The demand for gold, 
however, exceeds the supply available from recycled gold. As little as approximately 16.5 grams 
of gold per ton of ore can be profitable at September 2017's price of $1,280 per ounce. 

Some companies adopt proactive strategies to remedy the environmental effects of 
production. Others adopt a reactive strategy of minimal compliance with health, safety, 
and environmental regulations. Still others ignore the problems they create until con- 
fronted with them in court. Their legal costs, including fines, comprise part of the life-cycle 
costing of the risks of environmental degradation, being caught, and being successfully 
prosecuted. For yet other companies, excellent environmental practices can generate reve- 
nue through the sale of emissions credits on global exchanges in Chicago and Montreal. 
Those unable or unwilling to adopt benchmark practices can incorporate the purchase of 
emissions credits into their environmental sustainability strategy.!4 

13 E, Westkamper, J. Niemann, and A. Dauensteiner, “Economic and Ecological Aspects in Product Life Cycle Evaluation.” 
Proceedings of the Institute of Mechanical Engineers 215. B (2001): 673-681. 

14 Much of this section was based on information from S, Fields. “Tarnishing the Earth: Gold Mining’s Dirty Secret.” Envi- 
ronmental Health Perspectives 109.10 (2001): A474-481 at http://www.jstor.org/sici?sici=0091-6765(200110)109:10%- 
3CA474:TTEGMD %3E2.0.CO;2-4; ILM. Kiss. “The Bond Is Dead.” Central Europe Review 2.7 (2000) at http://www 
.ce-review.org/00/7/kiss7.html; $.G. Vick. “Failure of the Omai Tailings Dam.” Geotechnical News, September (1996): 34-40 
at http://www.infomine.com/publications/docs/Vick1996.pdf; N. Langerman. “Cyanide Spill.” Chemical Health and Safety, 
7.3 May-June (2000): 41-42 at hittp://www.sciencedirect.com/science?_ob=HomePageURL&_method=usetHomePage&_ 
btn=Y &_acct=C000050221 &_version=1&_urlVersion=0&_userid=108md5=6b8f8a0bb11c4ebe676f09e6d7da52c8; and 
L. Loopnarine. “Wounding Guyana: Gold Mining and Environmental Degradation.” Revista Europea de Estudios 
Latinoamericanos y del Caribe, 73 October (2002): 83-90 at http://www.cedla.uva.nl/60_publications/PDF_files_publications 
/73RevistaEuropea/73Loopnarine. pdf. 
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(Try to solve this problem before examining the solution that follows.) 

Problem 

Reconsider the Astel Computer example. Astel’s marketing manager realizes that a fur- 
ther reduction in prices is necessary to sell 200,000 units of the redesigned Provalue. To 
maintain a target profitability of $16 million, or $80 per unit, Astel will need to reduce 
costs of Provalue by $6 million, or $30 per unit. Astel targets a reduction of $4 million, or 
$20 per unit, in manufacturing costs, and $2 million, or $10 per unit, in marketing, dis- 
tribution, and customer-service costs. The cross-functional team assigned to this task pro- 
poses the following changes to manufacture a different version of Provalue, called 
Provalue II: 
1. Reduce direct materials and ordering costs by purchasing subassembled components 

rather than individual components. 
2. Reengineer ordering and receiving. Reduce ordering and receiving costs per order. 
3. Reduce testing time and the labour and power required per hour of testing. 
4. Develop new rework procedures to reduce rework costs per hour. 
No changes are proposed in direct manufacturing labour costs per unit and in total 
machining costs. Exhibit 13-7 summarizes the revised cost driver quantities and the 

_ revised cost per unit of each cost driver. 
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1. What long-term factors are relevant in target pricing? @ Required 
2. Will the proposed changes achieve the target cost of $20 per output unit and a total @ 

cost reduction of $4 million to manufacture Provalue II? Show your calculations. 
. As a producer of electronics, what environmental factors should Astel consider? 
. Explain the importance of locked-in costs. 
. If Astel decided upon life-cycle pricing, justify a management choice between the 
value-chain focus and the customer life-cycle focus. 

nm KRW 

ooo 

Solution 

1. Astel must consider fixed as well as variable costs and use absorption costing to 
ensure the target price will cover all costs of production including period costs. 

2. Exhibit 13-8 presents the manufacturing costs for Provalue II based on the proposed changes. 
Manufacturing costs will decline from $131.6 million, or $658 per unit, to $127.6 million, or 
$638 per unit, and will achieve the target reduction of $4 million, or $20 per unit. 

3. Electronics producers can recycle the high-value plastic covers and other components 
_ for recycling. Recycling is more environmentally sustainable than new plastics produc- 

tion, can avoid disposal costs, and can improve revenue. These recycling costs and ben- 
efits can be locked in at the design stage of Provalue II. In addition, Astel could consider 
price discrimination if it has a global customer base. The ability to pay could determine 
that a lower price would be charged to customers in developing countries than in devel- 
oped. Astel views its product life cycle from an internal perspective without considering 
the needs of groups other than its customers. In fact, if Astel were producing in Europe, 
the life cycle of Provalue II would extend to disposal of the obsolete product. 

4, Locked-in costs become unavoidable. Astel is planning to invest $96 million in the redesign 
and wants to avoid a situation where rework costs incurred during manufacturing are 
locked in by a faulty design. Design decisions influence direct materials costs through the 
choices of printed circuit boards and add-on features used in Provalue. Better designs also 
reduce both product failures in the plant and the time it takes to rework defective products. 
Ease in assembly decreasés direct manufacturing labour costs. Fewer components reduces 
ordering and materials-handling costs and decreases the time required for testing and 
inspection. Finally, designing Provalue to reduce the need for repairs as well as the time it 
takes to service and repair Provalue at customer sites reduces customer-service costs. 

5. This is a highly competitive environment with a short product life cycle. These two 
factors justify a customer life-cycle pricing policy wherein the customer sets the price 
target. Astel must then determine the full product costs such that the operating income 
meets a targeted percentage of full product costs. 

Target Manufacturing Costs of Provalue II for 2022 Based on Proposed Changes 
Output Level: 200,000 Units 

Provalue II 

Total Manufacturing Costs Manufacturing Cost per Unit 
for 200,000 Units (1) (2) = (1) / 200,000 

Direct manufacturing costs 

Direct material costs $ 90,000,000 $450.00 

Direct manufacturing labour costs 12,800,000 64.00 

Direct machining costs 11,400,000 57.00 

Direct manufacturing costs 114,200,000 571.00 

Manufacturing overhead costs 

Ordering and receiving costs 1,350,000 6.75 

Testing and inspection costs 10,730,000 53.65 

Rework costs 1,320,000 6.60 

Manufacturing overhead costs 13,400,000 67.00 

Total manufacturing costs $127,600,000 $638.00 
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The following question-and-answer format summarizes the chapter's learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives 

1. What are the three major 
influences on pricing 
decisions? 

2. How do companies imple- 
ment either target pricing or 

cost-plus pricing to achieve 
short-term profitability? 

3. How do companies make 
long-run pricing decisions? 

4. How do companies price 
products using target costing? 

5. How do companies imple- 
ment target and cost-plus 
pricing for long-term 
profitability? 

6. How do companies choose 
between customer life-cycle 
and life-cycle pricing? 

Guidelines 

Customers, competitors, and costs influence prices through their effects on 
demand and supply—customers and competitors affect demand, and costs 
affect supply. These factors will differ depending on the time horizon of the 
pricing decision. The time horizon affects the set of costs that are relevant to 
assure profitability. 

Target pricing is one response to a decision with a long-term time horizon. 
Target price is driven by the customer in the marketplace. It is the estimated 
price that potential customers are willing to pay for a product or service. Given 
the GM%, the target cost is [(1 - GM%) X Target price]. In comparison, the 

cost-plus approach to pricing adds a markup component to a cost base, usually 
the full product cost, as the starting point for pricing decisions. Prices are then 
modified on the basis of customers’ reactions and competitors’ responses. 
Therefore, the size of the “plus” is determined by the market. 

Managers and accountants should consider all future variable and fixed costs 
and earn a target return on investment. 

Target cost per unit is the estimated long-run cost of a product or service that, 
when sold, enables the company to achieve target operating income per unit. 
The challenge for the organization is to make the necessary cost improvements 
through value-analysis and value-engineering methods to achieve the target cost. 

Over the long term, the target ROI determines the target of operating income 
divided by total product costs required. In a competitive environment, the 
customer determines the target price. Given the target price, the target ROI will 
determine the full product target cost that is divided into the operating income. 

In a highly competitive environment, companies must respond to the value-in- 
use for which customers will pay throughout their acquisition, maintenance, 
and disposal of the product. Failure to do so will impair profit because 
customers can purchase a substitute. This is customer life-cycle costing. The 
corporation must then set its target costs to achieve a long-term return on their 

investment in the product. Life-cycle pricing is an internal focus on ensuring all 
the corporation’s value-chain costs for all business functions, including 
recycling, reuse, and reclamation of the product on disposal, are included. 

a k=\eeal-wcom m-t-lae 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

collusive pricing (p. 537) 

cost incurrence (p. 528) 

cost-plus pricing (p. 520) 

customer life-cycle costing (p. 533) 

designed-in costs (p. 528) 

dumping (p. 537) 

invested capital (p. 531) 

life-cycle budgeting (p. 533) 

life-cycle costing (p. 533) target operating income 

life-cycle pricing (p. 520) per unit (p. 526) 

locked-in costs (p. 528) target price (p. 525) 

peak-load pricing (p. 537) target pricing (p. 520) 

predatory pricing (p. 536) target rate of return on investment 

price discrimination (p. 536) (ROI) (p. 531) 

product life cycle (p. 533) value engineering (p. 529) 

target cost per unit (p. 526) 
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| Assignment Material 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

13-1 What are the three major influences on pricing decisions? 

13-2 When might a company price below full cost? 

13-3 Give two examples of pricing decisions with a short-run focus. 

13-4 How is ABC useful for pricing decisions? 

13-5 Describe two alternative approaches to long-run pricing decisions, 

13-6 What does product life cycle mean? 

13-7 How does collusive pricing differ from predatory pricing? 

13-8 What is life-cycle budgeting? 

13-9 “It is not important for a firm to distinguish between cost incurrence and locked-in costs.” Do you 
agree? Explain. 

13-10 What are three benefits of using a product life-cycle reporting format? 

13-11 Describe three alternative cost-plus methods. 

13-12 Give two examples where the difference in the costs of two products or services is much smaller than 
the difference in their prices. 

Exercises 

13-13 Terminology. A number of terms are listed below: 

target pricing target cost per unit 

value engineering value analysis 

price discrimination peak-load pricing 

life-cycle pricing customer life-cycle pricing 

invested capital target return on investment 

Required 

Select the terms from the above list to complete the following sentences. 

1. is a policy well suited to a highly competitive environment where many substitutes 
are available that may provide customers with the same valuable attributes at lower cost. 

2. is set after the price and target margin are determined. This target margin may be in 

percent or dollars at either the gross or operating margin level. 
3. Ina highly competitive environment, refers to the total cost of ownership of a product, 

including purchase, operating costs, maintenance, and disposal. In comparison, refers 
to the total cost to the seller of the product from cradle to grave. 

4, The refers in this chapter to total assets. The is the target operating 
income divided by the invested capital. 

5. is illegal because the manufacturer's intent is to obstruct or destroy competition. In 
contrast, is the practice of charging the highest rate to provide a service when demand 

for the service is highest. Itis common practice and not illegal. 
6. is the evaluation by a top management team of any innovations and modifications to 

any business function that customers would value most highly. In comparison, isa 
process to retain both quality and all attributes that customers value while reducing costs. 
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LOo06 

LO® 
1, Selling price is $9.36 

LOo® 
1, Target contribution per 

room-night, $38.00 

13-14 Noncost factors. Examples of prices charged by Phones-R-Us for long-distance telephone calls 

within Canada at different times of the day and week are as follows: 

Peak period (8:00 a.m. to 6:00 p.m., Monday through Friday) Basic rate 

Evenings (6:00 p.m. to 11:00 p.m., Monday through Friday) 35% savings 

Nights and weekends 60% savings 

Required 

Are there differences in incremental or outlay costs per minute for Phones-R-Us for telephone calls made 

during peak hours compared with telephone calls made at other times of the day? 

13-15 Cost-plus, target pricing, working backward. The new CEO of Rusty Manufacturing has asked for 

information about the operations of the firm from last year. The CEO is given the following information, but 

with some data missing: 

Total sales revenue ? 

Number of units produced and sold 500,000 units 

Selling price ? 

Operating income $180,000 

Total investment in assets $2,250,000 

Variable cost per unit $4.00 

Fixed costs for the year $2,500,000 

Required 

1. Find (a) total sales revenue, (b) selling price, (c) rate of return on investment, and (d) markup percent- 
age on full cost for this product. 

2. The new CEO has a plan to reduce fixed costs by $225,000 and variable costs by $0.30 per unit while 

continuing to produce and sell 500,000 units. Using the same markup percentage as in requirement 1, 

calculate the new selling price. 

3. Assume the CEO institutes the changes in requirement 2 including the new selling price. However, the 

reduction in variable cost has resulted in lower product quality resulting in 5% fewer units being sold 

compared with before the change. Calculate operating income (loss). 
4, What concerns, if any, other than the quality problem described in requirement 3, do you see in imple- 

menting the CEO's plan? Explain briefly. 

13-16 Cost-plus target return on investment pricing. John Beck is the managing partner of a business that 
has just finished building a 60-room motel. Beck anticipates that he will rent these rooms for 16,000 nights 

next year (or 16,000 room-nights). All rooms are similar and will rent for the same price. Beck estimates the 

following operating costs for next year: 

Variable operating costs $8 per room-night 

Fixed costs 

Salaries and wages $177,000 

Maintenance of building and pool 40,000 

Other operating and administration costs 141,000 

Total fixed costs $358,000 

The capital invested in the motel is $1,000,000. The partnership's target return on investment is 25%. Beck 

expects demand for rooms to be uniform throughout the year. He plans to price the rooms at full cost plus 

a markup on full cost to earn the target return on investment. 

Required 

1. What price should Beck charge for a room-night? What is the markup as a percentage of the full cost 

of a room-night? 
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2. Beck's market research indicates that if the price of a room-night determined in requirement 1 is 
reduced by 10%, the expected number of room-nights Beck could rent would increase by 10%. Should 
Beck reduce prices by 10%? Show your calculations. 

13-17 Short-run pricing, capacity constraints. Manitoba Dairy, maker of specialty cheeses, produces a soft LO ® 
cheese from the milk of Holstein cows raised on a special corn-based diet. One kilogram of soft cheese, 1, Variable cost per kg, 
which has a contribution margin of $8, requires 4 litres of milk. A well-known gourmet restaurant has asked $15 +5+5= $26 

Manitoba Dairy to produce 2,000 kilograms of a hard cheese from the same milk of Holstein cows. Knowing 

that the dairy has sufficient unused capacity, Elise Princiotti, owner of Manitoba Dairy, calculates the costs 

of making one kilogram of the desired hard cheese: 

Milk (10 litres x $1.50 per litre) $15 

Variable direct manufacturing labour 5 

Variable manufacturing overhead 5 

Fixed manufacturing cost allocated 6 

Total manufacturing cost $31 

Required 

1. Suppose Manitoba Dairy can acquire all the Holstein milk that it needs. What is the minimum price per 
kilogram it should charge for the hard cheese? 

2. Now suppose that the Holstein milk is in short supply. Every kilogram of hard cheese produced by 
Manitoba Dairy will reduce the quantity of soft cheese that it can make and sell. What is the minimum 

price per kilogram it should charge to produce the hard cheese? 

13-18 Target costs, effect of product-design changes on product costs. Medical Instruments uses a manu- LOO 
facturing costing system with one direct cost category (direct materials) and three indirect cost 1, Total manufacturing cost per 
categories: unit HJ6 in 2021, $1,865 

a. Setup, production order, and materials-handling costs that vary with the number of batches. 

b. Manufacturing operations costs that vary with machine-hours. 

c. Costs of engineering changes that vary with the number of engineering changes made. 

In response to competitive pressures at the end of 2021, Medical Instruments used value-engineering 

techniques to reduce manufacturing costs. Actual information for 2021 and 2022 is 

2021 2022 

Setup, production order, and materials-handling costs per batch $ 9,000 $ 8,500 

Total manufacturing-operations cost per machine-hour 70 65 

Cost per engineering change 15,000 14,000 

The management of Medical Instruments wants to evaluate whether value engineering has succeeded in 

reducing the target manufacturing cost per unit of one of its products, HJ6, by 2%. 

Actual results for 2021 and 2022 for HJ6 are 

Actual Actual 

Results Results 

for 2021 for 2022 

Units of HJ6 produced 5,000 5,000 

Direct material cost per unit of HJ6 $1,400 $1,375 

Total number of batches required to produce HJ6 75 80 

Total machine-hours required to produce HJ6 21,000 21,000 

Number of engineering changes made 12 10 

Required 

1. Calculate the manufacturing cost per unit of HJ6 in 2021. 

2. Calculate the manufacturing cost per unit of HJ6 in 2022. 
3. Did Medical Instruments achieve the target manufacturing cost per unit for HJ6 in 2022? Explain. 

4. Explain how Medical Instruments reduced the manufacturing cost per unit of HJ6 in 2022. 
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LO © 13-19 Value-added, non-value-added costs. The Magill Repair Shop repairs and services machine tools. A 
2, Total costs are $1,510,000 summary of its costs (by activity) for the year is as follows: 

a. Materials and labour for servicing machine tools $1,100,000 

b, Rework costs 90,000 

c. Expediting costs caused by work delays 65,000 

d. Materials-handling costs 80,000 

e. Materials-procurement and inspection costs 45,000 

f, Preventive maintenance of equipment 55,000 

g. Breakdown maintenance of equipment 75,000 

Required 

1. Classify each cost as value-added, non-value-added, or in the grey area between. 
2. For any cost classified in the grey area, assume 60% is value-added and 40% is non-value-added. How 

much of the total of all seven costs is value-added and how much is non-value-added? 
3. Magill is considering the following changes: (a) introducing quality-improvement programs whose net 

effect will be to reduce rework and expediting costs by 40% and materials and labour costs for servic- 
ing machine tools by 5%; (b) working with suppliers to reduce materials-procurement and inspection 

costs by 20% and materials-handling costs by 30%; and (c) increasing preventive-maintenance costs 

by 70% to reduce breakdown-maintenance costs by 50%. Calculate the effect of programs (a), (b), and 
(c) on value-added costs, non-value-added costs, and total costs. Comment briefly. 

LO@ 13-20 Life-cycle product costing. Digital Arts Inc. manufactures game systems. Digital Arts has decided to 

1, BEP in units, 962,500 create and market a new system with wireless controls and excellent video graphics. Digital Arts’s managers 
are thinking of calling this system the Yew. Based on past experience they expect the total life cycle of the 

Yew to be four years, with the design phase taking about a year. They budget the following costs for the Yew: 

Total Fixed Costs Variable Cost 
over Four Years per Unit 

Year 1 R&D costs $ 7,200,000 —_ 

Design costs 1,700,000 — 

Years 2-4 Production 21,000,000 $30 per unit 

Marketing and distribution 6,200,000 10 per unit 

Customer service 2,400,000 — 

Required 

1. Suppose the managers at Digital Arts price the Yew game system at $80 per unit. How many units do 

they need to sell to break even? 
2, The managers at Digital Arts are thinking of two alternative pricing strategies. 

a. Sell the Yew at $80 each from the outset. At this price, they expect to sell 1,600,000 units over its life 
cycle. 

b. Boost the selling price of the Yew in year 2 when it first comes out to $95 per unit. At this price they 
expect to sell 1,000,000 units in year 2. In years 3 and 4 drop the price to $80 per unit. The managers 

expect to sell 300,000 units in years 3 and 4 (225,000 in year 3 and 75,000 in year 4). 
Which pricing strategy would you recommend? Explain. 

3. What other factors should Digital Arts consider in choosing its pricing strategy? 

LO ° 13-21 Target prices, target costs, activity-based costing. Snappy Tiles is a small distributor of marble tiles. 
1, Per-unit operating Snappy identifies its three major activities and cost pools as ordering, receiving and storage, and shipping, 

income is $.18 and it reports the following details for 2020: 

Quantity of Cost per Unit of 
Activity Cost Driver Cost Driver Cost Driver 

1. Placing and paying for orders of marble tiles Number of orders 500 $50 per order 

2. Receiving and storage Loads moved 4,000 $30 per load 

3, Shipping of marble tiles to retailers Number of shipments 1,500 $40 per shipment 
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For 2020, Snappy buys 250,000 marble tiles at an average cost of $3 per tile and sells them to retailers 

at an average price of $4 per tile. Assume Snappy has no fixed costs and no inventories. 

Required 

1, Calculate Snappy’s operating income for 2020. 

2. For 2021, retailers are demanding a 5% discount off the 2020 price. Snappy’s suppliers are only willing 
to give a 4% discount. Snappy expects to sell the same quantity of marble tiles in 2021 as in 2020, If all 
other costs and cost driver information remain the same, calculate Snappy’s operating income for 
2021. 

3. Suppose further that Snappy decides to make changes in its ordering and receiving-and-storing prac- 

tices. By placing long-run orders with its key suppliers, Snappy expects to reduce the number of orders 

to 200 and the cost per order to $25 per order. By redesigning the layout of the warehouse and recon- 

figuring the crates in which the marble tiles are moved, Snappy expects to reduce the number of loads 

moved to 3,125 and the cost per load moved to $28. Will Snappy achieve its target operating income of 
$0.30 per tile in 2021? Show your calculations. 

13-22 Target service costs, value engineering, activity-based costing. Lagoon is an amusement park that LOO 
offers family-friendly entertainment and attractions. The park boasts more than 25 acres of fun. The admis- 1, Operating profit $685,150 

sion price to enter the park, which includes access to all attractions, is $35. To earn the required rate of 
return on investment, Lagoon’s target operating income is 35% of total revenues. Lagoon’s managers have 

identified the major activities that drive the cost of operating the park. The activity cost pools, the cost driver 
for each activity, and the cost per unit of the cost driver for each pool are: 

Cost per Unit of Cost 

Activity Description of Activity Cost Driver Driver 

1. Ticket sales Selling and verifying tickets for Number of tickets $3.35 per ticket sold 
and verification entry into the park sold 

2. Operating Loading, monitoring, off-loading Number of runs $90 per run 
attractions patrons on attraction 

3. Litter patrol Roaming the park and cleaning Number of litter $20 per hour 

up waste as necessary patrol hours 

The following information describes the existing operations: 

a. The average number of patrons per week is 55,000. 

b. The total number of runs across all attractions is 11,340 runs each week. 

c. It requires 1,750 hours of litter patrol hours to keep the park clean. 

In response to competitive pressures and to continue to attract 55,000 patrons per week, Lagoon has 

decided to lower ticket prices to $33 per patron. To maintain the same level of profits as before, Lagoon is 

looking to make the following changes to reduce operating costs: 

a. Reduce the cost of selling and verifying tickets by $0.35 per ticket sold. 

b. Reduce the total number of runs across all attractions by 1,000 runs by reducing the operating hours of 

some of the attractions that are not very popular. 
c. Increase the number of refuse containers in the park at an additional cost of $250 per week. This will 

decrease the litter patrol hours by 20%. 

The per-unit cost drivers for all other activities will remain the same. 

Required 

1. Will Lagoon achieve its target operating income of 35% of revenues at ticket prices of $35 per ticket 

before any operating changes? 
2. After Lagoon reduces ticket prices and makes the changes and improvements described above, will 

Lagoon achieve its target operating income in dollars calculated in requirement 1? Show your 

calculations. 
3. What challenges might managers at Lagoon encounter in achieving the target cost? How might they 

overcome these challenges? 
4. Anew carbon tax of $3 per run is proposed to be levied on the energy consumed to operate the attrac- 

tions. Will Lagoon achieve its target operating income calculated in requirement 1? If not, by how much 

will Lagoon have to reduce its costs through value engineering to achieve the target operating income 

calculated in requirement 1? 
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LO® 13-23 Target operating income, value-added costs, service company. Calvert Associates prepares architec- 
3, Operating income $208,890 tural drawings to conform to local structural-safety codes. Its income statement for the year is as follows: 

Revenues . $701,250 

Salaries of professional staff (7,500 hours X $52 per hour) 390,000 

Travel 15,000 

Administrative and support costs 171,600 

Total costs 576,600 

Operating income $124,650 

The percentage of time spent by professional staff on various activities follows: 

Making calculations and preparing drawings for clients 77% 

Checking calculations and drawings 3 

Correcting errors found in drawings (not billed to clients) 8 

Making changes in response to client requests (billed to clients) 5 

Correcting own errors regarding building codes (not billed to clients) 7 

Total 100% 

Assume administrative and support costs vary with professional-labour costs. Consider each requirement 

independently, 

Required 

1. How much of the total costs in the year are value-added, non-value-added, or in the grey area 

between? Explain your answers briefly. What actions can Calvert take to reduce its costs? 
2. What are the consequences of misclassifying a non-value-added cost as a value-added cost? When in 

doubt, would you classify a cost as a value-added or non-value-added cost? Explain briefly. 
3. Suppose Calvert could eliminate all errors so that it did not need to spend any time making corrections 

and, as a result, could proportionately reduce professional-labour costs. Calculate Calvert's operating 
income for the year. 

4. Now suppose Calvert could take on as much business as it could complete, but it could not add more 

professional staff. Assume Calvert could eliminate all errors so that it does not need to spend any time 
correcting errors. Assume Calvert could use the time saved to increase revenues proportionately. 

Assume travel costs will remain at $15,000. Calculate Calvert's operating income for the year. 

Loge 13-24 Cost-plus, target return on investment pricing. Sweet Tastings makes candy bars for vending 

2, Selling price is $12 /case machines and sells them to vendors in cases of 30 bars. Although Sweet Tastings makes a variety of candy, 
the cost differences are insignificant, and the cases all sell for the same price. 

Sweet Tastings has a total capital investment of $10,000,000. It expects to produce and sell 400,000 
cases of candy next year. Sweet Tastings requires a 12% target return on investment. 

Expected costs for next year are 

Variable production costs $3.00 per case 

Variable marketing and distribution costs $2.00 per case 

Fixed production costs $400,000 

Fixed marketing and distribution costs $700,000 

Other fixed costs $500,000 

Sweet Tastings prices the cases of candy at full cost plus markup to generate profits equal to the target 
return on capital. 

Required 

1. What is the target operating income? 

2, Whatis the selling price Sweet Tastings needs to charge to earn the target operating income? Calcu- 
late the markup percentage on full cost. 

3. Sweet Tastings is considering increasing its selling price to $13 per case. Assuming production and 

sales decrease by 10%, calculate Sweet Tastings’ return on investment. Is increasing the selling price 

a good idea? 



Problems 

13-25 Cost-plus, time and materials, ethics. C&S Mechanical sells and services plumbing, heating, and 
air-conditioning systems. C&S's cost accounting system tracks two cost categories: direct labour and direct 
materials. C&S uses a time-and-materials pricing system, with direct labour marked up 90% and direct mate- 
rials marked up 40% to recover indirect costs of support staff, support materials, and shared equipment and 
tools and to earn a profit. 

During a hot summer day, the central air-conditioning in Brooke Lee’s home stops working. C&S 

technician John Anderson arrives at Lee’s home and inspects the air conditioner. He considers two 

options: Replace the compressor or repair it. The cost information available to Anderson follows: 

Labour Materials 

Repair option 5 hours $140 

Replace option 2 hours $240 

Labour rate $30 per hour 

Required 

1. If Anderson presents Lee with the replace or repair options, what price would he quote for each? 

2. If the two options were equally effective for the three years that Lee intends to live in the home, which 
option would she choose? 

3. If Anderson's objective is to maximize profits, which option would he recommend to Lee? What would 
be the ethical course of action? 

13-26 Cost-plus, target pricing, working backward. The new CEO of Roile Manufacturing has asked for a 
variety of information about the operations of the firm from last year. The CEO is given the following informa- 
tion, but with some data missing: 

Total sales revenue ? 

Number of units produced and sold 500,000 units 

Selling price ? 

Operating income $225,000 

Total investment in assets $2,500,000 

Variable cost per unit $2.50 

Fixed costs for the year $3,250,000 

Required 

1. Find (a) total sales revenue, (b) selling price, (c) rate of return on investment, and (d) markup percent- 

age on full cost for this product. 
2. The new CEO has a plan to reduce fixed costs by $250,000 and variable costs by $0.50 per unit. Using 

the same markup percentage as in requirement 1, calculate the new selling price. 

3. Assume the CEO institutes the changes in requirement 2 including the new selling price, expecting to 

sell more units of product because of the lower price. However, the reduction in variable cost has 

resulted in lower product quality, leading to 10% fewer units being sold compared to before the change. 
Calculate operating income (loss). 

13-27 Value engineering, target pricing, and target costs. Westerly Cosmetics manufactures and sells a 
variety of makeup and beauty products. The company has developed its own patented formula for a new 
anti-aging cream. The company president wants to make sure the product is priced competitively because 

its purchase will also likely increase sales of other products. The company anticipates that it will sell 

400,000 units of the product in the first year with the following estimated costs: 

Product design and licensing $1,700,000 

Direct materials 4,000,000 

Direct manufacturing labour 1,600,000 

Variable manufacturing overhead 400,000 

Fixed manufacturing overhead 2,500,000 

Fixed marketing 3,000,000 

Assig 

€ 

nment Material 

LO® 

LO® 
1. a. Total sales revenue, 

$4,725,000 

LO® 
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LO® 
1, Normal markup, 85.19% 

LO® 

€ 

Required 

1. The company believes that it can successfully sell the product for $45 a bottle. The company’s target 

operating income is 30% of revenue. Calculate the target full cost of producing the 400,000 units. Does 

the cost estimate meet the company’s requirements? Is value engineering needed? 

2. Acomponent of the direct materials cost requires the nectar of a specific plant in South America. If the 

company could eliminate this special ingredient, the materials cost would decrease by 25%. However, 

this would require design changes of $300,000 to engineer a chemical equivalent of the ingredient. Will 

this design change allow the product to meet its target cost? 
3. The company president does not believe that the formula should be altered for fear it will tarnish the 

company’s brand. She prefers that the company become more efficient in manufacturing the product. 

If fixed manufacturing costs can be reduced by $250,000 and variable direct manufacturing labour — 

costs are reduced by $1 per unit, will Westerly achieve its target cost? 
4, Would you recommend the company follow the proposed solution in requirement 2 or requirement 3? 

13-28 Relevant-cost approach to pricing decisions. Stardom Inc. cans peaches for sale to food distribu- 

tors. All costs are classified as either manufacturing or marketing. Stardom prepares monthly budgets. The 

March budgeted absorption-costing statement of comprehensive income is as follows: 

Revenue (1,000 crates X $100 a crate) $100,000 

Cost of goods sold 60,000 

Gross margin 40,000 

Marketing costs 30,000 

Operating income $ 10,000 

Normal markup percentage: $40,000 + $60,000 = 66.7% of absorption cost 

Monthly costs are classified as fixed or variable (with respect to the number of crates produced for man- 
ufacturing costs and with respect to the number of crates sold for marketing costs): 

Fixed Variable 

Manufacturing $20,000 $40,000 

Marketing 16,000 14,000 

Stardom has the capacity to can 1,500 crates per month. The relevant range in which monthly fixed manu- 

facturing costs will be “fixed” is from 500 to 1,500 crates per month. 

Required 

1. Calculate the markup percentage based on total variable costs. 

2. Assume that a new customer approaches Stardom to buy 200 crates at $55 per crate for cash. The 

customer does not require any marketing effort. Additional manufacturing costs of $4,000 (for special 

packaging) will be required. Stardom believes that this is a one-time-only special order because the 

customer is discontinuing business in six weeks’ time. Stardom is reluctant to accept this 200-crate 

special order because the $55-per-crate price is below the $60-per-crate absorption cost. Do you 

agree with this reasoning? Explain. 

3. Assume that the new customer decides to remain in business. How would this longevity affect your 

willingness to accept the $55-per-crate offer? Explain. 

13-29 Cost-plus and market-based pricing. Georgia Temps, a large labour contractor, supplies contract 

labour to building-construction companies. For the year, Georgia Temps has budgeted to supply 84,000 hours 

of contract labour. Its variable costs are $13 per hour, and its fixed costs are $168,000. Roger Mason, the 

general manager, has proposed a cost-plus approach for pricing labour at full cost plus 20%. 

Required 

1. Calculate the price per hour that Georgia Temps should charge based on Mason's proposal. 

2. The marketing manager supplies the following information on demand levels at different prices: 

Price per Hour Demand (Hours) 

$16 124,000 

17 104,000 

18 84,000 

19 74,000 

20 61,000 



Georgia Temps can meet any of these demand levels. Fixed costs will remain unchanged for all the 
demand levels. On the basis of this additional information, calculate the price per hour that Georgia 
Temps should charge to maximize operating income. 

3. Comment on your answers to requirements 1 and 2. Why are they the same or different? 

13-30 Pricing of a special order. Fane Industries Ltd. has been approached by a customer who wishes 

to purchase 50,000 units of its product at $52 per unit. The customer requires delivery within one month. 
The company has capacity to produce 350,000 units per month and has 5,000 units currently in stock. 

Sales to Fane's regular customers are forecast at 325,000 units for the upcoming month. The sales man- 
ager has indicated that if the company accepts the special order, it would be able to recover 30% of the 
sales lost to regular customers. Units sold through normal distribution channels have a selling price of 

$70 per unit, and the gross margin earned on each unit is $24. Selling and administration costs total 
$16 per unit. 

A further analysis determined that the variable manufacturing costs of the regular units are $35 per 

unit with variable selling costs of $12 per unit. Because of the nature of the special order, the selling costs 
will be reduced to $8.00 per unit. 

Required 

1. Should Fane accept the offer from the customer? 
2, Whatis the minimum price Fane should charge for this order? 
3, What factors should be considered in pricing special orders? 

13-31 Life-cycle costing. Fearless Furniture Manufacturing (FFM) has been manufacturing furniture for the 

home for over 30 years. George Fearless, the owner, has decided he would like to manufacture an executive 
desk that contains space for not only a laptop dock but also an MP3 player dock. Based on his experience 

with furniture, he believes the desk will be a popular item for four years, and then will be obsolete because 
technology will have changed again. 

FFM expects the design phase to be very short; maybe four months. There is no R&D cost because 
the idea came from George, without any real research. Also, fixed production costs will not be high 

because FFM has excess capacity in the factory. The FFM accountants have developed the following 
budget for the new executive desk: 

Fixed Variable 

Months 1-4 Design casts $700,000 — 

Months 5-36 Production 9,000 $225 per desk 

Marketing 3,000 — 

Distribution 2,000 20 per desk 

Months 37-52 Production 9,000 225 per desk 

Marketing 1,000 — 

Distribution 1,000 22 per desk 

The design cost is for the total period of four months. The fixed costs of production, marketing, and distri- 
bution are the expected costs per month. Ignore time value of money. 

Required 

1. Assume FFM expects to make and sell 16,000 units in the first 32 months (months 5-36) of production 
(500 units per month), and 4,800 units (300 per month) in the last 16 months (months 37-52) of produc- 
tion. If FFM prices the desks at $500 each, how much profit will FFM make in total and on average per 

desk? 
2. Suppose FFM is wrong about the demand for these executive desks, and after the first 36 months it 

stops making them altogether. It sells 16,000 desks for $400 each with the costs described for months 

5-36, and then incurs no additional costs and generates no additional revenue. Will this have been a 

profitable venture for FFM? 
3. Will your answer to requirement 2 change if FFM still must incur the estimated fixed production costs 

for the whole period through month 52, even if FFM stops making executive desks at the end of 

36 months? 

13-32 Airline pricing, considerations other than cost in pricing. Snowbound Air is about to introduce a 
daily round-trip flight from Edmonton to Winnipeg and is determining how it should price its round-trip 

tickets. 

Assignment Material 551 

LO © 
1, Net benefit, $128,000 

LO © 
1, Budgeted life-cycle operating 

income, $3,970,400 

LOOoO 
1. Contribution margin per 
pleasure traveller at a price of 
$500, $420 x 100 passengers 
= $42,000 
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Lovo 

The market research group at Snowbound Air segments the market into business and pleasure trav- 

ellers. It provides the following information on the effects of two different prices on the number of seats 

expected to be sold and the variable cost per ticket, including the commission paid to travel agents: 

Price Variable Cost per Number of Seats Expected to Be Sold 

Charged Ticket Business Pleasure 

$ 500 $ 80 200 100 

2,000 180 190 20 

Pleasure travellers start their travel during one week, spend at least one weekend at their destination, and 

return the following week or thereafter. Business travellers usually start and complete their travel within 

the same work week. They do not stay over weekends. 
Assume that round-trip fuel costs are fixed costs of $24,000 and that fixed costs allocated to the 

round-trip flight for airplane-lease costs, ground services, and flight-crew salaries total $188,000. 

Required 

1. If you could charge different prices to business travellers and pleasure travellers, would you? Show 

your computations. 
2. Explain the key factor (or factors) for your answer in requirement 1. 
3. How might Snowbound Air implement price discrimination? That is, what plan could the airline formu- 

late so that business travellers and pleasure travellers each pay the price desired by the airline? 

13-33 Ethics and pricing. Instyle Interior Designs has been requested to prepare a bid to decorate four 

model homes for a new development. Winning the bid would be a big boost for sales representative Jim 

Doogan, who works entirely on commission. Sara Groom, the cost accountant for Instyle, prepares the bid 

based on the following cost information: 

Direct costs 

Design costs $ 20,000 

Furniture and artwork 70,000 

Direct labour 10,000 

Delivery and installation 20,000 

Overhead costs 

Design software 5,200 

Furniture handling 4,800 

General and administration 8,000 

Total overhead costs mare 18,000 

Full product costs $138,000 

Based on the company policy of pricing at 120% of full cost, Groom gives Doogan a figure of $165,600 to 

submit for the job. Doogan is very concerned. He tells Groom that at that price, Instyle has no chance of 

winning the job. He confides in her that he spent $600 of company funds to take the developer to a basket- 

ball playoff game where the developer disclosed that a bid of $156,000 would win the job. He hadn't 

planned to tell Groom because he was confident that the bid she developed would be below that amount. 

Doogan reasons that the $600 he spent will be wasted if Instyle doesn’t capitalize on this valuable informa- 

tion. In any case, the company will still make money if it wins the bid at $156,000 because itis higher than 
the full cost of $138,000. 

Required 

1. Is the $600 spent on the basketball tickets relevant to the bid decision? Why or why not? 

2. Groom suggests that if Doogan is willing to use cheaper furniture and artwork, he can achieve a bid of 

$156,000. The designs have already been reviewed and accepted and cannot be changed without addi- 
tional cost, so the entire amount of reduction in cost will need to come from furniture and artwork. 

What is the target cost of furniture and artwork that will allow Doogan to submit a bid of $156,000 

assuming a target markup of 20% of full cost? 
3. Evaluate whether Groom’s suggestion to Doogan to use the developer's tip is unethical. Would it be 

unethical for Doogan to reduce the cost of furniture and artwork to arrive at a lower bid? What steps 

should Doogan and Groom take to resolve this situation? 



Collaborative Learning Case 

13-34 Target prices, target costs, value engineering. Avery, Inc. manufactures two component parts for the 
television industry: 

= Tvez: Annual production and sales of 50,000 units at a selling price of $52.50 per unit 

= Premia: Annual production and sales of 25,000 units at a selling price of $72 per unit 

Avery includes all R&D and design costs in engineering costs. Assume that Avery has no marketing, 
distribution, or customer-service costs. 

The direct and overhead costs incurred by Avery on Tvez and Premia are described as follows: 

Tvez Premia Total 

Direct materials costs (variable) $1,020,000 $720,000 $1,740,000 

Direct manufacturing labour costs (variable) 360,000 240,000 600,000 

Direct machining costs (fixed) 180,000 120,000 300,000 

Manufacturing overhead costs: 

Machine setup costs 112,500 

Testing costs 600,000 

Engineering costs 480,000 

Manufacturing overhead costs a 1,192,500 

Total costs $3,832,500 

Avery's management identifies the following activity cost pools, cost drivers for each activity, and the 

costs per unit of cost driver for each overhead cost pool: 

Cost per Unit of 
Activity Description Cost Driver Cost Driver 

Setup Preparing machine to manufacture a Setup-hours $30 per setup-hour 

new batch of products 

Testing Testing components and final product Testing-hours $2.40 per 

(each unit is tested individually) testing-hour 

Engineering Designing products and processes Complexity of Costs assigned 

and ensuring their smooth product and to products by 

functioning process special study 

Over a long-run time horizon, Avery's management views direct materials costs and direct manufactur- 

ing labour costs as variable with respect to the units of Tvez and Premia produced. Direct machining costs 

for each product do not vary over this time horizon and are fixed long-run costs. Overhead costs vary with 

respect to their chosen cost drivers. For example, setup costs vary with the number of setup-hours. Addi- 

tional information is as follows: 

7 Tvez Premia 

Production batch size 500 units 200 units 

Setup time per batch 15 hours 18 hours 

Testing and inspection time per unit of product produced 2.5 hours 5 hours 

Engineering costs incurred on each product $200,000 $280,000 

Avery is facing competitive pressure to reduce the price of Tvez and has set a target price of $48, well 

below its current price of $52.50. The challenge for Avery is to reduce the cost of Tvez. Avery's engineers 

have proposed a new product design and process improvements for the “New Tvez” to replace Tvez. The 
new design would improve product quality, and reduce scrap and waste. The reduction in prices will not 

enable Avery to increase its current sales. (However, if Avery does not reduce prices, it will lose sales.) 
The expected effects of the new design relative to Tvez are as follows: 

. Direct materials costs for New Tvez are expected to decrease by $2.50 per unit. 

. Direct manufacturing labour costs for New Tvez are expected to decrease by $0.70 per unit. 

. Time required for testing each unit of New Tvez is expected to be reduced by 0.5 hours. 

. Machining time required to make New Tvez is expected to decrease by 20 minutes. It currently takes 

1 hour to manufacture 1 unit of Tvez. The machines are dedicated to the production of New Tvez. 

. New Tvez will take 7 setup-hours for each setup. 

. Engineering costs are unchanged. 

Fords — 

Assignment Material 

LOeO 
1, Tvez total ABC overhead 

allocation, $545,000 

€ 

553 



554 Chapter 13 Pricing Decisions: Profitability and Cost Management 

Assume that the batch sizes are the same for New Tvez as for Tvez. If Avery requires additional 
resources to implement the new design, it can acquire these additional resources in the quantities needed. 

Further assume the costs per unit of cost driver for the New Tvez are the same as those described for Tvez. 

Instructions t 

Form groups of two students to complete the following requirements. 

Required 

1. 

2. 
3. 

4. 
5. 

6. 

Develop full product costs per unit for Tvez and Premia, using an activity-based product costing 

approach. 

What is the markup on the full product cost per unit for Tvez? 
Whatis Avery's target cost per unit for New Tvezif itis to maintain the same markup percentage on the 
full product cost per unit as it had for Tvez? 

Will the New Tvez design achieve the cost reduction targets that Avery has set? 
What price would Avery charge for New Tvezifit used the same markup percentage on the full product 
cost per unit for New Tvez as it did for Tvez? 

What price should Avery charge for New Tvez, and what next steps should Avery take regarding New 
Tvez? 

‘TRY IT! > SOLUTIONS 

Price to retailers in 2022 is 95% of 2021 price = 0.95 x $8 = $7.60 
Cost per pack in 2022 is 96% of 2021 cost = 0.96 x $6 = $5.76 

Gonzalo’s operating income in 2022 is as follows: 

Total for 250,000 Per Unit 

Packs (1) (2) = (1) + 250,000 

Revenues ($7.60 x 250,000) $1,900,000 $7.60 

Purchase cost of packs ($5.76 x 250,000) 1,440,000 5.76 

Ordering costs ($100 x 500) 50,000 0.20 

Receiving and storage ($60 x 4,000) 240,000 0.96 

Shipping ($80 x 1,500) 120,000 0.48 

Total costs 1,850,000 740 

Operating income $ 50,000 $0.20 

Gonzalo’s operating income in 2021 is $90,000. Gonzalo will need to reduce its total costs by 
$40,000 ($90,000 — $50,000) or $0.16 ($40,000 + 250,000) per unit if it is to achieve its target 
Operating income in 2022. 

Gonzalo’s operating income in 2022, if it makes changes in ordering and receiving and stor- 

age, will be as follows: 

Total for 250,000 Per Unit 
Packs (1) (2) = (1) + 250,000 

Revenues ($7.60 x 250,000) $1,900,000 $7.60 

Purchase cost of packs ($5.76 x 250,000) 1,440,000 5.76 

Ordering costs ($75 x 400) 30,000 0.12 

Receiving and storage ($50 x 3,500) 175,000 0.70 

Shipping ($80 x 1,500) 120,000 0.48 

Total costs 1,765,000 7.06 

Operating income $ 135,000 $0.54 

Through value engineering that reduces the quantity of the activity and the cost driver rate, 

Gonzalo exceeds its target operating income of $90,000 and $0.36 per pencil pack despite the 
fact that its revenue per pencil pack has decreased by $0.40 ($8.00 — $7.60), while its purchase 
cost per pencil pack has decreased by only $0.24 ($6.00 — $5.76). 



Learning Objectives 
@ Explain how the relative strength 

of competitive forces helps 

managers identify strategic 
alternatives. 

@ Understand reengineering. 

© Understand the four 
perspectives of the balanced 

scorecard. 

© Evaluate strategic success at 
implementing a cost leadership 

strategy using balanced 

_ scorecard measures. 

@ Analyze the results from specific 
productivity and capacity control 

strategies to achieve balanced 
scorecard expectations. 

CPA Competencies* 
This chapter covers material 

outlined in Section 3: _ 

Management Accounting of 

the CPA Competency Map. The 
Learning Objectives in this chapter 
have been aligned with the CPA 

Competency Map to ensure the 

best coverage possible. 

3.4.1 Evaluates sources and drivers 

of revenue growth 

3.5.1 Performs sensitivity analysis 

3.5.2 Evaluates sustainable profit 

maximization and capacity 

management performance 

3.6.1 Evaluates performance using 

accepted frameworks 

- 3.6.2 Evaluates performance of 

responsibility centres 

3.6.3 Evaluates root causes of 

performance issues 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada. 

Strategy, the Balanced Scorecard, 
and Profitability Analysis 

Barclays Turns to the Balanced Scorecard 
The reputation of Barclays, the British multinational bank, took a beating in 2012 when 

company traders rigged a key interest rate called LIBOR, a benchmark rate that helps 
set global borrowing costs. When new CEO Antony Jenkins was tasked with turning 

the company around, he turned to the balanced scorecard to change the company’s 

performance goals and incentive structure. 

Introduced in 2014, Barclays’s balanced scorecard set out specific goals and metrics 

across each of the company’s “5Cs”: customer and client, colleague, citizenship, conduct, 

and company. With a five-year goal of becoming the world’s “go to” bank, the balanced 

scorecard became the instrument to ensuring Barclays was “helping people achieve their 

ambitions—in the right way.” 

Rather than focusing solely on short-term financial results, Barclays’s balanced 
scorecard aligned the company’s 5Cs with the broader perspectives of the balanced 

scorecard. Most notably, the learning and growth perspective incorporated Barclays’s 

conduct and citizenship goals, which included new purpose and value statements 
for the company. Jenkins even took the extraordinary step of tying the performance 

bonuses of managers to Barclays’s corporate ethics and citizenship goals, rather than 

just quarterly profits and stock price gains. 

By the end of 2019, Barclays was already seeing progress toward its balanced 

scorecard goals. Company profitability increased, as did long-term capital strengthening, 

employee engagement, corporate citizenship goals, and the percentage of women in senior 

leadership at the bank. The company’s recent balanced scorecard report noted, “The bal- 

anced scorecard is the final crucial piece of our plan—alongside our purpose, values, and 

behaviours—to embed the right culture in our business and become the bank of choice.” 

Sources: Barclays PLC. “Performance measures.” (https://home.barclays/who-we-are/our-strategy/performance 
-measures/); Barclays PLC. “Barclays’ Balanced Scorecard.” (https://www.home. barclays/about-barclays/balanced-scorecard 
.html); Barclays PLC. 2016. 2015 Annual Report, London, 2016 (https://www.home. barclays/content/dam/barclayspublic 
/docs/InvestorRelations/ResultAnnouncements/2015FYResults/20190301_Barclays_Bank_PLC_2015_Annual_Report 
.pdf); J. Horowitz. 2012. “New Barclays Chief Ties Executive Compensation to Societal Goals.” Reuters, September 24 
(http://www. reuters.com/article/us-barclays-jenkins-idUSBRE88NO0Y Y 20120924); A. Brownsell. 2014. “Barclays Reveals 
‘5Cs’ Values Scorecard in Drive for Brand Transformation.” Marketing, November 2 (http://www.marketingmagazine 
.co.uk/article/1230626/barclays-reveals-Scs-values-scorecatd-drive-brand-transformation). 555 
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LOo@ 
Explain how the relative 

strength of competitive 
forces helps managers 

identify strategic alternatives. 

This chapter focuses on how management accounting information helps companies such 
as Barclays, Infosys, Merck, Verizon, and Volkswagen implement and evaluate their strat- 
egies. Strategy drives the operations of a company and guides managers’ short-run and 
long-run decisions. We describe the balanced scorecard approach to implementing strategy 
and methods to analyze operating income to evaluate the success of a strategy. We also 
show how management accounting information helps strategic initiatives, such as produc- 
tivity improvement, reengineering, and downsizing. 

Strategy specifies how an organization can create value for its customers while differ- 
entiating itself from its competitors. Strategy is both open and flexible, but strategic out- 
comes arise from a deliberate, rational, reflective process. This chapter discusses an 
important tool to measure the success of competitive corporate strategy—the balanced 
scorecard (BSC).! The BSC translates a corporation’s strategy into a comprehensive set of 
performance measures to assess how well the strategy is implemented through changes to 
how a corporation operates. 

Application of the BSC will be explored using Chipset Inc., a manufacturer of linear 
integrated circuit devices (LICDs) used in communication networks. Chipset has one special- 
ized model, LCX1. Chipset consulted extensively with its customers and designed this chip to 
meet their needs. Important features of the LCX1 are its versatility in many integrated cir- 
cuits used in different devices, and the’scalability of the chips. Scalability means one chip can 
be added to another in a single circuit to increase the speed and power of the device. 

Chipset currently has 10 customers demanding approximately equal volumes of the 
LCX1, and has the practical capacity to meet normal demand growth. The efficiency and 
yield from the production process is due to the engineering talent of Chipset’s product and 
process designers. The company follows a target-pricing policy because similar products are 
readily available to its customers. The company has set its return on investment (ROI) and 
operating income margin percentage, which will determine the target cost of the LCX1. 

Industry analysts anticipate an annual growth rate of 10% in market size from which 
Chipset will benefit because it already has the capacity to match this growth. Chipset can 
increase production readily because it has some older and fully depreciated production 
equipment that can provide excess capacity when required. Managers continue to con- 
sider the pros and cons of retention or disposal of this equipment to replace it with newer 
equipment. Chipset’s current production capacity enables it to convert 3,750,000 cm? of 
silicon each year. A disposal decision depends on any streamlining in the current produc- 
tion process to improve yields. Additional equipment purchases are only available in 
increments to process 250,000 cm? of silicon wafers. 

Five Forces Analysis to Define Strategic 
Alternatives 

Michael Porter, a Harvard University business professor and leading expert on strategy, 
has identified five competitive forces that all corporations face. A competent analysis of 
Portet’s five forces is key to a successful strategic decision. The corporate team must exam- 
ine (1) competitors, (2) potential entrants into the market, (3) equivalent products, (4) the 

price-setting power of customers, and (5) the price-setting 
power of suppliers.2 A rigorous and disciplined analysis will 

A common tool in formulating strategy is called SWOT enable the corporate team to identify the level of competitive 
(strengths, weaknesses, opportunities, and threats) analysis. rivalry in its business environment and how best to exploit its 
The approach stresses examining an organization’s internal 

factors (strengths and weaknesses) and external factors 
(Opportunities and threats). 

own core competence to outperform its rivals. Porter’s five 
forces are illustrated in Exhibit 14-1, and we look at each in 
detail below. 

'See R.S, Kaplan and D.P. Norton, The Balanced Scorecard (Cambridge: Harvard Business School Press, 1996); R.S. Kaplan 
and D.P. Norton, The Strategy-Focused Organization: How Balanced Scorecard Companies Thrive in the New Business Envi- 
ronment (Boston: Harvard Business School Press, 2001); and R.S. Kaplan and D.P. Norton, Strategy Maps: Converting Intan- 
gible Assets into Tangible Outcomes (Boston: Harvard Business School Press, 2004). 

2M. Porter, Competitive Strategy (New York: Free Press, 1980); M. Porter, Competitive Advantage (New York: Free Press, 
1985); and M. Porter. “What Is Strategy?” Harvard Business Review (November-December 1996): 61-78. 
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Chipset, a maker of LICDs, produces a single product: the high performance LCX1 
chip. A “Five Forces” analysis for Chipset includes the following: 

1. Competitors. The LCX1 model faces severe competition with respect to price, timely 
delivery, and quality. Companies in the industry have high fixed costs and persistent 
pressures to reduce selling prices and utilize capacity fully. Price reductions spur 
growth because they make LICDs a cost-effective option in new applications. 

2. Potential entrants into the market. The small profit margins and high capital costs 
discourage new entrants. Moreover, incumbent companies such as Chipset are further 
down the learning curve with respect to lowering costs and building close relation- 
ships with customers and suppliers. 

3. Equivalent products. Chipset tailors LCX1 to customer needs and lowers prices by 
continuously improving LCX1’s design and processes to reduce production costs. 
This reduces the risk of equivalent products or new technologies replacing LCX1. 

4, Bargaining power of customers. Customers, such as EarthLink and Verizon, negoti- 
ate aggressively with Chipset and its competitors to keep prices down because they 
buy large quantities of product. 

5. Bargaining power of input suppliers. To produce LCX1, Chipset requires high-quality 
materials (such as silicon wafers, pins for connectivity, and plastic or ceramic pack- 
aging) and skilled engineers, technicians, and manufacturing labour. The skill sets 
suppliers and employees bring give them bargaining power to demand higher prices 
and wages. 

In summary, large numbers of competitors, low barriers to new entrants, readily 
available substitutes, and high price-setting power of customers and suppliers can result in 
higher cost and lower revenue. Corporations that must accept the price customers are 
willing to pay and the costs monopsony suppliers can charge are called price takers. 
In this situation, the forces combine to generate high-intensity competitive rivalry and low 
profit margins. The strategic choice discussed in this chapter is between product differen- 
tiation (or value leadership) and cost leadership. 

Value leadership strategies succeed when the customer perceives the corporation’s 
output as having either superior or uniquely desirable attributes for which they will 
pay a higher price. The ability for a corporation to offer desirable products is called 
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product differentiation. Value leadership can help assure long-term profitability when 
a company can differentiate its product successfully. 

Corporations can implement a value leadership strategy by closely investigating and 
analyzing the preferences of their consumers. As competitors develop substitutes and 
patents expire, corporations can sustain their competitive advantage through innovation. 

Cost leadership strategies succeed when a corporation can produce products that are 
at least equal to others in the market at the lowest cost. A cost leadership strategy often 
leads to highly automated processes to mass produce large volumes of products. Given a 
specific fixed cost of capacity, the greater the volume of output produced and sold in the 
relevant range, the more advantageous are the economies of scale. Corporations may 
choose to grow by expanding existing capacity. Or they can design different products that 
can be produced using the same equipment and plant. This is called economies of scope. 
For example, a decision to introduce different product lines of shampoo for oily, dry, and 
normal hair will exploit economies of scope. 

The Decision Framework Applied 
to Chipset’s Strategy 

We can apply the decision framework to many internal operating decisions, from how to 
select a pricing method to how to design a cost system. This versatile framework is also a 
reliable guide to selecting an appropriate strategy. The central message of Porter’s work is 
that companies that are unwilling or incapable of deciding will not thrive relative to their 
competitors who do make a strategic decision. The strategic choice is described using 
information specific to Chipset. 

From its analysis of the competitive environment, Chipset has summarized its 
strengths in process and product design as well as identified the unique scalability attri- 
bute of its LCX1 product. New opportunities have arisen for Chipset to customize its 
LCX1 slightly and make it suitable for a different use in digital subscriber lines (DSL). 
Expanding to a different market without extensive customization will enable Chipset to 
exploit economies of scope. Before acting, however, the top management team applies the 
decision framework to decide which value or cost leadership strategy to pursue. 

Step 1: Identify the problem Chipset’s managers understand they must choose one of 

two basic strategies—value or cost leadership. There are elements of customization at 
Chipset, but the important attribute designed into its product is that the chips can be 
linked in arrays to boost performance and power of different devices. Chipset’s competi- 
tors also provide customized designs and unique product features for their customers, 
but their products lack scalability. To fuel future growth, Chipset must decide between 
either its current core competence or committing to development of innovative highly 
customized products for which customers will pay more, 

Step 2: Gather and analyze relevant information Chipset gathers intelligence data about 

its competitor, Visilog, and market data from customers to improve Chipset’s under- 
standing of the environment. Top management analyzes the new data and produces the 
customer preference map shown in Exhibit 14-2. The y-axis describes various desirable 
attributes of the LCX1, which customers perceive as adding value. The x-axis compares 
the ratings of important attributes from (1) poor to (5) very good for both Chipset and 
Visilog. The collected data indicates that Visilog has chosen value (product) leadership. 
The map highlights the trade-offs for each company. 

Chipset’s LCX1 chip has an advantage in terms of price, customer service, and scal- 
ability. In terms of scalability, Chipset’s LCX1 technology allows Chipset’s customers to 
achieve different performance levels by simply altering the number of LCX1 units in the 
product. Visilog’s customized chips, though not scaleable, are individually faster and more 
powerful. 

Step 3: Make predictions about the future LCX1 is somewhat differentiated from com- 
peting products, but it is not unique. If Chipset were to pursue unique product develop- 
ment, it would be competing against giants in the microchip industry such as Intel and 
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AMD who already possess a competitive advantage in R&D. Differentiating LCX1 fur- 
ther is costly but profitable if the life cycle for the product would result in satisfactory 
ROI and Chipset’s customers would pay. But product life cycles are as short as 90 days. 
Chips are obsolete almost as soon as they are marketed, and customers know they can 
wait only a short time for a superior product. They will not pay a premium price ade- 
quate to reach an above average ROI. The alternative strategy is cost leadership. 

Step 4: Make the decision between the two strategies In a highly automated manufac- 

turing process, Chipset can enjoy cost reduction from economies of scale and scope. 
Chipset’s current engineering staff is more skilled at making product and process 
improvements than at creatively designing new products and technologies. Their talent, 
however, has enabled Chipset to exploit its equipment capacity more effectively and keep 
costs lower than competitors. In addition, Chipset scores “very good” on pricing, while 
Visilog ranks only average. Chipset concludes it will retain the scaleable design of LCX1 
but lower its price and improve quality and customer service. Chipset concludes it should 
follow a cost leadership strategy. Chipset will not purchase more capacity but instead 
will increase its yield. 

Step 5: Implement the decision, evaluate performance, and learn To achieve its cost 

leadership strategy, Chipset must improve its own internal production process and 
increase yield. Producing more chips is one way this company will drive down its full 
absorption cost. But strategy requires some integration of product and process develop- 
ment. Chipset can rely on its core competence, the process engineers, and the skill of its 
workers, but as change is implemented Chipset must ensure it retains this human capital. 
There are other important value functions where operations will change in a coordinated 
way to focus on implementing the strategy smoothly and cost-effectively. As the com- 
pany reengineers and simplifies both product and processes to reduce opportunities for 
error, improve quality, and speed up the production cycle, some retraining of Chipset’s 
labour will be needed. 

Chipset’s engineering changes will be driven by customers’ requirements, sustaining 
scalability, and cost reduction through reengineering and retraining. There are choices to be 
made as to how to implement the decision. Chipset decides it would be sensible to avoid the 
loss of morale from downsizing. Instead, to retain its human capital, Chipset will pay to 
retrain experienced workers in quality control. Retraining will be consistent with Chipset’s 
history of placing a high value on its people and giving them new opportunities. 

Strategy Maps and the Balanced Scorecard 

The objectives and measures Chipset’s managers choose for each perspective relates to the 
action plans for furthering Chipset’s cost leadership strategy: improving quality and 
reengineering processes. 

Preference Map for LICDs 
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A useful first step in designing a BSC is a strategy map. A strategy map is a diagram 
that describes how an organization creates value by connecting strategic objectives in 
explicit cause-and-effect relationships with each other in the financial, customer, internal- 
business-process, and learning-and-growth perspectives. Exhibit 14-3 presents Chipset’s 
strategy map. Follow the arrows to see how a strategic objective affects other strategic 
objectives. For example, empowering the workforce helps align employee and organiza- 
tion goals and improves processes. Employee and organizational alignment also helps 
improve processes that improve manufacturing quality and productivity, reduce customer 
delivery time, meet specified delivery dates, and improve post-sales service, all of which 
increase customer satisfaction. Improving manufacturing quality and productivity grows 
operating income and increases customer satisfaction that, in turn, increases market 
share, operating income, and shareholder value. 

Chipset’s most important change to implement will be to reengineer business pro- 
cesses. Reengineering (or redesigning) is the fundamental rethinking and redesign of busi- 
ness processes to achieve improvements in critical measures such as cost, quality, speed, - 

and customer satisfaction. The different activities that occur at each tier of the strategy 
map are often referred to as key success factors (KSFs), which are activities necessary for 
the successful execution of a strategy. The strategy map is a way to succinctly illustrate 
the KSFs that are interdependent at Chipset. The organization will want to obtain feed- 
back to measure the success or failure of their redesign efforts. One approach, the BSC, 
will produce required feedback to assess the success of the strategy. 
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The balanced scorecard (BSC) is a way to assess how coherently corporate strategy has 
been implemented in day-to-day operations. It provides a reliable and multidimensional 
measure of how effectively and efficiently managers have utilized corporate resources—an 
evaluation of the quality of stewardship. First introduced in 1996 by R.S. Kaplan and 
D.P. Norton, the BSC links short-term operating outcomes to long-run goals. Exhibit 14-4 
illustrates measures that Chipset chose, consistent with both the measures and the four 
perspectives presented in Exhibit 14-3. 

The essence of a good BSC is that it represents the interdependencies among key 
performance factors (KPFs) using financial and nonfinancial performance measures. 
The BSC justifies the benefit of nonfinancial measures of corporate success in areas where 
no financial measures are available, but which actually enhance profits. For example, one 
study reported how an antenna installation company used customer satisfaction surveys 
to identify an important KPF: a shortened installation cycle time.? By improving its inter- 
nal process, the company also shortened its cash cycle between accepting the customer’s 
order and receiving payment. By shortening the cycle between order-taking, producing, 
shipping, invoicing, and collection, there is more time to complete more orders and there 
is also more time to increase the volume of Chipset’s customers and increase market share. 

Four Perspectives of the Balanced Scorecard 

The measures chosen by Chipset in the context of its strategy can be seen in Exhibit 14-4 
and can be described in terms of the BSC as 

1. Financial perspective. This perspective evaluates the profitability of the strategy and 

the creation of shareholder value. Because Chipset’s key strategic initiatives are cost 
reduction relative to competitors’ costs and sales growth, the financial perspective 
focuses on how much operating income results from reducing costs and selling more 
units of LCX1. 

2. Customer perspective. This perspective identifies targeted customer and market seg- 
ments and measures the company’s success in these segments. To monitor its customer 
objectives, Chipset uses measures such as market share in the communication networks 
segment, number of new customers, and customer satisfaction ratings. 

3. Internal-business-process perspective. This perspective focuses on internal operations 

that create value for customers that, in turn, help achieve financial performance. 
Chipset determines internal-business-process improvement targets after benchmark- 
ing against its main competitors using information from published financial state- 
ments, prevailing prices, customers, suppliers, former employees, industry experts, 
and financial analysts. The internal-business-process perspective comprises three 
sub-processes: 

a Innovation process: Creating products, services, and processes that will meet the 
needs of customers is a very important process for companies that follow a product- 
differentiation strategy and must constantly design and develop innovative new 
products to remain competitive in the marketplace. Chipset’s innovation focuses on 
improving its manufacturing capability and process controls to lower costs and 
improve quality. Chipset measures innovation by the number of improvements in 
manufacturing processes and percentage of processes with advanced controls. 

= Operations process: This process involves producing and delivering existing prod- 
ucts and services that will meet the needs of customers. Chipset’s strategic initiatives 
are (a) improving manufacturing quality, (b) reducing delivery time to customers, 
and (c) meeting specified delivery dates so it measures yield, order-delivery time, and 
on-time deliveries. 

3R.E. Paladino. “Balanced Forecasts Drive Value.” Strategic Finance (January, 2005): 37-42. 
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Specific BSC Measures Consistent with Chipset’s Strategy 

Financial Perspective 
Maximize Shareholder Value 

Customer Perspective 
Give the Customer Value Added 

Internal-Business-Process Perspective 
Manage Key Success Factors in All Business Processes 

Learning, Growth Perspective 
Align Employee and Corporate Goals 

Develop and Empower Teamwork Among Employees 

Activities That Change Measures Budget (prediction) Actual Performance 

Increase ratio of improved Employee satisfaction 80% give top 2ratings 88% 

team performance from t 

workers’ suggestions 

Increase front-line workers’ Ratio of workers’ decisions to 

scope of decision making total decisions 85% 90% 

Increase training programs Ratio of employees trained to total 90% 92% 

Increase independent data Ratio of real-time feedback 
searches for benchmarks to total processes 80% 80% 



IN ACTION 

Bangalore-based Infosys is a market leader in information 
technology outsourcing, constantly under pressure to 
expand to meet increased client demand. Infosys invested 
in many new areas including business process outsourcing, 
project management, and management consulting. This put 
Infosys in direct competition with established consulting 
firms such as IBM and Accenture. 

Led by CEO Kris Gopalakrishnan, the company 
developed an integrated management structure that 
would help align these new, diverse initiatives. Infosys 
turned to the BSC to provide a framework the company 
could use to formulate and monitor its strategy. The BSC 

_ measures corporate performance along four dimensions— 
financial, customer, internal business process, and learning 
and growth. 

The BSC immediately played a role in the transfor- 
mation of Infosys. The executive team used the scorecard 
to guide discussion during its meetings. The continual 
process of adaptation, execution, and management that 
the scorecard fostered helped the team respond to, and 
even anticipate, its clients’ evolving needs. Eventually, use 
of the scorecard for performance measurement spread to 

ee) \(ei-yecm §=©Balanced Scorecard Helps Infosys Transform 
_ into a Leading Consultancy 
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the rest of the organization, with monetary incentives 
linked to the company’s performance along the different 
dimensions. 

Over time, the BSC became part of the Infosys 
culture. In recent years, Infosys has begun using the BSC 
concept to create “relationship scorecards” for many of 
its largest clients. Using the scorecard framework, Infosys 
began measuring its performance for key clients not only 
on project management and client satisfaction, but also 
on repeat business and anticipating clients’ future strate- 
gic needs. 

The BSC helped successfully steer the transformation 
of Infosys from a technology outsourcer to a sustainable 
market-leading business consultancy. The company 
decreased per capita energy use by 6.5% and increased 
the number of higher education opportunities by more 
than 10%, with a goal of providing company-wide access, 
all the while increasing customer acquisition and customer 
retention. 

Source: Infosys Sustainability Report 2015-2016 (https://www.infosys 
.com/sustainability/Documents/infosys-sustainability-report-2015-16.pdf). 

a Post-sales-service process: This process involves providing service and support to 
the customer after the sale of a product or service. Chipset monitors how quickly 
and accurately it is responding to customer service requests. 

. Learning-and-growth perspective. This perspective identifies the capabilities the 
organization must excel at to achieve superior internal processes that in turn create 
value for customers and shareholders. Chipset’s learning-and-growth perspective 
emphasizes three capabilities: (1) information-system capabilities, measured by the 
percentage of manufacturing processes with real-time feedback; (2) employee capa- 
bilities, measured by the percentage of employees trained in process and quality 
management; and (3) motivation, measured by employee satisfaction and the per- 
centage of manufacturing and sales employees (line employees) empowered to man- 
age processes. 
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Nonfinancial BSC Measures at Chipset 

The BSC takes into account not only financial targets but also targets based on social, 
legal, and environmental perspectives. Today, companies must respond to increasingly 
complex arrays of customer demands for social, legal, and environmental as well as 
financial sustainability. This multidimensional demand for corporate sustainability has 
led companies like Pearson PLC to produce three annual reports. One is the familiar 
financial report, the second is their social responsibility report, and the third is their 
environmental sustainability report. Global companies take the triple bottom line 
seriously. Recent research provides evidence that investors recognize and reward com- 
panies that implement best practices. The shareholders are rewarded because the 
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market value of these firms is higher than firms that ignore social and environmental 
sustainability practices.‘ 

For example, Pearson PLC pursues an environmental strategy to achieve climate neu- 
trality with respect to carbon emissions. The company will measure its unavoidable CO, 
emissions and has pledged to generate outputs that absorb as many tons of CO, as 
Pearson emits. Since 2007, the company has reduced its emissions from 1.62 to 1.04 fous 
per full-time employee on a like-for-like basis that excludes acquisitions. In 2007, Pearson 
set a target of 95% recycling and reuse of unsold product, but, by 2009, Pearson had 
exceeded this and achieved 99%. Pearson has also reduced its use of plastic in packaging 
by 85% since implementing its strategy. 

Customers have successfully gained corporate attention using social media to expose 
companies such as Nike and IKEA, which have employed child labour in offshore facto- 
ries. Tyson Foods, a global food processor, found its unhygienic slaughtering and process- 
ing practices posted on YouTube by People for the Ethical Treatment of Animals (PETA). 
PETA continues its internet campaign against YUM!, the owner of Kentucky Fried 
Chicken, to replace Tyson Foods as its supplier. 

The Brundtland Commission® defined a sustainable society as one where “the current 
generation meets its needs without (pone seine the ability of future generations to meet 
their needs.” 

There are a wide variety of opinions on this issue. Some believe that managers 
should only focus on long-run financial performance and not be distracted by pursuing 
social and environmental goals beyond the minimum levels required by law. Others 
believe that managers must act to attain environmental and social objectives beyond 
what is legally required, while achieving good financial performance—often called the 
triple bottom line—as part of a company’s social responsibility. Still others believe that 
there is no conflict between achieving social and environmental goals and long-run 
financial performance. 

Many managers recognize that good environmental and social performance helps to 
attract and inspire outstanding employees, improve employee safety and health, increase 
productivity, and lower operating costs. Environmental and social performance also 
enhances a company’s reputation with socially conscious customers and investors and 
boosts its image with governments and citizens, all contributing to long-run financial per- 
formance. Experienced financial analysts are publishing favourable reports about compa- 
nies with strong environmental and social performance because of their greater 
transparency and engagement with multiple stakeholders. A distinguishing organizational 
characteristic of companies that emphasize environmental and social performance is their 
long-term orientation. Some recent research suggests that taking the long-term view and 
engaging with multiple stakeholders results in superior financial performance. Compa- 
nies, such as Natura, China Light & Power, and Dow Chemical, that focus on the triple 
bottom line of financial, environmental, and social performance benefit from innovating 
in technologies, processes, products, and business models to reduce the trade-offs between 
financial and sustainability goals. These companies also build transformational and tran- 
sitional leadership and change capabilities needed to implement the strategies to achieve 
the triple bottom line. 

The BSC has changed how management teams understand the way to improve prof- 
its and requires careful understanding of the interdependence between the firm and its 
competitive environment. When companies go offshore and source their materials, 
labour, and merchandise globally, they are held accountable for the practices of all their 
business partners, Enterprise risk management (ERM) expands triple-bottom-line 
responsibility beyond the firm itself. The purpose of ERM is to identify risk and align 
the firm’s strategy and measures of success using many different measures. This is the 
power of the BSC. 

4S-F, Lo, H-J. Sheu. “Is Corporate Sustainability a Value-Increasing Strategy for Business?” Corporate Governance 15.2 
(March 2007); 345-358. 

‘The Brundtland Commission was set up by the United Nations as the World Commission on Environment and Development. 
It issued its report, Our Common Future, in 1987. 
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implementing a Balanced Scorecard 

To successfully implement a BSC requires commitment and leadership from top management. 
At Chipset, the BSC team (headed by the vice-president of strategic planning) conducted 
interviews with senior managers; questioned executives about customers, competitors, and 
technological developments; and sought proposals for BSC objectives across the four 
perspectives. The team then met to discuss the responses and to build a prioritized list 
of objectives. 

In a meeting with all senior managers, the team sought to achieve consensus on the 
scorecard objectives. Senior management was then divided into four groups, with each 
group being responsible for one of the perspectives. In addition, each group broadened 
the base of inputs by including representatives from the next-lower levels of management 
and key functional managers. The groups identified measures for each objective and the 
sources of information for each measure. The groups then met to finalize scorecard objec- 
tives, measures, targets, and the initiatives to achieve the targets. Management accoun- 
tants played an important role in the design and implementation of the BSC, particularly 
in determining measures to represent the realities of the business. This required manage- 
ment accountants to understand the economic environment of the industry, Chipset’s cus- 
tomers and competitors, and internal business issues such as human resources, operations, 
and distribution. 

The final BSC was communicated to all employees, and managers made sure that 
employees understood the scorecard and the scorecard process. Sharing the scorecard 
allowed engineers and operating personnel, for example, to understand the reasons for 
customer satisfaction and dissatisfaction and to make suggestions for improving internal 
processes directly aimed at satisfying customers and implementing Chipset’s strategy. 
Too often, scorecards are seen only by a select group of managers. By limiting the scorecard’s 
exposure, an organization loses the opportunity for widespread organization engagement 
and alignment. 

Chipset (like Cigna Property, Casualty Insurance, and Wells Fargo) also encourages 
each department to develop its own scorecard that ties into Chipset’s main scorecard. 
For example, the quality control department’s scorecard has measures that its department 
managers use to improve yield. Department scorecards help align the actions of each 
department to implement Chipset’s strategy. Companies frequently use BSCs to evaluate 
and reward managerial performance and to influence managerial behaviour. Using the 
BSC for performance evaluation widens the performance management lens and motivates 
managers to give greater attention to nonfinancial drivers of performance. Surveys indi- 
cate, however, that companies continue to assign more weight to the financial perspective 
(55%) than to the other perspectives—customer (19%), internal business process (12%), 
and learning and growth (14%). 

Companies cite several reasons for the relatively smaller weight on nonfinancial 
measures: difficulty evaluating the relative importance of nonfinancial measures; chal- 
lenges in measuring and quantifying qualitative, nonfinancial data; and difficulty in 
compensating managers despite poor financial performance. Many companies, how- 
ever, are giving greater weight to nonfinancial measures in promotion decisions because 
they believe that nonfinancial measures (such as customer satisfaction, process improve- 
ments, and employee motivation) better assess a manager’s potential to succeed at senior 
levels of management. For the BSC to be effective, managers must view it as fairly 
assessing and rewarding all important aspects of a manager’s performance and promo- 
tion prospects. 

Features of a Good Balanced Scorecard 

A good BSC design has several features: 

= It tells the story of a company’s strategy by clarifying a limited sequence of orderly 
relationships among KSFs. People have cognitive limits; therefore, a good BSC focuses 
on a limited set of linked measures that, if improved in an orderly way, will increase 
profitability. 

565 
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The BSC communicates the strategy to all members of the organization by translating 
the strategy into a coherent and linked set of understandable and measurable opera- 
tional targets. Guided by the BSC, managers and employees take actions and make 
decisions that aim to achieve the company’s strategy. To focus these actions, some 
companies, such as Mobil and Bank of Montreal, have developed BSCs at the division 
and department levels. 

Improvements in nonfinancial performance measures usually lead to improvements in 
financial performance measures. In not-for-profit enterprises, nonfinancial factors 
measure the achievement of almost all key objectives. 

The BSC limits the number of measures used by identifying only the most critical 
KSF. Avoiding a proliferation of measures focuses management’s attention on those 
that are central to strengthening the corporation’s core competence. Although strat- 
egy is stable in the long term, KSFs may change over time and so too must the BSC 
measures. 

The BSC highlights suboptimal trade-offs that managers may make when they fail to 
consider operational and financial measures together. For example, a company for 
which innovation is central to product differentiation could achieve superior short- 
run financial performance by reducing money spent on R&D. A good BSC would 
signal that the short-run financial performance may have been achieved by taking 
actions that hurt future financial performance because a leading indicator of that per- 
formance, R&D spending and R&D output, has declined. 

Pitfalls When Implementing a Balanced Scorecard 

Pitfalls to avoid when implementing a BSC include the following: 

Strategy requires knowledge of how orderly changes in a corporation can better 
assure success in a changing competitive environment. Orderly change focuses on 
shoring up the weak KSFs and nourishing the strong KSFs that sustain core compe- 
tence. A critical challenge is to identify the strength and speed of the orderly changes 
among the nonfinancial and financial measures. Management must gather evidence 
of these linkages over time. Evolving the BSC over time avoids the paralysis by anal- 
ysis associated with trying to design the “perfect” scorecard at the outset. 

Scarce corporate resources means trade-offs or priority-setting must occur among 
various strategic goals. For example, emphasizing quality and on-time performance 
beyond a point may not be worthwhile—improving these objectives may be inconsis- 
tent with profit maximization. 

The BSC includes the intangible achievement of good management of intellectual cap- 
ital. Qualitative or subjective measures such as interviews and surveys to assess intel- 
lectual and corporate sustainability achievements provide a rich basis upon which to 
assess progress. 

Intangible costs are extremely difficult to estimate, but intangible benefits even more 
so. Nonfinancial measures of the benefits of improved information technology, advo- 
cacy of human rights, and reduction of carbon emissions are not standardized. Man- 
agement accountants play a large liaison role in translating qualitative measures made 
by technical experts into financial measures of benefit. 

Managers tend to focus on what their performance is measured by rather than corpo- 
rate success. Excluding nonfinancial measures when evaluating performance will 
reduce the significance and importance given to managing nonfinancial BSC mea- 
sures. Many of the nonfinancial measures serve as leading indicators of future finan- 
cial performance. The Chipset example will show how improvements in nonfinancial 
factors lead to improvements in financial factors. 
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Strategic Analysis of Operating Income 

Having implemented some changes, Chipset can measure its actual achievement against 
benchmarks in the BSC budget targets shown in Exhibit 14-4. The comparisons in this 
section are important to strategic cost management, which identifies the use of cost infor- 
mation to measure the successful implementation of a strategy. Performance indicators 
isolate and measure contributions to favourable operating income change arising from the 
choice of a cost leadership strategy apart from those arising from industry change and 
product customization. 

Chipset has focused on comparing actual operating performance over two different 
time periods and explicitly linking the performance to strategic choices. Improvements in 
performance measures will be interpreted as successful implementation of strategy. While 
Chipset has chosen cost leadership, more complex companies with portfolios of product 
and service bundles may select more complex strategies. When value leadership is selected, 
these types of companies cannot simply ignore cost—cost leadership is important to prof- 
itability for any company. The difference will lie in the BSC measures of success when 
implementing the selected strategy. 

The following simplified example illustrates how operating income changes between 
two years can be divided into components that can describe how successful a company 
has been with regard to cost leadership, product differentiation, and growth.® From the 
first two tables, notice that Chipset has reduced its unit sales price from $27 to $25 but 
increased its operating income. 

2021 2022 

1. Units of LCX1 produced and sold 1,000,000 1,150,000 

2. Selling price $27 $25 

3. Direct materials (square centimetres of silicon wafers) 3,000,000 2,900,000 

4. Direct material cost per square centimetre $1.40 $1.50 

5, Manufacturing processing capacity 3,750,000 3,500,000 
(in square centimetres of silicon wafer) 

6. Conversion costs (all manufacturing costs $16,050,000 $15,225,000 
other than direct material costs) 

7. Conversion cost per unit of capacity (Row 6 + Row 5) $4.28 $4.35 

8. R&D employees 40 39 

9. R&D costs $4,000,000 $3,900,000 

10. R&D cost per employee (Row 9 + Row 8) $100,000 $100,000 

Chipset implemented key elements of its strategy late in 2021 and early 2022, expect- 
ing financial improvement by late 2022. In a more complex analysis, Chipset could eval- 
uate its progress across all three years. This emphasizes that implementation of a strategic 
plan occurs over several years, and immediate improvement is inconsistent with the long- 
term strategic perspective. Chipset provides the following additional information: 

= Annual conversion costs depend on the total capacity (measured as square centime- 
tres of silicon wafers, or practical capacity of the LCX1, that can be produced). This 
capacity cost is fixed. The direct manufacturing labour costs are relatively small com- 
pared to capacity costs and are based on time worked, not output quantity produced. 
Capacity costs can only be reduced by selling equipment, laying workers off, or reas- 
signing them to non-manufacturing tasks. 

6 For other details, see R. Banker, S. Datar, and R. Kaplan, “Productivity Measurement and Management Accounting,” Journal 
of Accounting, Auditing and Finance (1989): 528-554; and A. Hayzen and J. Reeve, “Examining the Relationships in Produc- 
tivity Accounting,” Management Accounting Quarterly (2000). 

LO®@ 
Evaluate strategic success 

at implementing a cost 

leadership strategy using 

balanced scorecard 

measures. 
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s The amount spent on R&D is discretionary. Chipset’s managers decide on this at the 
beginning of each year. The R&D work does not depend on the quantity of LCX1 
produced. Engineers earn approximately $100,000 annually. 

s Marketing and sales non-manufacturing costs are small relative to other costs. The 
company has 10 customers who purchase roughly the same quantity of LCX1 in a 
year. Engineers work closely with customers to provide continuous improvements 

that meet the customers’ needs. The customer relationship manager works with the 
engineers and the production department to ensure Chipset can fill the order accord- 
ing to the requirements of the customer. This cross-functional approach recognizes 
the interdependence of design, sales, and production and assures customer satisfac- 
tion. It costs approximately $80,000 to support each customer. 

s The investment base and asset structure are not materially different in the years 2021 
and 2022. Operating income for each year is as follows: 

2021 2022 

Revenue 

($27 per unit X 1,000,000 units; $25 per unit x 1,150,000 units) $27,000,000 $28,750,000 

Costs 

Direct material costs 

($1.40/sq. cm. X 3,000,000 sq. cm.; $1.50/sq. cm. X 2,900,000 sq. cm.) 4,200,000 4,350,000 

Conversion costs 

($4.28/sq. cm. X 3,750,000 sq. cm.; $4.35/sq. cm. X 3,500,000 sq. cm.) 16,050,000 15,225,000 

R&D costs ($100,000 x 40 employees; $100,000 x 39 employees) 4,000,000 3,900,000 

Total costs 24,250,000 23,475,000 

Operating income $ 2,750,000  $ 5,275,000 

Change in operating income * $2,525,000 F 4 

Chipset now wants to evaluate how much of this $2,525,000 increase in operating 
income can be attributed to successful implementation of the company’s strategy.’ To do 
so, it must examine three main analysis components: growth, price recovery, and produc- 

tivity. Each component will be isolated from the favourable or unfavourable variance 
generated by the others. 

The Growth Component 

The growth component measures the increase in revenues minus the increase in costs from 

selling more units of LCX1 in 2022 (1,150,000 units) than in 2021 (1,000,000 units). That is, 
the output prices, input prices, efficiencies, and capacities of 2021 are assumed to continue 
into 2022. This isolates the effect of increased sales volume from all other revenue effects. 

Revenue Effect of Growth 

Actual units of | Actual units of Selling 
Revenue effect 

epieeieahas Wah output sold — outputsold | X_ price 

& in 2022 in 2021 in 2021 

= (1,150,000 units — 1,000,000 units) X $27 per unit 

= $4,050,000 F 

This component is favourable (F) because it increases operating income, all other things 
held equal. Decreases in operating income are unfavourable (U). The analysis assumes that 
in this highly competitive environment the 2021 selling price continued into 2022. 

’The manufacturing conversion cost pool is almost 100% fixed cost. Chipset’s strategy is cost leadership. It will improve profit 
by increasing the quantity of saleable LCX1. It will redesign the production process without spending more money to increase 
capacity. 
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Cost Effect of Growth 

Of course, to produce the higher output sold in 2022, more inputs would be needed. The 
cost increase from growth measures the amount by which costs in 2022 would have increased 
(1) if the relationship between inputs and outputs that existed in 2021 had continued in 
2022, and (2) if prices of inputs in 2021 had continued in 2022. We use 2021 input-output 
relationships and 2021 input prices because the goal is to isolate the increase in costs caused 
solely by the growth in units sold of 150,000 units of LCX1 between 2021 and 2022. 

Units of input Actual units of 
Cost effect of Input 

required to input used ; 
growth for = Aiea snute Fae 4 X price 

: oduce 
variable costs P ea in 2021 

output in 2021 2021 output 

Cost effect of 

growth for = | 3,000,000 sq. cm. X 

direct materials 

1,150,000 units 

1,000,000 units 

= (3,450,000 sq. cm. — 3,000,000 sq. cm.) X $1.40 per sq. cm. = $630,000 U 

Actual units of capacity in 

2021 if adequate to produce 

Doce effestict 2022 output in 2021 peep eres Price per 

growth for oe — of capacity | X unit of 
eee If 2021 capacity inadequate ape capacity 

to produce 2022 output in 2021, in 2021 

units of capacity required 

to produce 2022 output in 2021 

Cost effect of 

growth for = ($3,750,000 sq. cm. — 3,750,000 sq. cm) X $4.28 per sq. cm. = $0 

conversion costs 

All conversion costs are fixed at practical capacity of 3,750,000 cm? of silicon wafers 
at a total cost of $16,050,000, or $4.28/cm*. In 2021, Chipset would have needed 
3,450,000 cm? of direct materials to produce 3,450,000 LCX1. The actual quantity pro- 
duced is within the relevant range with no additional capacity cost or conversion cost. 

The R&D costs, however, are discretionary but would not change in 2021 even if 
Chipset had produced and sold a larger quantity of LCX1: 

Cost effect of 

growth for = (40 employees — 40 employees) X 100,000 per employee = $0 

R&D costs 

In summary, the net increase in operating income as a result of growth equals: 

Revenue effect of growth $4,050,000 F 

Cost effect of growth 

Direct material costs $630,000 U 

Conversion costs 0 

R&D costs 0 630,000 U 

Change in operating income due to growth $3,420,000 F 

The Price-Recovery Component 

The price-recovery component of operating income measures the change in revenues and 
the change in costs to produce the 1,150,000 units of LCX1 manufactured in 2022 as a 

result of the change in the prices of LCX1. 

— 3,000,000 sq. cm) x $1.40 per sq. cm. 
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Revenue Effect of Price Recovery 

Note that this calculation focuses on the decrease in the price of LCX1 between 2021 and 
2022. The objective of the revenue effect of price recovery is to isolate the change in reve- 
nue between 2021 and 2022 due solely to the change in selling prices. 

Revenue effect : ; : Actual units of 

f product differentiation = es Rg SRI 9 ps X output sold 
hinds puiehipaas cae in 2022 in 2021 sees 

component in 2022 

= ($25 — $27) x 1,150,000 = $2,300,000 U 

Cost Effect of Price Recovery 

This calculation focuses on the effect of changes in the prices of inputs. Because of the 
anticipated change in manufacturing conversion costs, these fixed costs must be consid- 
ered to capture the full cost effect of price recovery. The cost of direct materials required 
to produce 3,450,000 cm? has already been considered when calculating the cost effect of 
growth. 

Units 

Ge price Input oes) required to 

in2022 — in 2021 produce 2022 
output in 2021 

Cost effect of 

price recovery for = 

variable costs 

Cost effect of 

price recovery for = ($1.50 per sq. cm. — $1.40 per sq. cm.) X 3,450,000 sq. cm. = $345,000 U 

direct materials 

The cost effect of price recovery for fixed costs is 

Actual units of capacity in 

2021, if adequate to produce 

Price per Price per 2022 output in 2021 

unit of _ unit of . OR 

capacity capacity If 2021 capacity inadequate to 

in 2022 in2021 produce 2022 output in 2021, 

units of capacity required to 

produce 2022 output in 2021 

Cost effect of 

price recovery for = 

fixed costs 

The cost effects of price-recovery conversion and R&D fixed costs are 

Conversion costs= ($4.35 per cm?— $4.28 per cm?) X 3,750,000 cm? = $262,500 U 

R&D costs = ($100,000 per employee — $100,000 per employee) X 40 employees = $0 

In summary, the net decrease in operating income attributable to price recovery when 
there is adequate capacity and R&D employees are constant is 

Revenue effect of price recovery $2,300,000 U 

Cost effect of price recovery 

Direct material costs $345,000 U 

Conversion costs 262,500 U 

R&D costs 0 607,500 U 

Change in operating income due to price recovery $2,907,500 U 

The Productivity Component 

Productivity is the ratio of finished output units divided by input quantity. The contribu- 
tion of productivity to the change in operating income uses current input costs in 2022. 
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There is no revenue effect because the focus is on cost. The first calculation isolates the 
decrease in variable costs arising from use of fewer inputs, improved input mix, and less 
capacity compared to those used in 2021. 

Actual units of — Units of input 
Cost effect of ; ‘ Input 

Ls input used required to 
productivity for = a anise RE xX price 

variable costs F ee in 2022 
2022 output output in 2021 

Direct material costs = (2,900,000 — 3,450,000) x $1.50 = $825,000 F. 

Chipset’s quality and yield improvements reduced the quantity of direct materials 
(inputs) required to generate higher productivity in 2022 relative to 2021: 

Actual units of capacity in 

2021, if adequate to produce 

Cost effect of Actual units of soe aa eee ae ee 

roductivity for = capacit ce BBN ee 
P fixed peed ay 0 o If 2021 capacity inadequate capacity 

to produce 2022 output in 2021, in 2022 

units of capacity required to 

produce 2022 output in 2021 

Based on the 2021 data and these analyses, the cost effects of fixed conversion costs 
on productivity are 

Conversion costs= (3,500,000 sq. cm. — 3,750,000 sq. cm.) X $4.35 per sq. cm. = $1,087,500 F 

R&D costs = (39 employees — 40 employees) X $100,000 per employee = $100,000 F 

Chipset’s managers decreased manufacturing capacity in 2022 to 3,500,000 cm?. 
They accomplished this by selling off old equipment and retraining manufacturing work- 
ers to perform non-manufacturing tasks. One R&¢D manager voluntarily left Chipset and 
was not replaced, which reduced R&D expense. In summary, the net increase in operat- 
ing income attributable to productivity is 

Cost effect of productivity 

Direct material costs $ 825,000 F 

Conversion costs 1,087,500 F 

R&D costs 100,000 F 

Change in operating income due to productivity $2,012,500 F 

The productivity component reveals that Chipset increased its operating income in 
several ways consistent with the strategy of cost leadership. Chipset improved quality and 
yield, and reduced capacity costs. The company can conduct a more detailed analysis of 
partial and total factor productivity changes to obtain a deeper understanding of the 
effectiveness of Chipset’s cost leadership strategy. 

Further Analysis of Growth, Price-Recovery, 

and Productivity Components 

Exhibit 14-5 summarizes the growth, price-recovery, and productivity components that 
contributed to a total favourable variance in operating income in 2022. As in all variance 
and profit analysis, the thoughtful analyst will want to look at the sources of operating 
income more closely. For instance, in the Chipset example, growth may have been helped 
by an increase in industry market size. Therefore, at least a part of the increase in operat- 
ing income may be attributable to favourable economic conditions in the industry rather 
than to any successful implementation of strategy. Some of the growth may also have 
come as a result of a management decision at Chipset to take advantage of its productivity 
gains by cutting prices. In this case, the increase in operating income from cost leadership 
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(aii ae een Strategic Analysis of Profitability 

Revenue and Revenue and Income 
Income Cost Effects . Cost Effects of Cost Effect of Statement 

Statement of Growth Price-Recovery Productivity Amounts 
Amounts Component Component Component in 2022 
in 2021 in 2022 in 2022 in 2022 (5) = 

eer (2) (3) (4) (1) + (2) + (3) — (4) 

Revenue $27,000,000 $4,050,000 F $2,300,000 U _ $28,750,000 
Costs 24,250,000 630,000 U 607,500 U $2,012,500 F 23,475,000 
Operating income $ 2,750,000 $3,420,000 F $2,907,500 U $2,012,500 F $ 5,275,000 

A $2,525,000 F A 

Change in operating income 

equals the productivity gain, plus any increase in operating income from growth in market 
share attributable to productivity improvements, minus any decrease in operating income 
from a strategic decision to lower prices. 

To illustrate these ideas, consider again the Chipset example and the following addi- 
tional information: 

w The market growth rate in the industry is 10%. That is, of the 150,000 (= 1,150,000 
— 1,000,000) units of increased sales of LCX1 between 2021 and 2022, 100,000 
(=10% X 1,000,000) units are due to an increase in industry market size (which Chipset 
would have benefited from regardless of its productivity gains), and the remaining 
50,000 units are due to an increase in market share. 

a There was a $1.35 or 5% decrease in the target price of LCX1 (0.05 X $27 = $1.35). 
The remaining decrease of $0.65 arose from taking advantage of Chipset’s productivity 
gain. As a result, Chipset’s total reduction in unit sales price was $2 (= $1.35 + $0.65). 

Clearly, some of the improvement came from a growth in market size rather than any 
action by Chipset. This effect can be calculated as follows: 

100,000 units 
$3,420,000 (Exhibit 14-5, column 2) X 150,000 units = $2,280,000 F 

Lacking a differentiated product, Chipset is unable to pass along increases in input 
prices to its customers. The effect of product differentiation on operating income is 

Change in operating income due to a decline in the selling price of 

LCX1 (other than the strategic reduction in price included as part of 

the cost leadership component) $1.35/unit x 1,150,000 units $1,552,500 U 

Change in prices of inputs (cost effect of price recovery) 607,500 U 

Change in operating income due to product differentiation $2,160,000 U 

The change in operating income between 2021 and 2022 due to implementing the 
cost leadership strategy is 

Productivity component $2,012,500 F 

Effect of strategic decision to reduce price 

($0.65/unit X 1,150,000 units) 747,500 U 

Growth in market share due to productivity improvement and 

strategic decision to reduce prices 

50,000 units 

150,000 units 1,140,000 F 

Change in operating income due to cost leadership $2,405,000 F 

$3,420,000 (Exhibit 14-5, column 2) x 
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In summary, the change in operating income between 2021 and 2022 is 

Change due to industry market size $2,280,000 F 

Change due to product differentiation 2,160,000 U 

Change due to cost leadership 2,405,000 F 

Change in operating income $2,525,000 F 

Under different assumptions of how changes in prices affect the quantity of LCX1 
sold, the analyst will attribute different amounts to the different measures. The important 
point, though, is that the productivity gains of $2,012,500 Chipset made in 2022 were 
key to the operating income increases. 

Ronaldo Associates is a construction engineering firm that prepares detailed con- 
struction drawings for single family homes. The market for this service is very com- 
petitive. To compete successfully Ronaldo must deliver quality service at low cost. 
Ronaldo presents the following data for 2021 and 2022. 

2021 2022 

1. Number of jobs billed 400 500 

2. Selling price per job $ 3,200 $ 3,100 

3. Engineering labour-hours 24,000 27,000 

4, Cost per engineering labour-hour $ Bhi 36 

5. Engineering support capacity (number of jobs the firm can do) 600 600 

6. Total cost of engineering support (space rent, equipmentetc.) $180,000 $192,000 

7. Engineering support-capacity cost per job (row 6 + row 5) cS ell AS SPA) 

Engineering labour-hour costs are variable costs. Engineering support costs for each 
year depend on the engineering support capacity that Ronaldo chooses to maintain 
each year (i.e., the number of jobs it can do each year). Engineering support costs do 
not vary with the actual number of jobs done in a year. 

Required 

1. Calculate the operating income of Ronaldo Associates in 2021 and 2022. 

2. Calculate the growth, price-recovery, and productivity components that explain 
the change in operating income from 2021 to 2022. 

3. Comment on your answer in requirement 2. What do these components indicate? 

Specific Productivity Improvement Measures 

Productivity measures the relationship between actual outputs produced and actual inputs Loe 
used (both quantities and costs). The lower the quantity of inputs for a given quantity of Annies ahe roses worn 
outputs (or the higher the outputs for a given quantity of inputs), the higher the level of | gpecific productivity and 
productivity. Measuring productivity improvements over time highlights the specific out- | capacity control strategies 
put-input relationships that contribute to cost leadership. to achieve balanced 

Partial productivity, the most frequently used productivity measure, compares the | SCrecard expectations. 
quantity of output produced with the quantity of an individual input used. The higher the 
ratio, the greater the productivity. In its most common form, partial productivity is 
expressed as a ratio: 

Quantity of output produced 

Quantity of input used 
Partial productivity = 
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Consider only direct materials productivity at Chipset in the year 2022. 

Direct materials __ Quantity of LCX1 units produced during 2022 

partial productivity | Quantity of direct materials used to produce LCX1 in 2022 

NE 1,150,000 units of LCX1 

~ 2,900,000 sq. cm. of direct materials 

= 0.397 units of LCX1 per sq. cm. of direct materials 

Direct materials partial productivity ignores Chipset’s other inputs, manufacturing 
conversion costs and R&D. Partial productivity measures become meaningful when com- 
parisons are made that examine productivity changes over time, either across several facil- 
ities or relative to a benchmark. Exhibit 14-6 presents partial productivity measures for 

Chipset’s various inputs for 2021 and 2022 using information from the productivity cal- 
culations. These measures compare the actual inputs used in the year 2022 to produce 
1,150,000 units of LCX1 with the inputs that would have been used in 2021 had the 
input-output relationship from 2021 continued in 2022. 

Partial productivity measures differ between fixed and variable costs of inputs. For 
fixed cost inputs such as manufacturing conversion capacity, partial productivity will 
measure the reduction in overall capacity from 2021 to 2022 (3,750,000 cm? of silicon 

wafers to 3,500,000 cm?) regardless of the actual capacity used in each year. A major 
advantage of partial productivity measures is that they focus on a single input. As a result, 
they are simple to calculate and easily understood by operations personnel. 

Managers and supervisors examine these numbers to understand the reasons underly- 
ing productivity changes from one period to the next. Various possibilities are improved 
training and lower turnover (learning and growth), increased incentives to suggest pro- 
ductivity improvements, changes in the production process, higher-quality inputs, substi- 
tution of machine- for labour-hours, and advanced quality control (internal business 
process). One drawback, of course, is the interdependencies illustrated in Exhibit 14-3, 

whereby improvement in one measure will lead to improvements in other related mea- 
sures. This is why a different approach is needed to ensure that an isolated change in fact 
improved total productivity. 

Total factor productivity (TFP), or total productivity, considers the result of changing 
all inputs simultaneously. TFP is the ratio of the quantity of output produced to the costs of 
all inputs used, where the inputs are combined on the basis of current period prices. 

Total factor productivity = Qupntinn emp e PE eves 
Costs of all inputs used 

TFP considers all inputs simultaneously and also considers the trade-offs across inputs 
based on current input prices. Do not be tempted to think of all productivity measures as 
physical measures lacking financial content—how many units of output are produced per 
unit of input. Total factor productivity is intricately tied to minimizing total cost—a finan- 
cial objective. We next measure changes in TFP at Chipset from 2021 to 2022. 

Comparing Chipset’s Partial Productivities in 2021 and 2022 

Comparable Partial 
Partial Productivity Based Percentage 

Productivity on 2021 Input- Change 
Input in 2022 Output Relationships from 2021 to 2022 

(1) (2) (3) (4) 

4 1,150,000 1,150,000 0.397 — 0.333 
Direct material a = 0.397 ‘__ = 0,333 ——__—. = 19.29 

ne 2,900,000 3,450,000 os eee 
Manufacturing 1,150,000 _ 1,150,000 _ 0.329-0.307.: one 

conversion capacity 3,500,000 3,750,000 0907; ae 

1,150,000 1,150,000 29,487 — 28,750 
R&D = 29,487 = 28,750 = 2.6% 

39 40 28,750 
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Calculating and Comparing Total Factor Productivity 

We first calculate Chipset’s TFP in 2022 using 2022 prices and 1,150,000 units of out- 
put produced (using information from the first column of the productivity component 
calculations). 

Total factor productivity _ Quantity of output produced in 2022 

for 2022 using 2022 prices —_ Costs of inputs used in 2022 based on 2022 prices 

x 1,150,000 
ae (2,900,000 X $1.50) + (3,500,000 x $4.35) + (39 x $100,000) 

_ 1,150,000 
~ $23,475,000 
= 0,048988 units of output per dollar of input cost 

By itself, the 2022 TFP of 0.048988 units of LCX1 per dollar of input is not particularly 
helpful. We need something to compare it against. One alternative is to compare TFPs of 
other similar companies in 2022. However, finding similar companies and obtaining accu- 
rate comparable data is often difficult. Companies therefore usually compare their own 
TFP over time. 

In the Chipset example, we use as a benchmark TFP the inputs that Chipset would 
have used in 2021 to produce 1,150,000 units of LCX1 at 2022 prices (i.e., we use the costs 
calculated from the second column in the productivity component calculations. The 2022 
prices are used because using the current year’s (2022) prices in both calculations controls 
for input price differences and focuses the analysis on the adjustments the manager made in 
the quantities of inputs in response to changes in prices. 

Benchmark _ Quantity of output produced in 2022 

TFP _ Costs of inputs that would have been used in 2021 to produce 2022 output 

ik 1,150,000 
~ (3,450,000 x $1.50) + (3,750,000 X $4.35) + (40 X $100,000) 
_ 1,150,000 
~ $25,487,500 
= 0.045120 units of output per dollar of input cost 

Using 2022 prices, total factor productivity increased 8.6% [= (0.048988 — 0.045120) + 
0.045120] from 2021 to 2022. The gain in TFP occurs because Chipset increases the par- 
tial productivities of individual inputs and, consistent with its strategy, seeks the least 
expensive combination of inputs to produce LCX1. 

A major advantage of TFP is that it measures the combined productivity of all inputs 
used to produce output. Therefore, it explicitly considers gains from using fewer physical 
inputs as well as substitution among inputs. Managers can analyze these numbers to 
understand the reasons for changes in TFP. For example, Chipset’s managers will try to 
evaluate whether the increase in TFP from 2021 to 2022 was due to better human resource 
management practices, higher quality of materials, or improved manufacturing methods. 
Chipset will adopt the most successful practices and use TFP measures to implement and 
evaluate strategy by setting targets and monitoring trends. 

Many companies, such as Monsanto, a manufacturer of fibres, and Motorola, a 

microchip manufacturer, use both partial productivity and total factor productivity to 
evaluate performance. Partial productivity and TFP measures work best together because 
the strengths of one are the weaknesses of the other. 

Downsizing and the Management 
of Processing Capacity 

Fixed costs are tied to capacity. Unlike variable costs, fixed costs do not change automat- 
ically with changes in activity level (e.g., fixed conversion costs do not change with changes 
in the quantity of silicon wafers started into production). Managers reduce capacity-based 
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fixed costs by measuring and managing unused capacity. Unused capacity is the amount 
of productive capacity available over and above the productive capacity employed to meet 
consumer demand in the current period. To understand unused capacity, it is necessary to 
distinguish between engineered costs and discretionary costs. 

Engineered and Discretionary Costs 

Engineered costs result from a cause-and-effect relationship between the cost driver— 
output—and the (direct or indirect) resources used to produce that output. Engineered 
costs have a detailed, physically observable, and repetitive relationship with output. In the 
Chipset example, direct material costs are direct engineered costs. Conversion costs are an 
example of indirect engineered costs. Consider 2022. The output of 1,150,000 units of 
LCX1 and the efficiency with which inputs are converted into outputs result in 2,900,000 
square centimetres of silicon wafers being started into production. Manufacturing- 
conversion-cost resources used equal $12,615,000 (= $4.35 per sq. cm. X 2,900,000 sq. cm.), 

but actual conversion costs ($15,225,000) are higher because Chipset has manufacturing 

capacity to process 3,500,000 square centimetres of silicon wafer ($4.35 per sq. cm. X 
3,500,000 sq. cm. = $15,225,000). Although these costs are fixed in the short run, over 
the long run there is a cause-and-effect relationship between output and manufacturing 
capacity required (and conversion costs needed). In the long run, Chipset will try to match 
its capacity to its needs. 

Discretionary costs have two important features: (1) They arise from periodic (usu- 
ally annual) decisions regarding the maximum amount to be incurred; and (2) they have 
no measurable cause-and-effect relationship between output and resources used. There is 
often a delay between when a resource is acquired and when it is used. Examples of dis- 
cretionary costs include advertising, executive training, R&D, and corporate-staff 

department costs such as legal, human resources, and public relations. Unlike engineered 
costs, the relationship between discretionary costs and output is unknown because it is 
nonrepetitive and nonroutine. A noteworthy aspect of discretionary costs is that manag- 

ers are seldom confident that the “correct” amounts are being spent. William Hesketh 
Lever, the founder of Lever Brothers, an international consumer-products company, once 
noted, “Half the money I spend on advertising is wasted; the trouble is, I don’t know 
which half!” 

Identifying Unused Capacity for Engineered 

and Discretionary Overhead Costs 

Identifying unused capacity is very different for engineered costs compared to discretion- 
ary costs. Consider engineered conversion costs. 

At the start of 2022, Chipset had capacity to process 3,750,000 square centimetres of 
silicon wafers. Quality and productivity improvements made during 2021 enabled Chipset 
to produce 1,150,000 units of LCX1 by processing 2,900,000 square centimetres of sili- 
con wafers. Unused manufacturing capacity is 850,000 (= 3,750,000 — 2,900,000) square 
centimetres of silicon-wafer processing capacity at the beginning of 2022. At the 2022 
conversion cost of $4.35 per square centimetre, 

Cost of capacity 

= at-the beginning — 

of the year 

= (3,750,000 sq.cm. X $4.35 persq.cm.) — (2,900,000 sq. cm. X $4.35 per sq. cm.) 

= $16,312,500 — $12,615,000 = $3,697,500 

Cost of 

unused capacity 

Manufacturing resources 

used during the year 

The absence of a cause-and-effect relationship makes identifying unused capacity for 
discretionary costs difficult. For example, management cannot determine the R&D 
resources used for the actual output produced. And without a measure of capacity used, it 
is not possible to compute unused capacity. 
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Managing Unused Capacity 

What actions can Chipset management take when it identifies unused capacity? In general, 
it has two alternatives: eliminate unused capacity or grow output to utilize the unused 
capacity. 

In recent years, many companies have downsized in an attempt to eliminate unused 
capacity. Downsizing (also called rightsizing) is an integrated approach of configuring 
processes, products, and people to match costs to the activities that need to be performed 
to operate effectively and efficiently in the present and future. Companies such as AT&T, 
Delta Airlines, Ford Motor Company, and IBM have downsized to focus on their core 
businesses and have instituted organization changes to increase efficiency, reduce costs, 
and improve quality. However, downsizing often means eliminating jobs, which can 
adversely affect employee morale and the culture of a company. 

Consider Chipset’s alternatives with respect to its unused manufacturing capacity. 
Because it needed to process 2,900,000 square centimetres of silicon wafers in 2022, it could 

have reduced capacity to 3,000,000 square centimetres (Chipset can add or reduce manufac- 
turing capacity in increments of 250,000 sq. cm.), resulting in cost savings of $3,262,500 
[= (3,750,000 sq. cm. — 3,000,000 sq. cm.) X $4.35 per sq. cm.]. Chipset’s strategy, however, 

is not just to reduce costs but also to grow its business. So early in 2022, Chipset reduces its 
manufacturing capacity by only 250,000 square centimetres from 3,750,000 square centime- 
tres to 3,500,000 square centimetres saving $1,087,500 (= $4.35 per sq. cm. X 250,000 sq. cm.). 
It retains some extra capacity for future growth. By avoiding greater reductions in capacity, it 
also maintains the morale of its skilled and capable workforce. The success of this strategy will 
depend on Chipset’s achieving the future growth it has projected. 

Because identifying unused capacity for discretionary costs, such as R&D costs, is 
difficult, downsizing or otherwise managing this unused capacity is also difficult. Man- 
agement must exercise considerable judgment in deciding the level of R&D costs that 
would generate the needed product and process improvements. Unlike engineered costs, 
there is no clear-cut way to know whether management is spending too much (or too 
little) on R&D. 

Pulling It All Together—Problem for Self-Study 

(Try to solve this problem before examining the solution that follows.) 

Problem 

Following a strategy of product differentiation, Westwood Corporation makes a high-end 
kitchen range hood, KE8. Westwood presents the following data for the years 2021 and 2022. 

2021 2022 

1. Units of KE8 produced 40,000 42,000 

"2. Selling price $100 $110 

3. Direct materials (m2) 120,000 123,000 
4. Direct materials costs per m? $10 $11 

5. Manufacturing capacity for KE8 50,000 units 50,000 units 

6. Total manufacturing conversion costs $1,000,000 $1,100,000 

7. Manufacturing conversion costs per 
unit of capacity (Row 6 + Row 5) $20 $22 

8. Selling and customer-service capacity 30 customers 29 customers 

9, Total selling and customer-service costs $720,000 $725,000 

10. Cost per customer of selling and customer- 
service capacity (Row 9 + Row 8) $24,000 $25,000 
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Required @ 

eo 6 86 8 

Westwood produces no defective units, but it wants to reduce direct materials usage per 
unit of KE8 in 2022, Manufacturing conversion costs in each year depend on produc- 
tion capacity defined in terms of KE8 units that can be produced. Selling and customer- 
service costs depend on the number of customers that the customer and service functions 
are designed to support. Westwood has 23 customers in 2021 and 25 customers in 2022. 
The industry market size for high-end kitchen range hoods increased 5% from 2021 
to 2022. 

1. Describe briefly key elements that you would include in Westwood’s BSC. 
2. How would improved corporate governance improve Westwood’s corporate ~ 

competitiveness? 
3. How would BSC measures of environmental sustainability contribute to Westwood’s 

enterprise risk management? 
4. Calculate the growth, price-recovery, and productivity components of changes in 

operating income between 2021 and 2022. 
5, Without doing any more calculations, explain in a few sentences whether Westwood 

was successful in implementing its strategy. 

Solution 

1, Key elements that Westwood should include in its BSC are 

a Financial perspective. Operating income growth from charging higher prices 
on KE8. 

u Customer perspective. Market share in high-end kitchen range market and customer 
satisfaction, 

a Internal-business perspective. Manufacturing quality, order-delivery time, on-time 
delivery, and new product features added. 

w Learning-and-growth perspective. Development time for designing new products 
and improving manufacturing processes. 

2. Improving any one of the five dimensions of corporate governance improves the others. 
Improved corporate governance also improves competitiveness because all the factors 
affect customer, financial, and intellectual capital management. 

3. Increasingly countries are enacting legislation that requires reclamation, recycling, 
and remediation activities be paid for by companies causing the need for these activi- 
ties. The risk to the enterprise is that its current life-cycle pricing practices fail to 
include reasonable estimates of environmental life-cycle costs. Global companies need 
to measure their performance in a BSC format to provide relevant information to 
improve their strategy to respond to mandatory compliance with new legislation— 
good corporate governance. 

4, Operating income for each year is as follows: 

2021 2022 

Revenue ($100 x 40,000; $110 x 42,000) $4,000,000 $4,620,000 

Costs 

Direct materials costs ($10 120,000; $11 x 123,000) 1,200,000 1,353,000 

Manufacturing conversion costs ($20 x 50,000; $22 x 50,000) 1,000,000 1,100,000 

Selling and customer-service costs ($24,000 x 30; $25,000 x 29) 720,000 725,000 

Total costs 2,920,000 3,178,000 

Operating income $1,080,000 $1,442,000 

Change in operating income y $362,000 F y 

The Growth Component 

Revenue effect of _ Ge units of output Actual units of oe) 2021 output 

growth component _ sold in 2022 2 sold in 2021 price 

= (42,000 — 40,000) x $100 = $200,000 F 
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Actual units of input/capacity that Actual units of 

Cost effect would have been used to produce _—input/capacity to Year 

of growth =| year 2022 output, assuming the -— produce 2021 x 2021 

component same input-output relationship output prices 

that existed in 2021 

Direct materials costs that would be required in 2021 to produce 42,000 units instead of 
the 40,000 units produced in 2021, assuming the 2021 input-output relationship contin- 
ued into 2022, equal 126,000 m? (= 120,000/40,000 x 42,000). Manufacturing conver- 

sion costs and selling and customer-service costs will not change since adequate capacity 
exists in 2021 to support year 2022 output and customers. 

The cost effects of growth component are 

Direct materials costs (126,000 — 120,000) x $10 = — $60,000 U 

Manufacturing conversion costs (50,000 — 50,000) x $20 = 0 

Selling and customer-service costs (30 — 30) x $24,000 Soe ee 

Cost effect of growth component $60,000 U 

In summary, the net increase in operating income as a result of the growth component equals 

Revenue effect of growth component $200,000 F 

Cost effect of growth component 60,000 U 

Increase in operating income due to growth component $140,000 F 

The Price-Recovery Component 

Revenue effect of : ; Actual units of 
: Bas Output price | Output price 

product differentiation = : Reais X output sold 
in 2022 in 2021 : 

component in 2022 

oe ($110 — $100) xX 42,000 = $420,000 F 

Actual units of input/capacity that 

Cost effect would have been used to produce 

of product = at ee ee soe Xx year 2022 output, assuming the 
; ne in 2022 in 2021 ; : : 

differentiation same input-output relationship 

that existed in 2021 

Direct materials costs ($11 —$10) x 126,000 = $126,000 U 

Manufacturing conversion costs ($22 —$20) x 50,000 = 100,000 U 

Selling and customer-service costs ($25,000 — $24,000) x 30 = 30,000 U 

Total cost effect of price-recovery component $256,000 U 

In summary, the net increase in operating income as a result of the price-recovery compo- 
nent equals 

Revenue effect of price-recovery component $420,000 F 

Cost effect of price-recovery component 256,000 U 

Increase in operating income due to price-recovery component $164,000 F 

The Productivity Component 

Actual units of input/capacity 

eu Actual units of that would have been used to 

penety input/capacity to roduce year 2022 output eae 
cost leadership = P Pa eee ga ald x 2022 

: produce year assuming the same input- nee 

sige aie 2022 input output relationship that 

existed in 2021 
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The productivity component of cost changes are 

Direct materials costs (123,000 — 126,000) x $11 = $33,000 F 

Manufacturing conversion costs Z (50,000 — 50,000) x $22 = 0 

Selling and customer-service costs (29-30) x $25,000 =  25,000F 

Increase in operating income due to productivity component $58,000 F 

The change in operating income between 2021 and 2022 can be analyzed as follows: 

Statement of Revenue and Revenue and 
Comprehensive Cost Effects of Cost Effects of Cost Effect of Statement of 

Income Growth Price-Recovery Productivity Comprehensive 
Amounts Component Component Component Income Amounts 
in 2021 in 2022 in 2022 in 2022 in 2022 

(1) (2) (3) (4) (5) = (1) + (2) + (3) + (4) 

Revenue $4,000,000 $200,000 F $420,000 F — $4,620,000 

Costs 2,920,000 60,000 U 256,000 U $58,000 F 3,178,000 

Operating income $1,080,000 $140,000 F - $164,000 F $58,000 F $1,442,000 

$362,000 F 

Change in operating income 

5. The analysis of operating income indicates that Westwood was successful in imple- 
menting its product differentiation strategy. The company was able to continue to 
charge a premium price for KE8. Westwood was also able to earn additional operating 
income from improving its productivity. The growth in units (from 40,000 to 42,000) 
was attributable entirely to the 5% increase in market size rather than Westwood’s 
product differentiation strategy. 

The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives Guidelines 

1. How does the relative strength _ Porter’s five forces analysis indicates two potential strategies. One is value 
of competitive forces help leadership, appropriate when customers will pay a premium price for unique or 
managers identify strategic highly differentiated products. The second is cost leadership, appropriate when 
alternatives? there are plenty of substitutes for a commodity product and many competitors. 

Corporations selecting the strategy appropriate to the customer’s willingness to 
pay will open an opportunity for superior ROI. Target pricing begins with a 
target ROI, given the customer’s target price. This drives the calculation of the 
target operating income margin percentage from which are derived the target 

costs. In a commodity market where cost leadership is the appropriate strategy, 
improving the operating income margin percentage depends on avoiding the 
“stuck in the middle” situation. 

2. What is reengineering? Reegineering is a process of examining business processes at the most basic level 
with the possibility of engaging in holistic change. It involves redesigning business 
processes to improve performance by reducing cost and improving quality. 
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3. What are the four perspectives | These four measures include the customer-service perspective, which relates to 
of the BSC? design and selection of products. The second is the internal process perspective 

or design of products and production processes to meet customer expectations. 
The third is the learning-and-growth perspective, which influences the rate of 
innovation and successful implementation of products and processes to meet 
customer expectations. Aligning these three will result in improvement in the 
fourth perspective, financial results. 

4, How is strategic success Strategic success can be measured by growth, price-recovery, and productivity 
measured? components of improved operating income. A company is considered 

successful in implementing its strategy when changes in operating income 
align closely with that strategy. 

5. How are BSC expectations Analyze an organization within the framework of the performance and 
achieved? operations of financial management, customer relations and service, internal 

business processes, and learning and growth. 

Terms to Learn 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

balanced scorecard (BSC) (p. 561) enterprise risk management redesigning (p. 560) 

cost leadership (p. 558) (ERM) (p. 564) reengineering (p. 560) 

customer perspective (p. 561) financial perspective (p. 561) rightsizing (p. 577) 

customer preference internal-business-process scalability (p. 556) 

map (p. 558) perspective (p. 561) strategy (p. 556) 

discretionary costs (p. 576) key success factors (p. 560) strategy map (p. 560) 

downsizing (p. 577) learning-and-growth perspective (p.563) —‘ total factor productivity (TFP) (p. 574) 

economies of scope (p. 558) partial productivity (p. 573) unused capacity (p. 576) 

engineered costs (p. 576) product differentiation (p. 558) value leadership (p. 557) 

Assignment Material 

-MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

14-1 Define strategy. 

14-2 Describe the five key forces to consider when analyzing an industry. 

14-3 Describe two generic strategies. 

14-4 What is a customer preference map, and why is it useful? 

14-5 What is reengineering? 

14-6 What are four key perspectives in the BSC? 

14-7 What is a strategy map? 

14-8 Describe three features of a good BSC. 

14-9 What are three important pitfalls to avoid when implementing a BSC? 
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LOO 

14-10 Describe three key components of a strategic analysis of operating income. 

14-11 What is the difference between a stakeholder and a shareholder? 

14-12 How does an engineered cost differ from a discretionary cost? 

14-13 What is downsizing? 

14-14 “We are already measuring total factor productivity. Measuring partial productivity would be of no 

value.” Do you agree? Comment briefly. 

Exercises 

14-15 Terminology. A number of terms are listed below: 

engineered costs economies of scale customer perspective 

key success factors (KSFs) enterprise risk management (ERM) economies of scope 

organic revenue internal process perspective financial perspective 

strategy product differentiation learning/growth perspective 

balanced scorecard (BSC) — value leadership reengineering 

cost leadership competitive advantage 

Required 

Select the terms from the above list to complete the following sentences. 

1. Any management team must understand how it creates value for its customers and decide how to 
accomplish this goal better than all its competitors. This is a decision about . For exciting new 

products and products with no substitutes, consumers are willing to pay a premium price. 

Focusing on inventing and commercializing products with unique attributes is a (or 

) strategy. 
For most mass-produced products sold by many competitors, consumers readily find substitutes. 

is the alternative strategy that improves profitability and ROI through and 

Usually this means the management team will work on increasing the quantity of output using the same 

capacity. The fixed cost per unit produced will decrease, and, if price is fixed, then profit will increase. 
Often cost leadership (or reduction) is achieved by the production process. Growth can also be 
achieved by producing similar but not identical products, and this is growth that provides 

economies of scope. 

Competitive advantage is identified by a resource or set of resources available to a company that 

enable.it to execute its business activities more profitably than other competitors. Management teams 

must align the choice of strategy with the competitive advantage to implement a strategy well. The 

resources that provide competitive advantage are called ( ). 

To obtain feedback on how successful the implementation of strategy is, a ( )is 
often used. The BSC is the foundation of more technologically intensive {ae 
systems. 
The BSC and ERM require refined cost reporting systems. The BSC measures success from four 

perspectives: j a! , and of course . The BSC 
approach provides a more detailed basis upon which to evaluate the success of implementation of 

strategy. 

14-16 Balanced scorecard. La Flamme Corporation manufactures corrugated cardboard boxes. It com- 

petes and plans to grow by producing high-quality boxes at a low price that are delivered to customers in a 

timely manner. Many other manufacturers produce similar boxes. La Flamme believes that continuously 

improving its manufacturing processes and having satisfied employees are critical to implementing its strategy 
in 2021. 

Required 

1. 
2. 

3. 

Is La Flamme’s strategy one of product differentiation or cost leadership? Explain briefly. 

Portage Corporation, a competitor of La Flamme, manufactures corrugated boxes with more designs and 

colour combinations than La Flamme at a higher price. Portage’s boxes are of high quality but require 
more time to produce and so have longer delivery times. Draw a simple customer preference map for La 
Flamme and Portage using the attributes of price, delivery time, quality, and design. 

Indicate two measures you would expect to see under each perspective in La Flamme’s BSC for 2021. 
Use a strategy map to explain your answer. 



14-17 Analysis of growth, price-recovery, and productivity components (continuation of Exer- 
cise 14-16), An analysis of La Flamme’s operating income changes between 2021 and 2022 shows the 
following: 

Operating income for 2021 $1,700,000 

Add growth component 80,000 

Deduct price-recovery component (60,000) 

Add productivity component 180,000 

Operating income for 2022 $1,900,000 

The industry market size for corrugated boxes did not grow in 2022, input prices did not change, and La 
Flamme reduced the price of its boxes in line with the market. 

Required 

1. Was La Flamme’s gain in operating income in 2022 consistent with the strategy you identified in require- 
ment 1 of Exercise 14-16? 

2. Explain the productivity component. In general, does it represent savings in only variable costs, only 
fixed costs, or both variable and fixed costs? 

14-18 Strategy, balanced scorecard. Grey Corporation makes a special-purpose D4H machine used in 
the textile industry. Grey has designed the D4H machine for 2021 to be distinct from its competitors. It has 
been generally regarded as a superior machine. Grey presents the following data for the years 2021 and 
2022. 

2021 2022 

1. Units of D4H produced and sold 200 210 

2. Selling price $40,000 $42,000 

3. Direct materials (kilograms) 300,000 310,000 

4. Direct material cost per kilogram $8.00 $8.50 

5. Manufacturing capacity (units of D4H) 250 250 

6. Total conversion costs $2,000,000 $2,025,000 

7, Conversion cost per unit of capacity $8,000 $8,100 

8. Selling and customer-service capacity 100 customers 95 customers 

9. Total selling and customer-service costs $1,000,000 $940,500 

10. Selling and customer-service capacity cost per customer $10,000 $9,900 

11. Design staff 12 12 

12. Total design costs $1,200,000 $1,212,000 

13. Design cost per employee $100,000 $101,000 

Grey produces no defective machines, but it wants to reduce direct materials usage per D4H 

machine in 2022. Manufacturing conversion costs in each year depend on production capacity defined in 
terms of D4H units that can be produced, not the actual units of D4H produced. Selling and customer- 
service costs depend on the number of customers that Grey can support, not the actual number of cus- 

tomers Grey serves. Grey has 75 customers in 2021 and 80 customers in 2022. At the start of each year, 

management uses its discretion to determine the number of design staff for the year. The design staff and 
costs have no direct relationship with the quantity of D4H produced or the number of customers to whom 

D4H is sold. 

Required 

1. Is Grey's strategy one of product differentiation or cost leadership? Explain briefly. 
2. Describe briefly key elements that you would include in Grey's BSC and the reasons for doing so. 

Assignment Material 
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LOo® 
1. Change in operating income, 

$607,500 F 

LO © 
Change in operating income 

from industry market-size 

factor, $168,000 F 

LO ® 
1. a, Amount of unused 

manufacturing capacity, 40 units 

LO ® 

Loo 

14-19 Strategic analysis of operating income. Refer to the information in Exercise 14-18. 

Required 

1. Calculate the change in operating income of Grey Corporation in 2021 and 2022. 

2. Calculate the growth, price-recovery, and productivity components of changes in operating income 

between 2021 and 2022. 

3. Comment on your answer in requirement 2. What do these components indicate? 

14-20 Analysis of growth, price-recovery, and productivity components (continuation of Exer- 

cise 14-19). Suppose that between 2021 and 2022 the market for Grey's special-purpose machines grew at 

3%. All increases in market share (i.e., sales increases greater than 3%) are the result of Grey’s strategic 
actions. 

Required 

Calculate how much of the change in operating income between 2021 and 2022 is due to industry market- 
size factors, cost leadership, and product differentiation. How successful has Grey been in implementing its 

strategy? Explain. 

14-21 Identifying and managing unused capacity. Refer to the Grey Corporation information in Exer- 

cise 14-18, 

Required 

1. Where possible, calculate the amount and cost of unused capacity for (a) manufacturing, (b) selling 

and customer service, and (c) design at the beginning of 2022 based on 2022 production. If you could 

not calculate the amount and cost of unused capacity, indicate why not. 

2. Suppose Grey can add or reduce its manufacturing capacity in increments of 30 units. What is the 

maximum amount of costs that Grey could save by downsizing manufacturing capacity? 

3. Grey, in fact, does not eliminate any of its unused manufacturing capacity. Why might Grey not 
downsize? 

14-22 Balanced scorecard. Following is a random-order listing of perspectives, strategic objectives, and 

performance measures for the BSC. 

Perspectives Performance Measures 

Internal business process Percentage of defective product units 

Customer Return on assets 

Learning and growth Number of patents 

Financial Employee turnover rate 

Strategic Objectives Net income 

Acquire new customers Customer profitability 
Increase shareholder value Percentage of processes with real-time feedback 

Retain customers Return on sales 

Improve manufacturing quality Average job-related training-hours per employee 

Develop profitable customers Return on equity 
Increase proprietary products Percentage of on-time deliveries by suppliers 

Increase information-system capabilities Product cost per unit 

Enhance employee skills Profit per salesperson 
Improve on-time delivery by suppliers Percentage of error-free invoices 

Increase profit generated by each salesperson Customer cost per unit 

Introduce new product Earnings per share 

Minimize invoice error rate Number of new customers 
Percentage of customers retained 

Required 

For each perspective, select those strategic objectives from the list that best relate to it. For each strategic 
objective, select the most appropriate performance measure(s) from the list. 

14-23 Strategy, balanced scorecard, service company. Haller Corporation is a small information sys- 
tems consulting firm that specializes in helping companies implement sales management software. The 

market for Haller's products is very competitive. To compete, Haller must deliver quality service at a low 



cost. Haller bills clients in terms of units of work performed, which depends on the size and complexity of 

the sales management system. Haller presents the following data for the years 2021 and 2022. 

2021 2022 

1. Units of work performed 60 70 

2. Selling price $ 50,000 $ 48,200 

3. Software implementation labour-hours 30,000 32,000 

4. Cost per software implementation labour-hour $60 $63 

5. Software implementation support capacity (units of work) 90 90 

6. Total cost of software implementation support $360,000 $369,000 

7. Software implementation support capacity cost per unit of work $ 4,000 $ 4,100 

8. Number of employees doing software development 3 3 

9. Total software development costs $375,000 $390,000 

10. Software development cost per employee $125,000 $130,000 

Software implementation labour-hour costs are variable costs. Software implementation support costs for 

each year depend on the software implementation support capacity (defined in terms of units of work) that 

Haller chooses to maintain each year. It does not vary with the actual units of work performed each year. 

At the start of each year, management uses its discretion to determine the number of software development 
employees. The software development staff and costs have no direct relationship with the number of units 
of work performed. 

Required 

1. Is Haller Corporation's strategy one of product differentiation or cost leadership? 

2. Describe briefly key elements that you would include in Haller’s BSC and your reasons for doing so. 

14-24 Strategic analysis of operating income. Refer to the information in Exercise 14-23. 

Required 

1. Calculate the change in operating income of Haller Corporation in 2021 and 2022. 
2. Calculate the growth, price-recovery, and productivity components of changes in operating income 

between 2021 and 2022. 

3. Comment on your answer in requirement 2. What do these components indicate? 

14-25 Analysis of growth, price-recovery, and productivity components (continuation of Exer- 

cise 14-24). Suppose that during 2022 the market for implementing sales management software increased 

by 5%, and that Haller experiences a 1% decline in prices. Assume that any further decreases in selling 

prices and increases in market share are strategic choices by Haller's management to implement Haller's 

cost leadership strategy. 

Required 

Calculate how much of the change in operating income between 2021 and 2022 is due to industry market- 

size factors, cost leadership, and product differentiation. How successful has Haller been in implementing 

its strategy? 

14-26 Identifying and managing unused capacity. Refer to the Haller Corporation information in 

Exercise 14-23. 

Required 

1. Where possible, calculate the amount and cost of unused capacity for (a) software implementation 

support and (b) software development at the beginning of 2022, based on units of work to be performed 

in 2022. If you could not calculate the amount and cost of unused capacity, indicate why not. 

2. Suppose Haller can add or reduce its software implementation support capacity in increments of 

5 units. What is the maximum amount of costs that Haller could save by downsizing software imple- 

mentation support capacity? 

3. Haller, in fact, does not eliminate any of its unused software implementation support capacity. Why 

might Haller not downsize? 

Assignment Material 585 

€ 

LO® 
1, Change In operating income, 

$134,000 F 

LO ® 
Change in operating income 

from Industry market-size factor, 

$60,000 F 

LO © 
1, a, Amount of unused software 

implementation support capacity, 

20 hours 
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LO®@ 
1, Change in operating 

income, $673,800 F 

LO® 

LO® 
1, Change in operating 

income, $36,820 F 

14-27 Growth, price-recovery, and productivity components. Lakeside T-Shirt Company sells a 

variety of T-shirts. Lakeside presents the following data for its first two years of operations, 2021 and 2022. 
For simplicity, assume that all purchasing and selling costs are included in the average cost per T-shirt and 

that each customer buys one T-shirt. 

2021 2022 

Number of T-shirts purchased 210,000 240,000 

Number of T-shirts lost 1,500 800 

Number of T-shirts sold 208,500 239,200 

Average selling price $28.00 $29.00 

Average cost per T-shirt $7.00 $7.75 

Administrative capacity in terms of number of customers 5,000 5,000 
who can be served 

Administrative costs $1,200,000 $1,225,000 

Administrative cost per customer $240 $245 

Design staff 5 5 

Total design costs $210,000 $220,000 

Design cost per employee $42,000 $44,000 

Required 

1. Is Lakeside’s strategy one of value or cost leadership? Explain briefly. 
2. Describe briefly the key elements Lakeside should include in its BSC and the reasons it should do so. 

14-28 Strategic analysis of operating income (continuation of Exercise 14-27). 

Required 

1. Calculate Lakeside’s operating income in both 2021 and 2022. 
2. Calculate the growth, price-recovery, and productivity components that explain the change in operating 

income from 2021 to 2022. 

3. Comment on your answers in requirement 2. What do each of these components indicate? 

Problems 

14-29 Balanced scorecard, non-profit, governance. Sunset Heights Animal Rescue & Protection 

Society (ANIPAL) is a non-profit organization dedicated to the rescue and protection of domestic animals. It 
operates several animal shelters in the Sunset Heights area (including animal adoption services), rescues 
injured or abused domestic animals, and educates volunteers, pet owners, and potential pet owners on 
animal guardianship. : 

As with all charitable organizations, itis facing increased competition in raising funds and recruiting 
volunteers. It is also experiencing greater demands for accountability from its donors. Recently it was 

unable to respond to its board of directors on the costs of running each of its programs and Its allocation 
of funds received to various programs. Although ANIPAL is expected to operate with a balanced budget, it 
reported an operating deficit last year. 

Required 

1. Create a BSC for ANIPAL. In your answer, consider the various programs/services ANIPAL provides. 
2. What are the corporate governance issues raised, and how might they be addressed? 

14-30 Strategic analysis of operating income. Dransfield Company manufactures an electronic 
component, ZP98. This component is significantly less expensive than similar products sold by Dransfield’s 
competitors. Order-processing time is very short; however, approximately 10% of products are defective 
and returned by the customer. Returns and refunds are handled promptly. Yorunt Manufacturing, Dransfield’s 
main competitor, has a higher-priced product with almost no defects but a longer order-processing time. 
Assume that in 2022, Dransfield has changed its processes and trained workers to recognize quality problems 
and fix them before products are finished and shipped to customers. Quality is now at an acceptable level, 
Cost per kilogram of materials is about the same as before, but conversion costs are higher, and 

Dransfield has raised its selling price in line with the market. Sales have increased and returns have 



decreased. Dransfield’s managers attribute this to higher quality and a price that is still less than Yorunt's. 
Information about the current period (2022) and last period (2021) follows. 

2022 2021 

1a. Units of ZP98 produced and soid 5,000 6,250 

1b. Units of ZP98 returned 500 225 

1c. Net sales in units 4,500 6,025 

2. Selling price $44 $50 

3. Direct materials (kilograms) used 2,500 3,125 

4, Direct materials cost per kilogram $10 $10 

5, Manufacturing capacity in units of ZP98 8,000 8,000 

6. Total conversion costs $128,000 $184,000 

7. Conversion cost per unit of capacity $16 $23 

8. Selling and customer-service capacity 60 customers 60 customers 

9. Total selling and customer-service costs $4,000 $4,180 

10. Selling and customer-service capacity cost per customer $66.67 $69.67 

11. Advertising staff 1 1 

12. Total advertising costs $20,000 $24,000 

13. Advertising cost per employee $20,000 $24,000 

Conversion costs in each year depend on production capacity defined in terms of ZP98 units that can be 

produced, not the actual units produced. Selling and customer-service costs depend on the number of 

customers that Dransfield can support, not the actual number of customers it serves. Dransfield has 

50 customers in 2021 and 60 customers in 2022. At the start of each year, management uses its discretion 

to determine the number of advertising staff for the year. Advertising staff and its costs have no direct 

relationship with the quantity of ZP98 units produced and sold or the number of customers who buy ZP98. 

Required 

1. Calculate the change in operating income of Dransfield Company for 2021 and 2022. 

2. Calculate the growth, price-recovery, and productivity components that explain the change in operating 
income from 2021 to 2022. 

3. Comment on your answer in requirement 2. What do these components indicate? 

14-31 Analysis of growth, price-recovery, and productivity components (continuation of Exer- 
cise 14-30). Suppose that during 2022, the market for ZP98 grew 8%. All increases in market share (i.e., sales 
increases greater than 8%) are the result of Dransfield’s strategic actions. 

Required 

Calculate how much of the change in operating income from 2021 to 2022 is due to the industry market-size 

factor, product differentiation, and cost leadership. How does this relate to Dransfield’s strategy and its 
success in implementation? Explain. 

14-32 Identifying and managing unused capacity (continuation of Exercise 14-30). Refer to the infor- 

mation for Dransfield Company in Exercise 14-30. 

Required 

1. Calculate the amount and cost of unused capacity for 

a. Manufacturing 
b. Sales and customer service 
c. Advertising 

If you are unable to calculate the amount and cost of unused capacity, explain why. 
2. State two reasons Dransfield might downsize and two reasons it might not downsize. 
3. Assume Dransfield has several product lines, of which ZP98 is only one. The manager for the ZP98 

product line is evaluated on the basis of manufacturing and customer sales and service costs, but not 

advertising costs. The manager wants to increase capacity for customers because he thinks the mar- 

ket is growing, and this will cost an additional $1,098. However, the manager is not going to use this 
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extra capacity immediately, so he classifies it as advertising cost rather than customer-sales and ser- 

vice cost. How will the deliberate misclassification of this cost affect 

a. The operating income overall? 

b. The growth, price-recovery, and productivity components? 

c. The evaluation of the ZP98 manager? 

You are not required to calculate any numbers when answering requirement 3. Only discuss whether it 
will have a positive, negative, or no effect; and comment on the ethics of the manager's actions. 

14-33 Balanced scorecard. Caltex Inc. refines gasoline and sells it through its own Caltex Gas Stations. 

On the basis of market research, Caltex determines that 60% of the overall gasoline market consists of “ser- 

vice-oriented customers,” medium- to high-income individuals who are willing to pay a higher price for gas 
if the gas stations can provide excellent customer service, such as a clean facility, a convenience store, 

friendly employees, a quick turnaround, the ability to pay by credit card, and high-octane premium gasoline. 

The remaining 40% of the overall market are “price shoppers” who look to buy the cheapest gasoline avail- 

able. Caltex’s strategy is to focus on the 60% of service-oriented customers. Caltex’s BSC for the year fol- 

lows. For brevity, the initiatives taken under each objective are omitted. 

Target Actual 

Objectives Measures Performance Performance 

Financial Perspective 

Increase shareholder value Operating income changes $90,000,000 $95,000,000 

from price recovery 

Operating income changes from growth $65,000,000 $67,000,000 

Customer Perspective 

Increase market share Market share of overall gasoline market 10% 9.5% 

Internal-Business-Process Perspective 

Improve gasoline quality Quality index 94 points 97 points 

Improve refinery performance Refinery-reliability index (%) 91% 91% 

Ensure gasoline availability Product-availability index (%) 99% 100% 

Learning-and-Growth Perspective 

Increase refinery process Percentage of refinery processes with 88% 90% 

capability advanced controls 

Required 

1. Was Caltex successful in implementing its strategy for the year? Explain your answer. 

2. Would you have included some measure of employee satisfaction and employee training in the learning- 

and-growth perspective? Are these objectives critical to Caltex for implementing its strategy? Why or 
why not? Explain briefly. 

3. Explain how Caltex did not achieve its target market share in the total gasoline market but still exceeded 

its financial targets. Is “market share of overall gasoline market” the correct measure of market share? 
Explain briefly. 

4, Is there a cause-and-effect linkage between improvements in the measures in the internal business- 
process perspective and the measure in the customer perspective? That is, would you add other mea- 
sures to the internal-business-process perspective or the customer perspective? Why or why not? 

Explain briefly. 

5. Do you agree with Caltex’s decision not to include measures of changes in operating income from 

productivity improvements under the financial perspective of the BSC? Explain briefly. 

14-34 Balanced scorecard and strategy. Scott Company manufactures a DVD player called 

Orlicon. The company sells the player to discount stores throughout the country. This player is significantly 

less expensive than similar products sold by Scott's competitors, but the Orlicon offers just DVD playback, 

compared with DVD and Blu-ray playback offered by competitor Nomad Manufacturing. Furthermore, the. 
Orlicon has experienced production problems that have resulted in significant rework costs. Nomad’s model 

has an excellent reputation for quality. 

Required 

1. Draw a simple customer preference map for Scott and Nomad using the attributes of price, quality, and 
playback features. Use the format of Exhibit 14-2. 

2. Is Scott's current strategy that of product differentiation or cost leadership? 



3. Scott would like to improve quality and decrease costs by improving processes and training workers to 

reduce rework, Scott's managers believe the increased quality will increase sales. Draw a strategy 

map as in Exhibit 14-3 describing the cause-and-effect relationships among the strategic objectives 

you would expect to see. Present at least two strategic objectives you would expect to see under 
each balanced scorecard perspective. Identify what you believe are any (a) strong ties, (b) focal 
points, (c) trigger points, and (d) distinctive objectives. Comment on your structural analysis of the 
strategy map. 

4, For each strategic objective, suggest a measure you would recommend in Scott's balanced scorecard. 

14-35 Partial productivity measurement. Guble Company manufactures wallets from fabric. 
In 2021, Guble made 2,500,000 wallets using 1,875,000 metres of fabric. In 2022, Guble plans to make 2,650,000 
wallets and wants to make fabric use more efficient. At the same time, Guble wants to reduce capacity; 

capacity in 2021 was 3,000,000 wallets at a total cost of $9,000,000. Guble wants to reduce capacity to 
2,800,000 wallets, at a total cost of $8,680,000 in 2022. 

Suppose that in 2022 Guble makes 2,650,000 wallets, uses 1,669,500 metres of fabric, and reduces 

capacity to 2,800,000 units and costs to $8,680,000. 

Required 

1. Calculate the partial productivity ratios for materials and conversion (capacity costs) for 2022, and 
compare them to a benchmark for 2021 calculated based on 2022 output. 

2. How can Guble Company use the information from the partial productivity calculations? 

14-36 Total factor productivity (continuation of Exercise 14-35). Refer to the data for Exercise 14-35. 
Assume the fabric costs $4 per metre in 2022 and $4.10 per metre in 2021. 

Required 

1. Compute Guble Company's total factor productivity (TFP) for 2022. 
2. Compare TFP for 2022 with a benchmark TFP for 2021 inputs based on 2022 output. 
3. What additional information does TFP provide that partial productivity measures do not? 

Collaborative Learning Cases 

14-37 Strategic analysis of operating income. Halsey Company sells women’s clothing. Halsey’s 
strategy is to offer a wide selection of clothes and excellent customer service and to charge a premium 

price. Halsey presents the following data for 2021 and 2022. For simplicity, assume that each customer pur- 

chases one piece of clothing. 

2021 2022 

1. Pieces of clothing purchased and sold 40,000 40,000 

2. Average selling price $60 $59 

3. Average cost per piece of clothing $40 $41 

4. Selling and customer-service capacity 51,000 customers 43,000 customers 

5. Selling and customer-service costs $357,000 $296,700 

6. Selling and customer-service capacity cost per customer $7 per customer $6.90 per customer 

(Line 5 + Line 4) 

7, Purchasing and administrative capacity 980 designs 850 designs 

8. Purchasing and administrative costs $245,000 $204,000 

9. Purchasing and administrative capacity cost per distinct $250 per design $240 per design 

design (Line 8 + Line 7) 

Total selling and customer-service costs depend on the number of customers that Halsey has created 

capacity to support, not the actual number of customers that Halsey serves. Total purchasing and admin- 

istrative costs depend on purchasing and administrative capacity that Halsey has created (defined in 

terms of the number of distinct clothing designs that Halsey can purchase and administer). Purchasing 
and administrative costs do not depend on the actual number of distinct clothing designs purchased. 

Halsey purchased 930 distinct designs in 2021 and 820 distinct designs in 2022. 
At the start of 2022, Halsey planned to increase operating income by 10% over operating income 

in 2021. 

Assignment Material 589 

LOO 
1, Direct materials partial 

productivity, 1.59 wallets/metre 

LO@ 
1, Total factor productivity for 

2022 using 2022 prices, 

0.1725 units of output/$1 of 

input 

LO® 
2, Change in operating income, 

$21,300 F 



590 Chapter 14 Strategy, the Balanced Scorecard, and Profitability Analysis 

LO ® 

Required 

1. Is Halsey’s strategy one of product differentiation or cost leadership? Explain. 
2. Calculate the change in Halsey's operating income in 2021 and 2022. 

3. Calculate the growth, price-recovery, and productivity components of changes in operating income 

between 2021 and 2022. 
4. Does the strategic analysis of operating income indicate Halsey was successful in implementing its 

strategy in 2022? Explain. 

14-38 Balanced scorecard, sustainability. Nost Vineyards is a wine manufacturer. It distributes its prod- 

ucts to retailers across Canada. Nost's objective is to be the number one distributor of its product lines in 
Canada. Nost competes against a limited number of Canadian companies but also must compete against 

several large American vintners. It seeks to increase market share through the delivery of quality products. 

It believes it can achieve its objectives through high quality control in its manufacturing processes, improved 

efficiency (particularly relating to yields), and innovation of its products. 
Nost has had problems with employee turnover, both in production and administration. It pays com- 

petitive wages but still has struggled managing employee turnover. Employee surveys have determined 
that employees do not believe the company provides adequate training or support and that employees are 

unaware of opportunities for advancement. 

Required 

1. Create a BSC for Nost Vineyards using the traditional four perspectives. 

2. What types of sustainability measures would you recommend for Nost? 

3. What specific measures could Nost take to address its employee turnover issues? 

“TRY iT! > SOLUTION 

. Operating income for each year is as follows: 

2021 2022 

Revenues ($3,200 x 400; $3,100 x 500) $1,280,000 $1,550,000 

Costs 

840,000 Engineering labour costs 972,000 

($35 X 24,000; $36 x 27,000) 

Engineering support costs 

($300 x 600; $320 x 600) 

Total costs 

180,000 192,000 

1,020,000 1,164,000 

$ 260,000 $386,000 

A $126,000 F 4) 

Operating income 

Change in operating income 

2 

The Growth Component 
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Cost effect of input required of inputs Input 
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Cost i i 
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Engineering labour-hours that would be required in 2022 to complete 500 jobs instead of the 
400 jobs done in 2021, assuming the 2021 input-output relationship continued into 2022, equal 30,000 

24,000 labour-hours 
(s00 jobs x 400 jobs ) labour-hours. Engineering support capacity would not change 

since adequate capacity exists in 2021 to support year 2022 jobs. 

The cost effects of growth component are 

Engineering labour costs 

Engineering support costs 

Cost effect of growth 

(30,000 — 24,000) x $35 = $210,000 U 

(600 — 600) x $300 = 0 

$210,000 U 

In summary, the net increase in operating income as a result of the growth component equals 

Revenue effect of growth 

Cost effect of growth 

Change in operating income due to growth 

The Price-Recovery Component 

Revenue effect of _ (ae price 

price recovery in 2022 

Selling price 

$320,000 F 
210,000 U 

$110,000 F 

Actual units 

) x of output 

ees sold in 2022 
= ($3,100 — $3,200) x 500 = $50,000 U 

price recovery for = 

Cost effect of ( Input 

variable costs 2022 

Input 

price in — pricein 

2021 

required to 

produce 2022 

Units of input 

output in 2021 

Price per Price per Actual units of capacity in 
t ; P 

3 Ue _| unitof — — unitof 2021 because adequate 

P fixed es capacity capacity capacity exists to produce 

in 2022 in 2021 2022 output in 2021 

Engineering labour costs 

Engineering support costs 

Cost effect of price recovery 

($36 — $35) x 30,000 = $30,000 U 

($320 — $300) x 600 = 12,000 U 

$42,000 U 
In summary, the net decrease in operating income as a result of the price-recovery component 
equals 

Revenue effect of price recovery $50,000 U 

Cost effect of price recovery 42,000 U 

Change in operating income due to price recovery $92,000 U 

The Productivity Component 

Coat attoct ol Actual units of — Units of input wat 

sadnenuntar = inputused _— required to lineage 

Pea a toproduce produce 2022 as 

a 2022 output output in 2021 

Cnetetect ok Actual Actual units of capacity in Price per 
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i i . capacity capacity exists to produce capacity 

‘ela in 2022 2022 output in 2021 in 2022 
(Continued) 
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The productivity component of cost changes are 

Engineering labour costs (27,000 — 30,000) x $36 = $108,000 F 

Engineering support costs (600 — 600) x $320 = 0 

Change in operating income due to productivity $108,000 F 

The change in operating income between 2021 and 2022 can be analyzed as follows: 

Revenue and 

Income CostEffects | Revenue and Cost 
Statement ofGrowth Cost Effects of Effect of Statement 
Amounts Component Price-Recovery Productivity Amounts 

in 2021 in 2022 Componentin Component — in2022(5)= 
(1) (2) 2022 (3) in 2022 (4) (1) + (2) + (3) + (4) 

Revenues $1,280,000 $320,000 F $ 50,000 U — $1,550,000 

Costs 1,020,000 210,000 U 42,000 U $108,000 F 1,164,000 

Operatingincome $ 260,000  $110,000F $ 92,000 U $108,000 F $ 386,000 

A $126,000 F A 
Change in operating income 

Income 

3. The analysis of operating income indicates that a significant amount of the increase in operating 

income resulted from Ronaldo's productivity improvements in 2022. The company had to reduce 

selling prices while labour costs were increasing, but it was able to increase operating income by 

improving its productivity. The productivity gains also allowed Ronaldo to be competitive and 

grow the business. The unfavourable price-recovery component indicates that Ronaldo could not 

pass on increases in labour-related wages via price increases to its customers, very likely 

because its product was not differentiated from competitors’ offerings. 
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Learning Objectives 
@ Understand the four purposes 

for period cost allocation and 

the four criteria to justify the 

method chosen to allocate the 

- non-manufacturing (period) 

costs. 

@ Evaluate and select between 
the single- and dual-rate cost 

methods to apply period costs 

of support divisions. 

® Analyze how the selection of 

the single- or dual-cost 

allocation rate affects the 

calculation of efficiency 

variance. 

@ Evaluate and select among the 
direct, step-down, and 

reciprocal methods of _ 
allocating support division- 
costs to production divisions. 

@ Analyze cost-allocation 

procedures to apply common 

costs and justify contractual 

reimbursement terms. 

CPA Competencies* 
This chapter covers material 

outlined in Section 3: 
Management Accounting of the 

CPA Competency Map. The 

Learning Objectives in this chapter 

have been aligned with the CPA 

Competency Map to ensure the 

best coverage possible. 

3.3.1 Evaluates cost classifications 
and costing methods for manage- 

_ ment of ongoing operations 

3.3.2 Evaluates and applies cost 

management techniques appropriate 

for specific costing decisions 
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Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada. 

ION AND REVENUES 

a 

Period Cost Application 

Good Period Overhead Cost-Application 
Methods Improve Management Decisions 
Cogeco Inc. is a diversified communications company listed on the Toronto stock 

exchange under the symbol CGO. Cogeco provides communication products and ser- 

vices to consumers and advertisers through cable distribution and radio broadcasting 
that is primarily based in Ontario and Quebec. As the Canadian telecommunications 
universe continues to expand and attract more competition, companies like Cogeco 

need to find effective ways to allocate large amounts of period costs to their products 
and services. 

Careful target pricing will assure Cogeco’s continued profitability. Target prices 

determine Cogeco’s target RO! and operating margin percent as well as the con- 

straints on target costing. In the long run, Cogeco’s decisions about cost application 

will signal how costs actually flow to core divisions in proportion to the benefits each 

division receives. The application of indirect costs will affect the total costs assigned 

to finished goods or services from core divisions. Decisions at Cogeco about 

cost-application methods will reflect trade-offs among cost-benefit, simplicity, and 
economic plausibility. 
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LO® 
Understand the four 

purposes for period cost 

allocation and the four 

criteria to justify the 
method chosen to allocate 

the non-manufacturing 

(period) costs. 

The purpose of this chapter is to explain and apply techniques to allocate support depart- 
ment costs. These are also called period overhead costs, which financial accountants call 
operating expenses. Support department cost allocation is treated separately in part because 
most period costs are excluded from inventoriable costs by financial accounting standards. 
But prices of the finished output must recover a/] manufacturing and non-manufacturing 
costs for corporations to remain profitable. Period costs, such as R&D and IT services 
arising from business functions other than production, are essential to management of an 
entire corporation. These costs must somehow be assigned to outputs in a way that reflects 
the truth about economic activities. For example, if there is more than one distinct output 
and if the non-manufacturing costs of IT services provide different levels of value added to 
each distinct output as judged by the customer, then the customer should be willing to pay 
for that value added. The task of the management team is to select the best method of cost 
assignment (to each distinct output) that most accurately includes the value added. 

Purposes of Cost Allocation 

Cost allocation is the alternative used when tracing is not economically feasible. The ben- 
efits of most facilities-sustaining costs are not observable and therefore cannot be readily 
measured. For example, even if the number of square metres of office floors cleaned by the 
maintenance division could be counted and a cost could be developed, it makes no sense 
to answer the question “How many square metres of cleaned office floors does it take to 
manufacture a smartphone?” This makes the logic of cost allocation for many period costs 
different from the logic behind allocating indirect manufacturing overhead (MOH). 
The goal is to allocate period costs of non-manufacturing activities proportional to the 
different levels of benefit provided to each of the users. 

The activities of upstream and downstream business functions are often interdepen- 
dent. As illustrated in Exhibit 15-1, upstream business activities incur preproduction costs, 
and downstream business activities incur postproduction costs. The activities in customer 
service, a downstream business function, can sometimes be reduced by spending more on 
product and process design in R&D, an upstream business function. The sales price of the 
product or service needs to be high enough to recover all costs, as full product costing 
requires the recovery of all costs generated by all business functions in the value chain. 

There is no universal rule to tell accountants how to allocate either manufacturing or 
non-manufacturing costs. But throughout the text we have consistently noted that, if out- 
puts are identical, a simple average will be an appropriate way to calculate a cost-allocation 
rate. If, however, the outputs (jobs) are not using resources identically, then using a simple 
average runs the risk of inadvertent over- or undercosting of the product. The threat 
posed by overcosting and overpricing in a highly competitive market is that customers 
will not pay a higher price when lower-priced substitutes are readily available. The threat 
posed by undercosting (and subsequent underpricing) is that you cannot identify why 
your profits are dropping even as sales volume increases. 

Activity-based costing (ABC) relies on an economically plausible relationship between 
the contributors to the MOH cost pool and the activities of production. As mentioned 
above, this logic does not readily apply to non-manufacturing or period cost pools, 

Period Cost Allocation—One Part of the Big Picture 
RSE PR SY SS SS SEES SE LT RE OES 

Total Production, Direct and Indirect Costs 
Cost of Goods Sold (COGS) 

Upstream or Pre-Production Indirect Downstream or Post-Production Indirect 
Costs Operating Expenses Costs Operating Expenses 

(Period Costs of Production) (Period Costs of Production) 



Purposes of Cost Allocation 

Careful costing of products and services provides four important benefits: 

1. It will result in more accurate full product pricing. In a highly competitive mar- 
ket, this protects market share. 

It will improve the budgeting process. When companies are price-takers, there is 
no option to simply raise the price to cover extra costs. A good budget can sig- 
nal when it is time to exit an unprofitable market as well as showing how to 
sustain or improve profit. 

ies) It will allow feedback in the form of periodic variance analysis. This will iden- 
tify areas that management needs to examine in order to control resource usage. 

mi It enables managers to select the most profitable among existing opportunities. 
When resources are constrained, this capability reduces opportunity cost and 
maximizes profits. 

Four Possible Purposes 

Managers face a wide variety of business decisions. Selecting the most appropriate method 
of allocation will generate higher quality information. The higher the quality of informa- 
tion, the better able the management team will be to select only the costs relevant to differ- 
ent types of decisions. Four possible reasons to allocate period costs appropriately are to 

a Provide information for economic decisions. 

= Motivate managers and employees. 

w Justify either costs or reimbursement internally or externally. 

a Measure ASPE/IFRS-compliant income and assets for reports to external parties. 

The same combination of costs in the six business functions does not often satisfy 
each of the four purposes listed. For economic decision purposes, the costs in all six func- 
tions (as shown in Exhibit 15-1) should be included. For motivation purposes, costs from 
more than one function are often excluded. Non-manufacturing support costs are com- 
mon to many business functions. 

For cost reimbursement purposes, contracts will often state any specific business func- 
tion costs that must be excluded from reimbursement. Cost reimbursement rules governing 
government contracts may, for example, explicitly exclude marketing costs. For purposes 
of income and asset measurement, inventoriable costs under ASPE/IFRS include only 
manufacturing costs. In Canada, R&D and design costs are expensed to the accounting 
period in which they are incurred unless they can be directly associated solely with a prod- 
uct or service currently generating revenue. Different external parties require the use of 
different costing rules. 

Before undertaking any refinements to the existing costing system, it is important to 
consider both costs and benefits of the project. The time, aggravation, and money involved 
in changing the costing system are all too evident. The benefits are less evident. If the deci- 
sion has been made to proceed, then many choices of contributors to significant period 
cost pools and cost drivers can be contentious. But rapid advances in technology have 
reduced the financia! costs of collecting and processing timely cost information. Even 
small companies have either adopted or developed costing systems that use multiple cost- 
allocation bases to improve the quality of information to make decisions. 

Criteria to Guide Cost-Allocation Decisions 

After identifying the purposes for the cost allocation, managers and management accoun- 
tants must decide how to allocate costs. Having a reasonable justification for how the 
costs are to be allocated helps to support the validity and relevance of the costing system. 
This is a difficult problem since, by definition, many of these period costs have no direct 
connection with the creation of the product or provision of the service. Without some 
justification for the cost allocation being used, the costing systems will have little validity. 
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| Exhibit 15-2 | Criteria for Cost-Allocation Decisions 

1. Cause and Effect. Using this criterion, managers identify the variables that cause resources to be 

consumed. For example, managers may use hours of testing as the variable when allocating the costs of 

a quality-testing area to products. Cost allocations based on the cause-and-effect criterion are likely to 

be the most credible to operating personnel. 
2. Benefits Received. Using this criterion, managers identify the beneficiaries of the outputs of the cost 

object. The costs of the cost object are allocated among the beneficiaries in proportion to the benefits 

each receives. Consider a corporate-wide advertising program that promotes the general image of the 

corporation rather than any individual product. The costs of this program may be allocated on the basis of 
division revenues; the higher the revenues, the higher the division’s allocated cost of the advertising 

program, The rationale behind this allocation is that divisions with higher revenues apparently benefited 

from the advertising more than divisions with lower revenues and, therefore, ought to be allocated more 

of the advertising costs. 

3, Fairness or Equity. This criterion is often cited in government contracts when cost allocations are the 
basis for establishing a price satisfactory to the government and its suppliers. Cost allocation here is 
viewed as a “reasonable” or “fair” means of establishing a selling price in the minds of the contracting 

parties. For most allocation decisions, fairness is a matter of judgment rather than an operational 
criterion. 

4. Ability to Bear. This criterion advocates allocating costs in proportion to the cost object's ability to bear 
costs allocated to it. An example is the allocation of corporate executive salaries on the basis of division 
operating income. The presumption is that the more profitable divisions have a greater ability to absorb 
corporate headquarters’ costs. 

Managers can use one or more of the following criteria to justify their decisions about the 
design of the costing systems. 

Exhibit 15-2 presents four criteria used to guide cost-allocation decisions. These deci- 
sions affect both the number of indirect-cost pools and the cost-allocation base for each 
indirect-cost pool. We emphasize the superiority of the cause-and-effect and the benefits- 
received criteria, especially when the purpose of cost allocation is to provide information 
for economic decisions or to motivate managers and employees. Cause and effect is the 
primary criterion used in activity-based costing applications. ABC systems use the concept 
of a cost hierarchy to identify the cost drivers that best demonstrate the cause-and-effect 
relationship between each activity and the costs in the related cost pool. The cost drivers 
are then chosen as cost-allocation bases. 

Fairness and ability to bear are less-frequently used and more problematic criteria 
than cause and effect or benefits received. Fairness is a difficult criterion on which to 
obtain agreement. What one party views as fair, another party may view as unfair.! 
For example, a university may view allocating a share of general administrative costs to 
government contracts as fair because general administrative costs are incurred to support 
all activities of the university. The government may view the allocation of such costs as 
unfair because the general administrative costs would have been incurred by the university 
regardless of whether the government contract existed. Perhaps the fairest way to resolve 
this issue is to understand, as well as possible, the cause-and-effect relationship between 
the government contract activity and general administrative costs. In other words, fairness 
is more a matter of judgment than an easily implementable choice criterion. 

To get a sense of the issues that arise when using the ability-to-bear criterion, consider 
a product that consumes a large amount of indirect costs and currently sells for a price 
equal to its direct costs. This product has no ability to bear any of the indirect costs it 
uses. However, if the indirect costs it consumes are allocated to other products, these 
other products are subsidizing the product that is losing money. An integrated airline, for 
example, might allocate fewer costs to its activities in a highly contested market such as 

' Kaplow and Shavell, in a review of the legal literature, note that “notions of fairness are many and varied. They are analyzed 
and rationalized by different writers in different ways, and they also typically depend upon the circumstances under consider- 
ation. Accordingly, it is not possible to identify a consensus view on these notions. . . .” See L. Kaplow and S. Shavell, “Fair- 
ness Versus Welfare,” Harvard Law Review (February 2001); and L. Kaplow and S. Shavell, Fairness Versus Welfare (Boston: 
Harvard University Press, 2002), 
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freight transportation, thereby subsidizing it via passenger transport. Some airports 
cross-subsidize costs associated with serving airline passengers through sales of duty-free 
goods. Such practices provide a distorted view of relative product and service profitabil- 
ity, and have the potential to invite both regulatory scrutiny and competitors’ attempts to 
undercut artificially higher-priced services. 

Most importantly, companies must weigh the costs and benefits when designing and 
implementing their cost allocations. Companies incur costs not only in collecting data but 
also in taking the time to educate managers about cost allocations. In general, the more 
complex the cost allocations, the higher these education costs. 

The costs of designing and implementing complex cost allocations are highly visible. 
Unfortunately, the benefits from using well-designed cost allocations—such as enabling 
managers to make better-informed sourcing decisions, pricing decisions, cost control 
decisions, and so on—are difficult to measure. Nevertheless, when making cost alloca- 
tions, managers should consider the benefits as well as the costs. As costs of collecting and 
processing information decrease, companies are building more detailed cost allocations. 

Deciding Between Single- and Dual-Rate 
Cost Methods 

The management team at Sand Hill Company (SHC) must decide how to cost its two 
products, notebooks and peripherals. SHC’s core divisions (operating division, production 
division) produce each product. A core division adds value to output for which the 
customer will pay. In Exhibit 15-3, IT services, a non-manufacturing cost, is allocated 
between the two core divisions, Notebook and Peripherals. To simplify the illustration, 
only the Notebook allocation path is shown in full as the solid blue line. 

Note in the illustration the section above the horizontal box (labelled “Products from 
the Manufacturing Division Direct Cost”). The costs in this area are all overhead costs. 
The overhead costs are allocated into two distinct groups: Indirect Non-Manufacturing 
(Period) Costs and Indirect MOH Cost. 

Companies distinguish operating departments (and operating divisions) from support 
departments. An operating department, also called a production department, directly 
adds value to a product or service. A support department, also called a service department, 
provides the services that assist other internal departments (operating departments and 
other support departments) in the company. Examples of support departments are infor- 
mation systems and plant maintenance. 

Managers face two questions when allocating the costs of a support department to 
operating departments or divisions: (1) Should fixed costs of support departments be allo- 
cated to operating divisions? (2) If fixed costs are allocated, should variable and fixed 
costs be allocated inthe same way? With regard to the first question, most companies 
believe that fixed costs of support departments should be allocated because the support 
department needs to incur fixed costs to provide operating divisions with the services they 
require. Depending on the answer to the second question, there are two approaches to 
allocating support department costs: the single-rate cost-allocation method and the dual- 
rate cost-allocation method. 

Single-Rate and Dual-Rate Methods 

The single-rate method makes no distinction between fixed and variable costs. It allocates 
costs in each cost pool (support department in this section) to cost objects (operating divi- 
sions in this section) using the same rate per unit of a single allocation base. By contrast, 
the dual-rate method partitions the cost of each support department into two pools, a 
variable cost pool and a fixed cost pool, and allocates each pool using a different 
cost-allocation base. When using either the single-rate method or the dual-rate method, 
managers can allocate support department costs to operating divisions based on either a 
budgeted rate or the eventual actual cost rate. The latter approach is neither conceptually 
preferred nor widely used in practice (we explain why in the next section). Accordingly, 
we illustrate the single-rate and dual-rate methods next based on the use of budgeted rates. 
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Consider the IT department of SHC. This support department has two users, both 
operating divisions: the Notebook division and the Peripherals division. The following 
data relate to the current budget: 

Practical capacity 18,750 hours 

Fixed costs of operating the computer facility in the 6,000-hour 

to 18,750-hour relevant range $3,000,000 

Budgeted long-run usage (quantity) in hours: 

Notebook division 8,000 hours 

Peripherals division 4,000 hours 

Total 12,000 hours 

Budgeted variable cost per hour in the 6,000-hour to 
18,750-hour relevant range $200 per hour used 

Actual usage in hours: 

Notebook division 9,000 hours 

Peripherals division 3,000 hours 

Total 12,000 hours 
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The budgeted rates for IT department costs can be computed based on either the demand 
for computer services or the supply of computer services. We consider the allocation of IT 
department costs based first on the demand for (or usage of) computer services and then 
on the supply of computer services. 

Allocation Based on the Demand for (or Usage of) 

Computer Services 

We present the single-rate method followed by the dual-rate method. 

Single-Rate Method 

In this method, a combined budgeted rate is used for fixed and variable costs. The rate is 
calculated as follows: 

Budgeted usage 12,000 hours 

Budgeted total cost pool: $3,000,000 + (12,000 hours x $200/hour) $5,400,000 

Budgeted total rate per hour: $5,400,000 + 12,000 hours $ 450 per hour used 

Allocation rate for Notebook division $ 450 per hour used 

Allocation rate for Peripherals division $ 450 per hour used 

Note that the budgeted rate of $450 per hour is substantially higher than the $200 bud- 
geted variable cost per hour. That’s because the $450 rate includes an allocated amount of 
$250 per hour (budgeted fixed costs, $3,000,000 + budgeted usage, 12,000 hours) for the 
fixed costs of operating the facility. 

Under the single-rate method, divisions are charged the budgeted rate for each hour of 
actual use of the central facility. Applying this to our example, SHC allocates IT department 
costs based on the $450 per-hour budgeted rate and actual hours used by the operating divi- 
sions. The support costs allocated to the two divisions under this method are as follows: 

Notebook division: 9,000 hours x $450 per hour $4,050,000 

Peripherals division: 3,000 hours x $450 per hour $1,350,000 

Dual-Rate Method 

When the dual-rate method is used, allocation bases must be chosen for both the variable 
and fixed cost pools of the IT department. As in the single-rate method, variable costs are 
assigned based on the budgeted variable cost per hour of $200 for actual hours used by 
each division. However, fixed costs are assigned based on budgeted fixed costs per hour and 
the budgeted number of hours for each division. Given the budgeted usage of 8,000 hours 
for the Notebook division and 4,000 hours for the Peripherals division, the budgeted 
fixed cost rate is $250 per hour (= $3,000,000 + 12,000 hours), as before. Since this rate is 
charged on the basis of the budgeted usage, however, the fixed costs are effectively allocated 
in advance as a lump sum based on the relative proportions of the IT facilities expected to 
be used by the operating divisions. 

The costs allocated to the Notebook division in the current year under the dual-rate 
method would be as follows: 

Fixed costs: $250 per hour x 8,000 (budgeted) hours $2,000,000 

Variable costs: $200 per hour x 9,000 (actual) hours 1,800,000 

Total costs $3,800,000 

The costs allocated to the Peripherals division for the current year would be as follows: 

Fixed costs: $250 per hour Xx 4,000 (budgeted) hours $1,000,000 

Variable costs: $200 per hour x 3,000 (actual) hours 600,000 

Total costs $1,600,000 
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Note that each operating division is charged the same amount for variable costs under the 
single-rate and dual-rate methods ($200 per hour multiplied by the actual hours of use). 
However, the overall assignment of costs differs under the two methods because the single- 
rate method allocates fixed costs of the support department based on actual usage of com- 
puter resources by the operating divisions, whereas the dual-rate method allocates fixed 
costs based on budgeted usage. 

We next consider the alternative approach of allocating IT department costs based on 
the capacity of computer services supplied. 

Allocation Based on the Supply of Capacity 

We illustrate this approach using the 18,750 hours of practical capacity of the IT depart- 
ment. The budgeted rate is then determined as follows: 

Budgeted fixed cost rate per hour, $3,000,000 + 18,750 hours $160 per hour 

Budgeted variable cost rate per hour _200 per hour 

Budgeted total cost rate per hour $360 per hour 

Using the same procedures for the single-rate and dual-rate methods as in the previous 
section, the support cost allocations to the operating divisions are as follows: 

Single-Rate Method 

Notebook division: $360 per hour Xx 9,000 (actual) hours $3,240,000 

Peripherals division: $360 per hour x 3,000 (actual) hours 1,080,000 

Fixed costs of unused computer capacity: 

$160 per hour x 6,750 hours? 1,080,000 

86,750 hours = Practical capacity of 18,750 — (9,000 hours used by Notebook division + 3,000 

hours used by Peripherals division). 

Dual-Rate Method 

Notebook division 

Fixed costs: $160 per hour x 8,000 (budgeted) hours $1,280,000 

Variable costs: $200 per hour x 9,000 (actual) hours 1,800,000 

Total costs $3,080,000 

Peripherals division 

Fixed costs: $160 per hour Xx 4,000 (budgeted) hours $ 640,000 

Variable costs: $200 per hour x 3,000 (actual) hours 600,000 

Total costs $1,240,000 

Fixed costs of unused computer capacity: 

$160 per hour x 6,750 hours? $1,080,000 

>6,750 hours = Practical capacity of 18,750 hours — (8,000 hours budgeted to be used 

by Notebook division + 4,000 hours budgeted to be used by Peripherals division). 

When practical capacity is used to allocate costs, the single-rate method allocates only the 
actual fixed cost resources used by the Notebook and Peripherals divisions, while the dual- 
rate method allocates the budgeted fixed cost resources to be used by the operating divisions. 
Unused IT department resources are highlighted but usually not allocated to the divisions. 

The advantage of using practical capacity to allocate costs is that it focuses manage- 
ment’s attention on managing unused capacity. Using practical capacity also avoids bur- 
dening the user divisions with the cost of unused capacity of the IT department. In contrast, 
when costs are allocated on the basis of the demand for computer services, all $3,000,000 

? In our example, the cost of unused capacity under the single-rate and the dual-rate methods coincide (each equals $1,080,000). 
This occurs because the total actual usage of the facility matches the total expected usage of 12,000 hours. The budgeted cost 
of unused capacity (in the dual-rate method) can be either greater or lower than the actual cost (in the single-rate method), 
depending on whether the total actual usage is lower or higher than the budgeted usage. 
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of budgeted fixed costs, including the cost of unused capacity, are allocated to user divi- 
sions. If costs are used as a basis for pricing, then charging user divisions for unused capac- 
ity could result in the downward demand spiral (for further discussion, see Chapter 9). 

Single-Rate Versus Dual-Rate Method 

There are benefits and costs of both the single-rate and dual-rate methods. One benefit of 
the single-rate method is the low cost to implement it. The single-rate method avoids the 
often-expensive analysis necessary to classify the individual cost items of a department 
into fixed and variable categories. Also, by basing the final allocations on the actual usage 
of central facilities, rather than basing them solely on uncertain forecasts of expected 
demand, it offers the user divisions some operational control over the charges they bear. 

A problem with the single-rate method is that it makes the allocated fixed costs of the 
support department appear as variable costs to the operating divisions. Consequently, the 
single-rate method may lead division managers to make outsourcing decisions that are in 
their own best interest but that may be inefficient from the standpoint of the organization 
as a whole. Consider the setting where allocations are made on the basis of the demand 
for computer services. In this case, each user division is charged $450 per hour under the 
single-rate method (recall that $250 of this charge relates to the allocated fixed costs of 
the IT department). Suppose an external vendor offers the Notebook division computer 
services at a rate of $340 per hour, at a time when the IT department has unused capacity. 
The Notebook division’s managers would be tempted to use this vendor because it would 
lower the division’s costs ($340 per hour instead of the $450 per hour internal charge for 
computer services). In the short run, however, the fixed costs of the IT department remain 
unchanged in the relevant range (between 6,000 hours of usage and the practical capacity 
of 18,750 hours). SHC would therefore incur an additional cost of $140 per hour if the 
managers were to take this offer—the difference between the $340 external purchase 
price and the true internal variable cost of $200 of using the IT department. 

The divergence created under the single-rate method between SHC’s interests and 
those of its division managers is lessened when allocation is done on the basis of practical 
capacity. The variable cost per hour perceived by the operating division managers is now 
$360 (rather than the $450 rate when allocation is based on budgeted usage). However, 
any external offer above $200 (SHC’s true variable cost) and below $360 (the single-rate 

charge per hour) will still result in the user manager preferring to outsource the service at 
the expense of SHC’s overall profits. 

A benefit of the dual-rate method is that it signals to division managers how variable 
costs and fixed costs behave differently. This information guides division managers to 
make decisions that benefit the organization as a whole, as well as each division. For 
example, using a third-party computer provider that charges more than $200 per hour 
would result in SHC’s being worse off than if its own IT department were used, because 
the latter has a variable cost of $200 per hour. Under the dual-rate method, neither divi- 
sion manager has an incentive to pay more than $200 per hour for an external provider 
because the internal charge for computer services is precisely that amount. By charging 
the fixed costs of resources budgeted to be used by the divisions as a lump sum, the dual- 
rate method succeeds in removing fixed costs from the division managers’ consideration 
when making marginal decisions regarding the outsourcing of services. It thus avoids the 
potential conflict of interest that can arise under the single-rate method. 

Recently, the dual-rate method has been receiving more attention. Resource consumption 
accounting (RCA), an emerging management accounting system, employs an allocation pro- 
cedure akin to a dual-rate system. For each cost/resource pool, cost assignment rates for fixed 
costs are based on practical capacity supplied, while rates for proportional costs (i.e., costs 
that vary with regard to the output of the resource pool) are based on planned quantities.3 

3 Other salient features of RCA include the selective use of ABC, the non-assignment of fixed costs when causal relationships 
cannot be established, and the depreciation of assets based on their replacement cost. RCA has its roots in the nearly 
50-year-old German cost accounting system called Grenzplankostenrechnung (GPK), which is used by organizations such as 
Mercedes-Benz, Porsche, and Stihl. For further details, as well as illustrations of the use of RCA and GPK in organizations, 
see §. Webber and B. Clinton, “Resource Consumption Accounting Applied: The Clopay Case,” Management Accounting 
Quarterly (Fall 2004) and B. Mackie, “Merging GPK and ABC on the Road to RCA,” Strategic Finance (November 2006). 
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Aberdeen Corporation has one support department, Engineering Services, and two 
production departments, Machining and Assembly. The following data relate to the 
budget for the Engineering Services department: 

Practical capacity 8,000 hours 

Fixed costs of the Engineering Services department in the $280,000 

6,000 labour-hour to 8,000 labour-hour relevant range 

Budgeted usage (quantity) of Engineering Services labour-hours 
required to support the production departments: 

Machining department 2,500 hours 

Assembly department 4,500 hours 

Total 7,000 hours 

Budgeted variable cost per Engineering Services labour-hour in $25 per hour used 
the 6,000 labour-hour to 8,000 labour-hour relevant range 

Actual usage (quantity) of Engineering Services labour-hours 
required to support the production departments: 

Machining department 2,000 hours 

Assembly department 4,000 hours 

Total 6,000 hours 

Required 

1. Using the single-rate method, calculate the cost to be allocated to the Machining 
and Assembly departments if the allocation rate is based on budgeted costs and 
budgeted quantity of Engineering Services and allocated based on actual Engi- 
neering Services hours used in each department. 

2. Using the dual-rate method, calculate the cost to be allocated to the Machining 
and Assembly departments if (a) variable costs are allocated based on the bud- 
geted variable cost per hour for actual hours used in each department and (b) fixed 
costs are allocated based on budgeted fixed costs per hour and the budgeted num- 
ber of hours for each department. 

. Using the single-rate method, calculate the cost to be allocated to the Machining 
and Assembly departments if the allocation rate is based on budgeted costs and 
practical capacity of the Engineering Services department and allocated based 
on actual Engineering Services hours used in each department. 

. Using the dual-rate method, calculate the cost to be allocated to the Machining 
and Assembly departments if (a) variable costs are allocated based on the bud- 
geted variable cost per hour for actual hours used in each department and 
(b) fixed costs are allocated based on budgeted fixed costs and practical capacity 
of the Engineering Services department. The allocation rate is based on budgeted 
costs and practical capacity of the Engineering Services department and allo- 
cated based on budgeted Engineering Services hours used in each department. 

Budgeted Versus Actual Costs, and 
the Choice of Allocation Base 

The allocation methods previously outlined follow specific procedures in terms of the 
support department costs that are considered as well as the manner in which costs ate 
assigned to the operating departments. In this section, we examine these choices in greater 
detail and consider the impact of alternative approaches. We show that the decision 
whether to use actual or budgeted costs, as well as the choice between actual and budgeted 
usage as allocation base, has a significant impact on the cost allocated to each division and 
the incentives of the division managers. 
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Budgeted Versus Actual Rates 

In both the single-rate and dual-rate methods, we use budgeted rates to assign support 
department costs (fixed as well as variable costs). An alternative approach would involve 
using the actual rates based on the support costs realized during the period. This method is 
much less common because of the level of uncertainty it imposes on user divisions. When 
allocations are made using budgeted rates, managers of divisions to which costs are allocated 
know with certainty the rates to be used in that budget period. Users can then determine the 
amount of the service to request and—if company policy allows—whether to use the internal 
source or an external vendor. In contrast, when actual rates are used for cost allocation, user 
divisions are kept unaware of their charges until the end of the budget period. 

Budgeted rates also help motivate the manager of the support (or supplier) depart- 
ment (e.g., the IT department) to improve efficiency. During the budget period, the sup- 
port department (not the user divisions) bears the risk of any unfavourable cost variances, 
because user divisions do not pay for any costs or inefficiencies of the supplier department 
that cause actual rates to exceed budgeted rates. 

The manager of the supplier department would likely view the budgeted rates nega- 
tively if unfavourable cost variances occur due to price increases outside of his or her con- 
trol. Some organizations try to identify these uncontrollable factors and relieve the support 
department manager of responsibility for these variances. In other organizations, the sup- 
plier department and the user division agree to share the risk (through an explicit formula) 
of a large, uncontrollable increase in the prices of inputs used by the supplier department. 
This procedure avoids imposing the risk completely on either the supplier department (as 
when budgeted rates are used) or the user division (as in the case of actual rates). 

For the rest of this chapter, we will continue to consider only allocation methods that 
are based on the budgeted cost of support services. 

Budgeted Versus Actual Usage 

In both the single-rate and dual-rate methods, the variable costs are assigned on the basis 
of budgeted rates and actual usage. Since the variable costs are directly and causally linked 
to usage, charging them as a function of the actual usage is appropriate. Moreover, allo- 
cating variable costs on the basis of budgeted usage would provide the user departments 
with no incentive to control their consumption of support services. 

What about the fixed costs? Consider the budget of $3,000,000 fixed costs at the IT 
department of SHC. Recall that budgeted usage is 8,000 hours for the Notebook division 
and 4,000 hours for the Peripherals division. Assume that actual usage by the Notebook 
division is always equal to budgeted usage. We consider three cases: when actual usage by 
the Peripherals division equals (Case 1), is greater than (Case 2), and is less than (Case 3) 

budgeted usage. 

Fixed Cost Allocation Based on Budgeted Rates and Budgeted Usage 

This is the dual-rate procedure outlined in the previous section. When budgeted usage is 
the allocation base, regardless of the actual usage of facilities (ie, whether Case 1, 2, or 3 
occurs), user divisions receive a preset lump-sum fixed cost charge. If rates are based on 
expected demand ($250 per hour), the Notebook division is assigned $2,000,000 and the 
Peripherals division, $1,000,000. If rates are set using practical capacity ($160 per hour), 
the Notebook division is charged $1,280,000, the Peripherals division is allocated 
$640,000, and the remaining $1,080,000 is the unallocated cost of excess capacity. 

The advantage of knowing the allocations in advance is that it helps the user divisions 
with both short-run and long-run planning. Companies commit to infrastructure costs 
(such as the fixed costs of a support department) on the basis of a long-run planning hori- 
zon; budgeted usage measures the long-run demands of the user divisions for 
support department services. 

Allocating fixed costs on the basis of budgeted long-run usage may tempt some man- 
agers to underestimate their planned usage. Underestimating will result in their divisions 
bearing a lower percentage of fixed costs (assuming all other managers do not similarly 
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underestimate their usage). To discourage such underestimates, some companies offer 
bonuses or other rewards—the “carrot” approach—to managers who make accurate 
forecasts of long-run usage. Other companies impose cost penalties—the “stick” 
approach—for underestimating long-run usage. For instance, a higher cost rate is charged 
after a division exceeds its budgeted usage. 

Fixed Cost Allocation Based on Budgeted Rates and Actual Usage 

Column 2 of Exhibit 15-4 provides the allocations when the budgeted rate is based on 
expected demand ($250 per hour), while column 3 shows the allocations when practical 
capacity is used to derive the rate ($160 per hour). Note that each operating division’s 
fixed cost allocation varies based on its actual usage of support facilities. However, varia- 
tions in actual usage in one division do not affect the costs allocated to the other division. 
The Notebook division is allocated either $2,000,000 or $1,280,000, depending on the 
budgeted rate chosen, independent of the Peripherals division’s actual usage. Therefore, 
combining actual usage as the allocation base with budgeted rates provides user divisions 
with advanced knowledge of rates, as well as control over the costs charged to them.* 

Note, however, that this allocation procedure for fixed costs is exactly the same as 
that under the single-rate method. As such, the procedure shares the disadvantages of the 
single-rate method discussed in the previous section, such as charging excessively high 
costs, including the cost of unused capacity, when rates are based on expected usage. 
Moreover, even when rates are based on practical capacity, recall that allocating fixed 
cost rates based on actual usage induces conflicts of interest between the user divisions 
and the firm when evaluating outsourcing possibilities. 

Allocating Budgeted Fixed Costs Based on Actual Usage 

Finally, consider the impact of having actual usage as the allocation base when the firm 
assigns total budgeted fixed costs to operating divisions (rather than specifying budgeted 
fixed cost rates, as we have thus far). If the budgeted fixed costs of $3,000,000 are allo- 
cated using budgeted usage, we are back in the familiar dual-rate setting. On the other 
hand, if the actual usage of the facility is the basis for allocation, the charges would equal 
the amounts in Exhibit 15-4, column 4. In Case 1, the fixed cost allocation equals the 
budgeted amount (which is also the same as the charge under the dual-rate method). 
In Case 2, the fixed cost allocation is $400,000 less to the Notebook division than the 
amount based on budgeted usage ($1,600,000 versus $2,000,000). In Case 3, the fixed 
cost allocation is $400,000 more to the Notebook division than the amount based on 

budgeted usage ($2,400,000 versus $2,000,000). Why does the Notebook division receive 
$400,000 more in costs in-Case 3, even though its actual usage equals its budgeted usage? 
It is because the total fixed costs of $3,000,000 are now spread over 2,000 fewer hours of 
actual total usage. In other words, the lower usage by the Peripherals division leads to an 
increase in the fixed costs allocated to the Notebook division. When budgeted fixed costs 
are allocated based on actual usage, user divisions will not know their fixed cost alloca- 
tions until the end of the budget period. This method therefore shares the same flaw as 
those that rely on the use of actual cost realizations rather than budgeted cost rates. 

To summarize, there are excellent economic and motivational reasons to justify the 
precise forms of the single-rate and dual-rate methods considered in the previous section, 
and in particular, to recommend the dual-rate allocation procedure. 

Manufacturing Overhead Cost Allocation 
Methods Are Irrelevant 

For ASPE/IFRS-compliant external reporting, there is rarely an issue of cost assignment. Issues 
may arise, however, in reporting costs for purposes of contract reimbursement. It is the respon- 
sibility of the management accountant to point out options to top managers as they negotiate 

4 The total amount of fixed costs allocated to divisions will in general not equal the actual realized costs. Adjustments for over- 
allocations and underallocations would then be made. 
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Cece § Etfect of Variations in Actual Usage on Fixed Cost Allocation to Operating Divisions 
PRS SAI ST DIS IG FES DES LD ES ESE EE SLE SELON TUDO GLEE LEER EET, 

(1) (2) (3) (4) 

Budgeted Cost Based on Budgeted Cost Based on Allocation of Budgeted 
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Case Notebook Peripherals Notebook _ Peripherals Notebook Peripherals Notebook _— Peripherals 

1 8,000 hours 4,000 hours $2,000,000 $1,000,000 $1,280,000 $640,000 $2,000,000°  $1,000,0004 

2 8,000 hours _—7,000 hours 2,000,000 1,750,000 1,280,000 1,120,000 1,600,000° 1,400,000 
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$3,000,000 i $3,000,000 _ 8,000 4,000 
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8,000 7,000 8,000 2,000 
(@.000 + 7,000) * $3-900,000 {6,000 + 7,000) * $2:00:000 85 ong + 2,000) * $3:000,000 Fe ag + 2000) * $3,000,000 

contract terms. This will avoid ambiguity in defining reimbursable costs and expensive litiga- 
tion. For internal reporting purposes, the cost assignment that best motivates employees may 
conflict with the highest quality of information for use in economic decisions. 

ASPE/IFRS usually requires the exclusion of all non-manufacturing costs from inven- 
toriable costs. The management team at SHC need not be concerned about actual, bud- 
get, or normal methods of assigning period costs to obtain a full product cost. These three 
methods are only relevant to the assignment of manufacturing overhead costs. For exter- 
nal reporting purposes, all non-manufacturing overhead is expensed in the period in 
which it occurs and does not accumulate in any inventory. Similarly, for contract pur- 
poses, it is rare that any customer would pay for period costs. These costs were not 
incurred primarily to serve a customer and are non-value-added to that customer. In fact, 
the customer is more likely to demand transparent internal controls be in place to reduce 
the difficulty of auditing the costs for which the customer was invoiced. 

SUSTAINABILITY 
IN ACTION 

_ Urban Allocation Decisions 

While (seemingly) not as exciting as the marketing of creating these allocation plans. The city had paid 
department’s setting prices and designing promotional 
campaigns, or the purchasing department’s negotiating 
the best possible prices for inputs, or the manufacturing 
department’s designing an elegant production system, the 
accounting department’s decisions about how to allocate 
indirect costs are critical to an organization. 

The City of Atlanta* undertook an internal audit to 
examine how indirect costs had been allocated to various 
civic departments. The audit was initiated after questions 
were raised by senior managers at two city departments 
about overcharging of overheads and the transparency of 
the allocation methods being used. 

The City of Atlanta, like many other US cities, fol- 
lows generally accepted accounting principles for state and 
local governments. In addition, due to federal regulations 
regarding federal grant eligibility, it must create an explicit 
cost-allocation plan that does not include specific costs such 
as for the city council and the mayor’s office. As a result, 
Atlanta’s accounting department used a “Full Cost Alloca- 
tion Plan” and an “A-87 Cost Allocation Plan” prepared 
by an outside supplier, Maximus, due to the complexities 

Maximus $257,000 for a two-year contract (2007-2008) 

and a renewal (2009) that cost the city $95,000. 

After an extensive internal audit, it was concluded 

that various city departments had, on one hand, been 
overcharged approximately $11 million but, at the same 
time, had not been allocated $41.6 million of IT charges 

arising from the implementation of a city-wide Oracle 
system. The report stated that “City oversight of contract 
performance was minimal and the contractor did not 
perform all required activities.”** It also concluded that 
the method used by Maximus (a reciprocal/step-down 
hybrid) was overly complex for the city’s needs. 

The Atlanta example demonstrates the need for sys- 
tems that are appropriate for the organization and con- 
sidered fair (by those being charged the allocated costs). 

*While the authors look for Canadian examples to illustrate various 
accounting issues, this example from the United States was so relevant 
to the topic that it was selected for inclusion in this edition, 
**City Auditor’s Department. “Performance Audit; Indirect Cost Alloca- 
tion.” December 2009, City of Atlanta, (http://www.atlaudit.org/audits 
/city-finances-and-administration/indirect-cost-allocation-december-2009). 
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Chapter 15 Period Cost Application 

Deciding Among Direct, Step-Down, and 
Reciprocal Cost Allocation Methods 

In many cases, the costs of a divisign will include costs allocated from other divisions. Rather 

than use an inappropriate actual unitized fixed cost rate based on actual results, there are 
three alternatives: direct, step-down, and reciprocal cost allocation. To simplify, the corpo- 
ration in the following example contains only two support divisions (maintenance and IT 
services), and two core or operating divisions in production (machining and assembly). 

Relevance 

A strong caution here is to remember that there are no standardized corporate structures. 
Neither ASPE/IFRS nor the demand for economic plausibility requires identical value 
chains, identical business functions in each component of the value chain, or identical 
classification of costs in each component. In centralized corporate structures, most facilities- 
sustaining activities are undertaken at corporate headquarters. The period cost-application 
methods selected would differ from a decentralized structure. 

In decentralized corporate structures, business functions such as R&D will be under- 
taken at a divisional level. Practically, in the example, R&D incurs significant IT costs as 
it provides services to each core division. Each corporate situation differs. It takes an alert 
management accountant to exercise professional judgment when making decisions in 

costing system design. The decisions must be appropriate to the individual corporation as 
well as the specific purpose of costing. 

Step 1: Identify the problem Top management at Castleford Engineering Ltd. (CEL) has 

witnessed profit erosion and suspects its method of allocating product-sustaining MOH and 
facilities-sustaining IT services is inappropriate. If true, then the costing system itself is fail- 
ing to reveal the distortions in cost that are undermining CEL’s attempts at cost leadership. 

Step 2: Gather relevant information Gathering information reveals that at CEL mainte- 
nance services are provided to two different activity centres in the production area: 
machining and assembly. But maintenance services also repairs and maintains the com- 
puters in IT services, which in turn supports maintenance services, machining, and 

assembly, as shown in Exhibit 15-5. 
Costs are accumulated in each division for planning and control purposes. For inven- 

tory costing, however, the support division costs of CEL must be allocated to the core 
divisions. Only the costs contributing to the production of its units can be allocated to 
inventory and cost of goods sold (COGS), according to ASPE/IFRS. For internal purposes, 
however, CEL can apply the proportion of cost pools relevant to achieving the purpose 
for the cost allocation in the first place. 

ANALYTICS 
INSIGHTS 

Allocations Analytics 

Cost allocation is the use of costing and production principles to measure the indirect 
and direct costs of products and services. The power of analytics in modern computing 
means that tracing and estimation of the finite aspects of production and/or service deliv- 
ery processes are possible. The more accuracy applied in developing cost estimates and 
their allocation allows better supply and pricing decisions. Forbes describes analytic 
approaches as necessary to allocating human resource costs to elements of production. 
Highlighted are beneficial outputs including project time estimation, pay for performance 
bonuses, cost plus models of pricing, and better development of blended rate cards. 

Source: Eric Vardon and Forbes Agency Council. 2019. “Agency Value and Costing: How to Establish Budget 
Control for Clients,” Forbes, May 20 (https://www.forbes.com/sites/forbesagencycouncil/2019/05/20 
/agency-value-and-costing-how-to-establish-budget-control-for-clients/#£85128b1c043). 
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Data for Allocating Support Department Costs at Castleford Engineering for 2021 
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In looking at the percentages in the table in Exhibit 15-5 for plant maintenance (PM), 
we can see that this support division provides a total of 8,000 hours of support work: 
20% (= 1,600 + 8,000) goes to the information technology (IT) support division; 30% 

(= 2,400 + 8,000) to the core machining division (M); and 50% (= 4,000 + 8,000) to the 
core assembly division (A). The table also shows a similar situation for the other support 
division (information systems). It provides 10%, 80%, and 10% of its service (based on 
the number of computer-hours) to the plant maintenance division, machining division, 
and assembly division, respectively. Under ASPE/IFRS, these costs are classified as inven- 
toriable manufacturing overhead (MOH) costs. 

Step 3: Make predictions about the future As CEL studies its three alternatives for cost 
allocation, the forecast outcomes will be compared to the economic reality of CEL’s pro- 
duction and support activities. The goal for CEL is to adopt the method that best reflects 
full product costs to assist in more accurate target costing, given their target price, ROI, 
and operating margin percentage. The company would also try to assess how the manag- 
ers of the operating division might react to any changes. The managers of the support 
divisions don’t really care about which allocation method is used, since all three methods 
allocate 100% of the costs of the respective support divisions. 

Step 4: Decide on and implement an alternative The budgeted or predicted data gener- 
ated by CEL are shown in Exhibit 15-6. This forecast provides the data required to evalu- 
ate the three alternative allocation methods—direct, step-down, and reciprocal allocation. 

Direct Method 

The direct allocation method (often called the direct method) is simple and intuitive. It is 
readily explained and inexpensive to implement because little training is required. Any 
service rendered by one support division to another support division is ignored. The rela- 
tionship is illustrated in Exhibit 15-6, wherein $11,600 (= $116,000 x 10%) of the IT cost 
pool is spent to support PM and $120,000 (= $600,000 x 20%) of the PM cost pool that 
supports IT is ignored. This is a straightforward average-costing method but, in total, the 
machining and assembly core production functions will bear $131,600, but possibly not 
distributed in a fashion that reflects economic reality. This represents approximately 18% 
of the PM and IT support cost pools ($131,600 + $716,000), 

The budgeted total values of the PM and IT cost pools are constant. The denomina- 
tors are not the total hours provided by PM and IT, but rather only those hours provided 
to the core production activities. The denominator is understated, and the cost-allocation 
rate is overstated. 
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(eee Direct Method of Allocating Support Department Costs at Castleford Engineering for 2021 

| 6 Allocation of plant maintenance (3/8, 5/8)? (600,000) 

SUPPORT OPERATING 
DEPARTMENTS DEPARTMENTS 

g» $225,000 

$103,111 

"$12,889 

SUPPORT 

DEPARTMENTS 

Plant Information 

$ 600,000 $ 116,000 $200,000 $1,316,000 

Allocation of information systems (8/9, |/9)°  cetseks sata (116,000) ‘ a 
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Base is (2,400 + 4,000) or 6,400 hours; 2,400 + 6,400 = 3/8; 4,000 + 6,400 = 5/8. An equivalent approach is to calculate a budgeted rate for allocating plant 

maintenance department costs, $600,000 + 6,400 hours = $93.75 per hour. The machining department would then be allocated $225,000 ($93.75 per hour X 

2,400 hours) and the assembly department $375,000 ($93.75 per hour X 4,000 hours). 

>Base is (1,600 + 200), or 1,800 hours; 1,600 + 1,800 = 8/9; 200 + 1,800 = 1/9. An equivalent approach is to calculate a budgeted rate for allocating information systems 

department costs, $116,000 + 1,800 hours = $64.444 per hour. The machining department would then be allocated $103,111 (=$64.444 per hour X 1,600 hours) and the 
assembly department $12,889 (= $64.444 per hour X 200 hours). For ease of exposition throughout this section, we will use the fraction of the support department 

services used by other departments to allocate support department costs to other departments rather than calculate budgeted rates to allocate costs. 

As illustrated, by ignoring the use of the DLH and ITH (IT hours) by the two service 
divisions, the total cost drivers decrease from 8,000 DLH to 6,400 DLH for PM and from 

2,000 ITH to 1,800 ITH for IT services. The total budgeted cost pools remain constant. 
The cost driver rate for PM becomes $93.75/DLH (= $600,000 + 6,400 DLH) and for IT 
services, approximately $64.44/ITH. The costs applied to machining and assembly on this 
basis will, of course, include the burden that should be borne by PM and IT services for 
the costs of each other’s support services. This is summarized in Exhibit 15-6. 

Step-Down Method 

The step-down method (sometimes called the step allocation method, or sequential 
method) recognizes the cost of services provided by one support division to the other 
before allocating the remaining services cost pool to the core divisions. The method does 
not recognize the cost of services provided by each cost pool to the other, though. 
It assumes that one division is ranked as step 1, another as step 2, and so on. In this example, 
assume that the PM division is ranked step 1 and the IT division is ranked step 2. Once 
the PM service costs have been deducted and added to IT services, there is no subsequent. 
inflow of costs of IT services to PM. The smaller PM cost pool and the larger IT services 
cost pool will then be allocated to machining and assembly. 

A decision on how to rank the two service providers must be made on some justifi- 
able basis. Usually the highest percentage of service provided to other services is ranked 
first, followed in order by the others. An alternative would be to rank on the basis of 
highest to lowest cost of services provided to other divisions. 
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Step-Down Method of Allocating Support Department Costs at Castleford Engineering for 2021 

SUPPORT OPERATING 
DEPARTMENTS DEPARTMENTS 
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in OPERATING | 
, a DEPARTMENTS | 

Ha ISS manufacturing overhead costs before 

any interdepartmental cost allocations $ 600,000 ana 16,000 $400,000 $200,000 $1,316,000 

| 6 | Allocation of plant maintenance (2/10, 3/10, 5/10)" | (600,000) | 120,000 | — 180,000 300,000 ne eee 

eR cits Ja ancitaclastabied | chislinid|c iodine ge BOO | ia in navnelh Wonca MUN 
| 8 | Allocation of information systems (8/9, 1/9)° Pedr coy 21 (236,000) _ 209,778 my 26;222 ot wahowenane 

aA | Total budgeted manufacturing overhead of 
(peace mo departments = 778 ae 222 ia 316,000 

= is of = S 600 + 2,400 +.4,000), or 8,000 hours; 1,600 + ee 2/10; 2,400 + So 3/10; 4,000 + a 5/10, Instead of using ——— we could — 
calculated a budgeted rate for allocating plant maintenance costs to the other departments as described in Exhibit 15-6. 

Base is (1,600 + 200), or 1,800 hours; 1,600 + 1,800 = 8/9; 200 + 1,800 = 1/9. 

If CEL implemented the step-down method based on hours of service, then the cost of 
20% of DLH that the PM division provided to IT would be deducted before allocating the 
remainder in the PM cost pool to machining and assembly. IT is ranked second because 
the IT percentage is only 10% of ITH provided to PM. The total cost to provide 1,600 
DLH to IT is $120,000 (= $600,000 x 20%) and the total cost to provide 200 ITH to PM 
is only $11,600 (= $116,000 X 10%), as shown in Exhibit 15-7. For CEL, both alterna- 

tives (percentage of service, or cost) lead to the same sequencing. In the first line of the 
table, the predicted cost pools are reported. The percentage of ITH to PM is reported as 
20% and the dollar value reported in the IT column. 

Now the total cost pool of IT more than doubles to $236,000 as shown, but the total 
cost driver has also decreased slightly to 1,800 ITH. Of course the result is a large increase 
in the cost-allocation rate to approximately $131.11/ITH (= $236,000 + 1,800 ITH). The 

PM cost pool has decreased by the amount allocated to IT systems and is now $480,000, 
and the DLH measuring the benefit of PM to core divisions is 6,400 DLH. The cost allo- 
cation rate is $75/DLH (= $480,000 + 6,400 DLH). 

Following through from PM to machining, the 20% of DLH to serve IT services has 
been given, leaving 80% of the total PM cost pool, or $480,000, to be applied. The 1,600 
DLH have been applied to IT and what remains is 6,400 DLH. The PM cost allocation rate 
will be $75/DLH (= $480,000 + 6,400 DLH). Machining is budgeted to consume 2,400 
DLH, or 30%, of available hours (2,400 DLH + 8,000 DLH) and costs. The cost applied 

to machining will be $180,000 (either $75/DLH X 2,400 DLH or 30% X $600,000). 
The remaining cost of 4,000 DLH is applied to assembly. Exhibit 15-7 summarizes this 
approach; notice that the percentages are determined by the DLH, not the size of the cost pool. 
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The IT services cost pool has increased by 20% of PM, or $120,000, applied using 
the step-down method. The IT services cost pool of $236,000 is not adjusted for the 
200 ITH of service provided to PM. This means the total cost driver is not 2,000 ITH but 
rather, consistent with the direct method, it is 1,800 ITH. The cost driver rate is approxi- 
mately $131.11/ITH (= $236,000 + 1,800 ITH). Of the 1,800 ITH, the assembly activi- 
ties will consume 200 ITH, or 1/9 of the budgeted hours sal costs (200 ITH + 1,800 ITH), 
or $26,222. The same amount can be calculated using the cost driver rate ($131.11 x 200 

= $26,222), The remaining 8/9 of the budgeted ITH and costs (1,600 ITH + 1,800 ITH) 

will be $209,778 and can be obtained by simple subtraction. 

Reciprocal Method—Linear Equation and Solver 

The reciprocal allocation method takes the step-down method one step further. Where the 
step-down method recognizes the work that the first-ranked support division provides to the 
other support divisions (but ignores the work that the other support divisions provide to 
the first-ranked support division), the reciprocal method recognizes the work that all the 
support divisions do for each other before allocating costs to the production divisions. 
The reciprocal method for allocating CEL’s support department costs is shown in Exhibit 15-8. 

The result is a budgeted complete reciprocated cost pool for each support services 
division. Another term often used is artificial cost. This approach is another application 
of linear programming; as well, either the Solver or Matrix functions in Excel can be used. 
The drawback for the linear equation method is that it becomes unwieldy in situations 

Reciprocal Method of Allocating Support Department Costs Using Linear Equations at Castleford 
Engineering for 2021 
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, of 8,000 hours; 1,600 + 8,000 = 2/10; 2,400 + 8,000 = 3/10; 4,000 + 8,000 = 5/10. 

2,000 hours; 200 + 2,000 = 1/10, 1,600 + 2,000 = 8/10; 200 + 2,000 = 1/10. 
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Montvale Tours provides guided educational tours to college alumni associations. 
The company is divided into two operating divisions: domestic tours and world 
tours. Each of the tour divisions uses the services of the company’s two support 
departments: Administration and Information Technology. Additionally, the 
Administration and Information Technology departments use the services of each 
other, Data concerning the past year are as follows: 

Support Departments Operating Departments 

Information Domestic World 
Administration Technology Tours Tours Total 

Budgeted overhead 

costs before any 
interdepartmental 

cost allocations $400,000 $250,000 $1,300,000 $1,840,000  $3,790,0000 

Support work furnished 
by Administration 

Budgeted administra- 

tion salaries $ 88,000 $ 55,000 $77,000 $ 220,000 

Percentage 40% 25% 35% 100% 

Support work furnished 
by Information 
Technology 

Budgeted IT service- 

hours 2,200 1,200 4,000 

Percentage 55% 30% 100% 

Required 

What are the total overhead costs of the operating departments (domestic and world 
tours) after the support department costs of Administration and Information 
Technology have been allocated using (a) the direct method, (b) the step-down 
method (allocate Administration first), (c) the step-down method (allocate 
Information Technology first), and (d) the reciprocal method using the method of 

repeated iterations and linear equations? 

that are more complex than two support services and two core production divisions. Both 
Solver and Matrix extend computational competence to any number of support services 
and core production divisions. 

Using matrix algebra in Excel, it is only the reciprocal support division allocations that 
require this treatment and the goal is to obtain the complete reciprocated or artificial costs 
in a more efficient manner than using simultaneous equations. No matrix algebra is required 
to calculate the allocations of support division costs to the two operating divisions. 

Linear Equation Method 

The simultaneous linear equation method requires three steps:° 

1. Express support division costs and reciprocal relationships in linear equation form. 
Let PM be the complete reciprocated costs of PM, and IS be the complete recipro- 
cated costs of IS. The relationships are 

PM = $600,000 + 0.11S (1) 

IS = $116,000 + 0.2PM (2) 

5 The reciprocal allocation method requires iteration, a mathematical approach to solving a problem that requires an estimate of 
the answer in order to begin solving a system of linear equations. By repeatedly substituting improved estimates, the error term 
in the equations converges to zero, or the best answer. Undertaking reciprocal allocation in Excel, the iteration is automatic. 
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The 0.1IS term in equation (1) is the percentage of the IS resources consumed by PM. 
But the IS reciprocated cost pool includes 20% of the PM cost pool. In equation (1) 
the 10% IS term must be adjusted to include the additional PM costs before solving. 

2. Substitute equation (2) for the term IS in equation (1). The resulting equation is 
shown in the first line: 

PM = $600,000 + [0.1($116,000 + 0.2PM) ] (3) 
PM = $600,000 + $11,600 + 0.02PM (4) 

0.98PM = $611,600 Bor iy 
PM = $624,082 (6) 

In equation (4), the known quantities, $600,000 in the PM cost pool and the $11,600 

or 10% of the IS cost pool, replace the terms in equation (3). Be careful to notice in 

equation (3) that the 10% is outside an expression containing two terms, of which 

one is 0.2PM. Multiplying 0.2PM by 0.1 gives 0.02PM, as shown in equation (4). 
Equation (4) can be understood as 100%PM = $600,000 + $11,600 + 2%PM. 
Collecting similar terms and subtracting 2%PM from both sides of the equation gives 
equation (5), in which only one unknown remains. Dividing both sides of the equa- 
tion by 0.98 provides the result in equation (6) of PM = $624,082 (= $611,600 + 
0.98). This is the artificial cost of PM. Next we need to substitute known values into 
the IS equation. The first value is provided by CEL’s budget and the second from the 
artificial cost pool calculated for PM: 

IS = $116,000 + 0.2($624,082) = $240,816 

Where more than two support divisions have reciprocal relationships, either 
Solver or the Matrix function in Excel can be used to calculate the artificial costs of 
each support division. 

3. Apply the complete artificial costs of each support division to all other divisions 
(both support and operating divisions) on the basis of the usage proportions (based 
on total units of service provided to all divisions). Consider the IT division, which has 

a complete reciprocated cost of $240,816. This amount would be applied as follows: 

To plant maintenance (1/10 x $240,816) = $ 24,082 

To machining (8/10 x $240,816), rounded = 192/652 

To assembly (1/10 X $240,816) = 24,082 

Total $240,816 

The artificial cost pool’used to download the PM service support costs to machining 
and assembly is $624,082, and for the IT service support costs is $240,816. Both 
have expanded to include the costs of PM and IT services reciprocally provided to 
each other, 

One source of confusion to.some managers using the reciprocal cost allocation 
method is why the complete reciprocated (artificial) costs of the support divisions of 
$864,898 (= $624,082 and $240,816) exceed their budgeted amount of $716,000 
($600,000 and $116,000). The excess of $148,898 ($24,082 for PM and $124,816 for 
IT) is the total of costs that are reciprocally allocated between support divisions. The total 
costs allocated to the operating divisions under the reciprocal allocation method remain 
only $716,000 (= $600,000 + $116,000). 

Under the reciprocal method, the cost allocation rates rounded to the nearest dollar 
are $78/DLH for the PM services and $120/ITH for the IT services. 

Which Method to Select? 

The table below summarizes the total support division costs allocated to the machining 
and assembly divisions. Note that, regardless of which one is used, each method allocates 
the same total amount of support division costs ($1,316,000). 
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Machining Assembly Total 

Direct method $728,111 $587,889 $1,316,000 

Step-down method, PM sequenced first 789,778 526,222 1,316,000 

Reciprocal method 779,877 536,123 1,316,000 

The following table outlines some advantages and disadvantages of each method: 

Allocation Method Advantages 

Direct Method m Simple to calculate 

Exhibit 15-6 Easy to understand a 

gw Inexpensive to implement 

m@ Does not require support 
departments to be ranked 

Step-Down Method wm Simpler than the reciprocal method 

Exhibit 15-7 m Recognizes some of the activity 
between support divisions 

Disadvantages 

m May not accurately reflect the 
economic reality of value being 
added by support division activities 

@ Fails to recognize level of activity 
between support divisions 

m@ May result in large cost/value 
distortions 

mw Notas economically plausible as 
the reciprocal method 

mg More complex than the direct 

m May be viewed as “fairer” than the method 
direct method m Requires support divisions to be 

m If one division provides a majority ranked by some method 
of the interdivisional support, 

there is minimal distortion of cost 
(compared to the direct method) 

Reciprocal Method wm Conceptually, the best method @ Difficult for non-accountants to 
Exhibit 15-8 m Reflects economic reality of support understand, therefore it may be 

division activities difficult to justify the numbers 

m Does not require support divisions w Complex to calculate and, as a 
te be ranked result, subject to error 

= Most expensive (due to complexity 
and training requirements) 

It may well be that the method a company chooses is the one that can be implemented 
with the least disruption to operations. For example, if CEL was currently using the direct 
method, the manager of the machining division would probably resist a change to either 
of the other two methods (since both result in significantly more support division costs 
being allocated to machining). Alternatively, if there currently was no allocation taking 
place and the choice was between the step-down method and the reciprocal method, a 
manager might argue for the step-down method on the basis that the dollar differences 
aren’t significant and the step-down method is much easier to calculate and explain. How- 
ever, if the marketplace was extremely competitive and price sensitive and the support 
division costs were significant, it might make sense to use the reciprocal method in order 
to get the most accurate picture of value (and costs) added by the support divisions. 

Step 5: Implement the decision, evaluate the performance, and learn Once CEL makes 

a decision regarding which allocation method to use for its support division costs, it will 
need to assess the impact of this change. In order to do this, it has to assign the newly 
calculated cost for the operating divisions (i.e., machining and assembly) to the products 
that are being produced. Remember that the majority of support division costs have been 
allocated to the various operating divisions. To assess the impact, CEL has to take the 
costs that are now residing in the various operating division cost pools and assign them 
to the products in order to generate a full job/product cost (note that this concept of full 
product cost is not the same as inventoriable costs because full product cost includes 
period costs). 

Assume that CEL uses machine-hours (DMH) as the machining cost driver, and the 

total budgeted DMH hours is 4,000. In assembly, the cost driver is direct manufacturing 
labour-hours (DMLH), and the total budgeted DMLH hours is 3,000. Under the three 
different overhead cost-application methods, the total machining and assembly cost pools 
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LOoO® 
Analyze cost-allocation 

procedures to apply 

common costs and justify 

contractual reimbursement 

terms. 

assigned to units of finished jobs (goods) differ somewhat. The denominator or cost driver 
remains constant while the cost pools vary and so, too, do the cost driver rates, as shown: 

Support Total Budgeted Costs After Budgeted Overhead Rate per 
Division Support Overhead Allocation Hour for Product Costing 
Cost of All Division Costs Purposes 

Allocation Machining Assembly 

Method Machining Assembly 4,000 DMH 3,000 DMLH 

Direct $728,111 $587,889 $182 $196 

Step-down 789,778 526,222 197 175 

Reciprocal 779,877 536,123 195 179 

These differences in budgeted overhead rates with alternative support division cost 
allocation methods can be important to managers. For example, consider a cost reim- 
bursement contract that uses 100 machining DMH and 15 assembly DMLH. The support 
division costs allocated to this contract would be 

Direct $21,140 $182 x 100 + $196 x 15 

Step-down 22,325 $197 x 100 + $175 x 15 

Reciprocal 22,185 $195 x 100 + $179 x 15 

In this example, the use of the step-down method would result in the highest cost 
reimbursement to CEL. This will benefit CEL only if, when it bids for a job, the client fails 
to state which of the three methods must be used. If CEL assumes that the step-down 
method is required, enters a bid, and is accepted—but later is advised that the client 
required the reciprocal (or worse, the direct method)—a lengthy and costly legal dispute 
could arise. 

With the high cost driver rate for IT services, should the core division managers 
decide to outsource this service? The method adopted by CEL will affect that decision. 
Assume all of CEL’s IT services are variable. The bid price must be compared to the com- 
plete reciprocated or artificial costs for this service of $240,816, not the budgeted IT service 
cost of $116,000. The reason is that the complete reciprocated costs include the ser- 
vices PM provides to deliver 2,000 hours of computer time to all three divisions. 

The hourly rate for the complete reciprocated costs is $120.41 (= $240,816 + 
2,000 ITH). To be competitive, the third party must bid less than either the hourly rate of 
$120.41 or the total reciprocated cost of $240,816 to improve the company’s operating 
income. In this case, the relevant costs of shutting down IT are $116,000 plus $124,816 

of PM costs because these will no longer be incurred to support IT, making the total 
relevant-cost savings $240,816. This assumes that the PM costs are scalable (will decrease 
if the division does not have to support IT after it is shut down) and that the $116,000 IT 
costs are avoidable. Neither the direct nor the step-down method will provide this rele- 
vant information for outsourcing decisions.°® 

Allocating Common Costs 

We next consider two methods used to allocate common costs. A common cost is a cost 
of operating a facility, operation, activity, or like cost object that is shared by two or more 
users. A common cost is different from our previous situation (allocating support division 
costs) in a number of aspects: 

u There is only one cost to allocate and it is shared by multiple users (versus costs of mul- ’ 
tiple support divisions that might provide services to each other as well as providing 
support to production divisions—remember, if there was only one support division you 
could only use the direct method to allocate the support division’s cost pool). 

® Technical issues when using the reciprocal method in outsourcing decisions are discussed in R.S. Kaplan and A.A. Atkinson, 
Advanced Management Accounting, 3rd ed. (Upper Saddle River, N.J.: Prentice Hall, 1998), pp. 73-81. 



Allocating Common Costs 

a It is typically a fixed or step cost where it would be difficult to select an appropriate 
cost driver to allocate it. This differs from the support division situation, where cost 
pools were allocated by some specific driver (e.g., IT hours, machine-hours, etc.). 

Consider Jason Stevens, a student in Winnipeg who has been invited to an interview 
with an employer in Halifax. The round-trip Winnipeg—Halifax airfare is $1,200. A week 
before leaving, Stevens is also invited to an interview with an employer in Montreal. 
The round-trip Winnipeg—Montreal fare is $800. Stevens decides to combine the two 
recruiting stops into a Winnipeg—Montreal—Halifax trip that will cost $1,500 in airfare. 
The $1,500 is a common cost that benefits both employers. There are two methods for 
allocating this common cost between the two potential employers: the stand-alone method 
and the incremental method. 

Stand-Alone Cost Allocation Method 

The stand-alone cost allocation method uses information pertaining to each cost object as 
a separate operating entity to determine the cost-allocation weights. For the airfare com- 
mon cost of $1,500, information about the separate (stand-alone) return airfares ($1,200 
and $800) is used to determine the allocation weights: 

$1,200 

$1,200 + $800 

$800 

$1,200 + $800 

Halifax employer: x $1,500 = 0.60 xX $1,500 = $900 

Montreal employer: x $1,500 = 0.40 x $1,500 = $600 

Advocates of this method often emphasize an equity or fairness rationale. That is, 
fairness occurs because each employer bears a proportionate share of total costs in rela- 
tion to its individual stand-alone costs. 

incremental Cost Allocation Method 

The incremental cost allocation method ranks the individual cost objects and then uses 
this ranking to allocate costs among those cost objects. The fitst-ranked cost object is 
termed the primary party and is allocated costs up to its cost as a stand-alone entity. The 
second-ranked cost object is termed the incremental party and is allocated the additional 
cost that arises from there being two users instead of only the primary user. If there are 
more than two parties, the nonprimary parties will also need to be ranked. 

Consider Jason Stevens and his $1,500 airfare cost. Assume that the Halifax employer 
is viewed as the primary party. Stevens’s rationale was that he had already committed to 
go to Halifax. The cost allocations would then be 

Costs Remaining to 
Be Allocated to Other 

Party Cost Allocated Parties 

Halifax (primary) $1,200 $300 = $1,500 — $1,200 

Montreal (incremental) 300 0 

The Halifax employer is allocated the full Winnipeg—Halifax airfare. The nonallocated 
part of the total airfare is allocated to the Montreal employer. Had the Montreal employer 
been chosen as the primary party, the cost allocations would have been Montreal, $800 
(the stand-alone Winnipeg—Montreal return airfare), and Halifax, $700 ($1,500 — $800). 
Where there are more than two parties, this method requires them to be ranked and the 
common costs allocated to those parties in the ranked sequence. 

A variation on the incremental approach is to apply a type of Shapley value method 
to allocate the common costs. The Shapley value method involves calculating all of the 
possible cost-allocation combinations resulting from changing the rankings of the various 
parties and then averaging the amounts. This approach addresses the situation where one 
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party (e.g., Halifax) pays a much larger share of the common cost than the other party. 
Using the costs-from the Stevens example, the possible outcomes are as follows: 

Cost Allocated Cost Allocated 
Halifax Primary Montreal Primary Average Cost 

Party Party Party Allocated to Party 

Halifax $1,200 $700 $ 950* 

Montreal 300 800 550** 

Total allocated $1,500 $1,500 $1,500 

*($1,200 + $700) + 2= $950 

**($300 + $800) + 2 = $550 

This example assumed that there was an equal weighting of the two parties sharing 
the common cost. It also assumed only two parties when in fact there might be many 
more parties sharing a common cost. For an example of how the Shapley value method 
can be used to allocate a common amount when there are more than two parties involved 
and there is a weighting of the allocation, please refer to Chapter 17 and the bundled rev- 
enue allocation discussion. 

Under the incremental method, the primary party typically receives the highest alloca- 
tion of the common costs. Not surprisingly, most users in common cost situations pro- 
pose themselves as the incremental (second-ranked) party. In some cases, the incremental 
party is a newly formed “organization” such as a new product line or a new sales terri- 
tory. Chances for its short-term survival may be enhanced if it bears a relatively low allo- 
cation of common costs. 

Disputes over how to allocate common costs are often encountered. The final section 
of this chapter discusses the role of cost data in contracting. 

Justifying Reimbursement Costs 

Many commercial contracts include clauses that require the use of cost accounting infor- 
mation. Examples include 

1. A contract between the Department of National Defence and a company designing 
and assembling a new fighter plane. The price paid for the plane is based on the con- 
tractor’s costs plus a preset fixed fee. 

2. A research contract between a university and a government agency. The university is 
reimbursed its direct costs plus an overhead rate that is a percentage of direct costs. 

3. A contract between an energy-consulting firm and a hospital. The consulting firm 
receives a fixed fee plus a share of the energy-cost savings arising from the consulting 
firm’s recommendations. 

The areas of dispute between the contracting parties can be reduced by making the 
“rules of the game” explicit in writing at the time the contract is signed. Such rules of the 
game include the definition of cost items allowed, the permissible cost-allocation bases, 
and how differences between budgeted and. actual costs are to be handled. 

Contracting 

There are two main approaches to reimbursing costs as determined by a contract: 

1. The contractor is paid a set price without analysis of actual contract cost data. This 
approach is used, for example, where there is competitive bidding, where there is 
adequate price competition, or where there is an established catalogue with prices 
quoted for items sold in substantial quantities to the general public. 

2. The contractor is paid after analysis of actual contract cost data. In some cases, the 
contract will explicitly state that reimbursement is based on actual allowable costs 
plus a set fee. This arrangement is a cost-plus contract. 



Pulling It All Together—Problem for Self-Study 617 

Essence Company blends and sells designer fragrances. It has a Men’s Fragrances 
division and a Women’s Fragrances division, each with different sales strategies, 
distribution channels, and product offerings. Essence is now considering the sale of 
a bundled product called Sync consisting of one bottle of Him, a men’s cologne, and 
one bottle of Her, a women’s perfume, two of Essence’s very successful products. For 
the most recent year, Essence reported the following: 

Product Retail Price 

Him $25.00 

Her $50.00 

Sync (Him and Her) $60.00 

Required 

1. Allocate revenue from the sale of each unit of Sync to Him and Her using the 
following: 

. The stand-alone revenue-allocation method based on selling price of each 
product 

. The incremental revenue-allocation method, with Him ranked as the primary 
product 

. The incremental revenue-allocation method, with Her ranked as the primary 
product 

. The Shapley value method, assuming equal unit sales of Him and Her 

. Of the four methods in requirement 1, which one would you recommend for 
allocating Sync’s revenues to Him and Her? Explain. 

Fairness of Pricing 

When uncertainty is high, as in many defence contracts involving new weapons and equip- 
ment, contracts are rarely subject to competitive bidding. Why? Because no contractor is 
willing to assume all the risk. Hence, market-based fixed-price setting fails to attract a 
contractor, or the resulting price is too outrageously high for the government. So the gov- 
ernment assumes a major share of the risks. It negotiates contracts by using costs as a 
substitute for selling prices that are ordinarily set by suppliers in open markets. In this 
contracting arena, a cost allocation may be difficult to defend on the basis of any cause- 
and-effect reasoning. Nonetheless, the contracting parties may still view it as a “reason- 
able” or “fair” means to help establish a selling price. Some costs become “allowable,” 
but others are “unallowable.” An allowable cost is a cost that the contract parties agree 
to include in the costs to be reimbursed. Some contracts specify how allowable costs are 
to be determined. For example, only economy-class airfares may be allowable in a con- 
tract. Other contracts identify cost categories that are nonallowable. For example, the 
costs of lobbying activities and the costs of alcoholic beverages are not allowable costs on 
some contracts. 

Pulling It All Together—Problem for Self-Study 

(Try to solve this problem before examining the solution that follows.) q 
, Problem 

This problem illustrates how the costs of two corporate support divisions are allocated to 
operating divisions. 
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Computer Horizons budgets the following amounts for its two central corporate sup- 
port divisions (legal and human resources) in supporting each other and the two manufac- 
turing divisions, the laptop division (LTD) and the workstation division (WSD): 

| A Ee eee 
| i ee ea 
tS =| ee Resources 

fs Diviston [Division 1D | WS Septal 
fee Buocerepusace | pe bas a ee 
fe Legal (hours) eg 280 | a BOL ls 80 
fal (Percentages) =| | | | | 
Fi [Human esouresthoursy ~~ ooo ON 
Fe) (Percentages) a eae 
RE a eee 
BER ACTUALUSAGE 2p ols suitors tlie kneel nite mth falafel a a 
aie a ee ee re 

13 | Human resources (hours) 2,000 eae Ee ee 

| (Percentages) a 
Budgeted fixed overhead costs before any 

interdivision cost allocations $360,000 $475,000 $835,000 

Actual variable overhead costs before any 
16 interdivision cost allocations $200,000 $600,000 $800,000 

The company needs to improve the accuracy of its cost allocations to improve the com- 
petitiveness of its prices. 

Required @ 1. What are other possible reasons a company would undertake improved cost 
allocation? 

@® 2. What.are the possible cost drivers of the legal division? 
© 3. Why might Computer Horizons choose budgeted rather than actual cost-allocation 

rates for this project? 
@ 4. What amount of support division costs for legal and human resources will be allo- 

cated to LTD and WSD using (a) the direct method, (b) the step-down method 
(allocating the legal division costs first), and (c) the reciprocal method using linear 
equations? 

@ 5. If Computer Horizons were justifying reimbursement from a contract, how would 
this project improve its position? 

Solution 

1. One objective may be to motivate employees through challenging performance tar- 
gets accompanied by substantial compensation if they are achieved. The effectiveness 
of using period cost allocation to accomplish this depends on what is perceived as fair 
by those affected. Generally speaking, if people 

w believe the decision makers and the decision process is undertaken in good faith, 
= are given the opportunity to participate in distributive decision making, 
w have access to relevant information about the consequences, and 
= are treated with respect and sensitivity when they are not beneficiaries, but bear 

burdens, then they will accept that the distribution was fair although it was bur- 
densome for them but not others. 
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A second reason is legal, to verify and justify that particular period cost is allow- 
able per specific contract terms. The methods of cost allocation in this chapter can be 
used to justify beyond reasonable doubt that a cost is allowable. Nevertheless, the 
same principles of fairness apply and the preferable approach is that the parties of the 
contract negotiate the allocation method and the specifics of its implementation. 

A third reason is to measure income and assets. An additional burden is imposed, 
however, that the allocation method chosen be justifiable within GAAP if the values 
of income and assets are publicized. Different methods will impose different costs on 
different divisions, and this in turn will be reported in segmented statements of income. 

. Cost drivers should be chosen on the basis of their capacity to explain a reasonable 
proportion of total change in the cost pool. In other words, as the cost pools changes, 
the cost driver should change in proportion. Choices include sales, assets employed, 
and estimated duration of legal activity. Notice that these choices include an output 
measure of activity (sales), a capacity input measure (assets employed), and a measure 
of time (duration of legal activity). 

. The choice of rates can affect managers’ behaviour. When budgeted rates are used, 
the consumers of support resources will know in advance what the pro forma costs 
will be and this improves their planning. 

. Exhibit 15-9 present the computations for allocating the fixed and variable support 
division costs. A summary of these costs follows: 

Laptop Workstation 

Division (LTD) Division (WSD) 

(a) Direct Method 

Fixed costs $465,000 $370,000 

Variable costs 470,000 330,000 

. $935,000 $700,000 

(b) Step-Down Method 

Fixed costs $458,053 $376,947 

Variable costs 488,000 312,000 

$946,053 $688,947 

(c) Reciprocal Method 

Fixed costs $462,513 $372,487 

Variable costs 476,364 323,636 

$938,877 $696,123 
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(2s Alternative Methods of Allocating Corporate Support Department Costs to Operating Divisions of Computer 
Horizons: Dual-Rate Method ; 

CORPORATE SUPPORT OPERATING 
DEPARTMENTS DIVISIONS 

Legal Personnel 
Department Department Allocation Method 

| 22 |A. DIRECT METHOD 
| 23 |Fixed costs $360,000 | $475,000 
| 24 | Legal (1,500 + 2,250; 750 + 2,250) (360,000) $240,000 $120,000 

| 25 | Personnel (22,500 = 47,500; 25,000 = 47,500) alae (475,000) 225,000 250,000 
| 26 | Fixed support dept. cost allocated to operating divisions $ 0 Saree) $465,000 $370,000 | $835 

Variable costs $200,000 | $600,000 i 
| 28 | Legal (400 + 1,600; 1,200 + 1,600) (200,000) $ 50,000 | $150,000 
| 29 | Personnel (26,600 ~ 38,000; 11,400 ~ 38,000) 
30 | Variable support dept. cost allocated to operating divisions $ 

(600,000) 420,000 | 180,000 
Sieeex0 $470,000 | $330 

ico 

32 |(Legal department first) L Rae 
33 | Fixed costs $360,000 $475,000 

34 | Legal (250 + 2,500; 1,500 + 2,500; 750 + 2,500) (360,000) 36,000 $216,000 $108,000 

35 | Personnel (22,500 + 47,500; 25,000 + 47,500) (511,000) ee 242,053 268,947 
—$—_—— 

36 | Fixed support dept. cost allocated to operating divisions S20 ae! $458,053 | $376,947 | $835,000 
37 | Variable costs $200,000 | $600,000 a Lt 

Legal (400 + 2,000; 400 + 2,000; 1,200 + 2,000) | (200,000) 40,000 
Personnel (26,600 + 38,000; 11,400 + 38,000) . ‘ (640,000) 448,000 192,000 

ee Variable support dept. cost allocated to operating divisions og $ 0 $488,000 $312,000 | $800,000 

C. RECIPROCAL METHOD 

42 |Fixed costs $360,000 $475,000 

43 | Legal (250 + 2,500; 1,500 + 2,500; 750 + 2,500 ) _ | (385,678)? 38,568 $231,407__| $115,703 
44 | Personnel (2,500 + 50,000; 22,500 + 50,000; 25,000 + 50,000) 25,678 513,568)? 231,106 256,784 
45 | Fixed support dept. cost allocated to operating divisions | §$ 0 $462,513 | $372,487 | $835,000 
46 |Variable costs $200,000 $600,000 

Legal (400 + 2,000; 400 ~- 2,000; 1,200 + 2,000) (232,323)? 46,465 $ 46,465 | $139,393 
48 | Personnel (2,000 = 40,000; 26,600 = 40,000; 11,400 = 40,000) | _ 32,323 646,465)? 429,899 184,243 
49 | Variable support dept. cost allocated to operating divisions | $ 0 $ 0 $476,364 | $323,636 | $800,000 

sk fs |) 
® FIXED COSTS °VARIABLE COSTS 
Letting LF = Legal department fixed costs, and Letting LV= Legal department variable costs, and 

PF = Personnel department fixed costs, the simultaneous PV= Personnel department variable costs, the simultaneous 

equations for the reciprocal method for fixed costs are equations for the reciprocal method for variable costs are 

LF = $360,000 + 0.05 PF LV = $200,000 + 0.05 PV 
PF = $475,000 + 0.10 LF | __ PV = $600,000 + 0.20 LV 

LF = $360,000 + 0.05 ($475,000 + 0.10 LF) LV = $200,000 + 0.05 ($600,000 + 0.20 LV) 
56 LF = $385,678 LV = $232,323 

PF = $475,000 + 0.10 ($385,678) = $513,568 PV = $600,000 + 0.20 ($232,323) = $646,465 

5. Contractors may price their job prior to it being undertaken and they establish what 
costs are allowable. An accurate cost-allocation project will enable Computer Horizons 
to understand and separate allowable from other costs. The company will be better 
able to justify its claim for reimbursement is fair and within the terms of the contract... 
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The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives Guidelines 

. What use is it to allocate period 
costs? 

. Should a manager use the single- 
rate or the dual-rate cost alloca- 

tion method? 

. Should actual, normal, or stan- 

dard costing be applied? 

. What methods can a manager use 
to allocate costs of support divi- 
sions to one another and to core 
production divisions? 

. What methods can a manager use 
to allocate common costs to two 

or more users? 

There are four reasons to calculate the full product, job, or process cost: (a) to 
provide information for economic decisions, (b) to motivate managers and 
employees, (c) to justify costs or compute reimbursement, and (d) to measure 
income and assets for reporting to external parties. 

The single-rate system allocates all support costs based on an average rate. 
In a highly competitive environment where corporations are price-takers, this 
system overallocates all fixed costs. The dual-rate method separates variable 
from fixed cost pools. This method reveals the costs of unused capacity, 
which are not recoverable from customers because this is a non-value-added 
cost. The dual-rate method enables more accurate target costing. 

Normal costing is a term used when assigning manufacturing overhead costs. 
The methods are irrelevant to assigning non-manufacturing costs. GAAP 
requires period costs be expensed, not accumulated in inventory as value- 
added to finished goods. The use of either budgeted or actual use of the 
resource supplied by the support service will affect the assignment of period 
costs. Allocation of period costs is done for internal purposes. 

The three methods are direct, step-down, and reciprocal. The direct method 
is simple but fails to represent the economic reality of cost flows between 
support divisions. The step-down method represents support cost flow from 
one to the other support division in sequence. The economic reality of cost 
flows is not represented. Both methods will misapply support division costs. 
Ultimately, costs assigned to products, jobs, or processes will be too high or 

too low. The reciprocal method fully represents the economic reality of cost 
flows but is arithmetically more challenging to explain. It is superior to the 
other two methods because it is consistent, is fair, and more accurately 
assigns full costs, recoverable when output is sold, 

Common costs are the costs of operating a facility, of an activity, or of a cost 
object that are shared by two or more users. The stand-alone cost allocation 
method uses information pertaining to each user of the cost object to deter- 
mine cost-allocation weights. The incremental cost allocation method ranks 
individual users of the cost object and allocates common costs first to the 
primary user and then to the other incremental users. 

Terms to Learn 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

sequential method (p. 608) 

service department (p. 597) 

single-rate method (p. 597) 

stand-alone cost allocation 

method (p. 615) 

step allocation method (p. 608) 

step-down method (p. 608) 

support department (p. 597) 

incremental cost allocation 

method (p. 615) 

operating department (p. 597) 

operating division (p. 597) 

production department (p. 597) 

production division (p. 597) 

reciprocal allocation method (p. 610) 

reciprocated cost (p. 610) 

allowable cost (p. 617) 

artificial cost (p. 610) 

common costs (p. 614) 

core divisions (p. 597) 

direct allocation method (p. 607) 

direct method (p. 607) 

dual-rate method (p. 597) 

full product costing (p. 594) 
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| Assignment Material : 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 

feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

15-1 “| am going to focus on the customers of my business and leave cost allocation issues to my accoun- 
tant.” Do you agree with this comment by a division president? 

15-2 Describe how the dual-rate method is useful to division managers in decision making. 

15-3 What are four purposes of cost allocation? 

15-4 What criteria might be used to justify cost-allocation decisions? Which are the dominant criteria? 

15-5 What are two basic reasons for a management team to select one-period-cost-allocation method 

over another? 

15-6 How do cost-benefit considerations affect choices by a company about the allocation of indirect 

criteria? 

15-7 Name three decisions managers face when designing the cost-allocation component of an account- 

ing system. 

15-8 Give examples of bases used to allocate corporate cost pools to the operating divisions of an 

organization. 

15-9 Why might a manager prefer that budgeted rather than actual indirect cost allocation rates be used 

for costs being allocated to her division from another division? 

15-10 “To ensure unbiased cost allocations, fixed indirect costs should be allocated on the basis of esti- 

mated long-run use by user division managers.” Do you agree? Why? 

15-11 Specify the strengths and weaknesses among the three methods of allocating the costs of service 

divisions to production divisions. 

15-12 Whatis theoretically the most defensible method for allocating service division costs? 

15-13 Distinguish between two methods of allocating common costs. 

15-14 Whatis one key method to avoid disputes over allocation of support costs with respect to government 

contracts? 

Exercises 

15-15 Terminology. A number of terms are listed below: 

artificial cost pools direct method 

core operating division incremental cost allocation method 

dual-rate stand-alone cost allocation method 

sequential method reciprocal method 

price-taker common cost pool 

common cost 

Required 

Select the terms from the above list to complete the following sentences. 

1. Target pricing is a policy well suited to a highly competitive environment where the corporation is 

a because customers set the price. 

2. Depending on the proportion of fixed costs in the pool, the management team must choose between 
a or a single-rate cost pool. 

3. Cost leadership is an appropriate policy, and the most accurately reflects cost flows 
from support divisions back and forth among one another and to . To implement the — 

reciprocal method, the support cost pools must be arithmetically adjusted to create : 
which are then the basis for all cost allocation. 

4. The is an improvement over the of applying support costs, but only reports 

the flow of support departments to one another in one direction. The support divisions are first ranked on 

some basis from highest to lowest flow of either costs or resources then step down from the largest to 

smallest support division. Then the adjusted support cost pools are allocated to core operating divisions. 

5. A arises when two or more users share benefits from consuming a corporate resource. 



6. There are two ways to recognize proportional cost and benefit. The defines each cost 
object as if it were the only output. The ranks those who share in benefits from incurring 
the total common cost pool from high to low. The highest ranked is the primary party who bears most 

of the total shared cost. The remaining incremental parties share the difference of the total common 

cost pool minus the costs allocated to the primary party. Disputes over the primary party often arise. 

15-16 Criteria of cost-allocation decisions. Dave Meltzer went to Lake Tahoe for his annual winter vaca- 
tion. Unfortunately, he broke his ankle severely while skiing and had to spend two days at the Tahoe General 
Hospital. Meltzer's insurance company received a $4,800 bill for his two-day stay. One item that caught Melt- 
zer's eye was a $10.62 charge for a roll of cotton. Meltzer is a salesman for Johnson & Johnson and knows that 
the cost to the hospital of the roll of cotton would be in the $2.20 to $3 range. He asked for a breakdown of how 
the $10.62 charge was derived. The accounting office of the hospital sent him the following information: 

a. Invoiced cost of cotton roll $ 3.20 

b. Processing of paperwork for purchase 0.40 

c. Supplies room management fee 0.50 

d. Operating-room and patient-room handling charge 1.30 

e. Administrative hospital costs 1.00 

f. Research-related recoupment 0.40 

g. Malpractice insurance costs 1.00 

h. Cost of treating uninsured patients 2.32 

i, Profit component 0.50 

Total $10.62 

Meltzer believes the overhead charge is obscene. He comments, “There was nothing | could do 
about it. When they come in and dab your stitches, it's not as if you can say, ‘Keep your cotton roll. | 
brought my own.’" 

Required 

1, Compute the overhead-rate Tahoe General Hospital charged on the cotton roll. 
2. What criteria might Tahoe General use to justify allocation of each of the overhead items (b) through (i) 

in the preceding list? Examine each item separately, and use the allocation justifications in your answer. 
3. What should Meltzer do about the $10.62 ctiarge for the cotton roll? 

15-17 Single-rate versus dual-rate methods, support department. The Cincinnati power plant 
that services all manufacturing departments of Eastern Mountain Engineering has a budget for the coming 
year. This budget has been expressed in the following monthly terms: 

Manufacturing Needed at Practical Capacity Average Expected Monthly Usage 
Department Production Level (Kilowatt-Hours) (Kilowatt-Hours) 

Loretta 13,000 10,000 

Bently 21,000 9,000 

Melboum 14,000 10,000 

Eastmoreland 32,000 11,000 

Total 80,000 40,000 

The expected monthly costs for operating the power plant during the budget year are $20,000: $8,000 vari- 
able and $12,000 fixed. 

Required 

1. Assume that a single cost pool is used for the power plant costs. What budgeted amounts will be allo- 
cated to each manufacturing department if (a) the rate is calculated based on practical capacity and 
costs are allocated based on practical capacity and (b) the rate is calculated based on expected 
monthly usage and costs are allocated based on expected monthly usage? 

2. Assume the dual-rate method is used with separate cost pools for the variable and fixed costs. Vari- 
able costs are allocated on the basis of expected monthly usage. Fixed costs are allocated on the basis 
of practical capacity. What budgeted amounts will be allocated to each manufacturing department? 

Why might you prefer the dual-rate method? 

15-18 Single-rate method, budgeted versus actual costs and quantities. Chocolat Inc. is a pro- 
ducer of premium chocolate based in Owen Sound, The company has a separate division for each of its two 
products: dark chocolate and milk chocolate. Chocolat purchases ingredients from Toronto for its dark 
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chocolate division and from Barrie for its milk chocolate division. Both locations are the same distance from 

Chocolat's Owen Sound plant. 
Chocolat Inc. operates a fleet of trucks as a cost centre that charges the divisions for variable costs (drivers 

and fuel) and fixed costs (vehicle amortization, insurance, and registration fees) of operating the fleet. Each 

division is evaluated on the basis of its operating income. For the year, the trucking fleet had a practical capacity 

of 60 round trips between the Owen Sound plant and the two suppliers. It recorded the following information: 

€ Budgeted Actual 

Costs of truck fleet $120,000 $112,750 

Number of round trips for dark chocolate 35 30 
division (Owen Sound plant-Toronto) 

Number of round trips for milk chocolate 25 25 
division (Owen Sound plant—Barrie) 

Required 

1. Using the single-rate method, allocate costs to the dark chocolate division and the milk chocolate 

division in these three ways: 

a. Calculate the budgeted rate per round trip and allocate costs based on round trips budgeted for 

each division. 

b. Calculate the budgeted rate per round trip and allocate costs based on actual round trips used by 

each division. ; 
c. Calculate the actual rate per round trip and allocate costs based on actual round trips used by each 

division. 

2. Describe the advantages and disadvantages of using each of the three methods in requirement 1. 

Would you encourage Chocolat Inc. to use one of these methods? Explain and indicate any assump- 

tions you made. 

LO ® 15-19 Dual-rate method, budgeted versus actual costs, and practical capacity versus actual 
1, a, Variable indirect cost rate, quantities (continuation of Exercise 15-18). Chocolat Inc. decides to examine the effect of using the dual-rate 

$1,100 per round trip method for allocating truck costs to each round trip. At the start of the year, the budgeted costs were 

€ Variable cost per round trip $ 1,100 

Fixed costs 54,000 

The actual results for the 55 round trips made in the year were 

Variable costs $60,750 

Fixed costs 52,000 

$112,750 

Assume all other information to be the same as in Exercise 14-18. 

Required 

1. Using the dual-rate method, what are the costs allocated to the dark chocolate division and the milk 

chocolate division when (a) variable costs are allocated using the budgeted rate per round trip and 

actual round trips used by each division, and when (b) fixed costs are allocated based on the budgeted 

rate per round trip and round trips budgeted for each division? 

2. From the viewpoint of the dark chocolate division, what are the effects of using the dual-rate method 
rather than the single-rate method? 

LOO 15-20 Support department cost allocation; direct and step-down methods. Phoenix Partners 

3, Allocation of administrative provides management consulting services to government and corporate clients. Phoenix has two support 
services on dollar amount ranking departments—administrative services (AS) and information systems (IS)—and two operating depart- 

is $150,000 ments—government consulting (GOVT) and corporate consulting (CORP). For the first quarter of the year, 
Phoenix's cost records indicate the following: 

a ee a ae a 
SUPPORT OPERATING | SS 

AS IS GOVT CORP Total | 
Budgeted overhead costs before any 

interdepartment cost allocations $600,000 | $2,400,000 | | $8,756,000 | $12,452,000 | $24,208,000 

Support work supplied by AS 

(budgeted head count) — 

Support work supplied by IS 

(budgeted computer time) 

25% 40% 35% 
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Required 

1. Allocate the two support departments’ costs to the two operating departments using the following 
methods: 

a. Direct method 

b. Step-down method (allocate AS first) 
c. Step-down method (allocate IS first) 

2. Compare and explain differences in the support department costs allocated to each operating 
department. 

3. What approaches might be used to decide the sequence in which to allocate support departments 
when using the step-down method? 

15-21 Support department cost allocation, reciprocal method (continuation of 15-20). Refer to the 
data given in Exercise 15-20. 

Required 

1. Allocate the two support departments’ costs to the two operating departments using the reciprocal 

method. Use (a) linear equations and (b) repeated iterations. 
2. Compare and explain differences in requirement 1 with those in requirement 1 of Exercise 15-21. Which 

method do you prefer? Why? 

15-22 Allocating costs of support divisions, step-down and direct methods. The Bow River 
Company has prepared division overhead budgets for budgeted-volume levels before allocations as follows: 

Support departments: 

Building and grounds $10,000 

Personnel 1,000 

General plant administration 26,090 

Cafeteria: operating loss 1,640 

Storeroom 2,670 $ 41,400 

Operating departments: aia 

Machining 34,700 

Assembly 48,900 83,600 

Total for support and operating departments tw $125,000 

Management has decided that the most appropriate inventory costs are achieved by using individual 

division overhead rates. These rates are developed after support division costs are allocated to operating 

divisions. 

Bases for allocation are to be selected from the following: 

Direct Square Metres 

Manufacturing Number of of Floor Space Manufacturing 
Department Labour-Hours Employees Occupied Labour-Hours 

Building and grounds 0 0 0 0 

Personnel@ 0 0 2,000 0 

General plant administration 0 35 7,000 0 

Cafeteria: operating loss 0 10 4,000 1,000 

Storeroom 0 5 7,000 1,000 

Machining 5,000 50 30,000 8,000 

Assembly 15,000 100 50,000 17,000 

Total 20,000 200 100,000 27,000 
8Basis used is number of employees. 

Required 

1. Using the step-down method, allocate support division costs. Develop overhead rates per direct man- 

ufacturing labour-hour for machining and assembly. Allocate the costs of the support divisions in the 

order given in this problem. Use the allocation base for each support division you think is most 

appropriate, 
2. Using the direct method, rework requirement 1. 

LO® 
Administrative services is 

$861 ,538 

LO ® 
The direct method, Job 89 

allocated costs is $115.29 

Number of 
Requisitions 

0 

Sno coa Cc) 

625 
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3. Based on the following information about two jobs, determine the total overhead costs for each job by 

using rates developed in (a) requirement 1 and (b) requirement 2. 

Direct Manufacturing Labour-Hours 

Machining Assembly 

Job 88 18 2 

Job 89 3 17 

4. The company evaluates the performance of the operating division managers on the basis of how well 

they managed their total costs, including allocated costs. As the manager of the machining depart- 

ment, which allocation method would you prefer from the results obtained in requirements 1 and 2? 
Explain. 

LO®@ 15-23 Fixed cost allocation. Three restaurants in a downtown area of a large city have decided to share 

1, Restaurant C actual usage cost a valet service and parking lot for their customers, The cost of the service and lot is $10,000 per month. The 
allocation, $3,100 owners of the restaurants need to decide how to divide the $10,000 cost. The actual usage, planned usage, 

and practical capacity in the month of May was 

€ Actual Parking Planned Parking Practical Capacity 
Restaurant Spots Used Spots Parking Spots 

A 1,500 1,600 2,000 

B 1,400 1,300 1,500 

C 1,300 1,100 1,500 

Required 

1. Allocate the fixed cost to each restaurant using actual, planned, and capacity usage measures, 

2, In this situation, which method of allocation makes the most sense? 

LO® 15-24 Direct and step-down allocation. E-books, an online book retailer, has two operating divisions— 
1, Allocation of HR costs to corporate sales and consumer sales—and two support divisions—human resources and information sys- 

consumer sales division, $33,080 tems. Each sales division conducts merchandising and marketing operations independently. E-books uses 
number of employees to allocate human resources costs and processing time to allocate information sys- 

tems costs. The following data are available for September: 

¢ : Support Divisions Operating Divisions 

Human Information Corporate Consumer 
Resources Systems Sales Sales 

Budgeted costs incurred 
before any interdivision 

cost allocations $82,700 $234,400 $998,270 $489,860 

Support work supplied by 
human resources division 

Budgeted number of employees —_ 21 42 28 

Support work supplied by 
information systems division 

Budgeted processing time (in minutes) 320 — 1,920 1,600 

Required 

1. Allocate the support divisions’ costs to the operating divisions using the direct method. 
2. Rank the support divisions based on the percentage of their services provided to other support divi- - 

sions. Use this ranking to allocate the support divisions’ costs to the operating divisions based on the 
step-down method. 

3. How could you have ranked the support divisions differently? 

LO@ 15-25 Reciprocal cost allocation (continuation of Exercise 15-24), Consider E-books again. The control- 

2, Allocation of HR costs to IS ler of E-books reads a widely used textbook that states “The reciprocal method is conceptually the most 
division, $24,055 defensible.” He seeks your assistance. 
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Required 

1. Describe the key features of the reciprocal method. € 
2. Allocate the support divisions’ costs (human resources and information systems) to the two operating 

divisions using the reciprocal method. 

3. In the case presented in this exercise, which method (direct, step-down, or reciprocal) would you 
recommend? Why? 

Problems 

15-26 Single-rate, dual-rate, and practical capacity allocation. Total Body Inc. has a new promo- Loe 
tional program that offers a free gift-wrapping service for its customers. Total's customer-service division Total cost per gift wrapped, $1.50 

has practical capacity to wrap 7,500 gifts at a budgeted fixed cost of $6,750 each month. The budgeted 

variable cost to gift wrap an item is $0.50. Although the service is free to customers, a gift-wrapping service 

cost allocation is made to the division where the item was purchased. The customer-service division 
reported the following for the most recent month: 

Actual Number Budgeted Number Practical Capacity ¢ 

of Gifts of Gifts to be Available 
Department Wrapped Wrapped for Gift-Wrapping 

Women’s face wash 2,100 2,475 2,625 

Men's face wash 750 825 938 

Fragrances 1,575 1,800 1,969 

Body wash 525 450 656 

Hair products 1,050 1,200 1,312 

Total 6,000 6,750 7,500 

Required 

1. Using the single-rate method, allocate gift-wrapping costs to different divisions in these three ways: 

a. Calculate the budgeted rate based on the budgeted number of gifts to be wrapped, and allocate 
costs based on the budgeted use (of gift-wrapping services). 

b. Calculate the budgeted rate based on the budgeted number of gifts to be wrapped, and allocate 

costs based on actual usage. 

c. Calculate the budgeted rate based on the practical gift-wrapping capacity available, and allocate 

costs based on actual usage. 

2. Using the dual-rate method, compute the amount allocated to each division when (a) the fixed cost 

rate is calculated using budgeted costs and the practical gift-wrapping capacity, (b) fixed costs are 

allocated based on budgeted usage of gift-wrapping services, and (c) variable costs are allocated 

using the budgeted variable cost rate and actual usage. 

3. Comment on your results in requirements 1 and 2. Discuss the advantages of the dual-rate method. 

15-27 Allocating costs to divisions. Gether Corporation manufactures appliances. It has four divisions: LO@ 

refrigerator, stove, dishwasher, and microwave oven. Each division is located in a different city and the 1, Allocation to stove based on 
headquarters is located in Mississauga, Ontario. Headquarters incurs a total of $14,255,000 in costs, none of square metres, $3,207,375 
which are direct costs of any of the divisions. Revenues, costs, and facility space for each division are as 

follows: 

Microwave € 
Refrigerator Stove Dishwasher Oven 

Revenue $10,900,000 $18,800,000 $11,500,000 $6,780,000 

Direct costs $ 5,700,000 $10,400,000 $ 6,200,000 $3,220,000 

Segment margin $ 5,200,000 $8,400,000 $ 5,300,000 $3,560,000 

Square metres of floor space occupied 130,000 90,000 80,000 100,000 

Gether wants to allocate the indirect costs of headquarters on the basis of either square metres or 

segment margin for each division. 

Required 

1. Allocate the indirect headquarters costs to each division, first using square metres of space and then 

using segment margin as the allocation base. Calculate the division operating margins after each allo- 

cation in dollars and as a percentage of revenue. 
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LO® 

LO©6 

LOo® 

2. Which allocation base do you prefer? Why? 

3. Should any of the divisions be dropped based on your calculations? Why or why not? 

15-28 Support department cost allocations; single-department cost pools; direct, step- 
down, and reciprocal methods. The Martinez Company has two products. Product 1 is manufactured 
entirely in department X. Product 2 is manufactured entirely in department Y. To produce these two prod- 

ucts, the Martinez Company has two support departments: A (a materials-handling department) and B (a 
power-generating department). 

An analysis of the work done by departments A and B in a typical period follows: 

Used by 

Supplied by A B X Y 

A — 400 1,000 600 

B 1,500 — 250 750 

The work done in department A is measured by the direct labour-hours of materials-handling time. 

The work done in department B is measured by the kilowatt-hours of power. The budgeted costs of the 
support departments for the coming year are as follows: 

Department A Department B 
(Materials Handling) (Power Generation) 

Variable indirect labour and 

indirect materials costs $300,000 $ 30,000 

Supervision 90,000 50,000 

Depreciation 30,000 100,000 

$420,000 $180,000 

+ Power costs + Materials-handling costs 

The budgeted costs of the operating departments for the coming year are $2,500,000 for department X and 

$1,900,000 for department Y. 
Supervision costs are salary costs. Depreciation in department B is the straight-line depreciation of 

power-generation equipmentinits 19th year of an estimated 25-year useful life; itis old, but well-maintained, 

equipment. 

Required 

1. What are the allocations of costs of support departments A and B to operating departments X and Y 
using (a) the direct method, (b) the step-down method (allocate department A first), (c) the step-down 
method (allocate department B first), and (d) the reciprocal method? 

2. An outside company has offered to supply all the power needed by the Martinez Company and to pro- 
vide all the services of the present power department. The cost of this service will be $80 per 
kilowatt-hour of power. Should Martinez accept? Explain. 

15-29 Common costs. Tate Inc. and Booth Inc. are two small manufacturing companies that are consid- 
ering leasing a cutting machine together. If Tate rents the machine on its own, it will cost $26,000. If Booth 
rents the machine alone, it will cost $14,000. If they rent the machine together, the cost will decrease to 
$36,000, 

Required 

1. Calculate Tate's and Booth’s respective share of fees under the stand-alone cost-allocation method. 
2. Calculate Tate's and Booth’s respective share of fees using the incremental cost-allocation method 

assuming (a) Tate is the primary party and (b) Booth is the primary party. 
3. Calculate Tate’s and Booth’s respective share of fees using the Shapley value method. 
4, Which method would you recommend Tate and Booth use to share the fees? 

15-30 Support department cost allocations; single-department cost pools; direct, step- 

down, and reciprocal methods. Sportz, Inc. manufactures athletic shoes and athletic clothing for both 
amateur and professional athletes. The company has two product lines (clothing and shoes), which are 
produced in separate manufacturing facilities; however, both manufacturing facilities share the same sup- 

port services for information technology and human resources. The following shows costs (in thousands) 

for each manufacturing facility and for each support department. 
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Variable Costs Fixed Costs Total Costs by Department 

Information technology (IT) $ 1,200 $ 4,000 $ 5,200 

Human resources (HR) 800 2,000 2,800 

Clothing 5,000 16,000 21,000 

Shoes 6,000 9,000 15,000 

Total costs $13,000 $31,000 $44,000 

The total costs of the support departments (IT and HR) are allocated to the production departments (cloth- 
ing and shoes) using a single rate based on the following: 

Information technology: Number of IT labour-hours worked by department 

Human resources: Number of employees supported by department 

Data on the bases, by department, are given as follows: 

Department IT Hours Used Number of Employees 

Clothing 10,080 440 

Shoes 7,920 176 

Information technology a= 184 

Human resources 6,000 oo 

Required 

1. What are the total costs of the production departments (for clothing and shoes) after the support 

department costs of information technology and human resources have been allocated using (a) the 

direct method, (b) the step-down method (allocate information technology first), (c) the step-down 
method (allocate human resources first), and (d) the reciprocal method? 

2. Assume that all of the work of the IT department could be outsourced to an independent company for 

$97.50 per hour. If Sportz no longer operated its own IT department, 30% of the fixed costs of the IT 
department could be eliminated. Should Sportz outsource its IT services? 

15-31 Stand-alone revenue allocation. Magic Systems, Inc. sells computer hardware to end consumers, LO ® 
The CX30 is sold as a “bundle,” which includes three hardware products: a personal computer (PC) tower, a 

26-inch monitor, and a color laser printer. Each of these products is made in a separate manufacturing division of 

Magic Systems and can be purchased individually as well as in a bundle. Magic Systems sells roughly equal 
quantities of the three products. The individual selling prices and per-unit costs are as follows: 

Computer Component Individual Selling Price per Unit Cost per Unit 

PC tower $1,150 $375 

Monitor $ 250 $200 

Color laser printer $ 600 $225 

Computer bundle purchase price $1,500 

Required 

1. Allocate the revenue from the computer bundle purchase to each of the hardware products using the 

stand-alone method based on the individual selling price per unit. 

2. Allocate the revenue from the computer bundle purchase to each of the hardware products using the 
stand-alone method based on cost per unit. 

3. Allocate the revenue from the computer bundle purchase to each of the hardware products using the stand- 

alone method based on physical units (i.e., the number of individual units of product sold per bundle). 
4, Which basis of allocation makes the most sense in this situation? Explain your answer. 

15-32 Cost allocation to divisions. Forber Bakery makes baked goods for grocery stores, and has three LO@ 

divisions: bread, cake, and doughnuts. Each division is run and evaluated separately, but the main head- 1, Bread operating income, 
quarters incurs costs that are indirect costs for the divisions. Costs incurred in the main headquarters are $4,700,000 

Human resources (HR) costs $1,900,000 

Accounting department costs 1,400,000 

Rent and amortization 1,200,000 

Other 600,000 

Total costs $5,100,000 
pee eee ees 
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The Forber upper management currently allocates this cost to the divisions equally. One of the divi- 

sion managers has done some research on ABC and proposes the use of different allocation bases for the 

different indirect costs—number of employees for HR costs, total revenues for accounting division costs, 

square metres of space for rent and amortization costs, and equal allocation among the divisions of 

“other” costs. Information about the three divisions follows: 

Bread Cake Doughnuts 

Total revenues $20,900,000 $4,500,000 $13,400,000 

Direct costs 14,500,000 3,200,000 7,250,000 

Segment margin $ 6,400,000 $1,300,000 $ 6,150,000 

Number of employees 400 100 300 

Square metres of space 10,000 4,000 6,000 

Required 

1. Allocate the indirect costs of Forber to each division equally. Calculate division operating income after 

allocation of headquarters costs. 

2. Allocate headquarters costs to the individual divisions using the proposed allocation bases. Calculate 

the division operating income after allocation. Comment on the allocation bases used to allocate head- 
quarters costs. ; 

3. Which division manager do you think suggested this new allocation? Explain briefly. Which allocation 
do you think is “better”? 

Loe 15-33 Revenue allocation, bundled products. Boca Resorts (BR) operates a five-star hotel with a world- 

class spa. BR has a decentralized management structure, with three divisions: 

ws Lodging (rooms, conference facilities) 

a Food (restaurants and in-room service) 

mw Spa 

Starting next month, BR will offer a two-day, two-person “getaway package” for $1,000. 

This deal includes the following: 

As Priced Separately 

Two nights’ stay for two in an ocean-view room $ 750 ($375 per night) 

Two spa treatments (can be used by either guest) 300 ($150 per treatment) 

Candlelight dinner for two at BR's finest restaurant 200 ($100 per person) 

Total package value $1,250 

Jennifer Gibson, president of the spa division, recently asked the CEO of BR how her division would 
share in the $1,000 revenue from the getaway package. The spa was operating at 100% capacity. 

Currently, anyone booking the package was guaranteed access to a spa appointment. Gibson noted that 

every “getaway” booking would displace $300 of other spa bookings not related to the package. She 
emphasized that the high demand reflected the devotion of her team to keeping the spa rated one of the 

“Best 10 Luxury Spas in the World” by Trave/ Monthly. As an aside, she also noted that the lodging and 

food divisions had to turn away customers during only “peak-season events such as the New Year's 
period.” 

Required 

1. Using selling prices, allocate the $1,000 getaway-package revenue to the three divisions using 

a. The stand-alone revenue-allocation method 
b. The incremental revenue-allocation method (with spa first, then lodging, and then food) 

2. What are the pros and cons of the two methods in requirement 1? 

3. Because the spa division is able to book the spa at 100% capacity, the company CEO has decided to 
revise the getaway package to only include the lodging and food offerings shown previously. The new 

package will sell for $800. Allocate the revenue to the lodging and food divisions using the following: 
a. The Shapley value method 

b. The weighted Shapley value method, assuming that lodging is three times as likely to sell as the food 

LO © 15-34 Support department cost allocations; direct, step-down, and reciprocal methods. Ballantine 
Corporation has two operating departments: Eastern Department and Western Department. Each of the 
operating departments uses the services of the company’s two support departments: Engineering and 
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information Technology. Additionally, the Engineering and Information Technology departments use the ser- 
vices of each other. Data concerning the past year are as follows: 

Support Departments Operating Departments 

Information Eastern Western 
Engineering Technology Department Department Total 

Budgeted overhead costs before 

any interdepartment cost 

allocations $300,000 $250,000 $650,000 $920,000 $2,120,000 

Support work furnished by 
Engineering 

Budgeted Engineering salaries — $60,000 $50,000 $90,000 $200,000 

Percentage — 30% 25% 45% 100% 

Support work furnished by 

Information Technology 

Budgeted IT service-hours 450 — 1,500 1,050 3,000 

Percentage 15% —- 50% 35% 100% 

Required 

1. What are the total overhead costs of the operating departments (Eastern and Western) after the 

support department costs of Engineering and Information Technology have been allocated using 
(a) the direct method, (b) the step-down method (allocate Engineering first), (c) the step-down method 
(allocate Information Technology first), and (d) the reciprocal method? 

2. Which method would you recommend that Ballantine Corporation use to allocate service-department 
costs? Why? 

SOLUTIONS < TRY MT 

Trylt 15-1 
1. Acombined budgeted rate is used for fixed and variable costs. The rate is calculated as follows: 

Budgeted usage of engineering services labour-hours 7,000 hours 

Budgeted total cost pool: $280,000 + ($25 x 7,000 hours) $455,000 

Budgeted total rate per hour: $455,000 + 7,000 hours $65 per hour used 

The rate of $65 per hour is used to allocate Engineering Services department costs to the Machining 
and Assembly departments. 

Under the single-rate method, the Machining and Assembly departments are charged the bud- 
geted rate for each hour of actua/ use of engineering services. 

Machining department: $65 per hour x 2,000 hours $130,000 

Assembly department: $65 per hour x 4,000 hours $260,000 

2. Budgeted fixed cost rate per hour = $280,000 + 7,000 hours = $40 per hour 

The costs allocated to the Machining Department equal 

Fixed costs: $40 per hour X 2,500 (budgeted) hours $100,000 

Variable costs: $25 per hour 2,000 (actual) hours 

Total costs 

The costs allocated to the Assembly Department equal 

Fixed costs: $40 per hour x 4,500 (budgeted) hours $180,000 

Variable costs: $25 per hour x 4,000 (actual) hours 100,000 

Total costs $280,000 
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3. Using the 8,000 hours of practical capacity of the Engineering Services department, the bud- 

geted rate is 

Budgeted fixed cost rate per hour, $280,000 + 8,000 hours $35 per hour 

Budgeted variable cost rate per hour i) per hour 

Budgeted total cost rate per hour $60 per hour 

Under the single-rate method, the Engineering Services department costs are allocated to the 
Machining and Assembly departments as follows: 

Machining department: $60 per hour X 2,000 (actual) hours $ 120,000 

Assembly department: $60 per hour x 4,000 (actual) hours 240,000 

Fixed costs of unused Engineering Services capacity: 

$35 per hour X 2,000 hours? 70,000 

4. Under the dual-rate method, the Engineering Services department costs are allocated to the 

Machining and Assembly departments as follows: 

Machining Department 

Fixed costs: $35 per hour Xx 2,500 (budgeted) hours $ 87,500 

Variable costs: $25 per hour x 2,000 (actual) hours 50,000 

Total costs $137,500 

Assembly Department 

Fixed costs: $35 per hour X 4,500 (budgeted) hours $157,500 

Variable costs: $25 per hour x 4,000 (actual) hours 100,000 

Total costs $257,500 

Fixed costs of unused Engineering Services capacity: 

$35 per hour X 1,000 hours? $ 35,000 

82,000 hours = 4,000 hours (Assembly Department) — 2,000 hours (Machining Department). 

51,000 hours = Practical capacity of 8,000 hours — (2,500 hours budgeted to be used by 

Machining department + 4,500 hours budgeted to be used by Assembly department). 

la .Allocate the total support department costs to the operating departments under the direct allo- 

cation method: 

Domestic Tours World Tours 

Departmental Overhead Costs $1,300,000 $1,840,000 

From: 

Administration 

($55,000/$132,000) x $400,000 166,667 

($77,000/$132,000) x $400,000 233,333 

Information Technology 

(2,200/3,400) x $250,000 161,765 

(1,200/3,400) x $250,000 88,235 

Total Departmental Overhead Costs $1,628,432 $2,161,568 

Total Costs to account for: $3,790,000 



Assignment Material 633 

b. Allocate the support department costs to the operating departments under the step-down 

(sequential) allocation method with Administration first sequentially: 

Domestic World 
Administration IT Tours Tours 

Departmental Overhead Costs $ 400,000 $250,000 $1,300,000 $1,840,000 

From: 

Administration $(400,000) 

40% x $400,000 160,000 

25% x $400,000 100,000 

35% x $400,000 140,000 

Information Technology (410,000) 

(2,200/3,400) x $410,000 265,294 

(1,200/3,400) « $410,000 144,706 

Total Departmental Costs $ 0 $ 0 $1,665,294 $2,124,706 

Total costs to account for: $3,790,000 

c. Allocate the support department costs to the operating departments under the step-down 

(sequential) allocation method with IT first sequentially: 

To: 

Domestic World 
IT Administration Tours Tours 

Departmental Costs $ 250,000 $400,000 $1,300,000 $1,840,000 

From: 

Information Technology (250,000) 

15% x $250,000 37,500 

55% x $250,000 137,500 

30% x $250,000 75,000 

Administration (437,500) 

(55,000/132,000) x $437,500 182,292 255,208 

(77,000/132,000) x $437,500 

Total Departmental Costs $ 0 $ 0 $1,619,792 $2,170,208 

Total costs to account for: $3,790,000 

d. Allocate the support department costs to the operating departments under the reciprocal allo- 

cation method: 
Assign reciprocal equations to the support departments 

AD = $400,000 + 0.15 IT 

IT = $250,000 + 0.40 AD 

Solve the equation to complete the reciprocal costs of the support departments: 

AD = $400,000 + 0.15 IT 
AD = $400,000 + 0.15 ($250,000 + 0.40 AD) 
AD = $400,000 + $37,500 + 0.06 AD 

0.94 AD = $437,500 
AD = $465,426 

IT = $250,000 + 0.40 AD 
IT = $250,000 + 0.40 ($465,426) 
IT = $250,000 + $186,170 
IT = $436,170 



634 Chapter 15 Period Cost Application 

Allocate reciprocal costs to departments (all numbers rounded to nearest dollar): 

Domestic World 
Admin. IT Tours Tours 

Departmental Costs $400,000 $250,000 $1,300,000 $1,840,000 

Administration (465,426) 

40% x $465,426 186,170 

25% x $465,426 116,357 

35% X $465,426 $ 162,899 

Information Technology (436,170) 

15% x $436,170 65,426 

55% x $436,170 239,893 

30% x $436,170 130,851 

Total Departmental Costs $ 0 $ 0 $1,656,250 $2,133,750 

Costs allocated to the domestic tours department equal $356,250 ($116,357 + $239,893), Costs 
allocated to the world tours department equal $293,750 ($162,899 + $130,851). Total support depart- 
ment costs to account for $650,000 (Administration, $400,000 + Information Technology, $250,000). 

Try It Exhibit 15-2 shows the allocation of the IT and HR department costs to the domestic tours 
department and to the world tours department using repeated iterations. 

SLT LS LET ISILON 
TRY IT EXHIBIT 15-2 

Reciprocal Method of Operating 
Allocating Support Support Departments Departments 

Department Costs for Admin. IT Domestic World 
Montvale Tours Using 
Repeated Iterations. Budgeted manufacturing overhead costs before 

any interdepartmental cost allocations $400,000 $250,000 $1,300,000 $1,840,000 

ist Allocation of Admin. Dept. (40%, 25%, 35%) (400,000) 160,000 100,000 140,000 

410,000 

1st Allocation of IT Dept. (15%, 55%, 30%) 61,500 (410,000) 225,500 123,000 

2nd Allocation of Admin. Dept. (40%, 25%, 35%) (61,500) 24,600 15,375 21,525 

2nd Allocation of IT Dept. (15%, 55%, 30%)® » 3,690 (24,600) 13,530 7,380 

3rd Allocation of Admin. Dept. (40%, 25%, 35%)# (3,690) 1,476 923 1,291 

3rd Allocation of IT Dept. (15%, 55%, 30%)® 221 (1,476) 812 443 

4th Allocation of Admin. Dept. (40%, 25%, 35%)* (221) 88 55 78 

4th Allocation of IT Dept. (15%, 55%, 30%)® 13 (88) 49 26 

5th Allocation of Admin. Dept. (40%, 25%, 35%) (13) 5 3 5 

5th Allocation of IT Dept. (15%, 55%, 30%)” ; 1 (5) 3 1 

6th Allocation of Admin. Dept. (40%, 25%, 35%) (1) 0 0 1 

Total budgeted manufacturing overhead of aS. 

operating departments $9 5 $1,656,250 $2,133,750 

Total accounts allocated and reallocated (the numbers in parentheses in first two columns): 
Admin. Dept.: $400,000 + $61,500 + $3,690 + $221 + $13 + $1 = $465,425 

IT Dept.: $410,000 + $24,600 + $1,476 + $88 + $5 = $436,169 

Base is ($88,000 + $55,000 + $77,000) or $220,000; $88,000 + $220,000 = 40%, $55,000 + $220,000 = 25%, $77,000 + 
$220,000 = 35%, 

>Base is (600 + 2,200 + 1,200) or 4,000 IT service-hours; 600 + 4,000 = 15%, 2,200 + 4,000 = 55%, 1,200 + 4,000 = 30%, 
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1a. Under the stand-alone revenue-allocation method, based on selling price, Him will be allocated 
33.33% of all revenues, or $20 of the bundled selling price, and Her will be allocated 66.67% of all 
revenues, or $40 of the bundled selling price, as shown below. 

Stand-Alone Method, Based on Selling Prices Him Her Total 

Selling price $25 $50 $75 

Selling price as a % of total ($25 + $75; $50 + $75) 33.33% 66.67% 100% 

Allocation of $60 bundled selling price $20 $40 $60 
(33.33% x $60; 66.67% x $60) 

1b. Under the incremental revenue-allocation method, with Him ranked as the primary product, Him 

will be allocated $25 (its own stand-alone selling price), and Her will be allocated $35 of the $60 
selling price, as shown below. 

Incremental Method (Him rank 1) Him Her 

Selling price $25 $50 

Allocation of $60 bundled selling price ($25; $35 = $60 — $25) $25 $35 

1c. Under the incremental revenue-allocation method, with Her ranked as the primary product, Her 

will be allocated $50 (its own stand-alone selling price), and Him will be allocated $10 of the $60 
selling price, as shown below. 

Incremental Method (Her rank 1) Him Her 

Selling price $25 $50 

Allocation of $60 bundled selling price ($10 = $60 — $50; $50) $10 $50 

id. Under the Shapley value method, each product will be allocated the average ofits allocations in 
1b and 1c. In other words, the average of its allocations when itis the primary product and when 

itis the secondary product are shown below. 

Shapley Value Method Him Her 

Allocation when Him = Rank 1; Her = Rank 2 (from 1b.) $25.00 $35.00 

Allocation when Her = Rank 1; Him = Rank 2 (from 1c.) $10.00 $50.00 

Average of allocated selling price ($25 + $10) + 2; ($35 + $50) + 2 $17.50 $42.50 

2. Asummary of the allocations based on the four methods in requirement 1 is shown below. 

Stand-alone Incremental Incremental 
(Selling Prices) (Him first) (Her first) Shapley 

Him $20 $25 $10 $17.50 

Her 40 35 50 42.50 

Total for Syne $60 $60 $60 $60.00 

lf there is no clear indication of which product is the more “important” product, or if it can be reason- 

ably assumed that the two products are equally important to the company’s strategy, the Shapley 

value method is the fairest of all the methods because it averages the effect of product rank. In this 

particular case, note that the allocations from the stand-alone method based on selling price are 
reasonably similar to the allocations from the Shapley value method, so the managers at Essence 

may well want to use the much simpler stand-alone method. The stand-alone method also does not 

require ranking the products in the suite, and so it is less likely to cause debates among product 

managers in the Men's and Women’s Fragrance divisions. If, however, one of the products (Him or 

Her) is clearly the product that is driving sales of the bundled product, then that product should be 
considered the primary product or weighted more heavily (rather than equally) when applying the 

Shapley value method. 



Learning Objectives 
@ Distinguish among different 

types of saleable products, 

scrap, and toxic waste. 

@ Analyze the physical measure 

and sales value at splitoff 

methods to allocate joint costs. 

© Analyze the two methods to 
use when there is no sales 

value at the splitoff point. 

@ Understand the irrelevance of 
joint costs in the “sell or 

process further” decision. 

@ |dentify the strategic 
implications of a decision to 
implement one joint cost 

allocation method. 

@ Account for byproducts using 

two different methods. 

CPA Competencies* 
This chapter covers material 

outlined in Section 3: 
Management Accounting of 

the CPA Competency Map. The 
Learning Objectives in this chapter 

have been aligned with the CPA 

Competency Map to ensure the 

best coverage possible. 

3.3.1 Evaluates cost classifications 

and costing methods for manage- 

ment of ongoing operations 

3.3.2 Evaluates and applies cost 

management techniques appropriate 

for specific costing decisions 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endotsed by the Chartered Professional 
Accountants of Canada. 
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Cost Allocation: Joint 1 

Products and Byproducts 
patty he Sea. 

Challenges of Joint Cost Allocation 
The Hibernia offshore oil field project off the coast of Newfoundland is a joint venture 

among many companies, including ExxonMobil Canada. The costs of lifting oil from 
the ocean’s floor are shared among the companies investing in this project. The crude 

oil pumped will be refined into a variety of petroleum products. The lifting costs com- 
mon to all produced products will be recovered by allocating or sharing these joint 

costs in some reasonable way. The partners will evaluate two market-based cost allo- 

cation methods to identify the more appropriate method that best reflects the facts of 

the actual proportion of joint resources (and costs) shared among them. The allocation 

of responsibilities and costs is particularly important in projects that are based on nat- 

ural resource extraction, including the shutdown costs (when the resource is fully 

depleted) and any associated clean-up costs. These costs, which come at the end of 

an otherwise successful enterprise, can sometimes be surprising to partners in a 

venture. 

Costing for the more complex case in which two or more products are simultane- 

ously produced involves joint costs. A variety of products share core activities of pro- 
duction up to a point in the production process. After this point, processing the 

products further involves separate production activities and separate costs. The goal 

is to choose the cost allocation method that best reflects how the costs actually flow 
throughout a real economic process. The choice is not often straightforward because 
corporations allocate costs in ways most appropriate to the business decisions they 

must make. 

Sources: Canada Environmental Assessment Agency (http://www.ceaa.gc.ca/default.asp?lang=en&n=d75fb358-1); 
Michael Conners. 2019. “Province Records Financial Hit from Hibernia Shutdown in Fall Fiscal Update.” 
December 11 (http://ntv.ca/province-records-financial-hit-from-hibernia-shutdown-in-fall-fiscal-update/). 



Joint-Cost Basics 

Joint costs are the costs of a production process that yields multiple main products 
simultaneously. A product is any output that can be sold at full product cost plus 
profit, or enables the company to avoid purchasing direct materials. When a process 
yields many products, the main product is the one with the highest sales value. If two 
or more products have high sales value, they are called joint products. Products of 
relatively low sales value are called byproducts. During production, scrap, which has 
minimal to zero sales value, may also be produced. These relationships are illustrated 
in Exhibit 16-1. 

The processing of poultry, for example, yields feathers, giblets, wings, thighs, and 
entire birds. Often heads, feet, skin, and internal organs are processed differently and 

ground as byproducts for use in animal meal. White breast meat, the highest revenue- 
generating product, is obtained from the front end of the bird; dark meat from the back 
end. Other edible products include chicken wings and giblets. There are many inedible 
products that have a diverse set of uses. For example, poultry feathers are used in bedding 
and sporting goods. Poultry companies use individual product cost information for differ- 
ent customers (e.g., supermarkets, fast food outlets) and the sales mix differs for these 

customers. A subset of products is placed into frozen storage, which creates demand for 
individual product cost information for the purpose of inventory valuation. 

Byproducts often used to be waste product for which a use has now been found. 
Scrap may be referred to as waste. Processes in some extractive industries generate toxic 
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Inputs Transformation Process Sales Value 

High 

Joint Costs 

I High 
Splitoff 
Point 

(Main) Product . 
High 

Processing Costs 

Byproduct 
Low 

No extra processing costs 

Minimal 

No extra processing costs ree 

Toxic waste ; 
Negative 

Extra cost to dispose 

*The joint product process can also have byproducts, 
scrap, and toxic waste. These items were omitted simply for clarity. 
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types of saleable products, 

scrap, and toxic waste. 

Classification of Products 
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ce Industries 
Incurring Joint Costs Separable Products 

Industry at the Splitoff Point 

Agriculture and Food Processing 

Cocoa beans Cocoa butter, cocoa powder, cocoa drink mix, 

tanning cream 

Lambs Lamb cuts, tripe, hides, bones, fat 

Hogs Bacon, ham, spare ribs, pork roast 

Lumber Lumber of varying grades and shapes 

Extractive Industries 

Coal Coke, gas, benzol, tar, ammonia 

Copper ore Copper, silver, lead, zinc 

Petroleum Crude oil, natural gas, raw LPG 

Salt Hydrogen, chlorine, caustic soda 

Chemical Industries 

Raw LPG (liquefied petroleum gas) _ Butane, ethane, propane 

Crude oil Gasoline, kerosene, benzene, naphtha 

Semiconductor Industry 

Fabrication of silicon-wafer chips Memory chips of different quality (as to capacity), 

speed, life expectancy, and temperature tolerance 

waste, such as cyanide, lead, toluene, sulphuric acid, or dioxin. Toxic waste has negative 

revenue when the costs of reclamation and remediation are considered. Costs of recover- 
ing or disposing of toxic emissions are life-cycle costs that should be added to joint pro- 
duction costs prior to allocating this cost pool to main, joint, or byproducts. Exhibit 16-2 
lists a variety of industries in which joint costs are incurred in their production 
processes. 

In joint cost processes, the splitoff point is the place in a production process where 
two or more main products become separately identifiable. Separable costs are the full 
product costs of processing incurred by each identifiable product beyond the splitoff 
point. Decisions about whether to sell work-in-process at that point or process further 
can be made at or beyond the splitoff point. In practice, the classification of products 
versus byproducts is not straightforward and changes over time, especially when prices 
are volatile. 

Different reasons to allocate joint costs include: 

# Calculation of inventoriable costs and cost of goods sold for external financial state- 
ments and reports for income tax authorities 

e Calculation of inventoriable costs and cost of goods sold for internal financial 
reporting. Such reports are used in division profitability analysis when determining 
compensation for division managers 

= Cost reimbursement under contracts when only a portion of a business’s products or 
services is sold or delivered to a single customer (such as a government agency) 

= Customer profitability analysis where individual customers purchase varying combi- 
nations of joint products or byproducts as well as other products of the company 

= Insurance settlement calculations when damage claims made by businesses with joint 
products, main products, or byproducts are based on cost information 

a Rate regulation when one or more of the jointly produced products or services is 
subject to price regulation 

» Contract litigation in which costs of joint products are key inputs 
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Approaches to Allocating Joint Costs 

There are four joint cost allocation methods from which managers may choose. The 
physical measure method allocates joint costs on the basis of their relative proportions 
at the splitoff point, using a common physical measure such as weight or volume of the 
total production of each product. The sales value at splitoff method allocates joint costs 
on the basis of the relative sales value at the splitoff point of the total production in the 
accounting period for each product. 

These two methods may be appropriate when the products can be sold at splitoff, but 
often the joint product is processed further and there is no selling price at the splitoff 
point. In these cases, two slightly more complex market methods are more appropriate: 
the net realizable value (NRV) method and the constant gross margin percentage of NRV 
method. The NRV method allocates joint costs on the basis of the relative net realizable 
value (expected final sales value in the ordinary course of business minus the expected 
separable costs of production and marketing of the total production of the period). The 
constant gross margin percentage NRV method works in reverse. For each product, the 
gross margin (based on the overall gross margin percentage) and separable costs are 
deducted from the final sales value of units produced. The residual amount for each prod- 
uct is its allocation of joint costs. 

As with virtually all cost accounting problems, the decision framework can be used to 
decide on an appropriate cost-allocation method. 

Step 1: Identify the problem Farmers Dairy is a producer of dairy products in Canada. 
There is no competition for Farmers Dairy because the industry is fully regulated in 
Canada. The Dairy Farmers of Canada sets and announces monthly support prices and 
quotas for raw milk and milk outputs. The government sets and enforces standards of 
quality and safety as well as butterfat content that defines the type of output and there- 
fore the price of various milk products. 

There are two markets: fluid milks, which account for about 33% of total dairy pro- 
duction, and industrial preducts such as butter, cheese, and ice cream. One-third of milk 
output is a commodity, such as 2% partly skimmed milk. People purchase such products 
on price. There is no shortage of outlets from which milk can be purchased, from retailers 

such as Shoppers Drug Mart to gas stations. For producers, cost leadership is the appro- 
priate strategy to assure profitability of these finished goods. 

The production of milk products starts with the pasteurization of raw milk. At a cer- 
tain point in the process (the splitoff point—see Exhibit 16-3), a number of different 
products are created. For the purposes of this example, we will initially limit our analysis 
to examining two joint products: cream and liquid skim. As a result of this production 
situation, Farmers Dairy faces two accounting-related challenges. 

1, For financial accounting purposes, joint costs (the costs of the production process 
up to the splitoff point) must be allocated to the various products in inventory and 
cost of goods sold. ASPE standard 3031.15 and IFRS standard IAS 2.14 require 
that these costs be “allocated between the products on a rational and consistent 
basis.” The standards further state that “The allocation may be based, for example, 
on the relative sales value of each product either at the stage in the production pro- 
cess when the products become separately identifiable, or at the completion of 
production.” 

2. Regardless of the allocation method required by financial accounting standards, the 
firm must decide how to treat joint cost for decision-making purposes. 

The physical fact is that the initial process of pasteurization cannot be observed with- 
out compromising the pasteurized milk’s safety. It is not possible until after pasteurization 
to measure quantities that will flow into further separable joint processes, so pasteuriza- 
tion gives rise to joint costs when raw milk is processed. 

Step 2: Gather information Gathering information from Farmers Dairy’s information 
system for a specific time period, the $345,000 joint costs produced 1,000 hL of cream 
and 3,000 hL of liquid skim (see Exhibit 16-3). 

LO® 
Analyze the physical 

measure and sales value at 

splitoff methods to allocate 
joint costs. 
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Genicietceee Farmers 
Dairy Overview - <-—— Joint Costs ae | 

Raw Milk Processing — —— Ee 2,400 $345,000 
hectolitres : | 

| 
| 
| 
| 
| 

| 
Splitoff 

Point 

Farmers Dairy purchases raw milk from individual farms and processes it up to the 
splitoff point, where two products (cream and liquid skim) are obtained. 

Below is some summary data for Farmers Dairy for the month of May 2021: 

=» Raw milk processed: 4,400 hL of raw milk with a 10% shrinkage of 400 hL due to 
evaporation and spillage, to net 4,000 hL of cream and liquid skim for sale. One hec- 
tolitre equals 100 litres. After the raw milk is received at the Farmers Dairy process- 
ing plant, it is separated in machines. 

s Inventories: The inventory amounts are shown in the table below. 

Joint costs (costs of 4,400 hL of 
raw milk and processing to splitoff point) 

| 6 |Sales (hectolitres) 
Ending inventory (hectolitres) 

| 8 |Selling price per hectolitre 

» Cost of processing 4,400 hL of raw milk and processing it up to the splitoff point to 
yield 1,000 hL of cream and 3,000 hL of liquid skim: $345,000. 

Step 3: Forecast future outcomes Farmers Dairy now needs to identify, analyze, and 
evaluate the four joint cost allocation alternatives, beginning with the two simplest: 
physical measure and sales value at splitoff. Both joint cost allocation methods can be 
used for costing the inventory of cream and liquid skim as well as determining cost of 
goods sold. 

Physical Measure Method 

Exhibit 16-4 presents summary data for May 2021. Panel A illustrates the allocation of 
joint costs to individual products to calculate cost per hectolitre of cream and liquid skim 
for ending inventory valuation. This method allocates joint costs on the basis of total hecto- 
litres; therefore, the cost per hectolitre is the same for both products ($86.25). Panel B 
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Farmers Dairy Product-Line Income Statement: Joint Costs Allocated Using the Physical Measure Method 

ee eee 
1 | PANEL A: Allocation of Joint Costs Using Physical Measure Method 

MED a Lena AeA! ah ATR) FC) NL CCremmag eT Uguid Skim” | Total 
[3 | Physical measure of total production (hectolitres) |= t.000 S| = 3000 «|= 4,000 
| 4 | Weighting (1,000 + 4,000; 3,000 = 4,000) 
| 6 | Joint costs allocated (0.25 % $345,000; 0.75 x $345,000) $345,000 

6 [Joint production costperhectoltreSSSCS*~<~*~dtC<:«i SSCS 
este neha anism aan mens aan momaafem 
| 8 | PANEL B: Product-Line Income Statement Using Physical Measure Method for May 2021 

bea | Cream | Liquid Skim | __Total 
[10 [Revenues (B00hLx$I55/hL; 900 hLx$76/nL) ss | ~SSt24,000 =| = 67,500 | ——*$197,500 
im Costof goodé'soldiijomteosts) bo ee eee 
F2[ Production costs (Oasxssoooa76xsusom) | wea | area | em 
| EIT a ee a 
Fi] costotgoodssodomtcost) wn Ys 
cue eamae nent cium cies | pan 
| 16 | Gross margin percentage (Gross margin + Revenue) 44.4% —15.0% 23.4% 

presents the product-line income statement using the physical measure method. The gross 
margin percentages are 44.4% for cream and a Joss of 15% for liquid skim. 

The advantages of this method are that it is observable, readily verifiable, and (may be) 
economically plausible. Economic plausibility arises from the actual physical process of pro- 
duction. The different quantities were actually split off during a specific time period. The 
cost flow reflects the economic fact of production. The average cost-allocation rate is applied 
equally to each unit of input of WIP used in each separable product after splitoff. 

The physical measure method may also be appropriate to use in a rate-regulated situ- 
ation where the accounting information is being used to set the prices (which are based on 
the costs). This is because this method does not rely on a selling price (unlike the other 
three methods) to allocate the joint costs. 

The disadvantages of the physical measure method are significant: 

e The amount of joint cost allocated to a joint product may have no relationship to the 
product’s economic value. By the very nature of being a high volume output (and thus 
attracting a large portion of the joint cost), the joint product might have a low sales 
value (the liquid skim being an example of this situation). 

# Production managers may end up in a situation where, as a result of the joint cost 
allocation method chosen (in this case the physical measure method), they are respon- 
sible for a product line that has a negative gross margin (through no fault of their 
own). This could cause significant motivational issues for the organization. 

a There can be problems deciding what units of output to include/exclude in the denom- 
inator measure (the total amount of physical units to include). For example, should 
the units of byproduct be included? Typically, the units of byproduct are excluded 
from the denominator measure. 

« Finding a common unit of physical measure may also be a challenge. For example, in 
oil production, the same wellhead might produce crude oil and natural gas. If the 
physical measure method was to be used to allocate the joint cost of extraction, then 
some common physical! unit of measurement would need to be found to combine the 
number of barrels of oil (typical measure of crude oil output) with the amount of 
natural gas (measured in cubic feet). 



642 Chapter 16 Cost Allocation: Joint Products and Byproducts 

Sales Value at Splitoff Method 

In Exhibit 16-5, Panel A, the sales value at splitoff of the May 2021 production is $155,000 
for cream and $225,000 for liquid skim. 

Simple division of the joint cost pool (the numerator) by total revenue (the denomina- 
tor) provides an average cost-allocation rate. The cost pool is assigned on the basis of each 
product’s percentage of total revenue. This approach uses the sales value of the entire 
production of the accounting period (1,000 hL of cream and 3,000 hL of liquid skim). 
The reason is that joint costs were incurred on all the units produced, not simply the units 
sold during the current sales period. Panel B presents the product-line income statement 
using the sales value at splitoff method. 

Both cream and liquid skim have gross margin percentages of 9.2% (the gross 
margin percentages are always equal under this method). The total revenue includes 
consideration of both sales price per unit and quantity of inputs physically used to 
produce each separable product. Revenue recognized during a specific accounting 
period, however, must be reported product by product. This method is verifiable and 
economically plausible, but it assumes all products can be sold at splitoff versus being 
further processed. 

Note how the sales value at splitoff method follows the benefits-received criterion of 
cost allocation: Costs are allocated to products in proportion to their revenue-generating 
power (expected revenue), This method is both straightforward and intuitive. The diffi- 
culty with assuming all products can be sold at splitoff is that there must actually be 
a market for the joint product separate from finished goods or there is no economic 

(iicieice=® Farmers Dairy Product-Line Income Statement for May 2021: Joint Costs Allocated Using the Sales 
Value at Splitoff Method 

a 
Pane: enone ove eg See i See Me cee | wal 

ae SsSaer el (1,000 hL x $188/hL; 3,000 hL x $75/hL) 
| 4 | Weighting ($155,000 + $380,000; $225,000 + $380,000) sense | ame f-—— 
| 5 | Joint costs allocated (0.40789 x $345,000; 0.59211 $345,000, rounded) $140,722 $204,278 $345,000 
| 6 | Joint production cost per hectolitre $140.722 $168,003) isc|ac Dealt aaa 

PANEL B: Product-Line Income Statement Using Sales Value at Splitoff Method for May 2021 

| 9 Cream Liquid Skim 

Revenue (800 hL x $155/hL; 900 hL x $75,00/hL) $124,000 $ 67,500 $191,500 

Cost of goods available for sale (joint costs) 140,722 204,278 345,000 

Production costs (0.40789 x $345,000; 0.59211 x $345,000, rounded) 

Deduct ending inventory (200 hL x $140.722/hL; (28,144) (142,995) 
2,100 hL X $68.093/hL, rounded) 

Cost of goods sold (joint costs) _ 61,283 

Gross margin 122 $ 6,217 

Gross margin percentage (Gross margin + Revenue, rounded) 9.2% 9.2% 

Note: Suppose Farmers Dairy has beginning inventory of cream and liquid skim milk in May 2021. Suppose further that when this inventory is sold, Farmers 

earns a gross margin different from 9.2%. Then the grass margin percentage for cream and liquid skim milk will be different from the figures shown in the 
income statement above. The actual value of the grass margin percentage depends on the proportion of sales of each product from beginning inventory and 
the proportion from current period production. 

—_ ~ 
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~ plausibility. Regulated markets can provide shadow prices for these intermediate outputs, 
but competitive markets do not. 

The sales value at splitoff method has the added benefit that all of the joint products 
(assuming they are sold at the splitoff point) will have a positive gross margin (assuming 
that the total revenues of the joint products less the joint cost results in an overall positive 
gross margin). Perhaps less beneficial (from the viewpoint of motivating managers) is the 
fact that all of the joint products using the sales value at splitoff point method will have 
the same gross margin, assuming they are sold at the splitoff point. 

Xavier Chemicals processes resin from fir trees into three products: printing inks, 
varnishes, and adhesives. During June, the joint costs of processing were $480,000. 
Additional information is given below: 

Units Produced 

15,000 litres 

15,000 litres 

7,500 litres 

Product Sales Value at Splitoff Point 

$120,000 

72,000 

48,000 

Printing inks 

Varnishes 

Adhesives 

Determine the amount of joint cost allocated to each product if Xavier uses (a) the 

physical measure method and (b) the sales value at splitoff method. 

Two More Methods to Allocate Joint Cost 

In this section, we’ll look at the remaining two cost-allocation methods for joint costs. 
These two methods (the NRV method and the constant gross margin percentage of NRV 
method) should be used to allocate joint costs when there is no selling price available at 
the splitoff point for one (or more) of the joint products. It is possible to use the physical 
measure method to allocate the joint costs in this situation (when there is no selling price 
available for one of the joint products), but the physical measure method is the least 
defensible of the four methods. The ASPE and IFRS standards both state that the joint 
costs need to be allocated on a “rational and consistent basis.” Given the lack of eco- 
nomic rationale for the physical measure method, it is probably the least “rational” of 
the four methods available. 

Let’s assume the same situation for Farmers Dairy as above except that both the 
cream and liquid skim can be processed further. From Farmers Dairy, the following infor- 
mation is known: 

= Cream — buttercream: 1,000 hL of cream are further processed to yield 800 hL of 
buttercream at additional processing (separable) costs of $135,000. Buttercream is 
sold for $420 per hectolitre. 

a Liquid skim > condensed milk: 3,000 hL of liquid skim are further processed to yield 
2,000 hL of condensed milk at additional processing costs of $270,000. Condensed 
milk is sold for $305 per hectolitre. 

Sales during the accounting period, May 2021, were 750 hL of buttercream and 
1,930 hL of condensed milk. Exhibit 16-6 presents an overview of the basic relationships. 
Panel A illustrates both the basic relationships in the conversion process from raw milk 
into cream and liquid skim in a joint production process and the separate processing of 
cream into buttercream as well as liquid skim into condensed milk. Panel B provides the 
data for this decision. 
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LO® 
Analyze the two methods to 

use when there is no sales 

value at the splitoff point. 
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Farmers Dairy: Actual Data for May 2021 
a 

PANEL A: Graphical Presentation of Processing 

<——— Joint Costs BeSer SPEEA eee Separable Costs ———___> 
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PANEL B: Data 

Joint costs (costs of 4,400 hL fluid milk 

and processing to splitoff point) 

Separable cost of processing 1,000 hL cream $135,000 

into 800 hL of buttercream 

Separable cost of processing 3,000 hl liquid $270,000 

skim into 2,000 hL condensed milk 
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FNS \@ gute Cost Allocations Analytic 
sais and Detecting Imbalance 

Kin Lo, a professor at UBC Sauder School of Business, has noticed the allocation of costs 
and indirect costs and subsidies shows that the Canadian federal government uses profits 
from the Hibernia Oil project (off the coast of Newfoundland—an East Coast project), 

which operates at a profit, to fund the development of the Trans Mountain Pipeline 
(through the BC interior and toward the Pacific—a West Coast project), which currently 
operates at a loss, It will be difficult to understand the full implications of the cost of the 
TMP until it is complete and all costs are reconciled. However, the use of interim report- 
ing data in a strong analytics framework provides the ability to conduct incremental 
analysis to provide insight into a project while it is underway. 

Source: Nelson Bennett. 2019. “Trans Mountain: When Is a Subsidy Not a Subsidy?” Western Investor, November 29 
(https://www.westerninvestor,com/news/alberta/trans-mountain-when-is-a-subsidy-not-a-subsidy-1.24022866). 
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Joint-Cost NRV Allocation and Product-Line Income Statement: Farmers Dairy, May 2021 

Pa | PANEL A: Allocation of Joint Costs Using Net Realizable Value Method 

pap Bittorcream | Condensed Milk | Tota 
2 Final sales value of total production during the accounting period $336,000 $610,000 $946,000 

(800 hL x $420/hL; 2,000 hL x $305/hL) 

270,000 405,000 /# | Deduct separable cost [135000 [_a7ogo0 [05000 | 
teers 000 $340,000 $541,000 | 5 | Net realizable value at splitoff point 

_ Cir ($201,000 = $541,000; $340,000 = $541,000) | 0.371534 =| = 0.628466 
Joint costs allocated (0.371534 x $345,000; 0.628466 x $345,000, $128,179 $216,821 $345,000 

rounded) 

Production cost per hectolitre ([$128,179 + $135,000] + 800 hL; $ 328.97 $ 243.41 
[$216,821 + $270,000] + 2,000 hL) 

< PANEL B: Product-Line Income Statement Using Net Realizable Value Method for May 2021 

eT Biattoreroam  T Contonsod Milk 
- Revenue (750 hL x $420/hL; 1,930 hL x $305/hL) $315,000 $588,650 $903,650 

Cost of goods sold 128,179 216,821 345,000 
mien line 7) 

postin ee 
ee 
[| Dedctendinginvenory oni x<taaar TOM xeHBA) | _tigasoy [0097 | 0488) 
Sa TT 
fa[Gosnegn S| 
[9 | Gross marginpercentage (Goss margins Revenue) ——~—=dCSCSCa tae | 

The actual data for May 2021 are the basis for forecasting how the two alternative 
cost-allocation methods would affect the estimates of gross margin. As reported in 
Exhibit 16-6, Farmers Dairy sold 750 hL, not 800 hL, of cream, leaving 50 hL in 
inventory. Only 1,930 hL of condensed milk was sold with 70 hL remaining in finished 
goods inventory at the end of May. 

Net Realizable Value (NRV) Method 

The NRV method allocates joint costs on the basis of the NR V (expected final sales value 
in the ordinary course of business minus the total expected separable costs of production 
and marketing of the total production of the period). This method is an alternative when 
selling prices for one or more products at splitoff do not exist. Its strength and weakness 
is that all upstream, production, and downstream separable costs are included in cost of 
goods sold. While this produces a full product cost, it is also contrary to GAAP and cannot 
be used for external reporting. 

Exhibit 16-7 illustrates the forecast gross margins for both products. Panel A illus- 
trates how joint costs are allocated to individual products to calculate the cost per hecto- 
litre of buttercream and condensed milk for ending inventory valuation. Panel B presents 
the product-line income statement using the NRV method. Gross margin percentages are 
21.7% for buttercream and 20.2% for condensed milk. The reason is that the total costs 
are allocated proportionally to the total NRV, as shown in line 6 of the exhibit. A change 
in one separable cost element will affect both estimated proportions and be spread over 
the cost of both products. 
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Red Stripe Company processes tomatoes into ketchup, tomato juice, and canned 
tomatoes. During the summer of 2020, the joint costs of processing the tomatoes 
were $2,086,000. The company maintains no inventories. Production and sales 
information for the summer is’as follows: 

Product Cases Sales Value at Splitoff Point Separable Costs _ Selling Price 

Ketchup 100,000 $6 per case $3 per case $24 per case 

Juice 175,000 8 per case 5 per case 25 per case 

Canned 200,000 5 per case 3 per case 10 per case 

Determine the amount of joint cost allocated to each product if Red Stripe uses the 
estimated net realizable value method. What is the cost per case for each product? 

Constant Gross Margin Percentage of NRV Method 

The constant gross margin percentage of NRV method works in reverse to the NRV 
method. For each product, the gross margin (based on the overall gross margin percent- 
age) and total separable costs are deducted from the final sales value of units produced. 
The residual amount for each product is its allocation of joint costs. 

This method allocates joint costs in such a way that the overall gross margin percent- 
age is identical for all the individual products. This method entails three steps: 

1. Compute the overall gross margin percentage. 

2. Use the overall gross margin percentage and deduct the gross margin from each prod- 
uct’s final sales value to obtain the total cost that each product should bear. 

3. Deduct the expected separable costs from the total costs to obtain the joint cost 
allocation. 

Exhibit 16-8, Panel A, illustrates these three steps for allocating the $345,000 joint 

costs between buttercream and condensed milk in the Farmers Dairy example to calculate 
the cost per hectolitre of buttercream and condensed milk for valuation of ending inventory. 
Panel B presents the product-line income statement for the constant gross margin percent- 
age NRV method. The tenuous assumption underlying this method is that all the products 
have the same ratio of cost to sales value. A constant ratio of cost to sales value across prod- 
ucts is rarely seen in companies that produce multiple products but have no joint costs. 

This variation on the NRV method means the gross margin percentage will be iden- 
tical for each product, regardless of its separable costs. In effect, products with rela- 
tively high separable costs are subsidized because they are assigned a lower proportion 
of joint costs. This seems counterintuitive if the purpose of cost allocation is to avoid 
cross-subsidization. 

Comparison of the Four Methods 

Because the costs are joint in nature, managers cannot use the cause-and-effect criterion in 

making this choice. Managers cannot be sure what causes what cost when examining joint 
costs. The purpose of the joint cost allocation is important. Consider rate regulation. 
Market-based measures are difficult to use in this context. It is circular to use selling prices 
as a basis for setting prices (rates) and at the same time use selling prices to allocate the 
costs on which prices (rates) are based. Physical measures represent one joint cost alloca-_ 
tion approach appropriate for rate regulation. 

In competitive markets, the benefits-received criterion leads to a preference for the 
sales value at the splitoff point method (or other related revenue or market-based meth- 
ods). Additional benefits of this method include the following: 

« No anticipation of subsequent management decisions. The sales value at splitoff 
method does not presuppose an exact number of subsequent steps undertaken for 
further processing, 
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Farmers Dairy Joint Costs Constant Gross Margin Percentage of NRV Allocation, May 2021 

o PANEL A: Allocation of Joint Costs Using Constant Gross Margin a wn — 

et sales value of total production during the accounting period a 000 

(800 hL x $420/hL; 2,000 hL x $305/hL) 

| 4 | pecuceiont and separable costs ($345,000 + $135,000 + $270,000) _750,000 

Sfocssmin 
Sesser peerage rss morn Revers fonée)_ Gross margin percentage (Gross margin + Revenue) (rounded) 20.719% | 

Condensed Milk 
HS ee sales value of total production during accounting period $336,000 $610,000 $946,000 

(800 hL x $420/hL; 2,000 hL x $305/hL) 

Deduct gross margin, using constant gross margin percentage __ 69,615 126,385 196,000 

(20.719% x $336,000; 20.719% x $610,000) 

11 | Total production costs 266,385 483,615 750,000 

| 13 | Deduct separable costs (135,000) (270,000) (405,000) 

fa [Jontcnsalcsed SY Pers |S 
RECURRED eT sea 

| Battorcronm | Condensed mite | Total 
| 18 | Revenue (750 hL x $420/hL; 1,930 hL x $305/hL) 

Cost of goods sold 131,385 345,000 
Joint costs (from Panel A, Step 3) 
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« Availability of a meaningful common denominator to compute the weighting factors. 

The denominator of the sales value at splitoff method (revenue) is an economically 
meaningful one. In contrast, there may be no common denominator to implement the 
physical measure method for all the separable products (e.g., when some products are 
liquids and other products are solids). 

s Simplicity. The sales value at splitoff method is simple. In contrast, the NRV method 
can be very complex in operations with multiple products and multiple splitoff points. 
The total sales value at splitoff is unaffected by any change in the production process 
after the splitoff point. 

However, it is not always feasible to use the sales value at splitoff method because in 
unregulated markets market prices may not appear until after processing beyond the spli- 
toff point has occurred. In fact, there may be no market for the product at splitoff and 
thus no sales are possible. 
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The NRV value method is the predominant choice. Both NRV methods can be used 
for joint products that have no market value at splitoff. These methods always require 
assumptions about the quantities or volume of product produced, the unit selling price for 
each product, the quantity sold, and the dollar value of total separable costs. This is not 
straightforward because, for example, in petrochemical plants there are alternatives 
among possible subsequent steps in processing after splitoff. Companies will frequently 
change further processing to exploit fluctuations in the separable costs of each processing 
stage or in the selling prices of individual products. 

Under the NRV method, each such change in separable costs would affect the 
joint cost allocation percentages symmetrically. The decrease in one product’s separa- 
ble cost will decrease the NRV cost allocation rate for both products. Any decrease in 
NRV percentage for the more efficiently processed product will reflect only a portion 
of the cost savings. Of course, as one NRV percentage decreases, the other increases in 
the same amount. 

Step 4: Decide on and implement one of the available alternatives Farmers Dairy, 

following common practice, would evaluate the benefits of the cost-allocation system. 
The implementation of NRV influences the quality of information Farmers Dairy 
would use to evaluate the alternatives of selling or processing further. The best method 
for internal management decision making is the one that provides the best estimate of 
gross margin percentage and best helps Farmers Dairy realize a targeted level of prof- 
itability. If using the most predominant market-based allocation method provides 
data inappropriate to the decision situation, then Farmers Dairy is only impairing 
the quality of data used internally. But, if sales values do exist and Farmers Dairy 
produces many types of milk product, then it may be best off using the simplest 
market-based method. 

Step 5: Implement the decision, evaluate performance, and learn All the preceding 

joint cost allocation methods can be criticized as arbitrary and incomplete simply 
because they are estimates. As a result, some companies refrain from joint cost alloca- 
tion entirely. Instead, they carry all inventories at NRV per ASPE/IFRS standards. Reve- 
nue on each product is recognized when production is completed. Accountants ordinarily 
criticize carrying inventories at NRV because this practice contradicts the revenue recog- 

nition standard. For large numbers of rapidly changing items, the inventory value is 
based on a reduction to sales value minus an expected gross margin to estimate NRV 
(see Exhibit 16-8). This avoids treating cost of goods available for sale as if finished 
goods were already sold. 

Consider Red Stripe Company again. With the same information for 2020 as pro- 
vided in Try It 16-2, calculate the amount of joint cost allocated to each product if 
Red Stripe uses the constant gross margin percentage NRV method. 

LOO 
Understand the irrelevance 

of joint costs in the “sell or 
process further” decision. 

irrelevance of Joint Costs 
for Decision Making 
No technique for allocating joint product costs should guide management decisions 
regarding whether a product should be sold at the splitoff point or processed beyond spli- 
toff. When a product is an inevitable result of a joint process, the decision to further pro- 
cess should not be influenced either by the size of the total joint costs or by the portion of 
the joint costs allocated to particular products. The amount of joint costs incurred up to 
splitoff ($345,000)—and how it is allocated—is irrelevant in deciding whether to process 
further. The economic reality is that the joint costs of $345,000 are the same whether or 
not further processing is done. They do not differ between the two alternatives; therefore, 
they cannot influence the decision and are irrelevant. 
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Farmers Dairy Product-Line Income Statement for May 2021: No Allocation of Joint Costs 

« 
ae 
ee a  Betrcroam | Condensed Milk | Total | 

Produced butnot sold (buttercream 50 HL $#20/hl; 70hL xsa0s/nt) [| _21,000 | _ 21360 | 42,360 
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oO Die Gross margin percentage (Gross margin + Revenue) 20.719% 

Sell or Process Further? 

Exhibit 16-9 presents the product-line income statement with no allocation of joint costs 
for the “sell or process further” decision. The separable costs are assigned first, which 
highlights for managers the cause-and-effect relationship between individual products 
and the costs incurred to process them. The joint costs are not allocated to buttercream 
and condensed milk as individual products. The decision to incur additional costs 
beyond splitoff should be based on the incremental gross margin ($) attainable beyond 
the splitoff point. 

The incremental analysis for these decisions to further process is as follows: 

Buttercream Condensed Milk Total 

Incremental revenue (buttercream vs. cream: condensed milk vs. liquid skim) $181,000 $385,000 $566,000 

($336 — $155 = $181: $610 — $225 = $385) 

Incremental costs (cream — buttercream: liquid skim — condensed milk) 135,000 270,000 405,000 

(separable costs for each product line) 

Incremental gross margin due to processing $ 46,000 $115,000 $161,000 
beyond splitoff point 

GM as a percentage of the incremental revenue 25.4% 29.9% 28.4% 

To make the “sell or process further” decision, two assumptions are necessary. 

1. You must assume that.all the units of the given product (e.g., cream) are either sold 
at the splitoff point or processed into the next product line (e.g., buttercream). This 
is because the separable costs may be added in fixed amounts (e.g., a batch cost to 
make the buttercream) to further process a given amount of product. In the exam- 
ple above, the comparison is selling 1,000 hL of cream for a total sales value of 
$155,000 (see Exhibit 16-5, Panel A) or processing the cream further and selling the 
resulting 800 hL of buttercream for $336,000 (see Exhibit 16-9). Therefore, the 
incremental revenue is $181,000 (= $336,000 — $155,000). The incremental cost 
is the separable cost of further processing the cream into buttercream, $135,000 
(see Exhibit 16-9). 

2. You must assume that firms are more interested in absolute dollar measurements 
(i.e., the total dollar amount of gross margin) than relative measurements (i.e., the 
largest gross margin percentage). Otherwise, a firm would be happier with a 75% 
gross margin on $1 of sales (or $0.75 of gross margin) than with a 25% gross margin 



650 Chapter 16 Cost Allocation: Joint Products and Byproducts 

on $1 million of sales (or $250,000 of gross margin). Obviously, given the informa- 
tion in the above table and this assumption (dollars are preferable to percentages), a 
manager would typically choose to process both product lines further (beyond the 
splitoff point) because the incremental revenue is positive for both lines. Otherwise, 
if gross margin percentage was the performance measure that drove decisions, a 
manager might decide to sell all the products at the splitoff point and show a 23.4% 
gross margin for the period. This is the situation when the physical measure method 
is used to allocate joint costs (see Exhibit 16-4). This is distorted to a large degree 
because of the unsold product that remains in inventory that contains a large amount 
of the joint costs. 

The relevant information for Farmers Dairy is reported in the first column of the table 
below. If Farmers had incorrectly included allocated joint costs under the NRV method, 
and if only one product were to be processed further, then the choice would be butter- 
cream because its gross margin is higher than condensed milk’s. If the correct incremental 
data were used, then the choice would be condensed milk, not buttercream, and the 
potential incremental gross margin would be far higher. By considering irrelevant costs, 
Farmers Dairy would forgo a very lucrative opportunity to exploit the less lucrative one. 

Gross Margin Percentage 

Product Line No Allocation NRV Constant GM 

Buttercream 25.4% 21.7% 20.7% 

Condensed milk 29.9 20.2 20.7 

Chalienges for Management Accountants 

Loe There is potential conflict between the cost concepts used for decision making and those 
Identify the strategic used for evaluating the performance of managers. If managers make process-further or sell 
implications of adecisionto| decisions using an incremental revenue/incremental cost approach, the resulting budgeted 

implement one joint cost product-line income statement using any of the three market methods will show each 
allocation method. individual product budgeted to have a positive (or zero) operating income (as long as the 

incremental costs do not exceed the incremental revenues). In contrast, allocating joint 
costs using a physical measure can show a managet being responsible for one or more 
products budgeted to have losses, even though the company has higher operating income 
by producing those products in a joint-product setting. 

Consider again Farmers Dairy and the cost-allocation decision between physical 
measure and sales value at splitoff, with the following change: The selling price per hecto- 
litre of liquid skim increasés by 20% (from $75/hL to $90/hL). This change would not 
affect the joint costs allocated or the cost of goods computed using the physical measure 
method (see Exhibit 16-4), but it would affect the revenues of the liquid skim product. 
The revised product-line income statement for May 2021 using the physical measure 
method is shown below: 
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SUSTAINABILITY _ Overcoming the Challenges of 
IND ea ge) _ Joint Cost Allocation 

When you think of companies such as the Ganong 
Bros. Ltd., Maple Leaf Foods, or Petro-Canada, per- 
haps the first thing that comes to mind is chocolate 
truffles, a hot dog at a hockey game, or the high cost 
of gasoline. You don’t think about the management 
accounting challenges faced daily at these companies. 
Unfortunately, any allocation process is arbitrary. 
This gives production managers, who are evaluated on 
process cost control, the opportunity to lobby for joint 
cost allocations that assign the lowest joint costs to 
their division. However, allocating joint costs to please 

_ one production division is rarely in the best interests of 
the company as a whole. 

Challenges with joint cost allocations can also 
arise when two separate companies, such as Exxon- 
Mobil Canada and Suncor, enter into a joint venture 
to extract crude oil and natural gas, with one com- 
pany processing primarily the crude oil and the other 
processing primarily the natural gas. The contract Management accountants ensure that both parties 
terms will spell out how joint costs of refining are to agree to an understandable and economically plausible 
be allocated; and such approaches to costing can help method that accurately reflects operations. They are 
ensure that production processes and volumes are also licensed to audit reports to ensure adherence to 
planned to maximize the sustainability of the venture. the contract terms. 

Under these assumptions, the budgeted profit margin for liquid skim product 
changes dramatically from negative 15.0% to positive 4.2%. On the basis of the initial 
loss reported using the physical measure method, a manager who is evaluated on product- 
by-product gross margin information will be reluctant to process the raw milk into 
cream and liquid skim to avoid having to explain why liquid skim is being produced at 
a negative gross margin. This also obscures the opportunity to exploit added profit- 
ability from processing further into buttercream and condensed milk. Under this 
method, a price change, which is beyond the processing manager’s control, is crucial to 
improving profitability. Use of a market-based joint cost allocation method avoids this 
situation. 

Accounting for Byproducts 

Processes that yield joint products often also yield byproducts—products that have rela- LOO 
tively low sales value compared with the sales value of the main or joint product(s). To | pgcount for byproducts 
simplify the discussion of accounting for byproducts, consider a two-product example | using two different methods. 

consisting of a main product and a byproduct. 
The Westlake Corporation processes timber into fine-grade lumber and wood 

chips that are used as mulch in gardens and lawns. Information about these products 
follows: 

= Fine-grade lumber (the main product)—sells for $505 per thousand board feet (MBF), 
or $0.505 per board foot 

u Wood chips (the byproduct)—sell for $86 per oven-dried ton 
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of Westlake Corporation 

a Fine-grade lumber, thousand board feet (MBF) 

a Wood chips, oven-dried tons 
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Data for 2021 are as follows: 

Ending 

Inventory 

Beginning 

Inventory 

Joint manufacturing costs for these products were $1,424,000, comprising $356,000 
for direct materials and $1,068,000 for conversion costs. Both products are sold at the 
splitoff point without further processing. An overview of Westlake Corporation is shown 
in Exhibit 16-10. 

Two byproduct accounting methods will be presented. Method A (the production 
byproduct method) recognizes byproducts in the financial statements at the time their 
production is completed. Method B (the sale byproduct method) delays recognition of 
byproducts until the time of their sale.! Recognition of byproducts at the time of produc- 
tion is conceptually correct. Where recognition at the time of sales occurs in practice, it is 
usually rationalized on the grounds that the dollar amounts of byproducts are immaterial. 
Exhibit 16-11 presents the operating income statement of Westlake Corporation under 
both methods. 

<——. Joint Costs ——> 

$1,424,000 

Timber 
a Processing 

\ 

‘Further discussion on byproduct accounting methods is in C. Cheatham and M. Green. “Teaching Accounting for Byproducts.” 
Management Accounting News & Views (Spring 1988): 14-15; and D. Stout and D. Wygal. “Making Byproducts a Main 
Product of Discussion: A Challenge to Accounting Educators.” Journal of Accounting Education (1989); 219-233. See also 
P.D. Marshall and R.E. Dombrowski. “A Small Business Review of Accounting for Primary Products, Byproducts and Scrap.” 
The National Public Accountant (February/March 2003): 10-13. 
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Revenue 

Main product fine-grade lumber 
(3,700 MBF x $505/MBF) 

Byproduct pulp-quality wood chips 
(450 tons X $86/ton) 

Total revenue 

Cost of goods sold 
Total manufacturing costs 

Deduct byproduct sa/es value 

(700 tons Xx $86/ton) 

Net manufacturing costs 

Deduct main product ending inventory 

Cost of goods sold 

Gross margin 

Gross margin percentage 

Inventoriable costs (end of period) 

300 MBF main product fine-grade lumber 
250 tons byproduct pulp-quality wood chips 

8($1,363,800 + 4,000) x 300 tons = $102,285. 
($1,424,000 + 4,000) x 300 tons = $106,800. 

Production Method 

$1,868,500 

1,868,500 

1,424,000 

(60,200) 

1,363,800 
(102,285) 

1,261,515 

$ 606,985 

32.5% 

$ 102,285 
$ 21,500° 

°250 tons X $86 per ton = $21,500 for the remaining tons in inventory. 
4Zero inventory value carried for unsold byproducts under the sales method. 

Method A: Byproducts Are Recognized When 

Production Is Completed 

Sales Method 

$1,868,500 

38,700 
1,907,200 

1,424,000 

$1,424,000 
(106,800) 

1,317,200 

$ 590,000 

30.9% 

$ 106,800 
$ od 

This method recognizes in the financial statements the byproduct—700 tons of wood 
chips—as it is produced in 2021. The NRV from the byproduct is offset against the costs 
of the main (or joint) products. The following journal entries illustrate this method: 

1. Work-in-Process 356,000 

Accounts Payable 356,000 

To record direct materials purchased and used in production. 

2. Work-in-Process 1,068,000 

Various accounts 1,068,000 

To record conversion costs in the joint process during 2021; 

examples include energy, manufacturing supplies, all 

manufacturing labour, and plant amortization. 

3. Byproduct Inventory: Chips 60,200 

Finished goods: Softwood ($1,424,000 — $60,200) 1,363,800 

Work-in-Process ($356,000 + $1,068,000) 1,424,000 

To record cost of goods completed during 2021. 

4a. Cost of Goods Sold 1,261,515 

Finished Goods: Softwood 1,261,515 

To record the cost of the main product sold during 2021. 

4b. Cash or Accounts Receivable (3,700/MBF x $505/MBF) 1,868,500 

Revenue: Softwood 1,868,500 

To record the sale of the main product during 2021. 
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5. Cash or Accounts Receivable (450 x $86) 38,700 

Byproduct Inventory: Chips 38,700 

To record the sale of the byproduct during 2021. 

Note: Journal entry #5 does not record revenue; it'simply reduces the amount of byproduct inventory that was recognized 
in journal entry #3. The remaining byproduct inventory has a value of $ 21,500 (= $60,200 — $38,700) that would be reported 
on the statement of financial position at the end of 2021. 

This method reports the byproduct inventories of oven-dried wood chips on the state- 
ment of financial position at their per-ton selling price. The production method, every- 
thing being equal, is the preferred method. The relevant accounting standards (ASPE 
3031.15 and IFRS 2.14) state that byproducts “are often measured at net realisable value 
and this value is deducted from the cost of the main product.” That said, if the selling 
price of the byproduct is volatile and/or hard to predict, it may make sense to use the time 
of sale method. With the time of sale method, the value of the byproduct does not impact 
the accounting records until the byproduct is sold. 

One variant of this method would be to report byproduct inventory at its NRV 
reduced by a normal profit margin. When the byproduct inventory is sold in a subsequent 
period, the statement of comprehensive income would match the selling price with the 
“net” selling price reported for the byproduct inventory. 

Method B: Byproducts Are Recognized at Time of Sale 

This method makes no journal entries until sale of the byproduct occurs. Revenues of the 
byproduct are reported as a revenue item in the statement of comprehensive income at the 
time of sale. In the Westlake Corporation example, byproduct revenue in 2021 would be 
$38,700 because only 450 tons of chips are sold in 2021. 

1. Work-in-Process 356,000 

Accounts Payable 356,000 

To record direct materials purchased and used in production. 

2. Work-in-Process 1,068,000 

Various accounts 1,068,000 

To record conversion costs in the joint process during 2021; 

examples include energy, manufacturing supplies, all 

manufacturing labour, and plant amortization. 

3. Finished Goods: Softwood 1,424,000 

Work-in-Process ($356,000 + $1,068,000) 1,424,000 

To record cost of goods completed during 2021. 

4a. Cost of Goods Sold 1,317,200 

Finished Goods: Softwood 1,317,200 

To record the cost of the main product sold during 2021. 

4b. Cash or Accounts Receivable (3,700/MBF x $505/MBF) 1,868,500 

Revenue: Softwood 1,868,500 

To record the sale of the main product during 2021. 

5. Cash or Accounts Receivable (450 x $86) 38,700 

Revenue: Chips 38,700 

To record the sale of the byproduct during 2021. 

Method B is rationalized in practice primarily on the grounds that the dollar amounts 
of byproducts are immaterial. However, this method permits managers to “manage” 
reported earnings by timing when they sell byproducts. Managers may stockpile byprod- 
ucts so that they have the flexibility to give revenues a “boost” at opportune times. 
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| Pulling It All Together—Problem for Self-Study 

(Try to solve this problem before examining the solution that follows.) 

Problem 

Inorganic Chemicals (IC) processes salt into various industrial products. In July 2021, 
IC incurred joint costs of $100,000 to purchase salt and convert it into two saleable 
products: caustic soda and chlorine. Although there is an active outside market for chlo- 
rine, IC processes all 800 tons of chlorine it produces into 500 tons of PVC (polyvinyl 
chloride), which is then sold. There were no beginning or ending inventories of salt, 
caustic soda, chlorine, or PVC in July. Information for July 2021 production and sales 
follows: 

Joint Costs 

Joint costs (costs of salt and processing to 

splitoff point) $100,000 
Separable cost of processing 800 tons 

chlorine into 500 tons PVC $20,000 

Caustic Soda| Chlorine 

Selling price per ton in active outside market 
(for products not actually sold) 

1. Allocate the joint costs of $100,000 between caustic soda and chlorine under (a) the @ Required 
sales value at splitoff method and (b) the physical measure method. 

2. Allocate the joint costs of $100,000 between caustic soda and PVC under the NRV @ 

method. 
3, What is the gross margin percentage of (a) caustic soda and (b) PVC under the three © 

allocation methods? 
4, Lifetime Swimming Pool Products offers to purchase 800 tons of chlorine in August @ 

2021 at $75 per ton. Assume all other production and sales data are the same for 
August as they were for July. This sale of chlorine to Lifetime would mean that no 
PVC would be produced by IC in August. How would accepting this offer affect IC’s 
August 2021 operating income? 

Solution 

la. Sales value at splitoff method 

ng re es ae oe ria le Beets Ce De 
| 1 [Allocation of Joint Costs Using Sales Value at Splitoff Method | Caustic Soda| Chlorine | Total | 

Sales value of total production at splitoff point 

(1,200 tons x $50 per ton; 800 tons x $75 per ton) $60,000 $60,000 | $120,000 
3 |Weighting ($60,000 + $120,000; $60,000 $120,000) 0.50 | 0.50 
| 4 |Joint costs allocated (0.50 x $100,000; 0.50 x $100,000) $50,000 $100,000 
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1b. BE asCney Gtbiacae cit: measures method 

it aneersioest enters Urine Povesot retin Marte location of Joint Costs Tsing Physical Measure Method Caustic Soda Coase Sela Goose 
| 2 |Physical measure of total production (tons) 1,200 800 
| 3 |Weighting (1,200 tons ~ 2,000 tons; 800 tons + 2,000 tons) 0.60 0.40 
| 4 |Joint costs allocated (0.60 x $100,000; 0.40 x $100,000) $60,000 $40,000 $100,000 

2. Net realizable value method 

Allocation of Joint Costs Using Net Realizable Value Method Caustic Soda 

Final sales value of total production during accounting period $60,000 

Deduct separable costs to complete and sell 0 

Net realizable value at splitoff point $60,000 

Weighting ($60,000 = $140,000; 
$80,000 + $140,000) 

Joint costs allocated (caustic, 42857 x $100,000; chlorine, .57143 x $100,000) $42,857 

3a. Caustic soda 

Value 

$60,000 

fie Saint costs file ec Rm Mid 60,000 82,851 
CE so | Sue 

cE Gross margin percentage ~ 16.67% 28.57% 

B8ba PVC 

a 
oat ne | ten eta 
ieee 
a 
Ba cicero 
| sew a 
fr [eeesmen Sn ene 
8 | Gross margin percentage 30.00% 40.00% 22.86% 

4, Incremental income from further processing of chlorine into PVC: 

Incremental revenue of further processing 

(500 tons x $200 per ton) — (800 tons x $75 per ton) $40,000 

Incremental costs of further processing chlorine into PVC 20,000 

Incremental operating income from further processing $20,000 

The operating income of Inorganic Chemicals would be reduced by $20,000 if it sold 
800 tons of chlorine to Lifetime Swimming Pool Products instead of further processing 
the chlorine into PVC for sale. 
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3 Decision Points — 

The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Terms to Learn 

Learning Objectives Guidelines 

. How can products be 
distinguished? 

. What methods can be used 
to allocate joint costs to 
individual products? 

. What other market-based 

methods are used when there 

is no sales value at splitoff? 

. Why are joint costs irrelevant 
in the “sell or process further” 
decision? 

. What strategic implications 
arise when basing sell or 
process-further decisions on 
allocated joint costs? 

. What methods can be used to 
account for byproducts? 

Products have positive sales value. Main and joint products have high total sales 
value at the splitoff point. A byproduct has a comparatively low total sales value 
at the splitoff point. Products can change from byproducts to joint products when 
their total sales values significantly increase; they can change from joint products 
to byproducts when their total sales values significantly decrease. Scrap has no 
sales value and toxic waste has negative value. Outputs such as dirt and water 
from extraction industries have no sales value but are used to reclaim land. 

The methods available to allocate joint costs to products are physical measure 
and sales value at splitoff. There may be no common physical measure upon 
which to allocate joint costs of products. There may be no market at splitoff and 
therefore the joint products are not saleable, although revenue would otherwise 
be a common measure upon which to allocate joint costs. 

Both net realizable value and constant margin percentage of net realizable 
value can provide a cost-allocation base upon which to allocate total product 
costs when no market exists for joint products at splitoff. Neither method is 
GAAP compliant because separable non-manufacturing costs are included in 
cost of goods available for sale. 

Joint costs are deemed irrelevant as these costs have already been incurred at 
the time of the decision to sell or process further. In other words, they are sunk 
costs. The decision to sell or process further should rely on the net additional 
revenue resulting from further processing. 

Allocated joint costs are irrelevant to any sell or process-further decision. The 
joint costs, by definition, will not change under either alternative. Including 
these costs impairs the quality of information upon which this decision will be 
based. No internal feedback will indicate the managers have incorrectly included 
an irrelevant cost. In the long term, companies will miss the opportunity to pro- 
cess beyond splitoff and improve operating margin. 

Byproduct accounting methods differ on whether byproducts are recognized in 
financial statements at the time of production or at the time of sale. Recognition 
at the time of production is conceptually correct. Recognition at the time of sale 
is often used in practice because dollar amounts of byproducts are immaterial, 

Terms to Learn 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

sales value at splitoff method (p. 639) 

scrap (p. 637) 

separable costs (p. 638) 

splitoff point (p. 638) 

toxic waste (p. 638) 

main products (p. 637) 

net realizable value (NRV) 

method (p. 639) 

physical measure method (p. 639) 

product (p. 637) 

byproducts (p. 637) 

constant gross margin percentage of 

NRV method (p. 639) 

joint costs (p. 637) 

joint products (p. 637) 
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| Assignment Material 3 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

16-1 Give two examples of industries in which joint costs are found. For each example, what are the indi- 

vidual products at or beyond the splitoff point? 

16-2 What is a joint cost? What is a separable cost? 

16-3 Distinguish between a joint product and a byproduct. 

16-4 Why might the number of products in a joint cost setting differ from the number of outputs? Give an 
example, 

16-5 Provide three reasons for allocating joint costs to individual products or services. 

16-6 Why does the sales value at splitoff method use the sales value of the total production in the account- 

ing period and not just the sales value of the products sold? 

16-7 Describe a situation in which the sales value at splitoff method cannot be used but the NRV method 
can be used for joint cost allocation. 

16-8 Distinguish between the sales value at splitoff method and the NRV method. 

16-9 Give two limitations of the physical measure method of joint cost allocation. 

16-10 How might a company simplify its use of the NRV method when the final selling prices can vary sizably 
in an accounting period and management makes frequent changes to the point at which it sells indi- 
vidual products? 

16-11 Why is the constant gross margin percentage NRV method sometimes called a “joint cost and a profit 
allocation” method? 

16-12 “Managers must decide whether a product should be sold at splitoff or processed further. The sales 
value at splitoff method of joint cost allocation is the best method for generating the information man- 
agers need.” Do you agree? Why? 

16-13 “Managers should consider only additional revenues and separable costs when making decisions 
about selling now or processing further.” Do you agree? Why? 

16-14 Describe two major methods to account for byproducts. 

Exercises 

16-15 Terminology. A number of terms are listed below: 

byproduct products 

constant gross margin percentage sales value at splitoff 

net realizable value scrap 

joint costs separable costs 

main product splitoff point 

physical measure 

Required 

Select the terms from the above list to complete the following sentences. 

1. Companies provide added value to their customers through the sale of their 

2, A product is any output or service that can be sold for a price that recovers the total costs to bring the 

product to the customer plus some reasonable profit. Some production processes yield a with 
the highest sales price, a that requires little if any further processing butis sold for a far lower 
price, and , Which is usually unused direct materials recovered and sold for almostnothing. 

3. Two or more products sold at a high price are called joint products. The costs of producing more than 
one product can be common or plus to complete each product. 

4, The determines what pool comprises the joint costs that must be allocated on a reasonable 

basis. 

5. The allocation methods are ; ; ,and : 
The task of the management team is to select the method of joint cost allocation that best represents 
what actually happened in the physical production process. 



16-16 Joint cost allocation, insurance settlement. Quality Chicken grows and processes chickens. 

Each chicken is disassembled into five main parts. Information pertaining to production in July is 

Kilograms of Wholesale Selling Price per Kilogram 

Parts Product When Production Is Complete 

Breasts 105 $0.65 

Wings 25 0.25 

Thighs 40 0.40 

Bones 70 0.10 

Feathers 5 0.05 

Joint cost of production in July was $60. 
A special shipment of 60 kilograms of breasts and 20 kilograms of wings has been destroyed in a fire. 

Quality Chicken’s insurance policy provides reimbursement for the cost of the items destroyed. The insur- 

ance company permits Quality Chicken to use a joint cost allocation method. The splitoff point is assumed 
to be at the end of the production process. 

Required 

1. Compute the cost of the special shipment destroyed using 

a. Sales value at splitoff method 
b. Physical measure method (kilograms of finished product) 

2. What joint cost allocation method would you recommend Quality Chicken use? Explain. 

16-17 Joint products and byproducts (continuation of Exercise 16-16). Quality Chicken is computing 

the ending inventory values for its July 31 statement of financial position. Ending inventory amounts on July 

31 are 20 kilograms of breasts, 5 kilograms of wings, 10 kilograms of thighs, 10 kilograms of bones, and 5 
kilograms of feathers. 

Quality Chicken’s management wants to use the sales value at splitoff method. However, they want 
you to explore the effect on ending inventory values of classifying one or more products as a byproduct 

rather than a joint product. 

Required 

1. Assume Quality Chicken classifies all five products as joint products. What are the ending inventory 
values of each product on July 31? 

2. Assume Quality Chicken uses the production method of accounting for byproducts. What are the end- 

ing inventory values for each joint product on July 31 assuming breasts and thighs are the joint prod- 

ucts, and wings, bones, and feathers are byproducts? 

3. Comment on differences in the results in requirements 1 and 2. 

16-18 Irrelevance of joint costs. The Vapor Company produces two products, turpentine and methanol 

(wood alcohol), by a joint process. Joint costs amount to $144,000 per batch of output. Each batch totals 

40,000 litres: 25% methanol and 75% turpentine. Both products are processed further without gain or loss in 

volume. Separable processing costs are methanol, $0.90 per litre; turpentine, $0.60 per litre. Methanol sells 

for $6.30 per litre. Turpentine sells for $4.20 per litre. 

Required 

1. How much joint cost per batch should be allocated to turpentine and to methanol, assuming that joint 

costs are allocated on a physical measure (number of litres at splitoff point) basis? 
2. If joint costs are to be assigned on an NRV basis, how much joint cost should be assigned to turpentine 

and to methanol? 

3. Prepare product-line income statements per batch for requirements 1 and 2. Assume no beginning or 

ending inventories. 

4. The company has discovered an additional process by which the methanol (wood alcohol) can be 

made into laboratory ethanol. The selling price of this product would be $18 a litre. Additional process- 

ing would increase separate costs $2.70 per litre (in addition to the $0.90 per litre separable cost 

required to yield methanol). The company would have to pay excise taxes of 20% on the selling price of 

the product. Assuming no other changes in cost, what is the joint cost applicable to the ethanol (using 

the NRV method)? Should the company produce the ethanol? Show your computations. 

16-19 Joint cost allocation: sell immediately or process further. Saskatchewan Soy Products 
(SSP) buys soy beans and processes them into other soy products. Each ton of soy beans that SSP pur- 

chases for $300 can be converted for an additional $200 into 500 Ibs of soy meal and 100 gallons of soy oil. 

A pound of soy meal can be sold at splitoff for $1 and soy oil can be sold in bulk for $4 per gallon. 

Assignment Material 659 

LO@O 
1. a. Joint costs allocated to 

breasts, $41.89 

€ 

LO © 
1, Wings ending inventory, $0.77 

LO ® 
1. Weighting for turpentine, 0.75 

LO ® 
1. Weighting, cookies, soymeal, 

0.556 
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SSP can process the 500 Ibs of soy meal into 600 Ibs of soy cookies at an additional cost of $300. Each 
pound of soy cookies can be sold for $2 per pound. The 100 gallons of soy oil can be packaged at a cost of 
$200 and made into 400 quarts of Soyola. Each quart of Soyola can be sold for $1.25. 

Required 

1. Allocate the joint cost to the cookies and the Soyola using 
a. Sales value at splitoff method 
b. NRV method 

2. Should the company have processed each of the products further? What effect does the allocation 
method have on this decision? 

LO®@ 16-20 Net realizable value method. Convad Company is one of the world’s leading corn refiners. 
Joint costs allocated to It produces two joint products, corn syrup and cornstarch, using a common production process. In July, 

cornstarch, $65,000 Convad reported the following production and selling price information: 

€ Corn Syrup Cornstarch Joint Costs 

Joint costs (costs of processing $325,000 
corn to splitoff point) 

Separable cost of processing $375,000 $93,750 
beyond splitoff point 

Beginning inventory (cases) 0 0 

Production and sales (cases) 12,500 6,250 

Ending inventory (cases) 0 0 

Selling price per case $ 50 See2o 

Required 

Allocate the $325,000 joint costs using the NRV method. 

LO® 16-21 Joint cost allocation, sales value, physical measure, NRV methods. Instant Foods pro- 
1, Special B joint costs allocated, duces two types of microwavable products—beef-flavoured ramen and shrimp-flavoured ramen. The two 

$60,000 products share common inputs such as noodles and spices. The production of ramen results in a waste 
product referred to as stock, which Instant dumps at negligible costs in a local drainage area. In June, the 

following data were reported for the production and sales of beef-flavoured and shrimp-flavoured ramen: 

Joint Costs 

€ Joint costs (costs of noodles, spices, 

and other inputs and processing to 
splitoff point) $240,000 

Beef Ramen Shrimp Ramen 

Beginning inventory (tons) 0 0 

Production (tons) 10,000 20,000 

Sales (tons) 10,000 20,000 

Selling price per ton $10 $15 

Due to the popularity of its microwavable products, Instant decides to add a newline of products that 

targets dieters. These new products are produced by adding a special ingredient to dilute the original 
ramen and are to be sold under the names Special B and Special S, respectively. The monthly data for all 

the products follow: 

; Joint Costs Special B Special S$ 

Joint costs (costs of noodles, spices, $240,000 
and other inputs and processing to 
splitoff point) 

Separable costs of processing 10,000 $48,000 
tons of beef ramen into 12,000 

tons of Special B 

Separable cost of processing 20,000 $168,000 
tons of shrimp ramen into 24,000 
tons of Special $ 
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Beef Shrimp 

Ramen Ramen SpecialB SpecialS 

Beginning inventory (tons) 0 0 0 0 

Production (tons) 10,000 20,000 12,000 24,000 

Transfer for further 10,000 20,000 
processing (tons) 

Sales (tons) 12,000 24,000 

Selling price per ton $10 $15 $18 $25 

Required 

1. Calculate Instant’s gross margin percentage for Special B and Special S when joint costs are allocated 

using 
a. Sales value at splitoff method 
b. Physical measure method 
c. Net realizable value method 

2. Recenily, Instant discovered that the stock it is dumping can be sold to cattle ranchers at $5 per ton. In 
a typical month with the production levels shown above, 4,000 tons of stock are produced and can be 
sold by incurring marketing costs of $10,800. Sherrie Dong, a management accountant, points out that 

in treating the stock as a joint product and using the sales value at splitoff method, the stock product 

would lose about $2,228 each month, so it should not be sold. How did Dong arrive at that final number, 
and what do you think of her analysis? Should Instant sell the stock? 

16-22 Joint cost allocation, process further. Sinclair Oil & Gas, a large energy conglomerate, jointly LO® 

processes purchased hydrocarbons to generate three nonsaleable intermediate products: ICR8, ING4, and 1. a. Crude oll joint costs 
XGE3. These intermediate products are further processed separately to produce Crude Oil, Natural Gas allocated, $270 
Liquids (NGL), and Natural Gas (measured in liquid equivalents). An overview of the process and results for 
August is shown here. (Note: The numbers are small to keep the focus on key concepts.) 

<———— Joint Costs —-——>«- Separable Costs ————» 

$1,800 | 

orl 
Processing| 

$175 

Hydrocarbons Processin o Processing 
$105 

Processing 
$210 

eat es 
A federal law has recently been passed that taxes crude oil at 30% of operating income. No new 

tax is to be paid on natural gas liquid or natural gas. Starting August, Sinclair Oil & Gas must report a 
separate product-line income statement for crude oil. One challenge facing Sinclair Oil & Gas is how 
to allocate the joint cost of producing the three separate saleable outputs. Assume no beginning or 

ending inventory. 

Required 

1. Allocate the August joint cost among the three products using 

a. Physical measure method 
b. NRV method 

2. Show the operating income for each product using the methods in requirement 1. 
3. Which, if any, method would you use for product emphasis? Explain. 
4. Draft a letter to the taxation authorities on behalf of Sinclair Oil & Gas that justifies the joint cost alloca- 

tion method you recommend Sinclair use. 
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LO ® 
1, Weight for Z, 0.15 

LO® 
1. Incremental costs, 

$73,900,000 

€ 

16-23 Alternative methods of joint cost allocation, ending inventories. The Klein Company oper- 
ates a simple chemical process to convert a single material into three separate items, referred to here as X, 
Y, and Z. All three end products are separated simultaneously at a single splitoff point. 

Products X and Y are ready for sale immediately upon splitoff without further processing or any other 

additional costs. Product Z, however, istprocessed further before being sold. There is no available market 

price for Z at the splitoff point. 

The selling prices quoted here are expected to remain the same in the coming year, During the year, 

the selling prices of the items and the total amounts sold were 

a X—120 tons sold for $1,500 per ton. 
= Y—340 tons sold for $1,000 per ton. 
ws Z—475 tons sold for $700 per ton. 

The total joint manufacturing costs for the year were $400,000. Klein spent an additional $200,000 to 

finish product Z. 

There were no beginning inventories of X, Y, or Z. At the end of the year, the following inventories of 

completed units were on hand: X, 180 tons; Y, 60 tons; Z, 25 tons. There was no beginning or ending 

work-in-process. 

Required 

1. Compute the cost of inventories of X, Y, and Z for the purposes of the statement of financial position and 

the cost of goods sold for operating income statement purposes as of December 31, using the following 

joint cost allocation methods: 

a. NRV method 

b. Constant gross margin percentage NRV method 

2. Compare the gross margin percentages for X, Y, and Z using the two methods given in requirement 1. 

16-24 Process further or sell, byproduct. Newcastle Mining Company (NMC) mines coal, puts it 
through a one-step crushing process, and loads the bulk raw coal onto river barges for shipment to customers. 

NMC’s managementis currently evaluating the possibility of further processing the raw coal by sizing 

and cleaning it and selling it to an expanded set of customers at higher prices. The option of building a new 

sizing and cleaning plantis ruled out as being financially infeasible. Instead, Amy Kimbell, a mining engi- 

neer, is asked to explore outside contracting arrangements for the cleaning-and-sizing process. Kimbell 

puts together the following summary: 

Selling price of raw coal $29 per ton 

Cost of producing raw coal $22 per ton 

Selling price of sized and cleaned coal $36 per ton 

Annual raw coal output 10,000,000 tons 

Percentage of material weight loss in 6% 
sizing/cleaning coal 

Incremental Costs of Sizing 

and Cleaning Processes 

Direct labour $800,000 per year 

Supervisory personnel 200,000 per year 

Heavy equipment: rental, operating, 25,000 per month 
maintenance costs 

Contract sizing and cleaning 3.50 per ton of raw coal 

Outbound rail freight 240 per 60-ton rail car 

Kimbell also learns that 75% of the material loss that occurs in the cleaning-and-sizing process can be 

salvaged as coal fines, which can be sold to steel manufacturers for their furnaces. The sale of coal fines is 

erratic and NMC may need to stockpile it in a protected area for up to one year. The selling price of coal fines 

ranges from $15 to $24 per ton and costs of preparing coal fines for sale range from $2 to $4 per ton. 

Required 

1. Prepare an analysis to show whether it is more profitable for NMC to continue selling raw bulk coal or 

to process it further through sizing and cleaning. (Ignore coal fines in your analysis.) 

2. How would your analysis be affected if the cost of producing raw coal could be held down to $20 per ton? 

3. Now consider the potential value of the coal fines and prepare an addendum that shows how their 

value affects the results of your analysis prepared in requirement 1. 
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16-25 Accounting for a main product and a byproduct. Crisps Inc. is a producer of potato chips. A 

single production process at Crisps Inc. yields potato chips as the main product and a byproduct that can 
also be sold as a snack. Both products are fully processed by the splitoff point, and there are no separable 
costs. 

For September, the cost of operations is $480,000. Production and sales data are as follows: 

Production Sales Selling Price 
(in kilograms) (in kilograms) per Kilogram 

Main product: Potato chips 40,000 32,000 $20 

Byproduct 8,000 5,600 5 

There were no beginning inventories on September 1. 

Required 

1. Whatis the gross margin for Crisps Inc. under the production method and the sales method of byproduct 
accounting? 

2. What are the inventory costs reported in the statement of financial position on September 30, for the 
main product and byproduct under the two methods of byproduct accounting in requirement 1? 

16-26 Joint costs and byproducts. Royston, Inc. is a large food-processing company. It processes 
150,000 pounds of peanuts in the peanuts department at a cost of $180,000 to yield 12,000 pounds of 
product A, 65,000 pounds of product B, and 16,000 pounds of product C. 

ws Product A is processed further in the salting department at a cost of $27,000. It yields 12,000 pounds of 
salted peanuts, which are sold for $12 per pound. 

= Product B (raw peanuts) is sold without further processing at $3 per pound. 
= Product C is considered a byproduct and is processed further in the paste department at a cost of 

$12,000. It yields 16,000 pounds of peanut butter, which are sold for $6 per pound. 

The company wants to make a gross margin of 10% of revenues on product C and needs to allow 20% 

of revenues for marketing costs on product C. An overview of operations follows: 

=<———- Joint Costs =a Lie, ae Separable Costs See eT 

$180,000 | 

12,000 pounds 

16,000 pounds 

| 
Splitoff 

Point 

Required 

1. Compute unit costs per pound for products A, B, and C, treating C as a byproduct. Use the NRV method for 
allocating joint costs. Deduct the NRV of the byproduct produced from the joint cost of products A and B. 

2. Compute unit costs per pound for products A, B, and C, treating all three as joint products and allocat- 

ing joint costs by the NRV method. 

16-27 Joint cost allocation, process further or sell. Lanigan Lumber Inc. (Lanigan) purchases logs 
from independent timber contractors and processes the logs into three types of lumber products: 

m Studs for residential buildings (walls, ceilings) 
= Decorative pieces (fireplace mantels, beams for cathedral ceilings) 
u Posts used as support braces (mine support braces, braces for exterior fences on ranch properties) 

LO® 
1, Total revenues under sales 

method, $668,000 

LO® 
1, Net Joint costs to be 

allocated = $124,800 

LO@® 
1, a, Joint costs allocated to 

posts, $307,692 
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These products are the result of a joint sawmill process that involves removal of bark from the logs, 

cutting the logs into a workable size, and then cutting the individual products from the logs. 
The joint process results in the following costs of products for a typical month: 

Direct materials (rough timber logs) $ 500,000 

¢ Debarking (labour and overhead) 50,000 

Sizing (labour and overhead) 200,000 

Product cutting (labour and overhead) 250,000 

Total joint costs $1,000,000 

Product yields and average sales values on a per-unit basis from the joint process are as follows: 

Monthly Output of 
Materials at Fully Processed 

Product Splitoff Point Selling Price 

Studs 75,000 units $ 8 

Decorative pieces 5,000 units 100 

Posts 20,000 units 20 

The studs are sold as rough-cut lumber after emerging from the sawmill operation without further 
processing by Lanigan. Also, the posts require no further processing beyond the splitoff point. The decora- 

tive pieces must be planed and further sized after emerging from the sawmill. This additional processing 

costs $100,000 per month and normally results in a loss of 10% of the units entering the process. Without 

this planning-and-sizing process, there is still an active intermediate market for the unfinished decorative 

pieces in which the selling price averages $60 per unit. 

Required 

1. Based on the information given for Lanigan Lumber, allocate the joint processing costs of $1,000,000 to 

the three products using 

a. Sales value at splitoff method 

b. Physical measure method (volume in units) 
c. NRV method 

2. Prepare an analysis that compares processing the decorative pieces further, as is current practice, 

with selling them as a rough-cut product immediately at splitoff. 

3. Assume the company announced that in six months it will sell the unfinished decorative pieces at split- 

off due to increasing competitive pressure. Identify at least three types of likely behaviour that will be 
demonstrated by the skilled labour in the planning-and-sizing process as a result of this announce- 
ment. Include in your discussion how this behaviour could be influenced by management. 

Problems 

LO © 16-28 Alternative methods of joint-cost allocation, product-mix decisions. The Chicago Oil 

Company buys crude vegetable oil. Refining this oil results in four products at the splitoff point: A, B, C, and 
D. Product C is fully processed by the splitoff point. Products A, B, and D can individually be further refined 

into Super A, Super B, and Super D. In the most recent month (November), the output at the splitoff point 

was as follows: 

Product A, 550,000 gallons 

Product B, 200,000 gallons 

Product C, 150,000 gallons 

Product D, 100,000 gallons 

The joint costs of purchasing and processing the crude vegetable oil were $210,000. Chicago had no 

beginning or ending inventories. Sales of product C in November were $90,000. Products A, B, and D were 
further refined and then sold. Data related to November are as follows: 

Separable Processing Costs to 
Make Super Products Revenues 

Super A $480,000 $750,000 

Super B 120,000 300,000 

Super D 90,000 150,000 



Chicago had the option of selling products A, B, and D at the splitoff point. This alternative would have 
yielded the following revenues for the November production: 

a Product A, $150,000 

ms Product B, $125,000 

w Product D, $135,000 

Required 

1, Compute the gross margin percentage for each product sold in November, using the following methods 
for allocating the $210,000 joint costs: 
a. Sales value at splitoff 

b. Physical measure 
c. NRV 

2. Could Chicago Oil have increased its November operating income by making different decisions about 
the further processing of products A, B, or D? Show the effect on operating income of any changes you 

recommend. 

16-29 Alternative methods of joint cost allocation, product-mix decisions. The Sunshine Oil 

Company buys crude vegetable oii. Refining this oil results in four products at the splitoff point: A, B, C, and D. 

Product C is fully processed by the splitoff point. Products A, B, and D can individually be further refined into 

Super A, Super B, and Super D. In the most recent month (December), the output at the splitoff point was 

a ProductA, 300,000 litres 

= Product B, 100,000 litres 

se Product C, 50,000 litres 

w Product D, 50,000 litres 

The joint costs of purchasing and processing the crude vegetable oil were $100,000. Sunshine had no 

beginning or ending inventories. Sales of product C in December were $50,000. Products A, B, and D were 

further refined and then sold. Data related to December are 

Separable Processing Costs to 

Make Super Products Sales 

Super A $200,000 $300,000 

Super B 80,000 100,000 

Super D 90,000 120,000 

Sunshine had the option of selling products A, B, and D at the splitoff point. This alternative would 

have yielded the following revenues for the December production: 

m Product A, $50,000 

s Product B, $30,000 

we Product D, $70,000 

Required 

1. Compute the gross margin percentage for each product sold in December, using the following methods 

for allocating the $100,000 joint costs: 

a. Sales value at splitoff 

b. Physical measure 

c. NRV 
2. Could Sunshine have increased its December operating income by making different decisions about 

the further processing of products A, B, or D? Show the effect on operating income of any changes you 

recommend. 

16-30 Methods of joint-cost allocation, ending inventory. Garden Labs produces a drug used for 

the treatment of arthritis. The drug is produced in batches. Chemicals costing $50,000 are mixed and heated, 
then a unique separation process extracts the drug from the mixture. A batch yields a total of 3,000 gallons 

of the chemicals. The first 2,500 gallons are sold for human use while the last 500 gallons, which contain 

impurities, are sold to veterinarians. 

The costs of mixing, heating, and extracting the drug amount to $155,000 per batch. The output sold 

for human use is pasteurized at a total cost of $130,000 and is sold for $600 per gallon. The product sold to 
veterinarians is irradiated at a cost of $20 per gallon and is sold for $450 per gallon. 

In March, Garden, which had no opening inventory, processed one batch of chemicals. It sold 2,000 

gallons of product for human use and 300 gallons of the veterinarian product. Garden uses the net realiz- 

able value method for allocating joint production costs. 

Assignment Material 

Loe 
ta, Joint cost allocation for 

product B, 0,25 

LOo® 

665 
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LO ® 
1, Inventoriable cost of main 

product, $2.88 per container 

LOO 

Required 

1. How much in joint costs does Garden allocate to each product? 
2. Compute the cost of ending inventory for each of Garden's products. 
3. If Garden were to use the constant gross margin percentage NRV method instead, how would It allo- 

cate its joint costs? ‘ 
4. Calculate the gross margin on the sale of the product for human use in March under the constant 

gross margin percentage NRV method. 
5. Suppose that the separation process also yields 300 pints of a toxic byproduct. Garden currently pays 

a hauling company $6,000 to dispose of this byproduct. Garden is contacted by a firm interested in 

purchasing a modified form of this byproduct for a total price of $7,000, Garden estimates that it will 

cost about $35 per pint to do the required modification. Should Garden accept the offer? 

16-31 Accounting for a byproduct. West-Coast Oceanic Water (WOW) desalinates and bottles sea 
water. The desalinated water is in high demand from a large group of environmentally conscious people 
on the west coast of Canada. During March, WOW processes 1,000 litres of sea water and obtains 600 
litres of drinking water and 50 kilograms of sea salt (the rest of the sea water evaporates In the desalini- 
zation process). Processing the 1,000 litres of water costs WOW $1,500. WOW sells 600 litres of the 
desalinated water in 2-litre containers for $8 per container. In addition, WOW sells 40 kilograms of sea 

salt for $1.20 per kilogram. Due to the relatively small proportion of sea salt, WOW has decided to treat it 
as a byproduct. 

Required 

1. Assuming WOW accounts for the byproduct using the production method, what is the inventoriable 
cost for each product and WOW’s gross margin? 

2. Assuming WOW accounts for the byproduct using the sales method, what is the inventoriable cost for 
each product and WOW’'s gross margin? 

3. Discuss the difference between the two methods of accounting for byproducts. 

16-32 Comparison of alternative joint-cost-allocation methods, further-processing decision, 
chocolate products. The Rich and Creamy Edibles Factory manufactures and distributes chocolate prod- 
ucts. It purchases cocoa beans and processes them into two intermediate products: chocolate-powder 

liquor base and milk-chocolate liquor base. These two intermediate products become separately identifi- 
able at a single splitoff point. Every 600 pounds of cocoa beans yields 20 gallons of chocolate-powder liquor 

base and 60 gallons of milk-chocolate liquor base. 
The chocolate-powder liquor base is further processed into chocolate powder. Every 20 gallons of 

chocolate-powder liquor base yield 680 pounds of chocolate powder. The milk-chocolate liquor base is 
further processed into milk chocolate. Every 60 gallons of milk-chocolate liquor base yield 1,100 pounds of 

milk chocolate. 
Production and sales data for August are as follows (assume no beginning inventory): 

w Cocoa beans processed, 27,600 pounds 

m Costs of processing cocoa beans to splitoff point (including purchase of beans), $70,000 

Production Sales Selling Price | Separable Processing Costs 

Chocolate powder 31,280pounds 6,800pounds $8 perpound $46,035 

Milk chocolate 50,600 pounds + 14,400pounds $9 perpound $55,085 

Rich and Creamy Edibles Factory fully processes both of its intermediate products into chocolate 
powder or milk chocolate. There is an active market for these intermediate products. In August, Rich and 
Creamy Edibles Factory could have sold the chocolate-powder liquor base for $21 a gallon and the 
milk-chocolate liquor base for $28 a gallon. 

Required 

1. Calculate how the joint costs of $70,000 would be allocated between chocolate powder and milk 
chocolate under the following methods: 

a. Sales value at splitoff 

b. Physical measure (gallons) 
c. NRV 
d. Constant gross margin percentage NRV 

2. What are the gross margin percentages of chocolate powder and milk chocolate under each of the 
methods in requirement 1? 

3. Could Rich and Creamy Edibles Factory have increased its operating income by a change in its deci- 
sion to fully process both of its intermediate products? Show your computations. 
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16-33 Joint-cost allocation. SW Flour Company buys 1 input of standard flour and refines it using a spe- LO © 
cial sifting process to 3 cups of baking flour and 9 cups of bread flour. In May, SW bought 12,000 inputs of 
flour for $89,000. SW spent another $47,800 on the special sifting process. 

The baking flour can be sold for $3.60 per cup and the bread flour for $4.80 per cup. 

SW puts the baking flour through a second process so it is super fine. This costs an additional $1.00 
per cup of baking flour and the process yields /%2 cup of super-fine baking flour for every one cup of baking 
flour used. The super-fine baking flour sells for $9.60 per cup. 

Required 

1. Allocate the $136,800 joint cost to the super-fine baking flour and the bread flour using the following: 
a. Physical measure method (using cups) of joint-cost allocation 
b. Sales value at splitoff method of joint-cost allocation 
c. NRV method of joint-cost allocation 
d. Constant gross margin percentage NRV method of joint-cost allocation 

2. Each of these measures has advantages and disadvantages; what are they? 
3. Some claim that the sales value at splitoff method is the best method to use. Discuss the logic behind 

this claim. 

16-34 Joint-cost allocation with a byproduct. The Seattle Recycling Company (SRC) purchases old LO © 
water and soda bottles and recycles them to produce plastic covers for outdoor furniture. The company 

processes the bottles in a special piece of equipment that first melts, then reforms the plastic into large 

sheets that are cut to size. The edges from the cut pieces are sold for use as package filler. The filler is 

considered a byproduct. 

SRC can produce 25 table covers, 75 chair covers, and 5 pounds of package filler from 100 pounds of 
bottles. 

In June, SRC had no beginning inventory. It purchased and processed 120,000 pounds of bottles at a 

cost of $600,000. SRC sold 25,000 table covers for $12 each, 80,000 chair covers for $8 each, and 5,000 
pounds of package filler at $1 per pound. 

Required 

1. Assume that SRC allocates the joint costs to table and chair covers using the sales value at splitoff 

method and accounts for the byproduct using the production method. What is the ending inventory 
cost for each product and gross margin for SRC? 

2. Assume that SRC allocates the joint costs to table and chair covers using the sales value at splitoff 

method and accounts for the byproduct using the sales method. What is the ending inventory cost for 

each product and gross margin for SRC? 

3. Discuss the difference between the two methods of accounting for byproducts, focusing on what 
conditions are necessary to use each method. 

16-35 Byproduct-costing journal entries (continuation of 16-34). The accountant for SRC needs to LO © 
record the information about the joint and byproducts in the general journal, but is not sure what the entries 

should be. The company has hired you as a consultant to help its accountant. 

Required 

1. Show journal entries at the time of production and at the time of sale assuming SRC accounts for the 

byproduct using the production method. 
2. Show journal entries at the time of production and at the time of sale assuming SRC accounts for the 

byproduct using the sales method. 

16-36 Joint-cost allocation, process further or sell. Arnold Technologies manufactures a variety of LOO 
flash memory chips atits main plantin Taiwan. Some chips are sold to makers of electronic equipment while 
others are embedded into consumer products for sale under Arnold's house label, AT. Three of the chips that 

Arnold produces arise from a common production process. The first chip, Amber, is sold to a maker of 
smartphones and personal computers. The second chip, Bronze, is intended for a wireless and broadband 
communication firm. The third chip, Cobalt, is used to manufacture and market a solid-state device under 

the AT name. 
Data regarding these three products for the fiscal year ended April 30, are given below. 

Amber Bronze AT with Cobalt 

Units produced 255,000 495,000 750,000 

Selling price per unit at splitoff Bh Shall $ 2.00 — 

Separable costs — — $2,200,000 

Final selling price per unit os —_ $ 8.00 
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LO ® 

LOO 

Arnold incurred joint product costs up to the splitoff point of $5,400,000 during the fiscal year. 

The head of Arnold, Amanda Peterson, is considering a variety of alternatives that would potentially 
change the way the three products are processed and sold. Proposed changes for each product are as 

follows: 

= Amber chips can be incorporated into Arnold’s own memory stick. However, this additional processing 

causes a loss of 27,500 units of Amber. The separable costs to further process Amber chips are esti- 
mated to be $750,000 annually. The memory stick would sell for $5.50 per unit. 

w Arnold’s R&D unit has recommended that the company process Bronze further into a 3D vertical 

chip and sell it to a high-end vendor of datacentre products. The additional processing would cost 

$1,000,000 annually and would result in 15% more units of product. The 3D vertical chip sells for 
$4.00 per unit. 

a The third chip is currently incorporated into a solid-state device under the AT name. Galaxy Electronics 
has approached Arnold with an offer to purchase this chip at the splitoff point for $2.40 per unit. 

Required 

1. Allocate the $5,400,000 joint production cost to Amber, Bronze, and AT with Cobalt using the NRV 

method. 

2. Identify which of the three joint products Arnold should sell at the splitoff point in the future and which 

of the three the company should process further to maximize operating income. Support your decisions 

with appropriate computations. 

16-37 Methods of joint-cost allocation, comprehensive. Kardash Cosmetics purchases flowers in 

bulk and processes them into perfume. From a certain mix of petals, the firm uses Process A to generate 
Seduction, its high-grade perfume, as well as a certain residue. The residue is then further treated, using 

Process B, to yield Romance, a medium-grade perfume. An ounce of residue typically yields an ounce of 
Romance. 

In July, the company used 25,000 pounds of petals. Costs involved in Process A, thatis, reducing the 

petals to Seduction and the residue, were 

Direct Materials — $440,000; Direct Labour — $220,000; Overhead Costs — $110,000. 
The additional costs of producing Romance in Process B were 

Direct Materials — $22,000; Direct Labour — $50,000; Overhead Costs — $40,000. 
During July, Process A yielded 7,000 ounces of Seduction and 49,000 ounces of residue. From this, 

5,000 ounces of Seduction were packaged and sold for $109.50 an ounce. Also, 28,000 ounces of Romance 

were processed in Process B and then packaged and sold for $31.50 an ounce. The other 21,000 ounces 

remained as residue. Packaging costs incurred were $137,500 for Seduction and $196,000 for Romance. 
The firm has no beginning inventory on July 1. 

If it so desired, the firm could have sold unpackaged Seduction for $56 an ounce and the residue from 
Process A for $24 an ounce. 

Required 

1. What is the joint cost of the firm to be allocated to Seduction and Romance? 

2. Under the physical measure method, how would the joint costs be allocated to Seduction and 
Romance? : 

3, Under the sales value at splitoff method, what portion of the joint costs would be allocated to Seduction 
and Romance, respectively? 

4, Whatis the estimated net realizable value per ounce of Seduction and Romance? 
5. Under the net realizable value method, what portion of the joint costs would be allocated to Seduction 

and Romance, respectively? 

6. Whatis the gross margin percentage for the firm as a whole? 

7. Allocate the joint costs to Seduction and Romance under the constant gross margin percentage NRV 
method. 

8. If you were the manager of Kardash Cosmetics, would you continue to process the petal residue into 
Romance perfume? Explain your answer. 

Collaborative Learning Cases 

16-38 Usefulness of joint cost allocation. In the United States, organ procurement organizations 

(OPOs), transplant centres, and the medical professions coordinate the organ donation process. The US 
government pays for this treatment through its Medicare program. What price should the US government 

pay for these organs from the taxes it collects from all citizens? Often multiple organs are removed from a 
single donor, meaning that there are joint costs such as operating room time, surgeons’ fees, and medica- 
tions to preserve the organs. The OPOs insist all costs be allocated to each organ, irrespective of whether 

the organ is actually collected for transplant. For example, lung and kidney donations may be planned, but 
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the surgeon discovers postmortem that the lungs are not viable. A portion of joint costs will still be assigned 

to the lungs; otherwise, total costs of the donation would be assigned to the kidneys. 
The payer, the US government, does not want to pay the joint costs assigned to the lungs. The Medi- 

care program pays only for transplanted organs. Over 62% of all kidney transplants are paid for by 

Medicare. Six years ago, a government audit revealed that, of the total of $80 million in organ acquisition 

costs, $47 million were unallowable and unsupported.? 
Some organs, such as one kidney, part of a liver, part of a lung, bone marrow, and stem cells, can be 

recovered from live donors. The recovery of these organs requires major surgery and patients are anaes- 

thetized. The surgeon ensures the donor's organs are suffused with a protective chemical and removes 

the organ. The donated organ is preserved in a chemical and placed in a refrigerated container for imme- 
diate transport. The donor stays two to five days in hospital to recover. 

In contrast, stem cells are recovered from live donors who receive medication to increase the num- 

ber of stem cells in the blood for four to five days prior to the transplant. The process is similar to a blood 

donation. The stem cells are extracted from whole blood removed intravenously from the donor's arm. The 

rest of the blood is returned to the donor while the stem cells are sealed in plastic packs, placed in a spe- 

cial container, and transported to the recipient. The donor usually returns home to rest for the remainder 

of the day before resuming normal life. The stem cells are injected intravenously into the recipient's arm. 

Required 

Form groups of two or more students to complete the following requirements. 

1. Of the reasons to use acceptable methods to allocate joint costs, which ones are relevant in this case? 

2. What costs are incurred beyond the splitoff point that differ between these two types of donations? 

3. What would the separable costs be? 

4, In Canada, where all medically necessary care is paid for from tax revenue, of what relevance is joint 

cost allocation? 

16-39 Joint cost allocation. Flash Chip Company (FCC) produces memory modules in a two-step pro- LO@ 
cess: chip fabrication and module assembly. 1. a. Total production costs of 

In chip fabrication, each batch of raw silicon wafers yields 500 standard chips and 500 deluxe chips. deluxe model, $19,694 
Chips are classified as standard or deluxe on the basis of their density (the number of memory bits on each 

chip). Standard chips have 500 memory bits per chip, and deluxe chips have 1,000 memory bits per chip. 

Joint costs to process each batch are $24,000. 
In module assembly, each batch of standard chips is converted into standard memory modules at a 

separately identified cost of $1,000 and then sold for $8,500. Each batch of deluxe chips is converted into 
deluxe memory modules at a separately identified cost of $1,500 and then sold for $25,000. 

Required 

1. Allocate joint costs of each batch to deluxe modules and standard modules using (a) the NRV method, 
(b) the constant gross margin percentage NRV method, and (c) the physical measure method, based on 

the number of memory bits. Which method should FCC use? 

2. FCC can process each batch of 500 standard memory modules to yield 400 DRAM modules at an addi- 
tional cost of $1,600. The selling price per DRAM module would be $26. Assume FCC uses the physical 

measure method. Should FCC sell the standard memory modules or the DRAM modules? 

SOLUTIONS < TRY Il 

(a) Product Units Produced Percentage Joint Costs Allocated 

Printing inks 15,000 litres 40 % $480,000 = $192,000 

Varnishes 15,000 litres 40 % 480,000 = 192,000 

Adhesives 7,500 litres 20 % 480,000 = 96,000 

Totals 37,500 litres 100% $480,000 

(Continued) 

2 Department of Health and Human Services Centers for Medicare & Medicaid Services. “Ruling No.; CMS-1543-R.” 
December 21, 2006; Department of Health and Human Services, Office of Inspector General, “Review of Organ Acquisition 
Costs Claimed by Certified Transplant Centers (A-09-05-00034).” September 28, 2006; and J. Warren. “CMS Enforcement of 
Rule Covering Organ Acquisition Fees Could Shut Down Some OPOs, Transplant Centers.” Transplant News, April 28, 2003. 
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(b) Product . 

Printing inks 

Varnishes 

Adhesives 

Totals 

Product 

Ketchup 

Juice 

Canned 

Totals 

Product 

Ketchup 

Juice 

Canned 

Cost per case: 

The overall gross margin is the difference between the total estimated net realizable value ($7,000,000) 
and the joint costs ($2,086,000), or $4,914,000. 

The gross margin percentage is $4,914,000/$8,775,000 = 56%. 

Final Sales 

Value Margin 

$2,400,000 

Juice 4,375,000 

2,000,000 

Product. 

Ketchup 

Canned 

Totals $8,775,000 

Final Sales Value 

Percentage 
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Sales Value at 

Splitoff Point 

$120,000 

72,000 

48,000 

$240,000 

$2,400,000 

Percentage 

50 % 

30 % 

20 % 

100% 

Separable Costs Net Re 

$ 300,000 

4,375,000 875,000 

2,000,000 600,000 

$8,775,000 

Joint Costs 

30% X $2,086,000 = 

50% x 2,086,000 = 

20% X 2,086,000 = 

$1,775,000 

Allocated 

$ 625,800 + 

1,043,000 + 

417,200 + 

Ketchup = $ 925,800/100,000 = $9.26 

Juice = $1,918,000/175,000 = $10.96 

Canned = $1,017,200/200,000 = $5.09 

Less Gross 

$1,344,000 

2,450,000 

1,120,000 

$4,914,000 

Total Production 

Costs 

$1,056,000 

1,925,000 

880,000 

$3,861,000 

Joint Costs 

$480,000 = 

480,000 = 

480,000 = 

alizable Value 

$2,100,000 

3,500,000 

1,400,000 

$7,000,000 

Separable Costs 

$300,000 = 

875,000 = 

600,000 = 

Less Separable 
Costs 

$ 300,000 

875,000 

600,000 

$1,775,000 

Allocated 

$240,000 

144,000 

96,000 

$480,000 

Percentage 

30 

50 

20 

100 

Product Costs 

$ 925,800 

1,918,000 

1,017,200 

Joint Costs 

Allocated 

$ 756,000 

1,050,000 

280,000 

$2,086,000 



Learning Outcomes 
@ Select a method and allocate 

revenue from a product bundle 
to its distinct components. 

@ Apply an activity-based costing 
- (ABC) system to allocate costs 

when the customer is the cost 
object. 

© Calculate and interpret four 
levels of contribution margin 
variance analyses. 

© Generate a customer 
profitability profile. 

@ Analyze relevant profitability 
data, and decide whether to 
drop or add customers or 
branches. 

CPA Competencies* | 
This chapter covers material 

outlined in Section 3: 
Management Accounting of the 

CPA Competency Map. The 

Learning Objectives in this chapter 

have been aligned with the CPA 
Competency Map to ensure the 

best coverage possible. 

3.2.1 Develops or evaluates 

information Inputs for operational 
plans, budgets, and forecasts 

3.2.2 Prepares, analyzes, or 

evaluates operational plans, 

budgets, and forecasts 

3.2.3 Computes, analyzes, or 
assesses implications of variances 

3.4.1 Evaluates sources and 

drivers of revenue growth 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada, 

Revenue and Customer 

Profitability Analysis 

Revenue 
Royalty contracts are by and large revenue-sharing contracts. Oil companies pay a 

percentage of revenue to governments from whom they lease mineral development 

rights. Publishers pay royalties to their authors. Recording companies pay royalties to 
recording artists. 

Video games present a particularly challenging problem when It comes to revenue 

distribution. Games such as Minecraft® are sold across multiple platforms (Mac, Xbox 
360 and One, PlayStation 4, as well as mobile devices) and in multiple countries. With 

more than 75 million players around the world and over $1 billion in revenues, the 

question of how to share Minecraft® revenues between the original developers, the 

software distridbutors, and game console manufacturers is critical to all the parties 

involved in this hugely successful venture. After Microsoft purchased Minecraft for 

$2.5 billion in 2014, it created a marketplace for developers to build their own cre- 
ations and sell them directly to consumers, creating a new pathway for this kind of 
revenue sharing. 

Government, too, allocates tax revenue to different ministries. In specific cases, 

such as gambling revenue, the government allocates contracted amounts to non-profit 

service organizations. The achievements of these non-profits are then measured by 

government relative to commitments the organizations have made. The government 

will continue to fund those which are effective and meet their commitments. 

Sources; Jared Newman, 2018. “Inside Microsoft’s Quest to Turn Minecraft Content into a Business,” Fast 
Company, April 23  (https://www.fastcompany.com/40561114/how-microsofts-marketplace-is-monetizing-the 
-minecraft-ecosystem); J, Gaudiosi, 2013, “Mojang Expands Its Minecraft Virtual Empire Brick by Brick,” 
CNNMoney (http://tech.fortune.cnn.com/2013/11/12/minecraft-mojang), 

671 
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LO® 
Select a method and 

allocate revenue from 

a product bundle to its 

distinct components. 

Revenue Allocation and Bundled Products 

Revenues are inflows of assets (almost always cash or accounts receivable) received for 
products or services provided to customers. Just as costs can be allocated to specific prod- 
ucts, services, customers, or some other more relevant-cost object, so too can revenues. 
Revenue allocation occurs when revenues must be assigned to distinct types of sales, but 
it is not economically feasible to trace the revenue (which would result in a more accurate 
assignment of revenues to products). The more accurate the assignment of revenue, the 
more reliable and relevant is the information on which many new product introductions 
and product-mix decisions are made. 

Companies combine or create bundles (or suites) of outputs to generate more value 
added for customers without incurring added costs. In this way, the bundle responds to 
the desire for a customized product and at the same time provides the supplier with econ- 
omies of scope. 

Governments also use revenue-allocation formulas to distribute tax revenue to vari- 
ous programs such as university education and healthcare. Government determination of 
how revenue is allocated will make a significant difference to people who require those 
services. For example, the allocation of casino revenue retained by one First Nations 
band in Alberta (see Sustainability in Action box) illustrates how allocation can affect 

SUCaPNINy\:iim@hmae Revenue Allocation by the 
IN ACTION Government and First Nations 

First Nations casinos on reserves in Alberta are regu- AGLC retains the other 70%. The revenue flowing from 

lated under the Alberta Gaming and Liquor Commission gaming to First Nations groups is considered charitable 
(AGLC). Gaming license fees pay for the commission’s oper- gaming proceeds. The government regulates how these 
ating costs. Net of winnings paid, commissions, and a per- proceeds should be allocated by the First Nations groups. 
centage paid to the federal government, the Alberta Lottery The second pie-chart illustrates the distribution by First 
Fund (ALF), and the First Nations Development Fund Grant Nations groups to safety, addiction treatment, subsidized 

Program (FNDF) share the proceeds from slot machines. housing and services, seniors and elder support, cultural 

The government transfers responsibility and control events, and life skills training. 
of 30% of revenue distribution back to the FNDE The 

Bingo $14 

Pull-Ticket $17 

1% Research 

1% Promotional Activities 1% Youth Development 

1% Bursaries and Scholarships 1% Volunteer Expenses 
2% Sports 

4% Raffles Under $10,000 

5% Education 

(in millions) ; 1% Endowment Funds [- 1% Senior Citizen Activities 

28% Facilities 
6% Travel 

7% Administrative Costs 

11% Donations 
ithin Alb 

9% Equipment/ Within Alberta 

Uniforms/Vehicles 

11% Program Support/ 
10% Wages, Salaries, Development 

Fees for Service 

and Honourariums 

Sources: Alberta Gaming Research Institute, “Revenue Allocation,” May 1, 2007 (http://www.abgaminginstitute.ualberta.ca/Alberta_casinos_revenue 
_allocation.cfm); Alberta Gaming Research Institute, “Quick Facts—Gaming” (http://www.gaming.gov.ab.ca/pdf/quickfacts/quickfacts_gaming 
.pdf); Alberta Gaming and Liquor Commission, “Charitable Gaming in Review: Supporting Our Communities 2008-2009” (http://www.aglc.ca/pdf 
/charitable_gaming/2008_2009_charitable_gaming_report.pdf); Alberta Gaming and Liquor Commission, “2009-2010 Charitable Gaming in Review” 
(http://www.aglc.ca/pdf/charitable_gaming/2009_2010_charitable_gaming_report.pdf, pp. 1, 14). 
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individuals in a group. The band retains about 30% of total casino revenue net of prizes 
paid out. This band then makes quarterly payments to its eligible beneficiaries, those 
agencies approved for funding by the government. 

Internal revenue allocation arises when companies sell product bundles. A product 
bundle is a combination of two or more products or services sold together for a single 
price. For example, Shaw Communications bundles its high-speed internet access with its 
cable TV and telephone service at a price lower than if each service is sold separately. 
The bundled price is set to meet the customer’s expectation of value added, especially 
when competition is intense and companies are price-takers. 

The single price for the bundled product is typically less than the sum of the prices of 
the products in the bundle, should they be purchased separately. The company can be 
very profitable when a lower price drives higher consumer demand that requires a higher 
volume of production. The increased production gives rise to a lower unitized cost per 
output, which improves the company’s gross margin percentage. 

Deciding on a Revenue-Allocation Method 

Where individual department or division managers have revenue or profit responsibilities 
for individual products, the issue is how to fairly allocate the bundled revenue amount 
among the individual products in the bundle. Let’s look at an example. SG Company 
develops, sells, and supports three software packages both individually and as bundled 
products: 

1. WordMaster. Current version is WordMaster 5.0, which was released 36 months ago. 
WordMaster was the company’s initial product. 

2. DataMaster. Current version is DataMaster. 3.0, which was released 18 months ago. 

3. FinanceMaster. Current version is FinanceMaster 2.0. This product, the company’s 
most recent addition, has been its most successful. The 2.0 version was released 

2 months ago. 

SG’s management team must decide how to allocate revenue from its bundled product 
(“suite”) sales. The team will decide between the two most common methods, which are 
the stand-alone and incremental revenue-allocation methods. The team should choose the 
method that best reflects the economic reality of how much revenue each component gen- 
erates. For internal purposes, the more representationally faithful the method, the higher 
the quality of information SG will have to make other operating decisions. SG’s reliable 
MIS provides ready access to data for both unit prices and costs: 

Manufacturing 

Product Sales Price Cost per Unit 

Stand-alone 

WordMaster $125 $18 

DataMaster 150 20 

FinanceMaster 225 25 

Suite 

Word + Data 220 

Word + Finance 280 

Finance + Data 305 

Word + Finance + Data 380 

The managers are keenly interested in individual product profitability figures because 
they operate separate profit centres for each product. Their performance evaluation and 
remuneration depend on profits at, or larger than, predicted (budgeted). SG’s software 
department engineers are also organized on an individual product basis and receive a 
bonus based on percentage of product profitability. It is straightforward for managers to 
predict that if the revenue per unit decreases when their products are sold in a bundle, 
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with no other change, their profit will decrease along with their remuneration. Strategi- 
cally, bundling products can increase overall corporate profitability, but only if the bun- 
dling causes volumes to increase. 

The stand-alone and incremental methods are two of the alternatives from which SG’s 
management team can choose. Each method is analogous to cost-allocation methods. After 
choosing, SG will be able to determine how well actual performance met expectations. In this 

way, they can learn how to improve performance and align incentives more appropriately. 

Stand-Alone Revenue-Allocation Methods 

The stand-alone revenue-allocation method is a weighted-average method. SG will use 
product-specific information about products in the bundle to determine the weights used 
to allocate the bundled revenues to each distinct product. The term stand-alone refers to 
the product as a separate (non-suite) item. There are alternative ways to calculate the 
weights. 

The following are four of the more common allocation bases used: 

a Selling price of each (separate) unit in the bundle (suite) 

a Manufacturing cost of each unit in the bundle 

a» Number of physical units of each type of product in the bundle 

a Product revenue for each product line in the bundle 

The allocation base chosen (from the four listed above) creates the weighting (per- 
centage) used to allocate the bundled price to each of the separate products. For simplici- 
ty’s sake, the following example assumes a two-product bundle (WordMaster and 
FinanceMaster) that sells for $280. 

1. Selling prices. The individual selling prices are used to calculate the percentage of the bun- 
dled price to allocate to that product. See the table below for details of the calculations. 

This method recognizes the different contribution to revenue made by each unit, 

but fails to recognize any difference in the stand-alone pricing policies or strategic 
classification of each product. One may be a commodity while the other may be a 
differentiated product. One may be the result of target pricing while the other may be 
the result of cost-plus pricing. 

2. Unit manufacturing costs. The individual manufacturing costs are used to calculate 
the percentage of the bundled price to allocate to that product. See the table below for 
details of the calculations, 

This method will only be as reliable as the costing system used at SG; otherwise, SG 
runs the risk of unintentional cross-subsidization. Traditional single overhead cost pool 
systems often fail to reliably assign shared costs when there is unequal benefit to distinct 
products. This may result in one product being overcosted and the other undercosted. 

3. Physical units. The number of physical units of each product that are included in the 
bundled suite are used to calculate the percentage of the bundled price to allocate to 
the individual products. In this case, since there is one unit of WordMaster and one 
unit of FinanceMaster in the bundled suite, there is an equal allocation (50/50) of the 
bundled price. See the table below for details of the calculations. 

This method has the benefit of simplicity, but it is not sensible if the products in 
a bundle have materially different unit sales prices. For example, selling a bundle 
made up of a dishwasher plus a box of detergent and then allocating the revenue per 
bundle 50/50 overweights the allocated detergent revenue and underallocates the 
dishwasher revenue. The disproportionate amount of cost compared to the revenue 
generated by the sale of a box of detergent is what makes this method inappropriate 
for this product bundle. This method would also be inappropriate when the retailer 
bundles products and services, such as special insurance with the product, because the 
components of the bundle are not both physical units. 

4. Total product-line revenues. Total product-line revenues capture the quantity of each 
product sold as well as the selling price of the individual products. Assume that the 
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product-line revenue is $28 million for WordMaster and $7 million for FinanceMaster. 
These revenues will be used to calculate the percentage of the bundled price to allocate 
to the individual products. See the table below for details of the calculations. 

Product-line revenues are a good indicator of the overall popularity of each indi- 
vidual product. This may be a reasonable way to allocate the bundled revenues if one 
believes that the more popular product (in terms of total revenues) will positively 
impact the sales of the bundled products and, therefore, should be allocated a larger 
portion of the bundled revenues. However, if the products are at different points in 
their product life cycle, this may not be an appropriate method to allocate the bun- 
dled revenues. For example, if the lower product-line revenue attributed to Finance- 
Master is, in part, due to its being released only two months ago, then the total 
product-line revenue method would be judged to be unfair. It may be the case that the 
unit selling price weights are the best available external indicators of the benefits 
received from the various products in the bundles. Market-based weights (e.g., total 
revenues or individual selling prices) place products in their external competitive con- 
text, which would support the firm’s strategic intent. 

These four approaches to determining weights with the stand-alone method yield the 
following revenue allocations to individual products: 

Product-Specific $280 Bundled Price Allocation 

Allocation Basis Information Calculations WordMaster FinanceMaster 

aoe pyle Word: <5 + 6705 eS X $280 = 0.357 x $280 = $100 ses 

See Finance: oe + e705 1 x $280 = 0.643 x $280 = $180 o 

er penecging Hee Word: ae x $280 = 0.419 x $280 = $117 117 

ee peg Finance: oe x $280 = 0.581 X $280 = $163 is 

Hecate tant Word—— x $280 = 0.80 x $280 = $140 fe 

aaNet Finance: - ; x $280 = 0.50 x $280 = $140 ee 

eee Bore cs Word: Sit es x $280 = 0.80 x $280 = $224 a 

eign" Finance: = ee —_— x $280 = 0.20 x $280 = $56 5 
*Provided in previous table. 

If SG has a cost-plus pricing policy, then unit manufacturing costs may be the best 
choice. If SG has a target pricing policy, then product-line revenues may be the best choice. 
Each choice will be consistent with internal pricing policies. The method that reflects the 
economic reality of what each product contributes to SG’s profitability, consistent with 
the competitive intensity and SG’s strategy, will be the best guide in this management 
decision. 

Incremental Revenue-Allocation Method 

The incremental revenue-allocation method ranks the individual products in a bundle and 
then uses this ranking to allocate the bundled revenues to these individual products. 
The first-ranked product is termed the primary product in the bundle, the second-ranked 
product is termed the first incremental product, the third-ranked product is the second 
incremental product, and so on. 
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How is the ranking of products in the incremental revenue-allocation method determined? 
One approach is to survey customers on the relative importance of individual products in their 
decision to purchase the bundled products. A second approach is to use internal data on recent 
stand-alone performance of the individual products in the bundle. A third approach is for top 
management to decide the rankings based on their knowledge or intuition. 

Consider again the pricing of the Word and Finance suite. Assume WordMaster is des- 
ignated as the primary product. If the suite revenue exceeds the stand-alone revenue of the 
primary product, the primary product is allocated 100% of its stand-alone revenue. This is 
the case for the Word and Finance suite. The suite revenue of $280 exceeds the stand-alone 
revenue of $125 for WordMaster; WordMaster is allocated revenues of $125, with the 
remaining or residual revenue of $155 (= $280 — $125) allocated to FinanceMaster: 

Revenue Cumulative Revenue 

Product Allocated Allocated 

WordMaster $125 $125 

FinanceMaster ($280 — $125) 155 280 

Total $280 

Clearly, the ranking of the individual products in the suite is a key factor in determin- 
ing the revenues allocated to individual products. Under the incremental revenue-allocation 
method, all managers of the revenue object want to be the first-ranked user, because the 

first-ranked user will be allocated a larger portion of the revenues. If FinanceMaster were 
the primary product, the revenue allocated would be $225 (stand-alone sales price), not 
$155, and WordMaster would be allocated $55, not $125. The differences between these 

two allocations are material for managers who may be paid on the basis of new revenue 
generated or total revenue generated. This is called a zero-sum game, which is where what 
one gains, the other loses. This is another example where the purpose of allocation must 
be clear and one allocation method is not satisfactory to achieve all purposes. 

One approach to solving the problem of who gets ranked as the primary product (and 
thus, gets the largest share of the allocated revenue) is the Shapley value method. It allo- 
cates an average of the possible allocated revenues based under different scenarios 
(i.e., what revenue would the product get if it were ranked primary, first incremental, second 
incremental, and so on). If SG sells equal quantities of WordMaster and FinanceMaster, 

then the Shapley value method allocates the average of the revenues allocated as the pri- 
mary and first incremental products: 

WordMaster: eo = $180 + 2 = $90 

+ 
FinanceMaster: $2257 S158 = $380 + 2 = $190 

Total = $280 

But what if the sales quantities are not equal? For example, in the most recent quarter, 
SG sells 80,000 units of WordMaster and 20,000 units of FinanceMaster. Because SG sells 
four times as many units of WordMaster, its managers believe that the sales of the Word 
and Finance suite are four times more likely to be driven by WordMaster as the primary 
product. The weighted Shapley value method takes this into account by weighting the 
revenue allocations when WordMaster is the primary product four times as much as when 
FinanceMaster is the primary product: 

($125 xX 4) + ($55 X 1) ne $555 
WordMaster: 444) rv $111 

($225 x 1) + ($155 X 4) _ $845 _ 
FinanceMaster: (4+ 1) iene S $169 

When there are more than two products in the suite, the incremental revenue-allocation 
method allocates suite revenues sequentially. Assume WordMaster is the primary product 
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in SG’s three-product suite (Word + Finance + Data). FinanceMaster is the first incremen- 
tal product, and DataMaster is the second incremental product. This suite sells for $380. 
The allocation of the $380 suite revenues proceeds as follows: 

Revenue 

Product Allocated Cumulative Revenue Allocated 

WordMaster $125 $125 

FinanceMaster ($280 — $125) 155 $280 (price of Word + Finance suite) 

DataMaster ($380 — $280) 100 $380 (price of Word + Finance + Data suite) 

Total $380 

Now, instead, suppose WordMaster is the primary product, DataMaster is the first 
incremental product, and FinanceMaster is the second incremental product: 

Revenue 

Product Allocated Cumulative Revenue Allocated 

WordMaster $125 $125 

DataMaster ($220 — $125) 95 $220 (price of Word + Data suite) 

FinanceMaster ($380 — $220) 160 $380 (price of Word + Data + Finance suite) 

Total $380 

The ranking of the individual products in the suite determines the revenues allocated to 
them. Product managers at SG would likely differ on how they believe their individual prod- 
ucts contribute to sales of the suite products. It is possible that each product manager would 
claim to be responsible for the primary product in the Word and Finance and Data suite! 

Calculating the Shapley value mitigates this problem because each product is consid- 
ered as a primary, first incremental, and second incremental product. Assuming equal | 
weights on all products, the revenue allocated to each product is an average of the reve- | 
nues calculated for each product under these different assumptions: FinanceMaster, $180; 
WordMaster, $87.50; and DataMaster, $112.50: 

Product Ranking Revenues Allocated to Each Product 

FinanceMaster WordMaster DataMaster FinanceMaster WordMaster DataMaster 

Primary 1st Incremental 2nd Incremental bps $55 $100 

($280 — $225) ($380 — $225 — $55) 

Primary 2nd Incremental 1st Incremental $225 $75 $ 80 

| ($380 — $225 — $80) ($305 — $225) 

1st Incremental Primary 2nd Incremental $155 $125 $100 

($280 — $125) ($380 — $125 — $155) 

2nd Incremental Primary ist Incremental $160 $125 $95 

($380 — $125 — $95) ($220 — $125) 

1st Incremental 2nd Incremental Primary $155 $75 $150 

($305 — $150) ($380 — $150 — $155) 

2nd Incremental 1st Incremental Primary $160 $70 $150 

($380 — $150 — $70) ($220 — $150) 

Total: $1,080 $525 $675 

Average Revenue Allocated: $1,080 + 6 = $180 $525 + 6 = $87.50 $675 + 6 = $112.50 



678 Chapter 17 Revenue and Customer Profitability Analysis 

LO® 
Apply an activity-based 

costing (ABC) system to 

allocate costs when the 

customer is the cost 

object. 

In contrast, because the stand-alone revenue-allocation method does not require rank- 
ings of individual products in the suite, that method is less likely to cause debates among 
product managers. An inappropriate method will bias and degrade the usefulness of inter- 
nal information for decision making. In the design of a defensible internal control system, 
it is essential to assess allocation method choices to ensure good corporate governance. 

Not one of the methods, however, changes the economic reality that any bundled suite 
of products will generate a lower unit sales price per product than the revenue generated 
when products are sold individually. The techniques of revenue allocation fail to resolve the 
incentives problem. SG must encourage managers to accept and willingly promote sales of 
the suite, which aligns with corporate profitability even at the (possible) expense of maximiz- 
ing their personal remuneration. Otherwise, the gain in corporate profit will be very short 
term as the best managers and software engineers leave SG to work for its competitors. 

Other Revenue-Allocation Methods 

Management’s judgment is an alternative method of revenue allocation. The difficulty is in 
ensuring that the method is defensible by the CEO and CFO, who must provide written 
assurance of the quality of internal control. For example, the president of one software 
company decided to issue a set of revenue-allocation weights because the managers of the 
three products in the bundle could not agree. 

The factors the president considered included stand-alone selling prices (all three were 
very similar), stand-alone unit sales (A and B were over 10 times more than C), product rat- 
ings by independent experts, and consumer awareness. The Product C manager complained 
that his 10% weighting dramatically short-changed the contribution of Product C to suite 
revenues. The president responded that its inclusion in the suite greatly increased consumer 
exposure to Product C, with the result that Product C’s total revenues would be far larger 
(even with only 10% of suite revenues) than had it not been included in the suite at all. 

ABC: The Cost Object Is the Customer 

Managers solve problems—where there are no problems there is no need to manage any- 
thing. We have assumed for our next example that the company Spring Distribution, 
which sells bottled water, has decided upon a cost leadership strategy. The management 
team at Spring Distribution makes decisions as they receive feedback on how successfully 
they have implemented their cost leadership strategy. 

PT \ agile Analytics and 
I DICin wea §6©6Revenue Modelling 

Revenue recognition rules change between industries and, with the global harmonization 
of accounting rules, are subject to.change in a constant effort to create a unified approach 
reflecting the realities of global business. There are a number of revenue considerations 
developed with the use of advanced analytics, including revenue models and how revenue 
should be allocated: 

. Make sure that the metrics you are using to measure an organization actually reflect 
the revenue brought in and the reasons revenue is generated. 

. Align revenue reporting to the relevant accounting rules (ASPE or IFRS) that relate 
to the recognition of revenue. 

. Understand the segments of the market in which you operate, and know how it 
responds to market factors and your product. 

. Develop methods to forecast revenue continuously. 

. Make sure you understand your pricing strategy, and what changes you can make to 
drive greater revenue through adjustments to the strategy (this might require 
experimentation). 
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Spring Distribution has two distinct distribution channels: (1) a wholesale distribution 
channel, in which the wholesaler sells to supermarkets, drugstores, and other stores, and 
(2) a retail distribution channel for a small number of business customers. Consistent with 
its cost leadership strategy, the company has an ABC system. The system has improved the 
management team’s understanding of how the overhead costs of shared resources can be 
assigned proportionally to benefits provided to each distinct customer service. 

The MIS can also provide data that enables Spring Distribution to assign the over- 
head cost pools proportionally to the benefits received by its customers. By selecting the 
customer as a cost object, the management team can rank their customers in order of total 
costs to provide services to each. We begin by analyzing ABC customer cost assignment, 
then proceed to revenue analysis to determine customer profitability. The cost object is 
neither an output nor an activity but rather a customer. 

Customer ABC Analysis 

In the cost hierarchy concept, costs are categorized into different cost pools arising from 
shared use of common resources (overhead). The beneficiaries sharing the resources can 
be distinguished because they do not share equally. The cost-allocation base or cost driver 
for each cost pool measures the amount of benefit received. In an ABC system where the 
customer is the cost object, shared costs are classified into five categories: 

1. Customer output unit-level costs—costs of activities to sell each output unit to a cus- 
tomer. An example for Spring is product-handling costs of each case sold. 

2. Customer batch-level costs—costs of activities that are related to a group of units 
(cases) sold to a customer. Examples are costs incurred to process orders or to make 
Spring’s two types of deliveries. 

3. Customer-sustaining costs—costs of activities to support individual customers, 
regardless of the number of units or batches of product delivered to the customer. 
Examples are the downstream costs of visits to customers or costs of displays at cus- 
tomer sites after Spring’s distribution activity. 

4. Distribution-channel costs—costs of activities related to a particular distribution chan- 
nel rather than to each unit of product, each batch of product, or specific customers. 
An example is the salary of the manager of Spring’s retail distribution channel. 

5. Facility/corporate-sustaining costs—costs of activities that cannot be traced to 
individual customers or distribution channels. Examples are top management and 
general administration costs. 

Spring uses its customer cost hierarchy to assist managers in decisions made at differ- 
ent levels in this hierarchy. We will now consider decisions made at the individual cus- 
tomer level. Note from these descriptions that four of the five levels of Spring’s cost 
hierarchy closely parallel the cost hierarchy described in Chapter 5, except that Spring 
focuses on customers, whereas the cost hierarchy in Chapter 5 focused on products. 
Spring has one additional cost hierarchy category: distribution-channel costs, for the costs 
it incurs to support its wholesale and retail distribution channels. 

First consider customer revenues. Data from Spring Distribution’s MIS for four cus- 
tomers are reported for June in Exhibit 17-1. One observation from these data suggests 
that Spring Distribution should track future sales to Customer G to confirm that the 
$1.20-per-case discount translates into higher future sales. Managers find customer prof- 
itability analysis useful for several reasons. First, it frequently highlights how vital a small 
set of customers is to total profitability. Managers need to ensure that the interests of 
these customers receive high priority. Microsoft uses the phrase “not all revenue dollars 
are endowed equally in profitability” to stress this key point. Second, when a customer is 
ranked in the “loss category,” managers can focus on ways to make future business with 
this customer more profitable. 

Spring is particularly interested in analyzing customer-level indirect costs that are 
incurred in the first three categories of the customer cost hierarchy: customer output unit- 
level costs, customer batch-level costs, and customer-sustaining costs. Spring believes that 
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Customer 
Profitability Analysis for 
Four Customers of Spring 

Distribution for June 
CUSTOMER 

2 | 4 
Ca 
Sc 
ee 

cau [pus | sn | paw 
7 | Revenues (Row 3 x Row 6) $564,480 $467,280 $38,280 $36,000 

it can work with customers to reduce these costs. It believes that customer actions will 
have less impact on distribution-channel and corporate-sustaining costs. The five activity 
areas used to collect costs for selling-related costs, cost drivers, and rates are as follows: 

Activity Area Cost Rate and Driver Cost Hierarchy Category 

Product handling $0.50 per case sold Customer output-unit-level costs 

Order taking 100 per purchase order Customer batch-level costs 

Delivery vehicles 2 per delivery kilometre travelled Customer batch-level costs 

Rush deliveries 300 per expedited delivery Customer batch-level costs 

Visits to customers 80 per sales visit Customer-sustaining costs 

The table below provides information on the quantity of cost driver consumed or 
used by each customer: 

Customer 

A B G J 

Number of purchase orders 30 25 15 10 

Number of deliveries 60 30 20 15 

Kilometres travelled per delivery 5 12 20 6 

Number of rush deliveries 1 — 2 _— 

Number of visits to customers 6 5 4 3 

Spring Distribution can use the information on ABC in Exhibit 17-2 to assist its cus- 
tomers in reducing their consumption of the cost drivers. Consider a comparison of Cus- 
tomer G with Customer A: Customer G’s total purchases (2,900 cases) are only 7% the 
size of Customer A’s total purchases (42,000 cases). Customer G, however, requires one- 

half the number of purchase orders, two-thirds the number of visits, one-third the number 
of deliveries, and double the number of rush deliveries. To improve the profitability of 
Customer G, Spring must encourage this customer to request fewer customer visits and 
rush deliveries as well as larger but fewer purchases. 

The ABC system underlying Exhibit 17-2 provides a road map to facilitate less use of 
cost drivers by a customer to promote cost reduction. Another advantage of ABC is that 
it highlights a second way cost reduction can be promoted by Spring Distribution—Spring 
can take actions to reduce the costs in each of its own activity areas. For example, order 
taking currently is estimated to cost $100 per purchase order. By making its own ordering 
process more efficient (such as having its customers order electronically), Spring can | 
reduce its costs even if its customers make the same number of orders. 

Exhibit 17-3 reports Spring Distribution’s monthly operating income. The hierarchi- 
cal format in Exhibit 17-3 distinguishes among various degrees of objectivity when allo- 
cating costs, and it dovetails with the different levels at which decisions are made and 
performance is evaluated. The issue of when and what costs to allocate is another example 
of the “different costs to match the economic facts” idea emphasized throughout the text. 
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Customer Profitability Analysis for Four Customers of Spring Distribution for June 

Sil UN DAT WSC EON SE SY 
Se a 
Ee a 

Revenues at list price: $14.40 x 42,000; 33,000; 2,900; 2,500 $604,800 $41,760 $36,000 

Price discount: $0.96 x 42,000; $0.24 x 33,000; $1.20 x 2,900; $0 x 2,500 en Pe 

| 5 | Revenues at actual price 564,480 167,280 38,280 36,000 

Fs] costorsoods sa sraxcnm; samen zmmoze =| Stk | som | sew | LOM 
Gross margin 60,480 71,280 3,480 6,000 

[A] Cistomerteveloperaingeoss——SSSCSCSC~S~S~S 
| 9 Product handling: $0.50 x 42,000; 33,000; 2,900; 2,500 21,000 16,500 1,450 1,250 

i ea ea anaes 2500 | 1500 | 1,000 
ea A 
[12 | _ Ash deiveries: 300% 1:0,20 eee |. 000 
| 13 | Visits to customers: $80 X 6; 5; 4; 3 480 | __ 400 | 320 240 

14 Total customer-level operating costs 25,380 | _ 20,120 | 4,670 2,670 

HA 35,100 Customer-level operating income 

Operating Income Statement for Spring Distribution in 2021 

Be ee 
yd CSTOMER DISTRIBUTIONCHANNEIS 
Pap Witte Customers | Ctl Customers 
re a ee 
| SEES Cee ee Te | [ool 

| Revenues (at actual 

prices) $12,138,120 | $10,107,720 | $1,946,000 | $1,476,000 ra 030,400 | $564,480 $467,280 

| 6 | Customer-level costs | costs} 11,633,760 | _11,633,760_| 760 9, |_ 9,737,280 280 1,868,000 868,000 |_1,416,000 | A416, 000] | 1,896,480 | 896,480 | 529,380] 380 | > 

— Ea 

operating income 504,360 370,440 $_78,000 78,000 $__ 60,000 60,000 hener 133,920 $ 35,100 35,100 $ 51,160 51,160 sie 

Distribution-channel 

costs ___ 160,500 |  —_: 102,500 58,000 

Distribution-channel 

operating income 343,860 $__ 267,940 267,940 $_75,920 75,920 

Corporate-sustaining 

costs ___ 263,000 

[i [ooeainetcone [Sago [ oe oe A 
13 | 9Full details are presented in Exhibit 17-2. 

14 | ‘Cost of goods sold + Total customer-level operating costs from Exhibit 17-2. 

15 | e Indicates that the data has been omitted in order to condense the exhibit. 
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LO 9 
Calculate and interpret four 

levels of contribution 

margin variance analyses. 

Dexter Inc. has only two retail and two wholesale customers. Information relating 
to each customer for 2021 follows: 

_ Wholesale Customers Retail Customers 

WestRegion __East Region 
Wholesaler § Wholesaler HudsonInc. Pentel Corp 

Revenues atlist prices $750,000 $1,180,000 $350,000 $260,000 

Discounts from list prices 51,600 79,200 19,800 6,180 © 

Cost of goods sold 570,000 1,020,000 298,000 190,000 

Delivery costs 29,100 23,420 16,460 14,290 

Order processing costs 12,640 16,960 9,360 7,260 

Cost of sales visit 12,600 10,240 9,240 8,150 

Required 

Calculate customer-level operating income. 

The customer-level operating incomes of Customers A and B in Exhibit 17-2 are 
shown in columns I and K of Exhibit 17-3. In contrast to this presentation, some manag- 
ers and management accountants advocate fully allocating all costs to customers and dis- 
tribution channels so that 

= The sum of operating incomes of all customers in a distribution channel (segment) 
equals the operating income of the distribution channel. 

u The sum of the distribution-channel operating incomes equals companywide operat- 
ing income. 

The justification is that customers and products must eventually be profitable on a 
full product (or service) cost basis. For some decisions, such as pricing, allocating all costs 
ensures that long-run prices ate set at a level to cover the cost of all resources used to pro- 
duce and sell products. In an intensely competitive environment, Spring Distribution’s man- 
agement team would likely choose a target pricing policy. As a price-taker, this would ensure 
Spring would not lose profitable customers because it mispriced its distribution service. 

Consider corporate-sustaining costs such as top management and general administration 
costs. Spring’s managers have concluded that there is neither a cause-and-effect nor a 
benefits-received relationship between any cost-allocation base and corporate-sustaining 
costs. Consequently, allocation of corporate-sustaining costs serves no useful purpose in 
decision making, performance evaluation, or motivation. For example, suppose Spring allo- 
cated the $263,000 of corporate-sustaining costs to its distribution channels: $173,000 to the 
wholesale channel and $90,000 to the retail channel. Using information from Exhibit 17-3, 
the retail channel would then show a loss of $14,080 (= $75,920 — $90,000). 

If this situation persisted in subsequent months, should Spring shut down the retail distri- 
bution channel? No, because if retail distribution were discontinued, corporate-sustaining 
costs would be unaffected. Allocating corporate-sustaining costs to distribution channels 
could give the misleading impression that the $14,080 loss could be avoided if the retail chan- 
nel was discontinued. A similar argument could also be made about the danger of allocating 
the distribution-channel costs out to the individual customers. Given that many of the distri- 
bution-channel costs are fixed and not responsive to changes in individual customer volume, 
it could be misleading to allocate the costs to individual customers, discover that it now looks 
like one of the customers is unprofitable, and then drop the customer only to realize that the 
distribution-channel costs haven’t changed and now must be covered by fewer customers. 

Contribution Margin Variance Analyses 

In this section we will calculate variances that use revenue and contribution margin infor- 
mation as a key input. Profitability analysis requires thorough understanding of the causes 
of both revenue and costs. The finer or more detailed the analyses of what caused 
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unexpected outcomes, the more relevant the information available to managers who must 
remedy the situation. 

Selling-price variances are only reflected on the flexible-budget side of a variance anal- 
ysis since there is no selling-price variance on the sales-volume side of the variance analysis. 
When looking at the sales-volume side of a variance analysis, it is possible to look at 
changes in revenues and the subsequent impact on operating income, but you would also 
have to take into account the corresponding changes in costs in order to have any clear 
picture of the impact on the firm’s operating income. Since both revenues and costs are at 
their budgeted amounts on the sales-volume side of the analysis, it is just as easy (and 
more directly informative) to use a contribution margin analysis (selling price less variable 
costs) instead of a revenue analysis. This is true because, on the sales-volume side of the 
analysis, the fixed costs don’t change with different levels of sales, so any change in con- 
tribution margin will have a direct (and equal) effect on the operating income. 

Spring’s MIS separates all variable customer-level costs from distribution-channel and 
corporate-sustaining costs, which are classified as fixed costs. To simplify the sales-variance 
analysis and calculations, we assume that all Spring’s variable costs are variable with 
respect to units (cases) sold. One consequence is that average batch sizes remain the same 
as the total cases sold vary. Without this assumption, the analysis would become more 
complex and would have to be done using the ABC-variance analysis approach. 

Two variables explain revenue differences across the four customers presented in 
Exhibits 17-1 and 17-2: (1) the volume of bottles purchased and (2) the magnitude of 
price discounting. 

Price discounting is the reduction of selling prices below listed levels to encourage an 
increase in purchases by customers. It is important to remember that the management 
team has selected a cost leadership strategy that requires minimizing cost. When custom- 
ers set price, the company that delivers on the value proposition at the least cost will have 
a higher profit. Spring Distribution’s management team could engage in a price war to 
capture volume, but this is extremely risky in a competitive market. Assuming that this 
company is a cost leadet, price discounting can only hurt profit as its competitors retaliate 
by lowering their price to match or beat that of Spring Distribution. 

Price discounts are a function of multiple factors, including 

# Sales volume purchased by that customer (more volume usually means more discount) 

s Desirability of attracting a specific customer (discounts can be used as incentives) 

s Current market conditions (discounts can allow for temporary price adjustments that 
don’t change the regular, listed price) 

At no time should price discounts run afoul of the law by way of price discrimination, 
predatory pricing, or collusive pricing. Price discounts can also be unethical—for exam- 
ple, when discounts are given by pharmaceutical representatives to doctors to encourage 
them to prescribe a particular drug. That said, price discounts can be an effective tool to 
attract price-sensitive customers without having to revert to “across-the-board,” publicly 
announced cuts to the product’s list price. 

Companies that record only the invoice price in their information system would not 
be able to readily track the magnitude of their price discounting (except in the extreme 
case of a single-product company with a constant list price in the accounting period).! 
In the Spring example below, the price discounting shows up as a cost. This is because sales 
discounts are a contra-account to sales, and therefore the discount has a debit balance 

(opposite to the revenue/sales account’s credit balance). In a variance analysis situation, 
the sales discount account’s debit balance is reflected as a cost of the unit being sold. 
In the table below, we can see that the actual variable cost of the retail channel is $13.17 per 
unit versus the budgeted cost of $13.12. In this situation, this extra cost is due to the price 
discounting in the retail channel. While the difference is subtle, a change in the selling 
price (say, due to changes in the overall market conditions) should be reflected as a selling 

! Further analysis of customer revenues could distinguish between gross revenues and net revenues. This approach would 
highlight differences across customers in sales returns. Additional discussion of ways to analyze revenue differences across 
customers is in R.S. Kaplan and R. Cooper, Cost and Effect (Boston, Mass.: Harvard Business School Press, 1998), Chapter 10. 
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Wholesale channel 

Retail channel 

Total 

price variance, while price discounts being offered should be reflected as an expense (or 
contra-revenue) and analyzed accordingly. Tracking discounts by customer, and by sales- 
person, can provide valuable information about ways to improve customer profitability. 
For example, companies may institute a corporate policy to ensure that any volume-based 
price discounting policy is enforced for customers with decreasing volume as well as those 
with increasing volume. It may also require its salespeople to obtain approval before giv- 
ing large discounts to customers not normally qualifying for them. In addition, it could 
track the future sales of customers that its salespeople argue warrant a sizable price dis- 
count due to their predicted “high growth potential.” 

The following information, from Spring Distribution’s MIS, will be used to calculate sev- 
etal variances for the company. Budget and actual data for June are shown in the table below: 

Budget Data for June 

Contribution Sales Sales Mix 

Selling Variable Margin per Volume (Based on Contribution 
Price per Unit Cost per Unit Unit in Units Units) Margin 

(1) (2) (3) = (1) — (2) (4) (5) (6) = (3) x (4) 

$13.37 $12.88 $0.49 712,000 80%! $348,880 

14.10 13.12 0.98 178,000 20% 174,440 

890,000 $100% $523,320 

“Unit” in the column headings refers to a case of 24 bottles 

®Percentage of unit sales to wholesale channel = 712,000 units + 890,000 total units = 80%. 

Wholesale channel 

Retail channel 

Total 

Actual Data for June 

Contribution Sales Sales Mix 

Selling Variable Margin per Volume (Based on Contribution 
Price per Unit Cost per Unit Unit in Units Units) Margin 

(1) (2) (3) = (1) — (2) (4) (5) (6) = (3) x (4) 

$13.37 $12.88 $0.49 756,000 84% $370,440 

14.10 13.17 0.93 144,000 16% 133,920 

900,000 100% $504,360 

Static-Budget Contribution Margin Variance 

Recall from Chapter 7 that the static-budget contribution margin variance is calculated as 

Static-budget contribution margin variance = Actual results — Static-budget amount 

Our analysis focuses on the difference between actual and budgeted contribution 
margins (column 6 in the preceding tables). The total static-budget variance is $18,960 U 
(actual contribution margin of $504,360 — budgeted contribution margin of $523,320). 
Managers can gain more insight about the static-budget variance by subdividing it into 
the flexible-budget variance and the sales-volume variance. 

Flexible-Budget and Sales-Volume Contribution 

Margin Variances 

Flexible-Budget Variance 

The flexible-budget contribution margin variance is a Level 2 variance calculated as: 

Flexible-budget contribution margin variance = Actual results — Flexible-budget amount 

The flexible-budget variance is the difference between an actual result and the corre- 
sponding flexible-budget amount based on actual output level in the budget period. The 
flexible-budget contribution margin (CM) is equal to budgeted CM per unit (case) times 
actual units (cases) sold of each product. Exhibit 17-4, column D, shows the flexible-budget 
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Flexible-Budget and Sales-Volume Contribution Margin Variance Analysis of Spring Distribution for June 

oe D E F G 
1 Actual Results: Flexible Budget: Static Budget: 

2 Actual Units of Actual Units of Budgeted Units of 

3 All Products Sold x All Products Sold x All Products Sold x 

4 Actua! Sales Mix x Actual Sales Mix x Budgeted Sales Mix x 

5 Actual Contribution Budgeted Contribution Budgeted Contribution 

Ee Margin per Unit ty Margin per Unit Margin per Unit 

7 (1) (2) (3) 

8 | Wholesale | 900,000 x 0.84 x $0.49 = | $370,440 | 900,000 x 0.84 x $0.49 = $370,440 | 890,000 x 0.80 x $0.49 = | $348,880 

9 | Retail 900,000 x 0.16 x $0.93 = | 133,920 | 900,000 x 0.16 x $0.98 = 141,120 | 890,000 x 0.20 x $0.98 = 174,440 

10 $504,360 $511,560 $523,320 

12 | Level 2 Flexible-budget CM variance Sales-volume CM variance | 

13 | 4 $18,960 | U 4 
14 | Level 1 Static-budget CM variance 

16 Zi 
16 

calculations. The flexible budget measures the CM that Spring would have budgeted for 
the actual quantities of cases sold. The flexible-budget variance is the difference between 
columns B and D in Exhibit 17-4. 

Recall that the levels of detail introduced in Chapter 7 included the static-budget vari- 
ance (Level 1), the flexible-budget variance (Level 2), and the sales-volume variance (Level 
2). The sales-volume variance can be further separated into sales-mix and sales-quantity 

Dexter Inc. has only two retail and two wholesale customers, Information relating 
to each customer for 2021 follows: 

Revenues at list prices 

Discounts from list prices 

Cost of goods sold 

Delivery costs 

Order processing costs 

Cost of sales visit 

Wholesale Customers 

West Region 

Wholesaler 

$750,000 

51,600 

570,000 

29,100 

12,640 

12,600 

East Region 
Wholesaler 

$1,180,000 

79,200 

1,020,000 

23,420 

16,960 

10,240 

Retail Customers 

Hudson Inc. 

$350,000 

19,800 

298,000 

16,460 

9,360 

9,240 

Pentel Corp 

$260,000 

6,180 

190,000 

14,290 

7,260 

8,150 

Dexter Inc.’s annual distribution-channel costs are $36,000 for wholesale customers 
and $14,000 for retail customers. The company’s annual corporate-sustaining costs 
are $48,000. The company allocates distribution-channel cost to customers in each 
channel on the basis of revenues (at actual prices). It allocates corporate overhead 
costs (1) to distribution channels based on channel operating incomes, if positive and 
(2) from channels to customers based on channel operating income if positive. 

Required 

Prepare a customer profitability report based on fully allocated costs. 
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Overview 
of Levels 1 and 2 Contri- 

bution Margin Variances 

for June 

Campbell Corp. buys and sells two types of sunglasses in New York: Duma and 
Kool. Budgeted and actual results for 2021 are as follows: 

Budget for 2021 Actual for 2021 

Variable Variable 
Selling Costper Selling Cost per Units 

Product Price Unit Units Sold Price Unit Sold 

Duma $20 $16 88,000 $18 $15 90,000 

Kool $23 $18 132,000 $25 $19 110,000 

Required 

Compute the total sales-volume variance, the total sales-mix variance, and the total 

sales-quantity variance. (Calculate all variances in terms of contribution margin.) 
Show results for each product in your computations. 

variances, which are Level 3 variances.” Exhibit 17-4 illustrates how to reconcile Levels 1 

and 2 CM variance analyses for the current sales mix of products sold through the two 
distribution channels. 

The key difference between columns B and D is that actual units sold of each product 
is multiplied by actual CM per unit in column B and budgeted CM per unit in column D, 
The $7,200 U flexible-budget variance arises because actual CM on retail sales of 
$0.93 per case is lower than the budgeted amount of $0.98 per case. Spring’s management 
is aware that this difference of $0.05 per case resulted from excessive price discounts, and 
they have put controls in place to reduce discounts in the future. 

Special attention is paid to companies with multiple products or services and to com- 
panies selling the same product or service in multiple distribution channels. Companies 
such as Cisco, GE, and Hewlett-Packard perform similar analyses because they sell their 
products through multiple distribution channels—for example, via the internet, over the 
telephone, and in retail stores. 

Sales-Volume Contribution Margin Variance 

The sales-volume contribution margin variance is calculated as 

¥ Budgeted contribution 
Sales-volume 

) margin per unit 

=a ' Actual sales Static-budget sales 
contribution margin = = a SS ot 

quantity in units quantity in units 
variance 

The sales-volume variance shows the effect of the difference between the actual and 

budgeted quantity of the variable used to “flex” the flexible budget. The sales-volume 
variance of $11,760 U is the difference between columns E and G in Exhibit 17-4. 

Exhibit 17-5 presents these calculations in graphic format. 

Level 1 

Level 2 

> The presentation of the variances in this chapter draws on teaching notes prepared by J.K. Harris. 
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Interpretation of Levels 1 and 2 Contribution Margin Variance 

The flexible-budget variance of $7,200 U arose because the actual Q produced and sold 
either cost more than it should have or the selling price was lower than the budgeted 
amount. Further variance analysis would help to isolate the cause of the unfavourable 
variance (see Chapters 7 and 8 for selling-price variance, direct materials variance, direct 
manufacturing labour variance, and variable overhead variance). In this case, we already 
know that it was due to price discounting. However, the $11,760 U sales-volume CM 
variance is also a concern, Although the quantity sold was more than budget (900,000 
cases versus 890,000 cases), the operating income went down (by the amount of the CM 
variance), To examine the sale-volume CM variance in more detail, it is necessary to 

inspect the relevant Level 3 components: sales-mix variance and sales-quantity variance. 

Sales-Mix and Sales-Quantity Contribution 
Margin Variances 

The sales-mix contribution margin variance is one of the Level 3 variances calculated as the 
difference between two amounts: (1) the budgeted amount for the actual sales mix and (2) the 

budgeted amount for the budgeted sales mix. In the case of CM variances, the managers of 
each product would have some discretion in how their individual and product bundles were 
sold, The formula for computing the sales-mix variance in terms of the CM for Spring is 

pers Actual units of Actual sales- Budgeted sales- eae 
contribution margin = ; -— X contribution 

all products sold \mix percentage mix percentage 
variance margin per unit 

Budgeted Sales-Mix 
Actual Units of ( Actual Sales- — Budgeted ced Contribution Contribution 

All Products Sold x \MixPercentage Mix Percentage / x MarginperUnit = Margin Variance 

Wholesale 900,000 units x (84.00% = 80.00%) x $049 perunit = $ 17,640 F 

Retail 900,000 units x (16.00% = 20.00%) xX $0.98perunit = $ 35,280 U 

Total sales-mix variance $ 17,640 U 

A favourable sales-mix variance arises for the wholesale channel because the 84% 
actual sales-mix percentage exceeds the 80% budgeted sales-mix percentage. In contrast, 
the retail channel has an unfavourable variance because the 16% actual sales-mix per- 
centage is less than the 20% budgeted sales-mix percentage. The sales-mix variance is 
unfavourable because actual sales mix shifted toward the less-profitable wholesale chan- 
nel relative to budgeted sales mix. Remember that if one product line increases its share of 
the sales mix (i.e., has a favourable sales-mix variance), then at least one other product 

must decrease its share of the sales-mix (i.e., have an unfavourable sales-mix variance). 
The concept underlying the sales-mix variance is best explained in terms of budgeted 

CM per composite unit of the sales mix. A composite unit is a hypothetical unit with weights 
based on the mix of individual units, For actual sales mix, the composite unit consists of 
0.84 units of sales to the wholesale channel and 0.16 units of sales to the retail channel. 
For budgeted sales mix, the composite unit consists of 0.80 units of sales to the wholesale 
channel and 0.20 units of sales to the retail channel. The table below reports budgeted CM 
per composite unit, computed in columns 3 and 5, for actual and budgeted mix: 

Budgeted Budgeted 

Budgeted Actual Contribution Budgeted Contribution Margin 
Contribution Margin Sales-Mix Margin per Unit Sales-Mix per Composite Unit 

per Unit percentage for Actual Mix Percentage for Budgeted Mix 

(1) (2) (3) = (1) x (2) (4) (5) = (1) x (4) 

Wholesale $0.49 84.00% $0.4116 80.00% $0.3920 

Retail 0.98 16.00 0.1568 20.00 0.1960 

$0.5684 $0,5880 



688 Chapter 17 Revenue and Customer Profitability Analysis 

Actual sales mix has a budgeted CM per composite unit of $0.5684. Budgeted sales 
mix has a budgeted CM per composite unit of $0.5880. Budgeted CM per composite unit 
can be computed in another way by dividing total budgeted CM of $523,320 by total 
budgeted units of 890,000: $523,320 + 890,000 units = $0.5880 per unit. The effect of 
the sales-mix shift for Spring is to'decrease budgeted CM per composite unit by $0.0196 
($0.5880 — $0.5684). For the 900,000 units actually sold, this decrease translates to a 
$17,640 U sales-mix variance ($0.0196 per unit X 900,000 units). 

The sales-quantity contribution margin variance is the difference between two 
amounts: (1) the budgeted CM based on actual units sold of all products and the bud- 

geted mix and (2) the CM in the static budget (which is based on the budgeted units to be 
sold of all products and the budgeted mix). The formula for calculating the sales-quantity 
CM variance in terms of CM is 

Budgeted 

contribution 

Sales-quantity 
HEN, ( Actual units of | Budgeted units 4 Budgeted sales- 

contribution margin = x 
all products sold ~ all products sold mix percentage 

variance margin per unit 

, ; Budgeted 
( Actual Units of _ Budgeted Units Budgeted Sales- Contribution Quantity 
All Products Sold = All Products Sold? x MixPercentage x  MarginperUnit = Variance 

Wholesale (900,000 = 890,000) x 80.00% X $0.49 per unit = $3,920 F 

Retail (900,000 = 890,000) x 20.00% X $0.98 per unit = 1,960 F 

Total sales-quantity contribution margin variance F 

Exhibit 17-6 reports the results of the Levels 2 and 3 variance analyses in columnar 
format. 

The sales-quantity CM variance is one where the individual components of the vari- 
ance (the separate product lines) always move in the same direction. For example, if the 
overall sales-quantity variance is favourable (i.e., more units were sold than were originally 
budgeted for), then all the individual products will also have a favourable sales-quantity 
CM variance, and vice versa. Spring sold 10,000 more cases than were budgeted, resulting 
in a $5,880 F sales-quantity variance (also equal to budgeted CM per composite unit for 
the budgeted sales mix times the additional cases sold, $0.5880 X 10,000). Exhibit 17-7 
illustrates graphically how to reconcile Level 3 and Level 2 variances. 

Sales-Mix and Sales-Quantity Contribution Margin Variance Analysis of Spring Distribution for June 

iia a 
A a 
Pz] | etal units ot | [Antal Untsot [| Budgeted unis of |_| 
3] | AllProduet Sola | | AllProductsSoidx | | AlPromets Sox [| 
ra] | eta Sales Mixx | | Budgeted Sates Mix x | | Budgeted Sale mixx |_| 
5] | Budgeted Contribution | | Budgeted Contribution | | Budgeted Contribution |_| 
[a[ | Marginperuni[ | _Marginporunt||__Marginperunt__[ | 
[> _W _ olirtvanlaits tea ae 0 a 
[a | Wholessle | sonnooxnee canaa= | Sood | son00% 080 <3540= SH0 0 
[ara omnxorexsnse= [rani | snanoxozoxenee= | ao | wom xoanxenee= | 4d 
a a) 
Pree Sao 

pafieeis [|__| Seles-mixverance | | Seles aventty variance |____ 
Pn WE en 
ee Facesctine venice | 
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Level 1 

Level 2 

Level 3 

Interpretation of Level 3 Revenue Variances 

Managers should probe why the $17,640 U sales-mix variance occurred in June. Is it 
because 

ws The economy changed and retail customers were more difficult to find than originally 
anticipated? 

« A competitor in the retail channel provided the same (or better) service at a lower price? 

a The original projections for the sales mix were estimated without adequate research? 

a Things were much better in the wholesale channel as the sales mix changed and the 
number of cases sold in the wholesale channel was more than the original budget? 

Sales depend on overall demand for the industry’s products as well as the company’s 
share of the market for bottled water. Assume that Spring derived its total unit sales bud- 
get from a management estimate of a 25% market share and a total industry sales forecast 
of 3,560,000 units (0.25 X 3,560,000 units = 890,000 units). For June, actual industry 
sales were 4,000,000, and Spring’s actual market share was 22.5% (900,000 + 4,000,000 
= 0.225 or 22.5%). 

Managers would want to determine the reasons for the increase in sales. Did higher 
sales come as a result of a competitor’s distribution problems? Better customer service? 
Or growth in the overall market? Further insight into the causes of the sales-quantity vari- 
ance can be gained by analyzing changes in Spring’s share of the total market available 
relative to any change in the size of the entire market. 

Market-Share Variance 

The market-share variance is one of the Level 4 variances calculated as the difference 
between two amounts: (1) the actual market size in units, times the actual market share, 

calculated using the budgeted per composite unit for the budgeted mix, and (2) the actual 
market size in units, times the budgeted market share, calculated using the budgeted per 
composite unit for the budgeted mix. The formula for computing the market-share vari- 
ance in terms of CM for Spring is 

Budgeted contribution 
Market share . _ Actual market ( Actual Budgeted ) 

contribution margin= |, ; - xX margin per composite 
; size in units market share market share / 

variance unit for budgeted mix 

= 4,000,000 units (cases) X (0.225 — 0.25) X $0.5880 per unit (case) 

= $58,800 U 

The budgeted CM per composite unit for the budgeted mix (also known as budgeted 
average CM per unit) is calculated using the approach outlined earlier in this chapter. 

Overview 
of Levels 1, 2 and 3 Con- 
tribution Margin Variances 
for Spring Distribution for 
June 
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Market-Size Contribution Margin Variance 

The market-size contribution margin variance is the difference between two amounts: 

(1) the amount based on the actual market size in units, times the budgeted market share, 
and budgeted CM per composite unit for budgeted mix, and (2) the static-budget amount 
based on the budgeted market size in units, times the budgeted market share, and bud- 
geted CM per composite unit for budgeted mix. The formula for computing the market-size 
variance in terms of CM for Spring is 

si B ibuti 
Maries ears Gee market Budgeted pia Budgeted Mcgee ata 

contribution margin ={ |, Seth cawe Sie : x X margin per composite 
; size In units size in units market share : : 

variance unit for budgeted mix 

= (4,000,000 units (cases) — 3,560,000) x 0.25 xX $0.5880 

= $64,680 F 

The market-size CM variance is favourable because actual market size, or total con- 
sumer demand, increased 440,000 cases, or 12.4%,°? compared to budgeted market size. 

Managers should probe the reasons for the market-share and market-size variances for 
June. Was the $58,800 U market-share variance because of competitors providing better 
service and offering a lower price? Did Spring’s products experience quality control prob- 
lems that were the subject of negative media coverage? Is the $64,680 F market-size vari- 
ance because of an increase in market size that can be expected to continue in the future? 
If yes, Spring has much to gain by attaining or exceeding its budgeted 25% market share. 
The reconciliation of Level 4 to Level 3 variance is reported in Exhibit 17-8. 

Spring Distribution’s management team is now in a position to use its four-level CM 
variance analysis, along with its ABC customer cost analyses, to produce a customer prof- 
itability profile. Exhibit 17-9 presents an overview of the Level 1 to Level 4 variances and 
how each level of variance reconciles to the others. 

Level 4 Contribution Margin Variance Analysis of Spring Distribution for June 

Rees Static Budget 
| 2 Actual Market Size x Actual Market Size x Budgeted Market Size x 

Actual Market Share x. Budgeted Market Share x Budgeted Market Share x 

Budgeted Average Budgeted Average Budgeted Average 

Contribution Margin Contribution Margin Contribution Margin 

per Unit per Uni Po per Sal 
3,560,000 x 0.25° x $0.5880° 

$588,000 $523,320 

$58,800 | U $64,680 | F pee 
/11| Level 4 | Market-share CM variance Market-size CM variance 

| [ER $5,880 F nT Oe 
a [teers | YS qunty CM variance 
[18 | Feiner afectononatig eons U=wevorabeofecion owataieone 

®Actual market share; 900,000 units + 4,000,000 units = 0.225 or 22.5%. 

Budgeted average contribution margin per unit: $523,320 + 890,000 units = $0.5880 per unit, 

°Budgeted market share: 890,000 + 3,560,000 units = 0.25 or 25%. 

3 (4,000,000 — 3,560,000) + 3,560,000 = 0.124 or 12.4% 



Contribution Margin Variance Analyses 

Level 1 

Level 2 

Level 3 

Level 4 

Campbell Corp. buys and sells two types of sunglasses in New York: Duma and 
Kool. Budgeted and actual results for 2021 are as follows: 

Actual for 2021 

Variable 

Cost per 

Unit 

$15 

$19 

Budget for 2021 

Variable 
Selling Cost 

Price per Unit 

$20 $16 

$23 $18 

Units 

Sold 

90,000 

110,000 

Selling 
Units Sold Price 

88,000 $18 

132,000 $25 

Product 

Duma 

Kool 

Campbell Corp. prepared the budget for 2021 assuming an 11% market share based 
on total sales of 2,000,000 units in New York. However, actual total sales volume in 

New York was 2,500,000 units. 

Required 

Calculate the market-share and market-size variances for Campbell Corp. in 2021. 
(Calculate all variances in terms of contribution margin.) Comment on the results. 

Interpretation of Level 4 Contribution Margin Variances 

Some companies place more emphasis on the market-share variance than the market-size 
variance when evaluating their managers. That’s because they believe the market-size vari- 
ance is influenced by economy-wide factors and shifts in consumer preferences that are 
outside the managers’ control, whereas the market-share variance measures how well 
managers performed relative to their peers. Be cautious when computing the market-size 
variance and the market-share variance. Reliable information on market size and market 
share is available for some but not all industries. The automobile, computer, and television 
industries are cases in which market-size and market-share statistics are widely available. 
In other industries, such as management consulting and personal financial planning, infor- 
mation about market size and market share is far less reliable. 

The managerial task, based on this feedback, is to decide upon the best response. 
The unfavourable variances have only revealed what occurred, not how it occurred. If 
there is a controllable cause, then the team will find an operating remedy. If there is an 
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uncontrollable cause, then the best decision may be to change the budget and dea! with a 
new set of expectations, as unfavourable as they may be. 

Market-share and market-size variances reveal generally what variances are controlla- 
ble and uncontrollable. In a competitive market it is rare that a single company can con- 
trol market size. The demand for ‘a product or a service depends on consumer preference. 

Thus, an unfavourable market-size variance has strategic implications. For example, 
the recently reduced demand for SUVs may imply a long-term decision to change capac- 
ity. The cause of the reduced market size, high fuel prices, is beyond the control of vehicle 
manufacturers, Another potential remedy is innovative use of alternative, less-expensive 
fuels, which requires redesign of the internal combustion engine. A third alternative would 
be to expand into adjacent product markets and simply harvest the benefits of the capac- 
ity already in place. 

In contrast, an unfavourable market-share variance has operating implications. 
The reduced demand for products made by a specific company with no accompanying 
reduction in market size provides different relevant information. Remedies include improved 
understanding of the value proposition, improved product attributes, or improved timeliness. 

ere) \(e]j-ae-97 Variance Analysis and Standard Costing 
IND Neagle), Help Sandoz Manage Its Overhead Costs 

at each work centre. The resulting standard product cost 
is used in product profitability analysis and as a basis for 
making pricing decisions. The two main focal points in 
Sandoz’s performance analyses are overhead absorption 
analysis and manufacturing overhead variance analysis. 

Each month, Sandoz uses absorption analysis to 
compare actual production and actual costs to the stan- 
dard costs of processed inventory. The monthly analysis 
evaluates two key trends: 

1. Are costs in line with the budget? If not, the reasons 
are examined and the accountable managers are 
notified, 

. Are production volume and product mix conforming 
to plan? If not, Sandoz reviews and adjusts machine 
capacities and the absorption trend is deemed to be 
permanent. 

Sandoz, the $10.1 billion generics division of Swiss-based 
Novartis AG, is the world’s second largest generic drug 
manufacturer. Generic pharmaceuticals help reduce the 
cost of healthcare around the world. In the United States 
in 2016, for example, 88% of all prescription drugs dis- 
pensed were generics, but they accounted for only 28% 
of total drug costs. Market pricing pressure means that 
Sandoz operates on razor-thin margins. As a result, the 
company must ensure that managers have a full and accu- 
rate understanding of its costs, including an accounting 
for overhead costs, Sandoz uses standard costing and 
variance analysis to manage its overhead costs, 

Each year, Sandoz prepares an overhead budget 
based on a detailed production plan, planned overhead 
spending, and other factors, Sandoz then uses ABC to 

Manufacturing overhead variances are examined at 
the work centre level. These variances help determine when 
equipment is not running as expected so it can be repaired 
or replaced. Variances also help in identifying inefficiencies 
in processing and setup and cleaning times, which leads to 
more efficient ways to use equipment. Sometimes, the man- 
ufacturing overhead variance analysis leads to the review 
and improvement of the standards themselves—a critical 
element in planning the level of plant capacity. Manage- 
ment also reviews current and future capacity on a monthly 
basis to identify constraints and future capital needs. 

Sources: Novartis AG, 2016 Form 20-F (Basel, Switzerland: Novartis AG, 
assign budgeted overhead costs to different work centres 
(for example, mixing, blending, tableting, testing, and 
packaging). Finally, overhead costs are assigned to prod- 
ucts based on the activity levels required by each product 

2016); IMS Institute for Healthcare Informatics/Generic Pharmaceutical 
Association, Generic Drug Savings in the United States, November 2016; 
Conversations with, and documents prepared by, Eric Evans and Erich 
Erchr of Sandoz, 2004; Conversations with, and documents prepared by, 
Tobias Hestler and Chris Lewis of Sandoz, 2016. 



Customer Profitability Analysis 

Customer Profitability Analysis 

Once a company such as Spring Distribution decides to measure customer profitability, 
management accountants are responsible for articulating the benefits of such measure- 
ments. This can be problematic because the sales groups in most companies are compen- 
sated on the basis of revenues, not customer profits. Therefore, the sales force may be 
reluctant to follow a strategy of serving only profitable customers and taking actions to 
change the behaviour and buying patterns of those that are unprofitable. 

When it comes to customer profitability analysis, the sales force is not the only part of 
an organization that may pose challenges for management accountants. Line managers 
are sometimes surprised by which customers are profitable and which are not, because 
they may assume a company’s largest customer is profitable. However, this customer may 
consume high levels of customer support and actually be unprofitable. Management 
accountants need to communicate to the sales force and line managers why measuring 
customer profits is critical to the organization. 

We will focus mainly on customer profitability analysis in Spring’s retail distribution 
channel. The list selling price in this channel is $14.40 per case (unit), while the purchase 
cost to Spring is $12 per case. If every case were sold at its list price in this distribution 
channel, Spring would earn a gross margin of $2.40 per case or a 20% gross margin. This 
high-percentage contribution by a small number of customers is a common finding in 
many studies. It highlights the importance of Spring Distribution maintaining good rela- 
tions with this pivotal set of customers. But, even with this group of highly profitable 
customers, it may be worthwhile to do an even more detailed profitability analysis. 

The data on all customers, retrieved from Spring’s MIS, are reported in Exhibit 17-10. 
Wholesale customers comprise new data, as do the distribution-channel costs and corpo- 
rate-sustaining costs. The format of Exhibit 17-10 is based on Spring’s cost hierarchy. 
All costs incurred to serve customers are not included in customer-level costs and therefore are 
not allocated to customers in Exhibit 17-10. Distribution-channel costs such as the $58,000 
salary for the manager.of the retail distribution channel are not included in customer-level 
costs and are not allocated to customers (see Exhibit 17-2). Instead, these costs are 

LO® 
Generate a customer 

profitability profile. 

Customer Profitability Analysis for Retail Channel Customers: Spring Distribution, June 

693 

“Tl en ee 
(ES 

101.36 

103.73 

102.84 

101,58 

100.00 

rn et | 2 Catone leyel | 
Pees ee, |_| Operating lacome 

as a % of Total 

| a) «| (5) = (4) + $133,920 

Beer pyaar 
a 
| a OTT RR 

| 
"a ] Customer [Income | Revenue [Divided by Revenue | Operating income | Operating Income | 
a a ee 
a YS 
Rien | mie | ee | 
a a 
Beno Cts fami a oo | an | 

ee ae teammate 
80 17.70 

| =r a 
$133,920 $2,030,400 



694 Chapter 17 Revenue and Customer Profitability Analysis 
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identified as costs of the distribution channel as a whole (see Exhibit 17-3). That is because 
Spring’s management believes that changes in the retail channel manager’s salary will not 
affect the behaviour of a specific customer. 

Distribution-channel costs will be affected only by decisions pertaining to the whole 
channel, such as a decision to discontinue retail distribution. Another reason Spring does 
not allocate distribution-channel costs to customers is motivation. Spring’s managers con- 
tend that salespersons responsible for managing individual customer accounts would lose 
motivation if their bonuses were affected by the allocation to customers of distribu- 
tion-channel costs over which they have almost no influence. 

Exhibit 17-11 ranks customers on customer-level operating income. Three of the four 
smallest customers (based on revenue) are unprofitable. Moreover, customer E, with rev- 

enues of $193,000, is only marginally profitable. Further analysis revealed that a former 
sales representative gave customer E excessive discounts in an attempt to meet a monthly 
sales-volume target. 

Managers often find the bar chart presentation, like that shown in Exhibit 17-11, to 
be the most intuitive way to visualize customer profitability. The highly profitable cus- 
tomers clearly stand out. Moreover, the number of loss-customers and the magnitude of 
their losses are apparent and focus management attention on how to improve the profit- 
ability of these loss-customers. 

Assessing Customer Value 

The “80-20 rule,” also known as the Pareto principle,’ appears to prevail among customers: 
Of total profit, 80% will come from 20% of the customers. Customer profitability analysis 
is attention-getting and directs management attention toward maintaining the best possible 
retention ratio of these customers and transforming the remainder into more profitable 
customers. The information in Exhibits 17-3 and 17-10 relates to customer profitability in 
a single accounting period. This is one of several factors that managers should consider in 
deciding how to allocate resources across customers. Other factors include the following: 

s Short-run and long-run customer profitability. 

= Customer retention likelihood. The more likely a customer is to continue doing busi- 
ness with a company, the more valuable the customer is. 

* The Pareto principle or “80-20 rule” comes from the observation that results are frequently not distributed in symmetrical or 
proportionate fashions. Vilfredo Pareto, an Italian economist, noted this phenomenon when researching Italian land owner- 
ship in 1906. He found that approximately 80% of the land was owned by 20% of the population. Since that observation, this 
ratio has been seen to be repeated in many areas of both nature and business. 
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a Customer growth potential. This factor will be influenced by the likely growth of the 
industry of the customer and the likely growth of the customer (due to, say, the cus- 
tomer’s ability to develop new products). 

n Increases in overall demand from having well-known customers. Some customers 
are highly valuable because they have established reputations that make them very 
useful to mention in sales visits. Other customers are valuable because of their will- 
ingness to provide product endorsements. 

u Ability to learn from a customer. Customers can be an important source of ideas 
about new products or ways to improve existing products. 

a Salesforce/other customers’ reaction. Dropping a customer can result in negative 
goodwill. Loyalties and a sense of what is “fair” can have a significant impact when 
companies decide to drop customers. 

u Legal requirements and regulations. For some regulated companies, and given cur- 
rent equity legislation, it may not be possible to drop some customers due to legal 
reasons, whatever their profitability (or lack thereof). 

Managers should be particularly cautious when deciding to drop customers. 
Short-run profitability reports may provide misleading signals about their long-run 
profitability. Moreover, not all costs assigned to a customer may be variable with 
respect to short-run reductions in purchases by customers. It is typically not the case 
that a policy of dropping any currently unprofitable customer (sometimes called “rev- 
enue shedding”) will eliminate, in the short run, all the costs assigned to that 
customer. 

Customer Mix Analysis 

The goal of customer profitability analysis is to use high-quality data to make decisions 
that will improve the profitability of a company. This section illustrates relevant-revenue 
and relevant-cost analyses when different cost drivers are identified for different activities 
in ABC. This discussion is similar to the relevant-cost analysis in Chapter 11 but with a 
specific emphasis on ABC when the cost object is the customer. The analysis focuses on 
customer profitability at Allied West, the west coast sales office of Allied Furniture, a 
wholesaler of specialized furniture. 

The MIS at Allied West provides detailed cost information on three customers for the 
yeat, as reported in Exhibit 17-12. Allied West wholesales furniture to three local retailers: 

Vogel Brenner Wisk Total 

Sales $500,000 $300,000 $400,000 $1,200,000 

Cost of goods sold 370,000 220,000 330,000 920,000 

Materials-handling labour | 41,000 18,000 33,000 92,000 

Materials-handling equipment cost 
written off as depreciation 10,000 6,000 8,000 24,000 

Rent 14,000 8,000 14,000 36,000 

Marketing support 11,000 9,000 10,000 30,000 

Purchase orders and delivery processing 13,000 7,000 12,000 32,000 

General administration 20,000 12,000 16,000 48,000 

Total operating costs 479,000 280,000 423,000 1,182,000 

Operating income $ 21,000 $ 20,000 $(23,000) 18,000 

Allocated corporate costs 24,000 

$ (6,000) 
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Vogel, Brenner, and Wisk. Additional information on Allied West’s costs for different 

activities at various levels of the cost hierarchy is as follows: 

a Materials-handling labour costs vary with the number of units of furniture shipped to 
customers. 

w Different areas of the renee stock furniture for different customers. Materi- 
als-handling equipment and depreciation costs on the equipment are identified with 
individual customer accounts. Any equipment not used remains idle. The equipment 
has a one-year useful life and zero disposal price. 

w Allied West allocates rent costs to each customer account based on the amount of 

warehouse space occupied by the products to be shipped to that customer. 

= Marketing costs vary with the number of sales visits made to customers. 

= Purchase order costs vary with the number of purchase orders received; delivery pro- 
cessing costs vary with the number of shipments made. 

s Allied West allocates fixed general administration for the Allied West office costs to 
customers based on dollar sales made to each customer. 

The management team’s task is to analyze these data, assuming they are faithful to 
the economic facts of what each customer costs. From the analysis, Allied West can pre- 
dict the effects of dropping any customer on their profitability. 

Drop a Customer 

Exhibit 17-12 indicates a loss of $23,000 on sales to Wisk. Allied West’s manager believes 
this loss was occurred because Wisk places many low-volume orders with Allied, resulting 
in high purchase order, delivery processing, materials handling, and marketing activity. 
Allied West is considering several possible actions with respect to the Wisk account: reduc- 
ing its own costs of supporting Wisk by becoming more efficient, cutting back on some of 
the services it offers Wisk, charging Wisk higher prices, or dropping the Wisk account. 
The following analysis focuses on the operating income effect of dropping the Wisk 
account. The following financial facts are from the ABC system: 

1. Dropping the Wisk account will save cost of goods sold, materials-handling labour, 
marketing support, purchase order, and delivery processing costs incurred on the 
Wisk account. 

2. Dropping the Wisk account will mean that the warehouse space currently occupied 
by products for Wisk and the materials-handling equipment used to move them will 
become idle. 

3. Dropping the Wisk account will have no effect on fixed general administration costs. 

Exhibit 17-13 shows the results of dropping the Wisk account in both “total” and “dif- 
ferential” formats (see Chapter 11). The analysis predicts that Allied West’s operating income 
will be $15,000 lower if it drops the Wisk account. The last column in Exhibit 17-13 indicates 
in detail why the cost savings from dropping the Wisk account, $385,000, are not enough to 
offset the loss of $400,000 in revenue. The full cost format provides the explanation. Depre- 
ciation, rent, and general administration costs will not change if the Wisk account is dropped. 

Assume that there is an alternative use for the warehouse capacity freed up if Wisk is 
dropped as a customer. Allied has the alternative to lease the extra warehouse space to the 
Sanchez Corporation, which has offered $20,000 per year for it. Then the $20,000 that 
Allied would receive would be the opportunity cost of continuing to use the warehouse to 
service Wisk. Allied would gain $5,000 by dropping the Wisk account ($20,000 from 
lease revenue minus lost operating income of $15,000). 

Before reaching a final decision, however, the management team must examine 
whether Wisk can be made more profitable. Activities use might be changed such that 
services supplied to Wisk earn more than the $20,000 from leasing to Sanchez. Allied 
must also consider qualitative factors, such as the effect of the decision on Allied’s reputa- 
tion with other customers for developing stable, long-run business relationships. 
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Difference: 
Incremental 

Amount of Total Revenues (Loss in Revenue 

____andTotal Costs and Savingsin Costs 
Keep Drop from Dropping 

Wisk Account Wisk Account Wisk Account) 

Sales $1,200,000 $800,000 $(400,000) 

Cost of goods sold 920,000 590,000 330,000 

Materials-handling labour 92,000 59,000 33,000 

Materials-handling equipment cost 

written off as depreciation 24,000 24,000 — 

Rent 36,000 36,000 — 

Marketing support 30,000 20,000 10,000 

Purchase orders and delivery 

processing 32,000 20,000 12,000 

General administration 48,000 48,000 — 

Total operating costs 1,182,000 797,000 385,000 

Operating income $ 18,000 $ 3,000 $ (15,000) 

Add a Customer 

Suppose that in addition to dropping the Wisk account, Allied is evaluating the profitabil- 
ity of substituting a customer, Loral. Allied is already paying rent of $36,000 for the 
warehouse and is incurring general administration costs of $48,000. These costs will not 
change if Loral is added as a customer. Loral is a customer with a profile much like Wisk’s. 
Suppose Allied predicts other revenues and costs of doing business with Loral to be the 
same as those described under the Wisk column of Exhibit 17-13. Should Allied substitute 
Loral as a customer? 

Exhibit 17-14 predicts that incremental revenues will exceed incremental costs by 
$7,000. Allied would not prefer to substitute Loral as a customer for Wisk (a $15,000 
loss versus a $7,000 gain). 

(Loss in Revenue) Incremental 
and Savings in Revenue and 

Costs from (Incremental Costs) 
Dropping Wisk from Adding 

Account Loral Account 

(1) (2) 

Revenue $(400,000) $ 400,000 

Cost of goods sold 330,000 (330,000) 

Materials-handling labour 33,000 (33,000) 

Materials-handling equipment cost written off 

as depreciation 0 (8,000) 

Rent 0 0 

Marketing support 10,000 (10,000) 

Purchase-order and delivery processing 12,000 (12,000) 

General administration 0 0 

Corporate-office costs 0 0 

Total costs 385,000 (393,000) 

Effect on operating income (loss) $ (15,000) $ 7,000 

Relevant- 
Cost Analysis for Allied 

West Dropping the Wisk 

Account 

> alieliaurene® Relevant- 

Cost Analysis for Dropping 
the Wisk Account and 
Adding the Loral Account 
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Relevant- 

Revenue and Relevant- 
Cost Analyses for Closing 
Allied West and Opening 
Allied South 

One key point is that the cost of acquiring new equipment to support the Loral order 
(written off as depreciation of $8,000 in Exhibit 17-14) is included as a relevant cost. It is 
relevant because this cost can be avoided if Allied decides not to do business with Loral. 
Note the critical distinction here. Depreciation cost is irrelevant in deciding whether to 
drop Wisk as a customer (because-it is a past sunk cost), but the purchase cost of the new 
equipment that will then be written off as depreciation in the future is relevant in deciding 
whether to add Loral as a new customer (this analysis assumes that the materials-handling 
equipment being used for the Wisk account is not suitable for use on the Loral account). 

Drop or Add Branches 

Companies periodically confront decisions about discontinuing or adding entire branches 
or business segments. For example, given Allied West’s expected loss of $6,000 (see 
Exhibit 17-12), should it be closed? Assume that closing Allied West will have no effect on 
total corporate-office costs. Exhibit 17-15 reports the relevant revenue and cost analyses 
(in column 1) using the data from the final column in Exhibit 17-12. The revenue losses of 
$1,200,000 will exceed the cost savings of $1,158,000, leading to a decrease in operating 
income of $42,000. Allied West should not be closed down. 

The key reasons are that closing Allied West will save neither depreciation costs of 
$24,000, which is a past or sunk cost (see above), nor actual total corporate costs. 
Corporate costs allocated to various sales offices will change but not decline in total. 
The $24,000 corporate costs that are no longer allocated to Allied West will have to be 
allocated to other sales offices. Therefore, the $24,000 of allocated corporate costs 
should not be included as expected cost savings from closing Allied West. 

Now suppose Allied Furniture has the opportunity to open another sales office, Allied 
South, whose revenues and costs would be identical to Allied West’s, including a cost of 
$25,000 to acquire materials-handling equipment with a one-year useful life and zero 
disposal value. 

Opening this office will have no effect on total corporate costs. Should Allied Furni- 
ture open Allied South? Exhibit 17-15, column 2, indicates that it should do so because 
opening Allied South will increase operating income by $17,000. As before, the cost of 
new equipment (written off as depreciation) is relevant. But the point here is to ignore 
allocated corporate costs and focus on actual total corporate-office costs. Total corporate 
costs will not change if Allied South is opened and, hence, these costs are irrelevant. 

(Loss in Revenue) Incremental Revenue 
and Savings in Costs and (Incremental Costs) 

from Closing from Opening 
Allied West Allied South 

(1) (2) 

Revenue ; $(1,200,000) $ 1,200,000 

Cost of goods sold 920,000 (920,000) 

Materials-handling labour 92,000 (92,000) 

Materials-handling equipment cost written 

off as depreciation 0 (25,000) 

Rent 36,000 (36,000) 

Marketing support 30,000 (30,000) 

Purchase-order and delivery processing 32,000 (32,000) 

General administration 48,000 (48,000) 

Corporate-office costs 0 0 

Total costs 1,158,000 (1,183,000) 

Effect on operating income (loss) $ (42,000) $ 17,000 
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Pulling It All Together—Problem for Self-Study — 

(Try to solve this problem before examining the solution that follows.) 

Problem 

The Payne Company manufactures two types of vinyl flooring. Budgeted and actual oper- 
ating data for the year are 

Static Budget Actual Results 

Commercial Residential Total Commercial Residential Total 

Unit sales in rolls 20,000 60,000 80,000 25,200 58,800 84,000 

Contribution margin $10,000,000 $24,000,000 $34,000,000 $11,970,000 $24,696,000 $36,666,000 

Four years earlier, a marketing research firm estimated industry volume for commercial 
and residential vinyl flooring for the current year at 800,000 rolls. Actual industry vol- 
ume for the current year was 700,000 rolls. 

1. Compute the sales-mix variance and the sales-quantity variance by type of vinyl floor- @ Required 
ing and in total. (Compute all variances in terms of contribution margins.) 

2. Compute the market-share variance and the market-size variance. 3) 
3. What insights do the variances calculated in requirements 1 and 2 provide about © 

Payne Company’s performance in the current year? 

Solution 

1. Actual sales-mix percentage: 

Commercial = 25,200 + 84,000 = 0.30, or 30% 

Residential = 58,800 + 84,000 = 0.70, or 70% 

Budgeted sales-mix percentage: 

Commercial = 20,000 + 80,000 = 0.25, or 25% 

Residential = 60,000 + 80,000 = 0.75, or 75% 

Budgeted contribution margin per unit: 

Commercial = 10,000,000 + 20,000 units = $500 per unit 

Residential = 24,000,000 + 60,000 units = $400 per unit 

Actual Actual Budgeted Budgeted 

Units of All Sales-Mix — Sales-Mix Contribution Sales-Mix 
Products Sold Percentage Percentage x  MarginperUnit = Variance 

Commercial 84,000 units (0.30 — 0.25) x $500 per unit = $2,100,000 F 

Residential 84,000 units (0.70 — 0.75) x $400 per unit = 1,680,000 U 

Total sales-mix variance $ 420,000 F 

Actual Units Budgeted Budgeted Budgeted Sales- 
of All © — Units of All Sales-Mix Contribution Quantity 

Products Sold § Products Sold x Percentage x MarginperUnit = Variance 

Commercial (84,000 units — 80,000 units) x 0.25 x $500 per unit = $500,000 F 

Residential (84,000 units — 80,000 units) x 0.75 x $400 per unit = 1,200,000 F 

Total sales-quantity variance $1,700,000 F 
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2. Actual market share = 84,000 + 700,000 = 0.12, or 12% 
Budgeted market share = 80,000 + 800,000 = 0.10, or 10% 

Budgeted contribution margin per composite unit = $34,000,000 + 80,000 units 

t = $425 per unit of budgeted mix 

Budgeted contribution margin per composite unit of budgeted mix can also be calcu- 
lated as 

Commercial: $500 per unit X 0.25 = $125 

Residential: $400 per unit X0.75= 300 

Budgeted contribution margin per 

composite unit $425 

Actual Actual Budgeted B piers : 
Market-share ; contribution margin 

; = market size X | market — market | X : ; 
variance : i per composite unit 

in units share share ; 
for budgeted mix. 

= 700,000 units x (0.12 — 0.10) X $425 per unit 

= $5,950,000 F 

B d 
; Actual Budgeted Budgeted ; nee ay ; 

Market-size : ; contribution margin 
= | market size — market size | X market X | : 

variance j : ‘ : per composite unit 
in units in units share 

for budgeted mix 

= (700,000 units — 800,000 units) x 0.10 X $425 per unit - 

= $4,250,000 U 

Note that the algebraic sum of the market-share variance and the market-size variance 
is equal to the sales-quantity variance: $5,950,000 F + $4,250,000 U = $1,700,000 F. 

3. Both the sales-mix variance and the sales-quantity variance are favourable. 
The favourable sales-mix variance occurred because the actual mix comprised more of 
the higher-margin commercial vinyl flooring. The favourable sales-quantity variance 
occurred because the actual total quantity of rolls sold exceeded the budgeted amount. 

The company’s large favourable market-share variance is due to a 12% actual market 
share compared with a 10% budgeted market share. The market-size variance is unfa- 
vourable because the actual market size was 100,000 rolls less than the budgeted market 
size. Payne’s performance for the current year appears to be very good. 

Although overall market size declined, the company sold more units than budgeted 
by gaining market share. 

yVe)el~lalel> au waa 

Pivot Tables 

Pivot tables are used to help us organize large volumes of data into summarized groups of 
data to improve our analysis and decision making. 

Pivot Tables Assignment/Demonstration 

As a professional accountant and a leader, you will be required to manage/guide/lead/ 
support/train/motivate others. You’ll also have to make tough decisions that affect people 
and families, for the betterment of your organization, customers, and staff. 



Appendix 17A: Pivot Tables 

To complete this assignment/demonstration, download the Excel file titled 
Appendix17A_Bank(Siudent). This file can be found within the Chapter Resources sec- 
tion of MyLab Accounting. Estimated demonstration time: 10 to 15 minutes. 

Your Objective: 

As the new bank manager, analyze the data provided (from your instructor) and develop 
strategies to deal with the two bank advisors: Homer and Popeye. You have 10 other 
bank advisors at this bank branch. How will your strategies affect Homer, Popeye, and 
the 10 other bank advisors? Customer satisfaction and profitability? Bank profits and 
reputation? In your analysis, create effective/motivating strategies. If you are successful, 
you will receive a promotion. 

Requirements: 

Create several charts that show the sales growth or decline of products over three years for 
each bank advisor—Homer on one side, Popeye on the other (let’s see the trends). Hint: 
one of the bank advisors is growing business, the other is losing business. Now what? 

Steps to Create Your Charts Using Pivot Tables 

Step 1—Pivot Table 

1. Open up the file Bank(Student). 

2. In the ribbon bar at the top, click Insert. 

3. Select PivotChart/Pivot Chart & Pivot Table. 

4. Under Select a table or range, Table /Range: highlight cells A3 to R63. 

By Under Choose where you want the PivotTable report to be placed, chose New 
Worksheet. 

6. Click Ok. 
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P Type here to search 

7. You should see a new worksheet for the PivotTable setup (bottom left of your Excel 
spreadsheet—two worksheets now). Let’s build a report. 

8. At the right, click on Bank Advisor and drag it into the Rows box at the bottom. 

9. At the right, click on Year and drag it into the Rows box at the bottom. 

10. At the right, click Mortgage Interest Paid and drag it into the Values box at the 
bottom. 

701 
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Special Note: In the Values box, if you see Count instead of Sum, change it to Sum. Click 
the right-hand arrow within Count of Mortgage Interest Paid. Click Value field settings. 
Click Sum. Click Ok. 

Step 2—Grouping the Data 

If you decide to group your data into one or two charts, you need to select common dol- 
lar amounts for each grouping. Have a look at the Excel spreadsheet and organize your 
groupings. 

Step 3—Pivot Chart 

Let’s create a Pivot Chart for the Mortgage Interest Paid. 

1. In the ribbon bar at the top, select Insert and Pivot Chart. Click Ok. 
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You can now compare the trends of your two bank advisors for one sales category. 
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4 Row Labiils * Sum of Mortgage Wnterest Paid dp Ato Nase 
a SNomer 115645, 

Special Note: If your cursor is not placed within your data on the left side, notice that 
you will lose the Pivot Table Fields information on the right side. 

2. Add two more Values from the PivotTable Fields. Notice how your chart is automat- 
ically updated. 

3, Create several more charts (individual or grouped values), Once completed, begin 
your analysis of the results and development of your recommendations. 

| BY =Yos(=j(e) al nce) | aes 

The following question-and-answer format summarizes the chapter's learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives 

4, What is product 
bundling, and why does 
it give rise to revenue- 
allocation issues? 

Of what relevance is an 
ABC system to evaluating 
the relative profitability 
of customers? 

How can Level 3 and 
level 4 contribution 
margin variances be 

helpful to a management 
team? 

Guidelines 

Bundling occurs when two or more products (or services) sell together for a single 
price. There are three methods of revenue allocation, and management teams 
should choose the method that most closely represents economic reality. Good 
judgment is needed because the method selected affects remuneration of managers 
of individual products in the bundle who are often evaluated on product revenues 
or product operating incomes. 

The data provided by an ABC system more readily distinguishes among more and 
less expensive customer value propositions. Particularly for price-takers in an 
intensely competitive environment, when product/service mix pricing differs 
among customers, management teams must select those customers who are most 
profitable to the company. 

Calculating Level 3 and level 4 contribution margin variances directs attention to 
what has actually happened relative to what was expected. Contribution margin 
variances are best explained by marketing, which is responsible for sales-volume 
forecasts and pricing of individual and bundled units. Contribution margin 
variance analyses are essential to evaluating and ranking product/service 
profitability. 
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Learning Objectives Guidelines 

4. How can a customer 

profitability profile be 
used? 

5. What are the key 
concepts when making 
product and customer 
mix decisions? 

The profile enables management teams to more readily select costs relevant to 
ranking the profitability of individual customers and entire groups of customers. 
The alternatives of negotiating new prices or reducing customer sustaining costs 

are clearer. 

Managers should ignore allocated overhead costs when making decisions about 
discontinuing and adding customers, branches, and segments. They should focus 
instead on how total costs differ among alternatives. 

Terms to Learn 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

composite unit (p. 687) market-size contribution margin sales-quantity contribution margin 

customer profitability analysis variance (p. 690) variance (p. 688) 

(p. 693) price discounting (p. 683) stand-alone revenue-allocation 

incremental revenue-allocation product bundle (p. 673) method (p. 674) 

method (p. 675) revenue allocation (p. 672) zero-sum game (p. 676) 

market-share variance 

(p. 689) 

sales-mix contribution margin 

variance (p. 687) 

| Assignment Material 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-cha oter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

17-1 Describe how companies are increasingly facing revenue-allocation decisions. 

17-2 Distinguish between the stand-alone revenue-allocation method and the incremental revenue- 
allocation method. 

17-3 Identify and discuss arguments that individual product managers may put forward to support their 

preferred revenue-allocation method. 

17-4 How might a dispute over the allocation of revenues of a bundled product be resolved? 

17-5 Show how managers can gain insight into the causes of a sales-volume variance by drilling down into 

the components of this variance. 

17-6 How can the concept of a composite unit be used to explain why an unfavourable total sales-mix 

variance of contribution margin occurs? 

17-7 Explain why a favourable sales-quantity variance occurs. 

17-8 Distinguish between a market-size variance and a market-share variance. 

17-9 Why might some companies choose not to compute market-size and market-share variances? 

17-10 Why is customer profitability analysis a vitally important topic to managers? 

17-11 Are for-profit businesses the only users of revenue allocation? Explain. 

17-12 “A customer profitability profile highlights those customers that should be dropped to improve profit- 
ability.” Do you agree? Explain. 

17-13 Give an example of three types of different levels of costs in a customer cost hierarchy. 

17-14 How can the extent of price discounting be tracked on a customer-by-customer basis? 
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Exercises 

17-15 Terminology. A number of terms are listed below: 

composite unit customer profitability analysis incremental 

market share market size sales mix 

sales quantity stand-alone product bundles 

Required 

Select the terms from the above list to complete the following sentences. 

1. To satisfy their customers’ value proposition and benefit from economies of scale, companies often 

create customized from individual products. This is also called a 

2. The decision the management team needs to make is how to allocate the bundled revenue to each 
component of the bundle. There are two methods: and reve- 

nue allocation. 
3. In combination with ABC systems, the management team can examine detailed variance reports of 

plac arsed) SEES and variance. 
This informs the team how well they are implementing their strategy. 

4. The team can also use the customer as cost object in an ABC system and conduct a(n) 

to determine whether to drop or add customers, stores, or branches to improve 

profit. 

17-16 Cost allocation and decision making. Reidland Manufacturing has four divisions: Acme, Dune, LOO 
Stark, and Brothers. Corporate headquarters is in Minnesota. Reidland corporate headquarters incurs costs 

of $16,800,000 per period, which is an indirect cost of the divisions. Currently, corporate headquarters allo- 

cates this cost to the divisions based on the revenues of each division. The CEO has asked each division 

manager to suggest an allocation base for the indirect headquarters costs from among revenues, segment 

margin, direct costs, and number of employees. The following is relevant information about each division: 

Acme Dune Stark Brothers 

Revenues $23,400,000 $25,500,000 $18,600,000 $16,500,000 

Direct costs 15,900,000 12,300,000 12,900,000 13,800,000 

Segment margin $ 7,500,000 $13,200,000 $ 5,700,000 $ 2,700,000 

Number of employees 6,000 12,000 4,500 1,500 

Required 

1. Allocate the indirect headquarters costs of Reidland Manufacturing to each of the four divisions using 

revenues, direct costs, segment margin, and number of employees as the allocation bases. Calculate 

operating margins for each division after allocating headquarters costs. 
2. Which allocation base do you think the manager of the Brothers division would prefer? Explain. 

3. What factors would you consider in deciding which allocation base Reidland should use? 

4. Suppose the Reidland CEO decides to use direct costs as the allocation base. Should the Brothers 
division be closed? Why or why not? 

17-17 Revenue allocation. Lee Shu-yu Inc. produces and sells DVDs to business people and students LO ® 
who are planning extended stays in China. It has been very successful with two DVDs: Beginning Mandarin 1, a. Allocated to RCC, $36 

and Conversational Mandarin. It is introducing a third DVD, Reading Chinese Characters. |t has decided to 

market its new DVD in two different packages, grouping the Reading Chinese Characters DVD with each of 
the other two language DVDs. Information about the separate DVDs and the packages follows. 

DVD Selling Price 

Beginning Mandarin (BegM) $60 

Conversational Mandarin (ConM) 50 

Reading Chinese Characters (RCC) 40 

BegM+ RCC 90 

ConM+ RCC 72 
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LO@9 
1, Sales mix, 80% Plain, 

20% Chic 

LOo® 
1, Budgeted sales mix, 16% Kola, 

24% Lima, 60% Oranga 

LOo@9e 
Sales-volume variance |s 

$8,600 U 

Required 

1. Using the selling prices, allocate revenues from the BegM+ RCC package to each DVD in that package 

using (a) the stand-alone method, (b) the incremental method, and (c) the Shapley value method. 
2. Using the selling prices, allocate revenues from the ConM+ RCC package to each DVD in that package 

using (a) the stand-alone method, (b) the incremental method, in either order, and (c) the Shapley value 
method. 

3. Which method is most appropriate for allocating revenues among the DVDs? Why? 

17-18 Variance analysis, working backward. The Guangzhou Corporation (GC) sells two brands of 
wineglasses, Plain and Chic. GC provides the following information for sales in the month of June: 

Static-budget total contribution margin $5,600 

Budgeted units to be sold of all glasses 2,000 units 

Budgeted contribution margin per unit of Plain $  2perunit 

Budgeted contribution margin per unit of Chic $ 6 per unit 

Total sales-quantity variance $1,400 U 

Actual sales-mix percentage of Plain 60% 

All variances are to be computed in contribution-margin terms. 

Required 

1. Calculate the sales-quantity variances for each product for June. 
2. Calculate the individual product and total sales-mix variances for June. Calculate the individual 

product and total sales-volume variances for June. 

3. Briefly describe the conclusions you can draw from the variances, 

17-19 Variance analysis, multiple products. The PopStop manufactures and sells three soft drinks: 

Kola, Lima, and Oranga. Budgeted and actual results for 2022 are as follows: 

Budget for 2022 Actual for 2022 

Variable Variable 
Selling Cost per Cases Selling Cost per Cases 

Product Price Case Sold Price Case Sold 

Kola $6.00 $4.00 400,000 $6.20 $4.50 480,000 

Lima 4.00 2.80 600,000 4.25 2.75 900,000 

Oranga 7.00 4.50 1,500,000 6.80 4,60 1,620,000 

Required 

1. Compute the total sales-volume variance, the total sales-mix variance, and the total sales-quantity 

variance. (Calculate all variances in terms of contribution margin.) Show results for each product in 
your computations. 

2. What inferences can you draw from the variances computed in requirement 1? 

17-20 Variance analysis, multiple products. The Chicago Tigers play in the American Ice Hockey 

League. The Tigers play in the Downtown Arena, which is owned and managed by the City of Chicago. The 
arena has a capacity of 15,000 seats (5,500 lower-tier seats and 9,500 upper-tier seats). The arena charges 
the Tigers a per-ticket charge for use of its facility. All tickets are sold by the Reservation Network, which 
charges the Tigers a reservation fee per ticket. The Tigers’ budgeted contribution margin for each type of 

ticket in the year is computed as follows: 

- Lower-Tier Tickets Upper-Tier Tickets 

Selling price $33 $18 

Downtown Arena fee g 6 

Reservation Network fee 4 5 

Contribution margin per ticket $20 $7 

The budgeted and actual average attendance figures per game in the season are as follows: 

Budgeted Seats Sold Actual Seats Sold 

Lower tier 4,500 3,300 

Upper tier 5,500 7,700 

Total 10,000 11,000 



There was no difference between the budgeted and actual contribution margin for lower-tier or upper-tier 
seats. 

The manager of the Tigers was delighted that actual attendance was 10% above budgeted atten- 

dance per game, especially given the depressed state of the local economy in the past six months. 

Required 

1. Compute the sales-volume variance for each type of ticket and in total for the Chicago Tigers in the 

year. (Calculate all variances in terms of contribution margins.) 

2. Compute the sales-quantity and sales-mix variances for each type of ticket and in total in the year. 
3. Present a summary of the variances in requirements 1 and 2. Comment on the results. 

17-21 Customer profitability, distribution. Generic Inc. is a distributor of pharmaceutical products. Its 
ABC system has five activities: 

Activity Area Cost Driver Rate for the Year 

1. Order processing $40 per order 

2. Line-item ordering 3 per line item 

3. Store deliveries 50 per store delivery 

4. Carton deliveries 

5. Shelf-stocking 

1 per carton 

16 per stocking-hour 

Rick Flair, the controller of Generic, wants to use this ABC system to examine individual customer 

profitability within each distribution market. He focuses first on the mom-and-pop single-store distribution 

market. Two customers are used to exemplify the insights available with the ABC approach. Data pertain- 

ing to these two customers in August are as follows: 

Charlesville Chapelville 

Pharmacy Pharmacy 

Total orders 13 10 

Average line items per order 9 18 

Total store deliveries 7 10 

Average cartons shipped per store delivery 22 20 

Average hours of shelf-stocking 0 0.5 

per store delivery 

Average revenue per delivery $2,400 $1,800 

Average cost of goods sold per delivery $2,100 $1,650 

Required 

1. Use the ABC information to compute the operating income of each customer in August. Comment on 

the results and what, if anything, Flair should do. 
2. Flair ranks the individual customers in the mom-and-pop single-store distribution market on the basis 

of monthly operating income. The cumulative operating income of the top 20% of customers is $55,680. 

Generic reports operating losses of $21,247 for the bottom 40% of its customers. Make four recommen- 
dations that you think Generic should consider in light of this new customer profitability information. 

Problems 

17-22 Customer profitability. Bracelet Delights is a new company that manufactures custom jewellery. 

Bracelet Delights currently has six customers referenced by customer number: 01, 02, 03, 04, 05, and 06. 

Besides the costs of making the jewellery, the company has the following activities: 

1. Customer orders. The salespeople, designers, and jewellery makers spend time with the customer. The 

cost driver rate is $42 per hour spent with a customer. 
Customer fittings. Before the jewellery piece is completed, the customer may come in to make sure it 

looks right and fits properly. Cost driver rate is $30 per hour. 
. Rush orders. Some customers want their jewellery quickly. The cost driver rate is $90 per rush order. 
. Number of customer return visits. Customers may return jewellery up to 30 days after the pickup of the 

jewellery to have something refitted or repaired atno charge. The cost driver rate is $40 per return visit. 

2. 
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Lo@e 
1, Order processing costs for 

Chapelville Pharmacy, $400 

Looe 
1. Total customer revenue is 

$13,980 
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LO® 

Information about the six customers follows. Some customers purchased multiple items. The cost of 
the jewellery is 60% of the selling price. 

Customer number 01 02 03 04 05 06 

Sales revenue * $850 $4,500 $280 $2,200 $5,500 $650 

Cost of item(s) $510 $2,700 $168 $1,320 $3,300 $390 

Hours spent on customer order 3 10 ] 8 17 5 

Hours on fittings 1 6 0 0 4 0 

Number of rush orders 0 2 1 2 3 0 

Number of return visits 0 0 0 0 0 1 

Required 

1. Calculate the customer-level operating income for each customer. Rank the customers in order of most 

to least profitable and prepare a customer profitability analysis, as in Exhibits 17-2 and 17-10. 

2. Are any customers unprofitable? What is causing this? What should Bracelet Delights do about these 
customers? 

17-23 Customer profitability and ethics. KC Corporation manufactures an air-freshening device called 
GoodAir, which it sells to six merchandising firms. The list price of a GoodAir is $30, and the full manufactur- 
ing costs are $18. Salespeople receive a commission on sales, but the commission is based on number of 

orders taken, not on sales revenue generated or number of units sold. Salespeople receive a commission of 

$10 per order (in addition to regular salary). 
KC Corporation makes products based on anticipated demand. KC carries an inventory of GoodAir, so 

rush orders do not result in any extra manufacturing costs over and above the $18 per unit. KC ships fin- 

ished product to the customer at no additional charge for either regular or expedited delivery. KC incurs 

significantly higher costs for expedited deliveries than for regular deliveries. Customers occasionally 
return shipments to KC, and the company subtracts these returns from gross revenue. The customers are 

not charged a restocking fee for returns. 

Budgeted (expected) customer-level cost driver rates are 

Order taking (excluding sales commission) $15 per order 

Product handling $1 per unit 

Delivery $1.20 per kilometre driven 

Expedited (rush) delivery $175 per shipment 

~ Restocking $50 per returned shipment 

Visits to customers $125 per customer 

Because salespeople are paid $10 per order, they often break up large orders into multiple smaller orders. 

This practice reduces the actual order-taking cost by $7 per smaller order (from $15 per order to $8 per 
order) because the smaller orders are all written at the same time. This lower cost rate is not included in 
budgeted rates because salespeople create smaller orders without telling management or the accounting 
department. All other actual costs are the same as budgeted costs. 

Information about KC's clients follows: 

AC DC MC JC RC BC 

Total number of units purchased 225 520 295 110 390 1,050 

Number of actual orders 5 20 4 6 9 18 

Number of written orders 10 20* 9 12 24 36 

Total number of kilometres driven to 360 580 350 220 790 850 
deliver all products 

Total number of units returned 15 40 0 0 35 40 

Number of returned shipments 3 2 0 0 1 5 

Number of expedited deliveries 0 8 0 0 3 4 

*Because DC places 20 separate orders, its order costs are $15 per order. All other orders are multiple smaller orders and 
so have actual order costs of $8 each. 



Required 

1. Classify each of the customer-level operating costs as a customer output unit-level, customer batch- 
level, or customer-sustaining cost. 

2. Using the preceding information, calculate the expected customer-level operating income for the six 

customers of KC Corporation. Use the number of written orders at $15 each to calculate expected 
order costs. 

3. Recalculate the customer-level operating income using the number of written orders but at their actual 

$8 cost per order instead of $15 (except for DC, whose actual cost is $15 per order). How will KC Corpo- 
ration evaluate customer-level operating cost performance this period? 

4. Recalculate the customer-level operating income if salespeople had not broken up actual orders into 

multiple smaller orders. Don’t forget to also adjust sales commissions. 

5. How is the behaviour of the salespeople affecting the profit of KC Corporation? Is their behaviour ethi- 
cal? What could KC Corporation do to change the behaviour of the salespeople? 

17-24 Variance analysis, sales-mix, and sales-quantity variances. Blank Slate Inc. (BSI) produces 
tablet computers. BSI markets three different handheld models. SlatePro is a souped-up version for the 
executive on the go; Slate is a consumer-oriented version; and SlateLite is a stripped down version for the 
young adult market. You are BSI's senior vice-president of marketing. The CEO has discovered that the total 

contribution margin came in lower than budgeted, and itis your responsibility to explain to him why results 
are different from the budget. Budgeted and actual operating data for the company’s third quarter of 2022 
are as follows: 

Budgeted Operating Data, Third Quarter 2022 

Variable Cost Contribution Sales Volume 
Selling Price per Unit Margin per Unit in Units 

SlatePro $379 $182 $197 12,500 

Slate 269 98 171 37,500 

SlateLite 149 65 84 50,000 

100,000 
Actual Operating Data, Third Quarter 2022 

Variable Cost Contribution Sales Volume 
Selling Price per Unit Margin per Unit in Units 

SlatePro $349 $178 $171 11,000 

Slate 285 92 193 44,000 

Slate Lite 102 73 29 _55,000 

110.000 
Required 

1. Compute the actual and budgeted contribution margins in dollars for each product and in total for the 

third quarter of 2022. 

2. Calculate the actual and budgeted sales mixes for the three products for the third quarter of 2022. 

3. For the third quarter of 2022, calculate total sales-volume, sales-mix, and sales-quantity variances. 
(Calculate all variances in terms of contribution margins.) 

4. Given that your CEO is known to have temper tantrums, you want to be well prepared for this meeting. 
In order to prepare, write a paragraph or two comparing actual results to budgeted amounts. 

17-25 Market-share and market-size variances (continuation of Problem 17-24). Blank Slate’s senior 

vice-president of marketing prepared his budget at the beginning of the third quarter, assuming a 25% market 
share based on total sales. The total tablet market was estimated by Foolinstead Research to reach sales of 
400,000 units worldwide in the third quarter. However, actual sales in the third quarter were 500,000 units. 

Required 

1. Calculate the market-share and market-size variances for BSI in the third quarter of 2022. (Calculate all 
variances in terms of contribution margins.) 

2. Explain what happened based on the market-share and market-size variances. 
3. Calculate the actual market size, in units, that would have led to no market-size variance (again using 

budgeted contribution margin per unit). Use this market-size figure to calculate the actual market 

share that would have led to a zero market-share variance. 

Assig 
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1, SlatePro actual contribution 

percent, 16% 

LO @ 
1, Budgeted average contribution 

margin per unit, $130.75 
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LO@e9e 17-26 Variance analysis, multiple products. Momma’s Pan Inc. operates a chain of cookie stores. 

1, Chocolate chip sales-volume Budgeted and actual operating data for its three Ottawa stores for August are as follows: 
variance, $25,200 F 

€ Budget for August 

t Contribution 

Selling Price Variable Cost Margin per Sales Volume in 

per Kilogram per Kilogram Kilogram Kilograms 

Chocolate chip $4.50 $2.50 $2.00 45,000 

Oatmeal raisin 5.00 2.70 2.30 25,000 

Coconut 5,50 2.90 2.60 10,000 

White chocolate 6.00 3,00 3.00 5,000 

Macadamia nut 6.50 3.40 3.10 15,000 

100,000 

Actual for August 

Contribution 
Selling Price Variable Cost Margin per Sales Volume in 

perKilogram - per Kilogram Kilogram Kilograms 

Chocolate chip $4.50 $2.60 $1.90 57,600 

Oatmeal raisin 5.20 2.90 2.30 18,000 

Coconut 5.50 2.80 2.70 9,600 

White chocolate 6.00 3.40 2.60 13,200 

Macadamia nut 7.00 4.00 3.00 21,600 

120,000 

Momma's Pan focuses on contribution margin in its variance analysis. 

Required 

1. Compute the total sales-volume variance for August. 
2. Compute the total sales-mix variance for August. 

3. Compute the total sales-quantity variance for August. 
4. Comment on your results in requirements 1, 2, and 3. 

LO 898 17-27 Cost hierarchy income statement and allocation of corporate costs to customers. The 

Insurance Company insures homeowners in three regions of the United States: Eastern, Midwest, and 

South. In the past year, several hurricanes hit the Southern region of the United States, requiring payments 
to insured homeowners. 

Management of the company wishes to analyze the profitability of the three key regions and has 

gathered the following information: 

Eastern Midwest South Total 

Revenue $4,000,000 $2,600,000 $1,800,000 $8,400,000 

Customer-level costs 2,920,000 1,768,000 1,674,000 6,362,000 

Customer-level operating income $1,080,000 $ 832,000 $126,000 $2,038,000 

Customer-level operating income percentage 27.00% 32.00% 7.00% 24.26% 

In addition to the customer-level costs above, the company also allocates $750,000 of corporate costs to 
each region based on the revenues of each region. 

Required 

1. Prepare a cost hierarchy income statement for The Insurance Company using the format in Exhibit 17-3 

assuming corporate costs are not allocated to each region. 

2. Allocate the corporate costs to each region and calculate the income of each region after assigning 
corporate costs. 

3. Should top management of The Insurance Company close down the South region? Explain. 
4. What are the advantages and disadvantages of The Insurance Company allocating corporate costs to 

the regions? 



17-28 Customer profitability and ABC hierarchy. The Sherriton Hotels chain embarked on a new 
customer loyalty program for the year. The year-end data have been collected, and it is now time for you to 

determine whether the loyalty program should be continued, discontinued, or perhaps altered to improve 
loyalty and profitability levels at Sherriton. 

Sherriton’s loyalty program consists of three different customer loyalty levels. All new customers can 

sign up for the Sherriton Bronze Card—this card provides guests with a complimentary bottle of wine (cost 
to the chain is $5 per bottle) and $20 in restaurant coupons each night (cost to the chain is $10). Bronze cus- 
tomers also receive a 10% discount off the nightly rate. The program enables the chain to track a member's 
stays and activities. Once a customer has stayed and paid for 20 nights at any of the chain's locations world- 
wide, he or she is upgraded to Silver Customer status. Silver benefits include the bottle of wine (cost to the 

chain is $5 per bottle), $30 in restaurant coupons (cost to the chain is $15), and 20% off every night from the 
twenty first night on. A customer who reaches the 50-night level is upgraded to Gold Customer status. Gold 

status increases the nightly discount to 30% and replaces the $5 bottle of wine with a bottle of champagne 
(cost to the chain is $20 per bottle). As well, $40 in restaurant coupons are granted (cost to the chain is $20). 

The average full price for one night's stay is $200. The chain incurs variable costs of $65 per night, 

exclusive of loyalty program costs. Total fixed costs for the chain are $140,580,000. Sherriton operates 
10 hotels with, on average, 500 rooms each. All hotels are open for business 365 days a year, and approxi- 

mate average occupancy rates are around 80%. Following are some loyalty program characteristics: 

Average Number of 
Loyalty Program Number of Customers Nights per Customer 

Gold 2,673 60 

Silver 9,174 35 

Bronze 88,330 10 

No program 240,900 1 

Note that an average Gold Customer would have received the 10% discount for his or her first 
20 stays, received the 20% discount for the next 30 stays, and the 30% discount only for the last 10 nights. 

Assume that all program members signed on to the program the first time they stayed with one of the 
chain’s hotels. Also, assume the restaurants are managed by a 100%-owned subsidiary of Sherriton. 

Required 

1. Calculate the program contribution margin for each of the three programs, as well as for the group of 
customers not subscribing to the loyalty program. Which program is the most profitable? Which is the 

least profitable? Do not allocate fixed costs to individual rooms or specific loyalty programs. 
. Develop an operating income statement for Sherriton for the year ended December 31. 
. What is the average room rate per night? What are average variable costs per night inclusive of the 

loyalty program? 
. Explain what drives the profitability (or lack thereof) of the most and least profitable loyalty programs 

(again, one of these may be the “no program” option). 

17-29 Customer profitability, customer cost hierarchy. Ramish Electronics has only two retail and 
two wholesale customers. Information relating to each customer for the year follows (in thousands): 

Wholesale Customers Retail Customers 

North America South America Big Sam 
Wholesaler Wholesaler Stereo World Market 

Revenues at list price $450,000 $580,000 $130,000 $100,000 

Discounts from list prices 30,000 40,000 7,000 500 

Cost of goods sold 325,000 455,000 118,000 90,000 

Delivery costs 450 650 200 125 

Order processing costs 800 1,000 200 130 

Costs of sales visits 5,600 5,500 2,300 1,350 

Ramish’s annual distribution-channel costs are $38 million for wholesale customers and $7 million for 
retail customers. Its annual corporate-sustaining costs, such as salary for top management and general 

administration costs, are $65 million. There is no cause-and-effect or benefits-received relationship 
between any cost-allocation base and corporate-sustaining costs. That is, corporate-sustaining costs 

could be saved only if Ramish Electronics were to completely shut down. 

Assignment Material 711 
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LO © 

LO® 
PM customer-level operating 

incomes, $2,340 

Required 

1. Calculate customer-level operating income using the format in Exhibit 17-2. 

2. Prepare a customer cost hierarchy report, using the format in Exhibit 17-3. 

3. Ramish’s management decides to allocate all corporate-sustaining costs to distribution channels: 

$51 million to the wholesale channel and $14 million to the retail channel. As a result, distribution- 
channel costs are now $89 million (= $38 million + $51 million) for the wholesale channel and $21 million 
(= $7 million + $14 million) for the retail channel. Calculate the distribution-channel-level operating 
income. On the basis of these calculations, what actions, if any, should Ramish’s managers take? Explain. 

17-30 Cost hierarchy income statement and allocation of corporate, division, and channel 

costs to customers. Vocal Speakers makes wireless speakers that are sold to different customers in two 

main distribution channels. Recently, the company’s profitability has decreased. Management would like to 

analyze the profitability of each channel based on the following information: 

Distribution Distribution 

Channel A Channel B Total 

Revenue $850,000 $910,000 $1,760,000 

Customer-level costs 628,000 532,400 1,160,400 

Customer-level operating income $222,000 $377,600 $ 599,600 

Customer-level operating income as a 26.12% 41.49% 34.07% 

percentage of revenue 

The company allocates distribution-channel costs of marketing and administration as follows: 

Total Allocation basis 

Distribution-channel costs 

Marketing costs $260,000 Channel revenue 

Administration costs $200,000 Customer-level costs 

Based ona special study, the company allocates corporate costs to the two channels based on the corpo- 

rate resources demanded by the channels as follows: Distribution Channel A, $45,000, and Distribution 

Channel B, $55,000. If the company were to close a distribution channel, none of the corporate costs would 

be saved. 

Required 

1. Calculate the operating income for each distribution channel as a percentage of revenue after assign- 

ing customer-level costs, distribution-channel costs, and corporate costs. 

2. Should Vocal Speakers close down any distribution channel? Explain briefly including any assumptions 

that you made. 

3. Would you allocate corporate costs to divisions? Why is allocating these costs helpful? What actions 
would it help you take? 

17-31 Customer profitability and governance. Pilt Corporation manufactures a product called the 

Pilt, which it sells to merchandising firms such as International House of Pilts (IHP), Pilts-R-Us (PRU), Pilt 
Marcus (PM), Pilt City (PC), Good Pilts (PP), and Pilt-mart (Pmart). The list price of a Pilt is $40, and the full 
manufacturing costs are $30. Salespeople receive a commission on sales, but the commission is based on 

number of orders taken, not on sales revenue generated or number of units sold. Salespeople receive a 

commission of $20 per order (in addition to regular salary). 
Pilt Corporation makes products based on anticipated demand. Pilt Corporation carries an inventory 

of Pilts, so rush orders do not result in any extra manufacturing costs over and above the $30 per Pilt. Pilt 

Corporation ships finished product to the customer at no additional charge to the customer for either reg- 

ular or expedited delivery. Pilt incurs significantly higher costs for expedited deliveries than for regular 
deliveries. 

Expected and actual customer-level cost driver rates are 

Order taking (excluding sales commission) $ 28 per order 

Product handling 1 per unit 

Delivery 1 per kilometre driven 

Expedited (rush) delivery 300 per shipment 



Because salespeople are paid $20 per order, they break up large orders into multiple smaller orders. 

This practice reduces the actual order-taking cost by $16 per smaller order (from $28 per order to $12 per 

order) because the smaller orders are all written at the same time. This lower cost rate is not included in 

budgeted rates because salespeople create smaller orders without telling management or the accounting 

department. Also, salespeople offer customers discounts to entice them to place more orders; PRU and 
Pmart each receive a 5% discount off the list price of $40. 

Information about Pilt’s clients follows: 

IHP PRU PM PC PP Pmart 

Total number of units purchased 200 540 300 100 400 1,000 

Number of actual orders 2 12 2 2 4 10 

Number of written orders per actual order 2 Lf 3 2 4 2 

Total number of kilometres driven to 80 120 72 28 304 100 

deliver all products 

Number of expedited deliveries 0 4 0 0 1 3 

*Because PRU places 12 separate orders, its order costs are $28 per order. All other orders are multiple smaller orders and 

so have actual order costs of $12 each. 

Required 

1. Using the information above, calculate the expected customer-level operating income for the six cus- 

tomers. Use the number of written orders at $28 each to calculate expected order costs. 

2. Recalculate the customer-level operating income using the number of written orders but at their actual 

$12 cost per order instead of $28 (except for PRU, whose actual cost is $28 per order). Detail an 

approach to evaluate customer-level operating cost performance this period. 

3. Recalculate the customer-level operating income if salespeople had not broken up actual orders into 
multiple smaller orders. Don’t forget to also adjust sales commissions. 

4. Howis the behaviour of the salespeople affecting the profit of Pilt Corporation? Is their behaviour ethi- 

cal? What could Pilt Corporation do to change the behaviour of the salespeople? 

17-32 Cost allocation to divisions. Forber Bakery makes baked goods for grocery stores and has three 
divisions: bread, cake, and doughnuts. Each division is run and evaluated separately, but the main head- 

quarters incurs costs that are indirect costs for the divisions. Costs incurred in the main headquarters are 
as follows: 

Human resources (HR) costs $1,900,000 

Accounting department costs 1,400,000 

Rent and depreciation 1,200,000 

Other 600,000 

Total costs $5,100,000 

The Forber upper management currently allocates this cost to the divisions equally. One of the divi- 

sion managers has done some research on activity-based costing and proposes the use of different allo- 

cation bases for the different indirect costs—number of employees for HR costs, total revenues for 

accounting department costs, square feet of space for rent and depreciation costs, and equal allocation 

among the divisions of “other” costs. Information about the three divisions follows: 

Bread Cake Doughnuts 

Total revenues $20,900,000 $4,500,000 $13,400,000 

Direct costs 14,500,000 3,200,000 7,250,000 

Segment margin $ 6,400,000 $1,300,000 $ 6,150,000 

Number of employees 400 100 300 

Square feet of space 10,000 4,000 6,000 

Assignment Material 
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Required 

1. Allocate the indirect costs of Forber to each division equally. Calculate division operating income after 
allocation of headquarter costs. 

2. Allocate headquarter costs to the individual divisions using the proposed allocation bases. Calculate 
the division operating income after allocation. Comment on the allocation bases used to allocate head- 
quarter costs. 

3. Which division manager do you think suggested this new allocation. Explain briefly. Which allocation 
do you think is “better?” 

LOO 17-33 Allocation of corporate costs to divisions. Cathy Carpenter, controller of the Sweet and Salty 

Snacks is preparing a presentation to senior executives about the performance of its four divisions. Sum- 
mary data related to the four divisions for the most recent year are as follows: 

id eee es ee ee Lee 
pen ee pe te DIVISIONS 2 ate Ee 

Pe[ | tandy [Nuts | Crackers | Cookies | Tota 
| 3 |Revenues $ 870,000 | $ 975,000 $ 654,000 | $ 501,000 | $3,000,000 

[4 |Operating costs 330,800 | __ 378,000 | _ 658,000 | _ 314,000 | 1,680,800 
| 5 |Operating income $ 539,200 | $ 597,000 | $ (4,000) | $ 187,000 | $1,319,200 
| ieee See 

Identifiable assets $1,800,000 | $2,880,000 | $1,440,000 | $1,080,000 | $7,200,000 
| 8 |Number of employees 3,600 6,600 2,700 2,100 15,000 

Under the existing accounting system, costs incurred at corporate headquarters are collected in a single 
cost pool ($1.2 million in the most recent year) and allocated to each division on the basis of its actual 
revenues. The top managers in each division share in a division-income bonus pool. Division income is 

defined as operating income less allocated corporate costs. 

Carpenter has analyzed the components of corporate costs and proposes that corporate costs be 

collected in four cost pools. The components of corporate costs for the most recent year and Carpenter's 

suggested cost pools and allocation bases are as follows: 

Ha eee ee ee eee enn ee ea Ee Re 
BS Suggested 

11| Corporate Cost Category | Amount | CostPool | Suggested Allocation Base 

|12|Interest ondebt _—_—'| $_ 380,000 [Cost Pool 1 Identifiable assets 

| 13 |Corporate salaries / 200,000 |Cost Pool 2 
| 14 |Accounting and control 160,000 |Cost Pool 2 Division revenues 

| 15 |General marketing 170,000 |Cost Pool 2 

[16 |Public affairs | __—‘150,000 |CostPool3 | Positive operatingincome* | 
140,000 |Cost Pool 4 Number of employees 

BR rots cs LOL 
| ree kkk 
| 20 |*Carpenter proposes that this cost be allocated using the operating income (if positive) of divisions, 

| 21 |with only divisions with positive operating income included in the allocation base. 

Required 

1. Discuss two reasons why Sweet and Salty Snacks should allocate corporate costs to each division. 
2. Calculate the operating income of each division when all corporate costs are allocated based on reve- 

nues of each division. 

3. Calculate the operating income of each division when all corporate costs are allocated using the four 
cost pools. 

4. How do you think the division managers will receive the new proposal? What are the strengths and 
weaknesses of Carpenter's proposal relative to the existing single cost pool method? 



17-34 Revenue allocation for bundled products. Pétale Parfum (PP) manufactures and sells upscale 

perfumes, In recent months, PP has started selling its products in bundled form, as well as in individual form. 

Sales for the year of the three products that have been sold individually are as follows: 

Retail Price Units Sold 

Stand-alone 

Fraiche $110 20,000 

Désarmer 88 37,500 

Innocence 275 20,000 

Suite 

Fraiche + Désarmer 165 

Fraiche + Innocence 308 

Required 

1. Compute the weights for allocating revenues to each division for each of the bundled products using: 

a. The stand-alone revenue-allocation method based on total revenues of individual products. 

b. The incremental revenue-allocation method, with Innocence ranked 1; Désarmer, 2; and Fraiche, 3, 

based on retail prices of individual products. According to this ranking, the primary product in a 
suite has the highest rank, and so on. 

2. Recalculate the allocation using the Shapley and the weighted Shapley value methods. What method 
would you recommend and why? 

17-35 Closing and opening stores. Your Market (YM) runs two convenience stores, one in Vancouver 

and one in Surrey. Operating income for each store in the year follows: 

Vancouver Surrey 

Revenues $1,070,000 $ 860,000 

Operating costs: 

Cost of goods svid 750,000 660,000 

Lease rent (renewable each year) 90,000 75,000 

Labour (paid on an hourly basis) 42,000 42,000 

Depreciation of equipment 25,000 22,000 

Utilities (electricity, heating) 43,000 46,000 

Allocated corporate overhead 50,000 30,000 

Total operating costs 1,000,000 875,000 

Operating income (loss) $ 70,000 $ (15,000) 

The equipment has a remaining useful life of one year and zero disposal price. In a senior manage- 

ment meeting, Maria Lopez, the management accountant at Your Market, makes the following comment: 

“YM can increase its profitability by closing down the Surrey store or by adding more stores like it.” 

Required 

Answer the following questions referring to the preceding data. 

1. Calculate YM's operating income if it closes down the Surrey store. By closing down the store, YM can 
reduce overall corporate overhead costs by $44,000. Is Maria Lopez correct? Explain. 

2. Calculate YM’s operating income if it opens another store with revenues and costs identical to the 
Surrey store (including a cost of $22,000 to acquire equipment with a one-year useful life and zero dis- 

posal price). Opening this store will increase corporate overhead costs by $4,000. Is Maria Lopez cor- 
rect? Explain. 

17-36 Customer profitability in a manufacturing firm. Mississippi Manufacturing makes a compo- 
nent called B2040. This component is manufactured only when ordered by a customer, so Mississippi keeps 
no inventory of B2040. The list price is $112 per unit, but customers who place “large” orders receive a 10% 

discount on price. The customers are manufacturing firms. Currently, the salespeople decide whether an 

order is large enough to qualify for the discount. When the product is finished, itis packed in cases of 10. If 
the component needs to be exchanged or repaired, customers can come back within 14 days for free 

exchange or repair. 

Assignment Material 715 
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The full cost of manufacturing a unit of B2040 is $95. In addition, Mississippi incurs customer-level 

costs. Customer-level cost driver rates are 

Order taking ‘ $360 per order 

Product handling $ 15 per case 

Rush-order processing $560 per rush order 

Exchange and repair costs $ 50 per unit 

Information about Mississippi's five biggest customers follows: 

A B C D E 

Number of units purchased 5,400 1,800 1,200 4,400 8,100 

Discounts given 10% 10% 0 10% 10% on half the units 

Number of orders 8 16 50 20 18 

Number of cases 540 180 120 440 810 

Number of rush orders 2 7 1 0 8 

Number of units exchanged/repaired ae 70 13 50 200 

All customers except E ordered units in the same order size. Customer E's order quantity varied, so E gota 
discount part of the time but not all the time. 

Required 

1. Calculate the customer-level operating income for these five customers. Use the format in Exhibit 17-2. 

Prepare a customer profitability analysis by ranking the customers from most to least profitable, as in 

Exhibit 17-10. 
2. Discuss the results of your customer profitability analysis. Does Mississippi have unprofitable custom- 

ers? Is there anything Mississippi should do differently with its five customers? 

LOO 17-37 Customer profitability, distribution. Green Paper Delivery has decided to analyze the profit- 

ability of five new customers. It buys recycled paper at $20 per case and sells to retail customers at a list 
price of $26 per case. Data pertaining to the five customers are 

¢ ; Customer 

1 2 3 4 5 

Cases sold 1,830 6,780 44,500 31,200 1,950 

List selling price : $26 $ 26 $ 26 $ 26 $ 26 

Actual selling price $26 $25.20 $24.30 $25.80 $23.90 

Number of purchase orders 10 18 35 16 35 

Number of customer visits 3 5 12 4 12 

Number of deliveries 12 28 65 25 35 

Kilometres travelled per delivery 14 4 8 6 45 

Number of expedited deliveries 0 0 0 0 3 

Green Paper Delivery’s five activities and their cost drivers are 

Activity Cost Driver Rate 

Order taking $90 per purchase order 

Customer visits $75 per customer visit 

Deliveries $3 per delivery kilometre travelled 

Product handling $1.20 per case sold 

Expedited deliveries $250 per expedited delivery 



Assignment Material 717 

Required 

1. Compute the customer-level operating income of each of the five retail customers now being examined 
(1, 2,3, 4, and 5). Comment on the results. 

2. What insights do managers gain by reporting both the list selling price and the actual selling price for 
each customer? 

3. What factors should managers consider in deciding whether to drop one or more of the five 
customers? 

Collaborative Learning Case 

17-38 Relevance of variance analyses. As a producer of wine in the Niagara region, you have the LO © 

Opportunity either to lease vineyards from local grape-growers or to purchase grapes from other farmers. In 
the past you have purchased grapes from the Okanagan Valley in British Columbia, and from the Sonoma 
Valley in California. 

The quality of wine depends in part on the quality of grapes input to the fermenting process, but your 

fermenting machinery has a fixed capacity. Any unused capacity in one year cannot be applied to a differ- 

ent use. To obtain the best return, your preference is to operate at practical capacity even if projected 

demand or normal capacity is higher. An interesting opportunity in the industry is the ability to enter into a 

contract in the spring to pay a specific dollar value for grapes harvested in the fall. 

Financial experts call this a hedging contract because you are protecting yourself against the risk 

that actual prices in the fall (the spot price) will be higher than your spring contracted price (the strike 

price). The quantity and quality of grapes harvested each year depend largely on a single uncontrollable 

factor—the weather. In spring you must decide on the input mix of harvested and purchased grapes that 

you believe is most likely to make the best use of available practical capacity—but you have no idea what 

the weather will be in the months before harvest. 

A supplier approaches you in the spring with a proposition to sell you grapes and specifies the strike 

price. This supplier from the Okanagan provides you with a historical trend chart that summarizes the 

association between weather and yield from the vineyard for the last eight years. 

Required 

1. Explain your reasons for your contracting decision. 

2. Of what use would similar information on your own market share be? 

SOLUTIONS < TRY IT! 

Wholesale Retail 

West Region East Region Hudson Pentel 
Wholesaler Wholesaler Inc. Corp. 

Revenues at list prices $750,000 $1,180,000 $350,000 $260,000 

Price discounts 51,600 79,200 19,800 6,180 

Revenues (at actual prices) 698,400 1,100,800 330,200 253,820 

Cost of goods sold 570,000 1,020,000 298,000 190,000 

Gross margin 80,800 32,200 63,820 

Customer-level operating costs 

Delivery 23,420 

Order processing 16,960 

Sales visit } 10,240 

Total customer-level oper. costs 50,620 

Customer-level operating income $ 30,180 
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Assignment Material 

Try lt17-3 

Budget for 2021 

Variable Contrib. 

Selling Cost Margin Units Sales Contribution 
Price per Unit per Unit Sold Mix Margin 

(1) (2) (3) = (1) — (2) (4) (5) (6) = (3) x (4) 

Duma $20 $16 $4 88,000 40% $ 352,000 

Kool 23 18 5 132,000 60 660,000 

Total 220,000 100% $1,012,000 

Actual for 2021 

Variable Contrib. 

Selling Cost Margin Units Sales Contribution 
Price per Unit per Unit Sold Mix Margin 

(1) (2) (3) = (1) — (2) (4) (5) (6) = (3) x (4) 

Duma $18 $15 $3 90,000 45% $270,000 

Kool 25 19 6 110,000 55 660,000 

Total 200,000 100% $930,000 

The solution to Try It 17-3 presents the sales-volume, sales-quantity, and sales-mix variances for 
each product and in total for 2021, 

Actual Budgeted Budgeted 
Sales-volume ; ‘ ake : 

: = | quantity of — quantity of | X contribution margin 
variance : ; 

units sold units sold per unit 

Duma = (90,000 — 88,000) x $4 =  $8,000F 

Kool = (110,000—132,000)x$5 = 110,000U 

Total $102,000 U 

Saleacauant Actual units | Budgeted units Budgeted Budgeted 

Bits nie of all = of all x sales-mix > contribution margin 
variance : 

products sold products sold percentage per unit 

Duma = (200,000—220,000)x0.40x$4 = $32,000U 

Kool | = (200,000—220,000)x0.60x$5 = 60,000U 

Total $92,000 U 

2 Actual units of Actual Budgeted Budgeted 
Sales-mix : ' maak : 

: = allproducts Xx | sales-mix — sales-mix | X contribution margin 
variance 

sold percentage percentage) per unit 

Duma = 200,000 x(0.45—0.40)x$4 = $40,000 F 

Kool = 200,000X(0.55—0.60)x$5 = 50,000U 

Total $10,000 U 

719 



720 Chapter 17 Revenue and Customer Profitability Analysis 

The breakdown of the unfavourable sales-volume variance of $102,000 shows that the biggest con- 

tributor is the 20,000 unit decrease in sales, resulting in an unfavourable sales-quantity variance of 

$92,000. There is a further unfavourable sales-mix variance of $10,000 in contribution margin as a 

result of the sales mix shifting in favour of the less profitable Duma (budgeted contribution margin of 
$4 versus budgeted contribution margin of $5 for Kool). 

Sales-Mix and Sales-Quantity Variance Analysis of Campbell Corp. for 2021 

Flexible Budget: Static Budget: Budgeted Units of 

Actual Units of Actual Units of All Products Sold x 
All Products Sold x All Products Sold x Budgeted Sales Mix x 

Actual Sales Mix x Budgeted Sales Mix x Budgeted Contribution 

Budgeted Contribution Budgeted Contribution Margin Per Unit 
Margin Per Unit Margin Per Unit 

Duma 200,000 x 0.45 x $4 = $360,000 200,000 x 0.4 x $4=$320,000 220,000 x 0.4 x $4=$ 352,000 

Kool 200,000 x 0.55 x $5=550,000 200,000 x 0.6 x $5 = 600,000 220,000 x 0.6 x $5 = 660,000 

$910,000 =. $920,000 $1,012,000 

$ 10,000 U $ 92,000 U 
Sales-mix variance Sales-quantity variance 

$102,000 U 

Sales-volume variance 

F=favourable effect on operating income; U = unfavourable effect on operating income 

Actual Budgeted 

New York sales 2,500,000 units 2,000,000 units 

Campbell Corp. 200,000 units 220,000 units 

Market share 8% 11% 

Average budgeted contribution margin per unit = ($4 x 88,000 + $5 x 132,000) + 220,000 

= ($352,000 + 660,000) + 220,000 = $4.60 

The solution to Try It 17-4 presents the sales-quantity variance, market-size variance, and mar- 
ket-share variance for 2021. 

Market-share _ Actual market 
: eae market — market | X margin per composite 

variance size in units 
share share unit for budgeted mix 

= 2,500,000 x (0.08 — 0.11) x $4.60 

= 2,500,000 x 0.03 x $4.60 

[nn ne Budgeted contribution 

x 

= $345,000 U 

Narkateles Actus! Budgeted Budgeted Budgeted contribution 

venience = | market size — marketsize | X market X margin per composite 

in units in units share unit for budgeted mix 

= (2,500,000 — 2,000,000) x 0.11 x $4.60 

= 500,000 x 0.11 x $4.60 

= 253,000 F 



The market-share variance is unfavourable because the actual 8% market share was lower than 
the budgeted 11% market share. The market-size variance is favourable because the market size 

increased 25% [(2,500,000 — 2,000,000) + 2,000,000). 
The unfavourable market-share variance was greater than the increase in market-size variance, 

resulting in an unfavourable sales-quantity variance. 

Sales-quantity variance 

$92,000 U 

Market-share variance Market-size variance 

$345,000 U $253,000 F 
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AANA SS 

Learning Objectives 
@ Distinguish process- from job- 

costing allocation methods 

within the decision framework, 
and apply the weighted- 

average method of inventory 

valuation when the beginning 

work-in-process inventory is 

Zero. 

© Contrast the journal entries for 
a process-costing system when 

there is and when there is not 

ending work-in-process 
inventory using the weighted- 

average method of inventory 

valuation. 

© Apply the weighted-average 

method of process costing to 
calculate the cost of goods 

manufactured and transferred 
out when there is both 

Sbolnring aad ecihia work ire Allocation Affects Net Income—Reliable 
process inventory. . 

FIFO, and standard-costing 
methods of inventory valuation 

Royal Dutch Shell is a global explorer and developer of energy sources. It is important 

of cost of goods manufactured to the Shell managers to plan, control, and report their year-to-year profitability. 
and transferred out. To accomplish this, they must allocate the costs of Royal Dutch Shell’s activities to 

F reflect the timing, amount, and costs of those activities. Doing so means that managers 
Apply process-costing methods ‘ 

8 oe ete costs can be more confident that the budgeted profits will be realized. The goal of allocation 
and operations costing. is to match the quantity. of actual activities and their timing to the flow of costs incurred 

from them. However, it is not feasible to trace every single cost to a single activity. Nor 
ok is every single activity uniquely linked to a single unit of output. What should the Shell 

CPA Competencies manecers ae? 
This chapter covers material Fortunately for the Shell managers, process-costing techniques have been devel- 
outlined in Section 3: 

Management Accounting of the 

CPA Competency Map. The 
Learning Objectives in this chapter 
have been aligned with the CPA 
Competency Map to ensure the 

best coverage possible. 

oped that will provide a suitably close and reliable approximation of the timing and 
flow of costs for a number of Shell’s processes. 

3.3.1 Evaluates cost classifications 

and costing methods for management 
of ongoing operations 

3.3.2 Evaluates and applies cost 

management techniques appropriate ee 
for specific costing decisions *Reprinted from The Chartered Professional Accountant Competency Map, © 2012, with permission from the 

Chartered Professional Accountants of Canada, Toronto, Canada. Any changes to the original material are the sole 
3.4.1 Evaluates sources and responsibility of the author (and/or publisher) and have not been reviewed or endorsed by the Chartered Professional 
drivers of revenue growth Accountants of Canada. 

722 



Process Costing and Decision Making 723 

This chapter introduces the process-costing method of cost allocation, which differs from 
the job-costing method introduced in Chapter 4. 

To review briefly, job costing is appropriate in situations where the product or service 
is made to the customer’s specifications. As a result, different amounts of direct materials 
and conversion costs are used in the production process for each job. Therefore, the focus 
of the job-costing system is to accurately accumulate costs to each job since each job can 
use dramatically different amounts of inputs. The number of units of output is not an 
issue in the job-costing system because they have been determined by the customer’s spec- 
ifications for that job. The unit cost is then determined by dividing the total accumulated 
cost for the job by the number of units of output produced for that specific job. 

In contrast, in a process-costing system, all units produced are identical (or very sim- 
ilar). The unit cost of a product or service is obtained by assigning the total costs to all the 
identical or similar units. In a manufacturing process-costing setting, every unit receives 

the same or similar amounts of direct materials costs, direct manufacturing labour, and 
indirect manufacturing costs (manufacturing overhead). 

One significant characteristic of continuous processes is that the output is homoge- 

neous (i.e., identical). One unit of output is essentially identical to another, such as a litre 
of milk, a barrel of oil, a printed circuit or smartphone, a T-shirt, or a satellite TV dish. 
Allocation is a way to assign costs to units of output when it is not feasible to trace costs 
directly to output. Direct costs are traced, but indirect costs are allocated. 

This chapter describes how companies, such as ExxonMobil or Kellogg, use process- 
costing methods to determine the costs of products or services and to value inventory and 
the cost of goods sold. 

Process Costing and Decision Making 

Deciding upon a process-costing system is, in many ways, easier than making other cost- 
allocation decisions. In the simplest system there are only two cost pools. One is the 
prime cost pool comprising all direct materials (DM) costs. The second is the conver- 
sion cost pool comprising all direct manufacturing labour and other indirect manufac- 
turing overhead (MOH) costs. The cost driver for the prime cost pool is 
straightforward—the quantity of DM used during the accounting period. The cost 
driver for the conversion cost pool is predetermined as well. The resulting conversion 
cost rate is a straightforward weighted-average cost of all identical units produced in 
the time period. 

Step 1: Identify the problem and uncertainties The accounting problem is to design a 
cost assignment system that best matches the flow of costs to the flow of physical pro- 
duction of identical outputs. The physical processes cannot be directly observed often 
because it would be unsafe and unprofitable to do so. Moreover, direct observation 
would fail to reveal how complete each conversion process is for each unit of input 
remaining in the process. The purpose is to estimate full absorption cost per unit for both 
work-in-process (WIP) and finished goods (FG) inventory produced during a specific 
time period. 

Step 2: Gather relevant information Typically, process-cost accounting makes the follow- 
ing (simplifying) assumptions: 

= Both the quantity of DM and the time that DM are added can be observed and 
reported. 

a Conversion (direct labour and overhead) is a joint costing activity throughout this 
physical transformation. 

a The exit of identical units of completed goods can be observed and measured. 

s The quantities and costs of inputs of DM and conversion activities can be reliably 
measured and reported in the month they are used or consumed. 

The task of accountants is to design a costing process to reflect as efficiently and 
effectively as possible the timing and accumulated costs of physical conversion. It is 

LOO 
Distinguish process- from 

job-costing allocation 

methods within the 

decision framework, and 

apply the weighted-average 

method of inventory 

valuation when the 
beginning work-in-process 

inventory is zero. 



724 Chapter 18 Process Costing 

difficult because all units entering the process at the beginning of a time period accumu- 
late costs until the finished goods can be sold. The costs will only be recovered fully (plus 
a reasonable profit) through the sale of finished goods. 

Step 3: Forecast future outcomes One of the accounting challenges with process costing 
is determining the amount of work done in a given time period (e.g., one month). Because 
the production process is continuous, there are often units of product (or service) that are 

incomplete at the end of an accounting period. These units represent ending inventory 
WIP for that accounting period and, subsequently, beginning inventory WIP for the next 
accounting period. The units present at any given point in time are typically referred to as 
physical units, While it is relatively straightforward to count these physical units, it is 
another matter to determine the amount of production work (i.e., DM or conversion 
costs) that has gone into them. It is important to accurately determine these figures 
because they will be used as the cost drivers for the DM and the conversion cost pools. 

For DM, the process to calculate the amount of work done is relatively easy due to 
the simplifying assumption typically made by management that DM are 100% consumed 
at the moment they are added to the production process (this could be at the start of the 
process, at the end of the process, or at some point in between). In other words, either 

a The DM have been added (all of them), or 

a The DM have not been added to the relevant physical unit. 

Therefore, if the DM have been added to the process, then the number of physical 
units also equals the amount of work done to those units. This measure of work is known 
as an equivalent unit (EU), which expresses a 100% completed unit (for that input). 

In contrast (to DM), the amount of conversion effort (direct labour and overhead) 

that has been applied to a physical unit is assumed to be added evenly throughout the 
production process, As a result, the physical units and the EU for conversion costs will 
often be different from each other. Therefore, partially completed (with respect to conver- 
sion costs) physical units can be expressed as some amount of EU. For example, two 
physical units that are 50% complete with respect to conversion would be the same as 
having one physical unit that is 100% complete (2 X 50% = 1.0). In order to distinguish 
physical units (that may or may not be complete or may only be partially complete) from 
the amount of work that has been done to those physical units, the term equivalent unit is 
used to quantify the amount of work that has been done. So, we can also state that two 
physical units that are 50% complete with regard to conversion are the same as one EU of 
conversion (2 X 50% =1.0 EU). 

Input quantities of DM can be reliably measured in physical units as well as the DM 
cost pool. The cost driver rate is readily calculated as the total DM cost pool divided by 
the total physical units of input to which DM was added. The DM cost pool is called a 
prime cost pool. 

Now the rate per unit of input is calculated and the costs must be assigned to output 
units. Accountants use engineering reports of actual yield. The yield ratio multiplied by 
the cost driver rate assigns DM costs to each fully complete output unit. Provided the 
process is under control and purchase prices are stable, the DM cost assigned should be 
relatively constant from one time period to the next. A third- and fourth-level variance 
analysis will confirm whether or not this is the case. 

The remaining costs to transform raw materials into completed units, including any 
direct manufacturing labour costs, comprise a second indirect cost pool—conversion cost 

pool, There may be one conversion cost pool for all stages in a process or a conversion 
cost pool for each stage. Because the process is highly mechanized, a large part of the cost 
pool will be fixed manufacturing overhead (FMOH) costs of equipment, insurance, taxes, — 
and so on, in addition to the variable operating costs of production that are not DM costs, 

The conversion cost pool is reported monthly in the information system. The percent- 
age complete is also reported and the expected yield on the DM is also known. This 
enables the management team to calculate the DM cost rate and to use the EU to calculate 
the conversion cost rate. To calculate the conversion cost rate, divide the total conversion 
cost pool by the total output measured as EU. 



Process Costing and Decision Making 

The corporation then subtracts the estimated full absorption cost of finished goods 
sold to calculate gross margin. Estimated gross margin and cost of goods sold can be com- 
pared to budgeted performance to assess if the process and profit are both under control. 

Step 4: Make decisions by choosing among alternatives Engineers and accountants 

alike know that only finished goods can be sold to recover the production costs plus 
profit. This means that both the dollar value of assigned costs and the timing of their 
assignment will affect forecasts of gross margin. 

The alternative methods of assigning the conversion cost pool to either WIP or fin- 
ished goods are 

w Weighted-average 

s First-in, first-out (FIFO) 

a Standard costing 

The criterion to focus on when making a decision is which method best tells managers 
the costs incurred from the physical activities of continuous production in a particular 
time period. The choice of method affects both the calculation of the conversion cost pool 
allocation rates and the multiplier used to assign costs to WIP and FG inventories. 

Managers must be able to depend on the separation of costs of finished goods avail- 
able for sale, because these costs can be fully recovered if demand and pricing are appro- 
priate. The inputs remaining in WIP cannot be sold and the costs will remain unrecovered 
until such time as these inputs are 100% converted and sold. In fact, WIP is an opportu- 
nity cost that delays the realization of revenue until the inputs are finally available for 
sale. Clearly, inventory management is one important path to realizing the maximum 
profit in any specific time period. This is best achieved when the estimates of conversion 
costs allocated to WIP and FG inventories are reliable. 

Step 5: Implement the decision, evaluate performance, and learn If accountants have 

selected the best of the three ASPE/IFRS alternatives available to measure the costs of contin- 
uous production processes, then the managers can assess actual-to-forecast performance with 
some confidence. Forecasts predict reasonable measures of future costs. Budgeted costs are a 
commitment to the future consumption of resources. When actual reports are compared to 
predicted, the level of difference will indicate when a process is within or out of control. 

In many industries, processes are continuous and production managers are paid bonuses when they 

perform at or better than their cost targets. The more accurately the process-costing system reflects the 

physical reality of production, or its economic substance, the fairer will be the remuneration from one time 

period to the next. The best process cost allocation system will be a reliable basis upon which to price 

outputs in order to recover all costs. 

Process Costing: Alternative Methods 

There are three commonly used approaches to calculating the unit costs of production in 
a process-costing environment. As previously mentioned, they are weighted-average 
method, FIFO method, and standard costing. However, depending on the product and the 
type of production environment, the discussion over which method should be used may be 
moot (unnecessary). If any of the following conditions are present, then there is no mate- 
rial difference between the weighted-average and the FIFO methods: 

w Small (or nonexistent) amounts of WIP inventories, or 

= Constant amounts of WIP from period to period 

If either condition is present, there is no need to calculate EU and, as a result, there is 
no difference between the weighted-average method and the FIFO method of calculating 
unit costs. This situation is sometimes referred to as operations costing. Also, if the com- 
pany is using standard costs (see Chapter 7 Appendix), then there is no need to consider the 
issue of whether to use weighted-average or FIFO (even if the two conditions above are not 
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present) since all EU will have the same standard cost assigned to them.! Also, there is some 

research that indicates that some industries simply calculate unit costs when the informa- 
tion is needed and do not worry about overly complex calculations of EU of production. 

That being said, it is important to understand the concepts and the methodology behind 
the three methods. The weighted-average (WA) process-costing method calculates the aver- 
age EU cost of the work done to date (regardless of the period in which it was done) and 
assigns it to the units completed and transferred out (either to the next cost centre/depart- 
ment or to the FG inventory), and to the EU in the ending WIP inventory. In a true contin- 
uous process there will always be WIP at each stage of the conversion. The quantity of WIP 
will be measured in EU based on an estimate of percentage of completion. 

The first-in, first-out (FIFO) process-costing method assigns the costs of the prior 
accounting period’s EUs that is in the beginning WIP inventory to the first EUs completed 
and transferred out in the current accounting period. The method then assigns the remain- 
ing costs of the current period to the EU added to and converted during that period. The 
costs of the EU completed and transferred out are kept separate from those remaining in 
the ending inventory WIP. Of course, these EU and costs become the beginning quantities 
and costs of the beginning inventory WIP in the next time period. 

The standard-costing method relies on the standard input quantity required to pro- 
duce one standard output unit. This information might come from the engineers in the 
production department. The standard costs per input unit typically come from the pur- 
chasing department. The standard input cost times the standard input quantity results in 
a standard cost per unit produced. The standard cost is then multiplied by the percentage 
of completion of the units to determine the cost allocation to that component of produc- 
tion (i.e., ending WIP, or units completed and transferred). 

While all these methods are ASPE/IFRS compliant, when all things are equal, stan- 
dard costing may be the most effective and efficient method for internal reporting and 
cost control purposes. 

e710) \[e]  aa ES) 
IN ACTION 

NI 52-109—Internal Control System Design 

At all levels of management, managers owe a duty of 
care or stewardship to those whose assets they control. 
In 2008, the Canadian Securities Administrators (CSA) _ 
passed national regulation NI 52-109, which applies to 
companies listed on any Canadian stock exchange. For 
every quarter in which a company reports its financial 
results, the chief executive officer (CEO) must sign a 
certificate attesting to the quality of the disclosure. The 
CEOs certify that they have either supervised or 
designed an internal control system providing reason- 
able assurance of no material misstatement in the finan- 
cial disclosure. Process cost allocation affects the cost 
of goods sold (COGS), and ultimately the net income 
reported, as well as inventory on the statement of 
financial position. By applying process costing 

thoughtfully, management accountants establish a 
sound foundation for internal control. Failure to con- 
form to internal control standards under NI 52-109 
carries heavy financial and social penalties, not only for 
CEOs but also for accountants who implement the 
systems. 

More recently, the CSA conducted a review of the 
annual filings submitted by companies and found that 
over 50% did not meet the standards set out in the regu- 
lation. Additionally, 30% of the firms reviewed had to 
re-file their MD&A (Management Discussion and Analy- 
sis) and/or their certificates. The rigour of this review 
reflects how seriously the CSA considers internal con- 
trols, while the level of noncompliance indicates that 
many firms still have significant gaps to overcome. 

' The authors wish to thank Prof. John Parkinson, York University, for pointing out this issue and some relevant research done 
in this area (process-costing methods in practice). Interested students are directed to John Parkinson, “Accounting for Process 
Costing Systems,” The Journal of Law & Financial Management, 2012 Vol. II Issue 2; Jennifer Dosch and Joel Wilson, “Pro- 
cess Costing and Management Accounting in Today’s Business Environment,” Strategic Finance, August, 2010. 
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The requirements of ASPE/IFRS include not only an initial inventory valuation but 
also impairment testing. The inventory values must be at the lower of cost or net realiz- 
able value. Obsolete or unusable inventories must be deducted from inventory balances. 
An appropriate process-costing system to assign costs ensures adequate internal control of 
not only the physical process but also the cost reporting process. 

Weighted-Average Method With 
No Beginning WIP Inventory 

The easiest way to learn process costing is by example. Consider a continuous process that 
produces identical circuit boards. Global Defence Inc. manufactures thousands of compo- 
nents for missiles and military equipment. We will focus on the production of one of these 
components, DG-19. The DG-19 is a critical part in a military defence system to control 
drones. Global Defence assembles and tests the DG-19. 

The assembly process is manual. Completed subassemblies arrive for robot testing 
and final addition of an expensive printed circuit. Prior to adding the last circuit to the 
DG-19, thorough quality control and inspection must be done as part of the conversion. 
These are processes that incur an indirect cost of MOH and are done by robots in a clean 
room. Either the final component is inserted into the tested subassembly or the subassem- 
bly is discarded for rework. 

Only those subassemblies that pass the testing process will have the final circuit board 
added by a robot. The completed DG-19 is immediately transferred to finished goods. All 
DM form one cost pool, and all conversion costs, including direct manufacturing labour, 
form the second cost pool, which includes both the assembly and testing process costs. 
Only the completely converted circuit boards use 100% of the DM. 

The process-costing system for DG-19 has a single direct cost category (DM) and a 
single indirect process cost category (conversion costs). Every effort is made to ensure that 
all completed DG-19 units are identical and meet a set of demanding performance speci- 
fications. DM are added:to the process in both departments. In the Assembly department, 
the DM are added at the start of the assembly process, while in the Testing department, the 
DM are added at the end of the testing process and are 100% consumed. 

Conversion costs are added evenly during both hand assembly and robotic testing 
processes. Conversion costs include manufacturing labour, indirect materials, security, 
plant depreciation, insurance, and so on. Basically, conversion costs include all manufac- 
turing costs except DM costs. Exhibit 18-1 summarizes these facts. 

The manufacture of the DG-19 component will illustrate three cases: 

s Case 1. Process costing with no beginning inventory (BI) or ending inventory (EI) 
WIP of DG-19—that is, all units are started and fully completed by the end of the 

The Illustrated Process at Global Defence Inc. 

Loe 
Contrast the journal entries 

for a process-costing 
system when there is and 
when there is not ending 

work-in-process inventory 
using the weighted-average 
method of inventory 
valuation. 

Conversion costs added 

evenly Transferred 

. out 

Assembly Department ———> Testing Department ——— Ses ad 

DM for DG-19 
‘Assembled for DM added at Direct Weteria!S DM added at 
Testing Except the beginning of Cireult the end of testing 
Printed Circuit assembly 
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accounting period. This case illustrates the basic averaging-of-costs idea that is a key 
feature of process-costing systems. 

u Case 2. Process costing with no beginning inventory WIP but an ending inventory 
WIP of DG-19—that is, some units of DG-19 started during the accounting period 
are incomplete at the end of the period. This means that no DM have been added 
to the incomplete circuit boards at the end of hand assembly. 

a Case 3. Process costing with both beginning inventory WIP and ending inventory 
WIP of DG-19. 

Also note that the cases take place in different time periods: Case 1 takes place in 
January, Case 2 takes place in February, and Case 3 takes place in March. The produc- 
tion process is assumed to be continuous; therefore, if the Assembly department has no 
ending inventory of WIP in January, it is consistent that February starts with no begin- 
ning inventory for WIP. Similarly, if there is ending inventory WIP in the Assembly 
department at the end of February, then there will, logically, be beginning inventory 
WIP on March 1 in the Assembly department. See the figure below for a visual presenta- 
tion of these assumptions. 

Jan. 1 Jan. 31 Case 1 (January) 

0 units 0 units 

BI WIP El WIP 

Feb. 1 Feb. 28 Case 2 (February) 

0 units 225 units 

BI WIP El WIP 

Mar. 1 Mar. 31 Case 3 (March) 

225 units 100 units 

BI WIP El WIP 

For Case 1, in January the value is $0 for beginning inventory WIP of DG-19 circuit 
boards and all DM. In January, Global Defence started, completed hand assembly of, and 
transferred.out to the robotic testing phase, 400 DG-19 units. All the DM costs of $32,000 
were added and all completed units and costs were transferred out to finished goods. The 
total costs for January were 

Direct materials costs added during January $32,000 

Conversion costs added during January 24,000 

Total Assembly department costs added during January $56,000 

With zero beginning inventory and ending inventory WIP, no inventory valuation is 

necessary. By averaging, the hand assembly cost per unit of DG-19 would simply be 
$56,000 + 400 units = $140, itemized as follows: 

Direct materials ($32,000 + 400) cost per unit $ 80 

Conversion costs ($24,000 + 400) per unit _ 60 

Assembly department cost per unit $140 

This case shows that in a process-costing system, unit costs can be averaged by 
dividing total cost in a given accounting period by total units produced in the period. 
Because all units are identical, there is no reason to believe any single unit would cost 
more to produce than the other units. All units receive identical amounts of direct 
materials and conversion costs. If organizations mass-produce standard units, then they 
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Summarizing the Flow of Production in Physical Units and Equivalent Units for the 

Assembly Department of Global Defence Inc. for January—Case 1, No Beginning WIP Inventory 
and No Ending WIP Inventory 

Equivalent Units 

Conversion 

sie Flow of Production Materials Costs 

| 3 | Work in progress, beginning 
| 4 | Started during January 
| 5 |To account for 

| 6 | 
Completed and transferred out during January 

|_8_|Work in progress, ending inventory, hand assembly 
| 9 |Accounted for 
| 10 | Work done in January only 

Total 

Production Direct Conversion 

Costs Materials Costs 

| 13 | Costs added in January $56,000 | $32,000 $24,000 

Divide by equivalent units of work 
done in current period 

Cost per equivalent unit 
Total costs to account for 56,000 

| 20 | Assignment of costs: 
- |Completed and transferred out during January 

(400 units from EU calculations) $56,000 | 400 x ($80 + $60) 
Total costs accounted for $56,000 

can use this basic average-costing approach when there are no incomplete units at the 
end of each accounting period. Exhibit 18-2 presents another way to summarize this 
information. 

Global Defence—Ending WIP Inventory Valuation Using 

the Weighted-Average Method 

Case 2. In February, Global Defence places another 400 units of DG-19 into production. 
Recall that there is no beginning inventory of partially completed units in the Assembly 
department on February 1, because all units placed into production in January were fully 
completed by February 1. During February, however, customer delays in placing orders 
for DG-19 prevented the complete assembly of all units started in February. Only 
175 units were completed and transferred out to the Testing department. This means that 
225 units remained in the Assembly department’s ending inventory WIP at the end of 
February. The production engineers estimated that the conversion of the 225 units in 
ending inventory WIP was 60% complete. The total costs for the Assembly department 
for February were 

Direct materials costs added during February $32,000 

Conversion costs added during February 18,600 

Total Assembly department costs added during February $50,600 
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Summarizing the Flow of 

Production in Physical Units 
and Equivalent Units for the 

Assembly Department of 

Global Defence Inc. for. 
February — Case 2 Ending 

WIP Inventory but No 

Beginning WIP Inventory 

175 

(225 x 100%; 225 x 60%) 

Work done in February only 

Exhibit 18-3 records flow of production in units. The Physical Units column records 
the units in beginning WIP inventory (which was 0) and the quantity started in February 
(which was 400), giving the 400 total units to account for. The quantity completed and 
transferred out of the Assembly department (175 physical units) and the ending inventory 
WIP (225 physical units) are then recorded, giving the 400 total quantity accounted for. 
The Equivalent Units columns report the EU for both the DM and indirect conversion 
cost pools for the EU completed and transferred out and the units remaining in ending 
inventory WIP. Exhibit 18-3 shows in detail the calculation of the EU for both the DM 
and conversion cost pools. 

Exhibit 18-4 shows the cost pools and calculation of cost-allocation rates per EU. 
It then shows the assignment of costs to units completed and transferred out, and to par- 
tially completed units remaining in ending WIP inventory. 

At the top of Exhibit 18-4, the Direct Materials column shows that $32,000 of DM 
were purchased and should have been added to the 400 units started during February. 
There was no beginning inventory WIP. Thus the cost rate of DM was $80/EU (= $32,000 
+ 400 EU from Exhibit 18-3), The Conversion Costs column shows that the conversion 
cost pool for the Assembly department for February was $18,600. Thus the cost per EU 
for conversion costs was $60 (= $18,600 + 310 EU from Exhibit 18-3). The total produc- 
tion costs to be accounted for during the month are the sum of the DM and conversion 
costs, $50,600. 

The bottom section of Exhibit 18-4 multiplies the cost rates by the EU in ending 
inventory WIP and assigned and transferred out to the Testing department. The costs are 
assigned using the weighted-average method. Recall that the weighted-average is very 
straightforward because the weights have already been provided in transforming the 
physical units into EU. The cost-allocation rates are already weighted. In the case of the 
DM cost pool, the weight for both complete and incomplete physical units is 100% or 1. 
The weight for the conversion cost pool for units transferred out is 1 or 100% and 0.60 
or 60% for incomplete units in ending inventory WIP. 

Exhibit 18-4 shows that the cost assigned for the 175 completed units is $24,500 _ 
(= 175 X $80/EU for DM + 175 X $60/EU for conversion costs). The value of ending 
inventory WIP is not quite as straightforward to calculate. The DM remain 100% used 
for the 225 units in ending inventory WIP; therefore, this cost is $18,000 (= 225 EU x 
$80/EU). Recall that DM are added at the start of the Assembly department’s work; 
therefore, any units that have been started are 100% complete for DM. The conversion 
cost for the 135 EU in ending inventory WIP is $8,100 (= 135 EU x $60/EU). 
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| 6 |Costperequivalent unit = Cost |Costperequivalent unit = iad 
ae Total costs to account for $50,600 600 Ee aaa ota 

| 8 | Assignment of costs: 

Completed and transferred out 

(175 units from Exhibit 18-3) $24,500 175 x ($80 + $60) 

Work in process ending inventory, 

Assembly (225 units) 

/11|Directmaterials | |Directmaterials = si 18,000 (225 x $80) Bie eek wee | 

(135 EU from 

Conversion costs 8,100 Exhibit 18-3 

x $60) 

ha | Total work in process 

14 | Total costs accounted for $50,600 ei anh eetilsiialae atti | 

The total value of ending inventory WIP at the end of February is $26,100 (= $18,000 + 
$8,100). The completed and transferred-out amount of $24,500 and the ending inven- 
tory WIP amount of $26,100 sum to $50,600, the total costs of the Assembly depart- 
ment to account for in February. 

Process-costing systems separate costs into cost categories according to the timing of 

when costs are introduced into the process. Only two cost pools are required in the Global 
Defence example because all conversion costs are assumed to be added to the process at 
an even rate over time. If, however, direct manufacturing labour were added to the pro- 

cess at different times than all other conversion costs, then a third cost pool would be 
necessary. In this situation, we could no longer assume that all conversion activities occur 
at a uniform rate; therefore, separate estimates of EU would be required for the manufac- 
turing labour and the quality control assembly processes. 

Transferring costs out as reported in the bottom section of Exhibit 18-5 is an account- 
ing process wherein the costs follow the EU through conversion. The methods to value 
ending inventory WIP are constrained for external reporting purposes by ASPE/IFRS to 
either the weighted-average or the FIFO (first-in, first-out) method. At this point in the 
Global Defence example, no decision need be made because the beginning inventory WIP 
was $0 in both January and February. The choice of methods will make a difference in 
Case 3, however, because there is beginning inventory WIP to be converted and trans- 
ferred out in March. 

Journal Entries 

Process-costing journal entries are basically like those made in the job-costing system. 
That is, DM and conversion costs are accounted for in a similar way as in job-costing 
systems. The main difference is that, in process costing, there is often more than one end- 
ing inventory WIP: In our Global Defence example, there is Work-in-Process—Assembly 

Calculating 
Equivalent-Unit Costs 

and Assigning Costs to 
Completed Units and 
Ending WIP, Assembly 



Testing department 
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and Work in Process—Testing. Global Defence purchases DM as needed, and these mate- 
tials are delivered directly to the Assembly department. Using dollar amounts from Exhibit 
18-4, summary journal entries for the month of February at Global Defence Inc. are as 
follows: 

1. Work-in-Process—Assembly 32,000 

Accounts Payable 32,000 

To record direct materials purchased and used in 
production during February. 

2. Work in Process—Assembly 18,600 

[Various accounts] 18,600 

To record assembly department conversion costs for 

February; examples include energy, manufacturing supplies, 

all manufacturing labour, and plant depreciation. 

3. Work in Process—Testing 24,500 

Work in Process—Assembly 24,500 

To record cost of goods completed and transferred 
from assembly to testing during February. © 

Exhibit 18-5 shows a general sketch of the flow of costs through the T-accounts. 
The key T-account, Work in Process—Assembly, shows an ending balance of $26,100. 

For presentation in correct financial reporting format, the dollar values presented in 
Exhibit 18-4 (and the journal entries) for the Assembly department are reported below: 

Global Defence Inc. January 31 February 28 

Schedule of Cost of Goods Manufactured, (Case 1) (Case 2) 
Assembly Department for the Month Ended: Weighted-Average Weighted-Average 

Direct Materials 

Beginning inventory of direct materials $ 0 $950 

Purchases of direct materials during the month 32,000 32,000 

Cost of direct materials available for use "32,000 32,000 

Ending inventory of direct materials for the month 0 0 

Direct materials used during the month kA $32,000 res a $32,000 
All conversion costs 24,000 18,600 

Total conversion costs py 24,000 "papery 18,600 

Manufacturing costs incurred during the month 56,000 “50,600 

Beginning work-in-process inventory 0 0 

Total manufacturing costs to account for ~ 56,000 50,600 

Ending work-in-process inventory 0 (26,100) 

Cost of goods manufactured—transferred out to $56,000 $24,500 

In double-entry bookkeeping, this report from the Assembly department represents 
only half the transaction. The other half is the receipt into inventory of both the physical 
units and the COGM by the Testing department. The physical units received by the Test- 
ing department from the Assembly department are subcomponents, which are DM. The 
dollar value of the monthly COGM represents the DM transferred in or added to the 
Testing department’s purchases for the month. Strictly speaking, these DM were not 
purchased from an external party but nevertheless are treated as internal purchases. 
Ascertaining the correct transfer price is sometimes less straightforward than presented 
in this chapter. 
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Flow of Costs in a Process-Costing System, Assembly Department of Global Defence Inc. for February 

Accounts Payable Work in Process— Assembly Work in Process— Testing 

@ 32,000 —» @ Balance 0| Transferred 
| @ 18,600! @) 24,500 —_® © 24,500 | out to 

Balance 26,100 

(Various accounts) 

® 18,600 

Big Band Corporation produces a semiconductor chip used on communications. 
The direct materials are added at the start of the production process while conver- 
sion costs are added uniformly throughout the production process. Big Band had no 
inventory at the start of June. During the month, it incurred direct materials costs of 
$935,750 and conversion costs of $4,554,000. Big Band started 475,000 chips and 
completed 425,000 of them in June. Ending inventory was 50% complete as to con- 
version costs. 

Compute (a) the equivalent units of work done in June, and (b) the total manu- 
facturing cost per chip. Allocate the total costs between the completed chips and 
those in ending inventory. 

Weighted-Average Method With Beginning 
and Ending WIP inventory 

Case 3. For Case 3, remember there is both a beginning inventory WIP and an ending 
inventory WIP. At the beginning of March, Global Defence had 225 partially assembled 
DG-19 physical units in the Assembly department. During March, Global Defence placed 
another 275 physical-units into production. The total physical units in various stages of 
production during March was 500 (= 225 beginning physical units + 275 physical units), 
of which 400 were completed and transferred out to the Testing department. 

At the end of March, there were 100 physical units remaining in Assembly that were 
50% complete. During March, DM costs of $19,800 and conversion costs of $16,380 
were added in the Assembly department, for total costs of $36,180 added during March. 
With a non-zero beginning inventory WIP, a choice must be made with respect to the tim- 
ing of when either beginning inventory WIP or the new units DM are converted fully and 
transferred out to the Testing department—weighted-average or FIFO. 

The EU calculation in the weighted-average method is only concerned with total EU 
of work done. The work to complete the EU remaining from last month in March’s begin- 
ning inventory WIP is not distinguished from those units added and converted this month. 
All EU fully converted are assumed to be converted at an equal rate in March. The weighted- 
average method is not fine enough to reflect the physical timing of conversion of begin- 
ning inventory WIP in which conversion and DM costs have already been accumulated 
from new EU, Thus, the stage of completion of the current-period beginning inventory 
WIP is irrelevant and not used in the computation. The flow of physical units and the 
calculation of EU for the Assembly department for March are shown in Exhibit 18-6. 

finished 

goods 

Finished Goods 

xx | Cost of goods 
sold XX 

Cost of Goods Sold a 

LO ® 
Apply the weighted-average 
method of process costing 
to calculate the cost of 

goods manufactured and 
transferred out when there 

is both beginning and 

ending work-in-process 
inventory. 
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Exhibit 18-6 

Summarizing the Flow of 

foc RoE Equivalent Unis 
F the Aecaighl bepeiael eva 86 MIMS Sead irs co || 

ment of Global Defence a Flow of Production 

Inc. for March—Case 3, Work in process, beginning inventory, 
Hit acepetitn ad 7: Assembly (February El WIP, Exhibit 18-3) 225 

ethod With Beginning = ; : 5 
and Ending WIP a Started during current period (given) (275 2) eee 

inventor a 
Completed and transferred out during March 400 400 200 Sa 

| 8 | Work in process, ending inventory, Assembly? (given) P00. As ar 

cB 

8Degree of completion in this department: direct materials, 100%; conversion costs, 50%. 

The weighted-average cost is the total of all costs entering the WIP account (regard- 
less of whether it is from beginning WIP or from work started during the period) divided 
by total EU of work done to date in the Assembly department: 

EU in beginning 4 EU of work done _ EU completed and transferred | EU in ending 

inventory WIP in current period out in current period inventory WIP 

225 + 275 = 400 + 100 

Exhibit 18-7 shows the calculation of the DM and conversion cost per EU, and the 
assignment of costs to units either completed and transferred out or remaining in ending 

Calculating Equivalent-Unit Costs and Assigning Costs to Completed Units and Ending WIP Inventory for the 
Assembly Department of Global Defence Inc. for March—Case 3, Weighted-Average Method With Beginning and Ending 
WIP Inventory 

i i i 
Ere ee 
i ee 

eR nla bh. 
| Workin process beginning February EIWIP Emibne) | sasio0 | —sigaoo |S e100 | 
Pel eassaciedincarentprcdtven ||| 
EGE contincuradtodae Nn 
[Onde yeuilenuisciwortrewoawlenmnies [=i || 
a 

Foaleomwacoutr | ga 
eigen ei 

$20 
Total costs ScaGnel for 7) 280 a eee 

®Equivalent units completed and transferred out from Exhibit 18-6. 

>Equivalent units in ending work in process from Exhibit 18-6, 
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inventory WIP, The dollars follow the EU, which are either 100% converted and transferred 
out to the Testing department, or remain 50% complete in the ending inventory WIP of the 
Assembly department, allocated on a weighted-average cost per EU. In column C are the EU 
used to calculate the cost-allocation rate for the DM cost pool. In column D are the ending 
inventory used to calculate the cost-allocation rate for the March conversion cost pool. The 
total costs of March ending inventory WIP are calculated in Exhibit 18-7 as follows: 

Direct materials: 

100 equivalent units X weighted-average 

cost per equivalent unit of $75.60 $ 7,560 

Conversion costs: 

50 equivalent units X weighted-average 
cost per equivalent unit of $54.40 2,720 

Total costs of ending work in process $10,280 

As shown in Exhibit 18-7, for cost assignment, the completed and transferred-out 

amount of $52,000 and the ending inventory WIP amount of $10,280 in March, $62,280, 
are the total costs of the Assembly department to account for in March. It is important to 
note that the factor for direct materials EU is 100%, or 1, but that is not always the case. 
It is entirely possible to encounter a conversion process wherein the DM of partially con- 
verted units are also only partially used. The factor for DM used is unique and unrelated 
to the conversion factor. Thus it is possible for partially converted units to have consumed 
20% of DM and 75% of conversion inputs, for example. 

The following table summarizes the total costs to account for and the $62,280 
accounted for in Exhibit 18-7. The arrows indicate that costs of units completed and 
transferred out and costs of units in ending WIP are calculated using average total costs 
obtained after merging costs of beginning inventory WIP added in the current period. 

Costs Accounted for 
Costs to Account for Calculated at Weighted-Average Cost 

$26,100 $52,000 Beginning work in process Completed and transferred out 

Costs added in current period 36,180 Ending work in process 10,280 

Total costs to account for $62,280 Total costs accounted for $62,280 

The information Global Defence has calculated for the month of March based on the 
weighted-average method of inventory valuation is summarized below: 

Global Defence Inc. 

Schedule of Cost of Goods Manufactured, March 31, 
Assembly Department for the Month Ended: Weighted-Average 

Direct materials 

Beginning inventory of direct materials $ 0 

Purchases of direct materials during the month _ 19,800 

Cost of direct materials available for use 19,800 

Ending inventory of direct materials for the month ead 

Direct materials used during the month $19,800 

All conversion costs _ 16,380 

Total conversion costs 16,380 

Manufacturing costs incurred during the month 36,180 

Beginning work-in-process inventory _ 26,100 

Total manufacturing costs to account for 62,280 

Ending work-in-process inventory (10,280) 

Costs of goods manufactured—transferred out to Testing department $52,000 

735 
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Loe 
Analyze weighted-average, 

FIFO, and standard-costing 

methods of inventory 

valuation of cost of goods 
manufactured and 

transferred out. 

Using dollar amounts from Exhibit 18-7, summary journal entries for the month of 
March at Global Defence Inc. are 

1. Work in Process—Assembly 19,800 

Accounts Payable 19,800 

To record direct materials purchased 

and used in production during March. 

2. Work in Process—Assembly 16,380 

[Various accounts] 16,380 

To record Assembly department conversion 

costs for March; examples include energy, 

manufacturing supplies, all manufacturing 

labour, and plant depreciation. 

3. Work in Process—Testing 52,000 

Work in Process—Assembly 52,000 

To record cost of units completed and transferred 

from Assembly to Testing during March. 

The key T-account, Work in Process—Assembly, would show the following: 

Work in Process—Assembly 

@ Transferred out to Work in 

Process—Testing 52,000 

Beginning inventory, March 1 26,100 

@ Direct materials 19,800 

@ Conversion costs 16,380 

Ending inventory, March 31 10,280 

The Stanton Processing Company had work in process at the beginning and end of 
March in its Painting Department as follows: 

PERCENTAGE OF COMPLETION 

Direct Materials Conversion Costs 

March 1 (3,000 units) 40% 10% 

March 31 (2,000 units) 80% 40% 

The company completed 30,000 units during March. Manufacturing costs incurred 
during March were direct materials costs of $176,320 and conversion costs of 
$312,625. Inventory at March 1 was carried at a cost of $16,155 (direct materials 

— $5,380 and conversion costs — $10,775). 

Assuming Stanton uses weighted-average costing, determine the equivalent units 
of work done in March, and calculate the cost of units completed and the cost of 
units in ending inventory. 

First-In, First-Out and Standard-Cost Methods 

In contrast to the weighted-average method, the first-in, first-out (FIFO) process-costing 
method assigns the cost of the prior accounting period’s EU in beginning inventory WIP | 
inventory to the first units completed and transferred out. It assigns the cost of equivalent 
units worked on during the current period first to complete beginning inventory, then to 
start and complete new units, and finally to units in ending work-in-process inventory. This 
method assumes that the earliest EU in the WIP—Assembly account are completed first. 

A distinctive feature of the FIFO process-costing method is that the costs of work done 
on beginning inventory WIP before the current period are kept separate from work done in 
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Equivalent Units 

Conversion 

Flow of Production Units Materials 

Work in process, beginning (work done before 

(February El WIP, Exhibit 18-3) 225 current period) 

Started during current period (given) 

To account for 

7 | Completed and transferred out during current period: 

From beginning work in process@ 

[225 x (100% — 100%); 225 x (100% — 60%)] 

Started and completed 

(175 X 100%; 175 < 100%) 

Work in process, ending® (given) 

(100 X 100%; 100 x 50%) 

Accounted for 

id 

—s) NO ~ ~— ol oa 
[ow 

2 o 

7 oi ~~ ai 

|S = 
Ss o1 Work done in March only ip) = Is o 

7 

18 

— ‘Degree of completion in this department: direct materials, 100%; conversion costs, 60%. 

5400 physical units completed and transferred out minus 225 physical units completed and transferred out from 

beginning work-in-process inventory. 

‘Degree of completion in this department: direct materials, 100%; conversion costs, 50%. 

the current period. Costs incurred in the current period and units produced in the current 
period are used to calculate costs per EU of work done in the current period. In contrast, 
EU and cost-per-EU calculations in the weighted-average method merge the units and 
costs in beginning inventory WIP with units and costs of work done in the current period, 
and make no distinction between the units. 

The following observations help explain the physical units calculations in Exhibit 18-8: 

s From the March data, 400 physical units were completed during March. The FIFO 
method assumes that the first 225 of these units were from beginning inventory WIP; 
thus 175 physical units (= 400 physical units — 225 physical units) must have been 
started and completed during March. 

a Ending inventory WIP consists of 100 physical units (=275 physical units started in March 
— 175 physical units started and completed in March) partially converted in March. 

s Note that the physical units “to account for” equal the physical units “accounted 
for” (S00 units). 

Under the FIFO method, the EU calculations focus on only what has been converted in 
March. Under the FIFO method, the work done in the current period is assumed to first 
complete the 225 units in beginning WIP. The EU of work done in March on the beginning 
inventory WIP are computed by multiplying the 225 physical units by the percentage of 
work remaining to be done to complete these units: 0% for DM because the beginning WIP 
is 100% complete with respect to DM and 40% for conversion costs, because the beginning 
WIP is 60% complete with respect to conversion costs. The results are 0 EU (= 225 physical 
units X 0.0) of work for DM and 90 EU (= 225 physical units x 0.40) for conversion costs. 

Next, the work done in the current period is assumed to start and complete the next 
175 units. The EU of work done on the 175 physical units started and completed are com- 
puted by multiplying 175 units by 100% for both DM and conversion costs, because all 
work on these units is done in the current period. Therefore, there are 175 EU (= 175 
physical units X 1.0) started and completed in March. 

Summarizing the Flow of 

Production in Physical 

Units and Equivalent 

Units for the Assembly 

Department of Global 

Defence Inc. for March— 

Case 3, FIFO Method 

With Beginning and 

Ending WIP Inventory 
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Finally, the work done in the current period is assumed to start but leave incomplete 

the final 100-physical units as ending inventory WIP. The EU of work done on the 
100 physical units of ending inventory WIP are calculated by multiplying 100 physical 
units by 100% for DM (because all DM have been added for these units in the current 
period) and 50% for conversion‘costs (because 50% of conversion and corresponding 
costs have been undertaken and consumed in the current period), The flow of production 
in physical units and EU is summarized in Exhibit 18-8. 

In FIFO, the logic of the flow of costs is that all of February’s costs must be transferred 
out first. The ending inventory WIP from February is 60% converted, which means the 
remaining 40% conversion must be paid from the conversion cost pool for March. The 
total conversion cost for March is given as $16,380. The actual conversion EU for March 
comprise the 90 EU (= 225 physical units X 0.40) remaining from February, the 175 EU 
(=175 physical units x 1.0) begun and completed in March, and the 50 EU (= 100 physical 
units X 0.50) remaining in Assembly. The actual cost-allocation rate for March, based on 
only those conversion costs incurred in March, is $52 [= $16,380 + (90 + 175 + 50)]. 

Under FIFO, the ending inventory WIP comes from physical units that were started 
but not fully completed during the current period. The total cost of the 100 partially 
assembled physical units in ending WIP consists of 

Direct materials: 

100 equivalent units x cost per equivalent unit in March of $72 $7,200 

Conversion costs: 

50 equivalent units X cost per equivalent unit in March of $52 2,600 

Total costs of work in process on March 31 $9,800 

The diagram below summarizes the flows of each element of total costs to account for 
and the costs already accounted for of $62,280 in Exhibit 18-9. Notice how under the 

Calculating Equivalent-Unit Costs and Assigning Costs to Completed Units and Ending WIP Inventory for the 
Assembly Department of Global Defence Inc. for March—Case 3, FIFO Method With Beginning and Ending WIP Inventory 

i ee ee ee ee 
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- ee ee ee | 
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4 | Work in process, beginning (February El WIP, Exhibit 18-4) 

Ea Costs added in current period (given) 
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— a Os Eee 
a *Equivalent units used to complete beginning work in process from Exhibit 18-8. 

| 20 | Equivalent units started and completed from Exhibit 18-8. 

| 21 | Equivalent units in ending work in process from Exhibit 18-8. 
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FIFO method the layers of beginning WIP and costs added in the current period are kept 
separate. The arrows indicate where the costs in each layer go (i.e., to units completed and 
transferred out, or to ending WIP), Be sure to include the costs of beginning WIP ($26,100) 
when calculating the costs of units completed from beginning inventory. 

Costs Accounted for 

Costs to Account for Calculated on a FIFO Basis 

Completed and transferred out: 

Beginning work in process $26,100 Beginning work in process $26,100 

Costs added in current period 36,180 Used to complete beginning work 

in process 4,680 

Started and completed 21,700 

Completed and transferred out 52,480 

Ending work in process 9,800 

Total costs to account for $62,280 Total costs accounted for $62,280 

Exhibit 18-9 shows the calculation of the DM and conversion cost per EU, and the 
assignment of costs to units completed and transferred out and to ending inventory WIP 
using the FIFO method of process costing. The completed and transferred out amount of 
$52,480 and the ending inventory WIP amount of $9,800 sum to $62,280, the total costs 
the Assembly department needs to account for in March. 

The information Global Defence calculated for the month of March based on the 
FIFO method of valuation of inventory is summarized below and compared to the 
amounts obtained using the weighted-average method: 

Global Defence Inc. 

Schedule of Cost of Goods Manufactured, 

Assembly Department March 31 March 31 

for the Month Ended: Weighted-Average FIFO 

Direct materials 

Beginning inventory of direct materials $ 0 $ 0 

Purchases of direct materials during the month 19,800 19,800 

Cost of direct materials available for use 19,800 ~ 19,800 

Ending inventory of direct materials for the month 0 0 

Direct materials used during the month aire: $19,800 aa 8 $19,800 

All conversion costs 16,380 16,380 

Total conversion casts ea 16,380 reshe 7A 16,380 

Manufacturing costs incurred during the month ” 36,180 "36,180 

Beginning work-in-process inventory _ 26,100 _ 26,100 

Total manufacturing costs to account for 62,280 62,280 

Ending work-in-process inventory (10,280) _ (9,800) 

Cost of goods manufactured—transferred out to $52,000 $52,480 

Testing department 

The journal entries under the FIFO method parallel the journal entries under the 
weighted-average method. The only difference is that the entry to record the cost of goods 
completed and transferred out would be for $52,480 under the FIFO method instead of 
$52,000 under the weighted-average method. 

Only rarely is an application of pure FIFO ever encountered in process costing. As a 

result, this method should really be called a modified or departmental FIFO method 
because FIFO is applied within a department to compile the cost of units transferred out, 
but the units transferred in during a given period are usually carried at a single average 
unit cost as a matter of convenience. For example, the average cost of units transferred 
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out of the Assembly department is $52,480 + 400 units = $131.20 per DG-19 unit. The 
Assembly department uses FIFO to distinguish between monthly batches of production. 
The succeeding department, Testing, however, costs these units (that consist of costs 
incurred in February and March) at one average unit cost ($131.20 in this illustration). If 
this averaging were not done, the attempt to track costs on a pure FIFO basis throughout 
a series of processes would be unduly cumbersome, if not impossible. 

Consider Stanton Processing Company again. With the same information provided 
in Try It 18-2, redo the problem assuming Stanton uses FIFO costing instead. 

Comparing Weighted-Average and FIFO Methods 

The following table summarizes the costs assigned to units completed and those still in 
process under the weighted-average and FIFO process-costing methods for our example: 

Weighted-Average FIFO 
(from Exhibit 18-7) (from Exhibit 18-9) Difference 

Cost of units completed and $52,000 $52,480 +$480 
transferred out 

Work in process, ending 10,280 9,800 — 480 

Total costs accounted for $62,280 $62,280 $__0 

The weighted-average ending inventory is higher than the FIFO ending inventory by 
$480, or 4.9% (= $480 + $9,800). This is a significant difference when aggregated over 
the many thousands of components that Global Defence makes. The weighted-average 
method in our example also results in lower COGS and hence higher operating income 
and higher tax payments than the FIFO method. Differences in EU costs of beginning 
inventory WIP and work done during the current period account for the differences in 
weighted-average and FIFO costs. Recall that the cost per EU of beginning inventory WIP 
was greater than the cost per EU of work done during the period. 

For the Assembly department, FIFO assumes that all the higher-cost prior-period units 
in beginning inventory WIP are the first to be completed and transferred out while ending 
inventory WIP consists of only the lower-cost current-period units. The weighted-average 
method, however, smooths out cost per EU by assuming that more of the lower-cost units 
are completed and transferred out, while some of the higher-cost units are placed in ending 
inventory WIP. Hence, in this example, the weighted-average method results in a lower cost 
of units completed and transferred out and a higher ending inventory WIP relative to FIFO. 

Unit costs can differ materially between the weighted-average and FIFO methods when 
(1) the DM or conversion costs per unit vary from period to period and (2) the physical 
inventory levels of WIP are large in relation to the total number of units transferred out. 
This means that both gross margin and operating income will differ materially between the 
two approaches. As companies move toward long-term procurement contracts that smooth 
out the unit cost differences from one time period to another, and toward eliminating 
inventory, the difference between these two cost estimates will decrease. 

Managers need feedback about their most recent performance (March in this illustra- 
tion) to plan and improve their future performance. A major advantage of FIFO is that it 
gives managers actual information from which they can judge their performance in the 
current period independently from that in the preceding period. Work done during the 
current period is vital information for these planning and control purposes. 

Managers in operations often receive cash bonuses based on minimizing costs. The - 
weighted-average method reports the lowest COGM transferred out for the Assembly depart- 
ment. Notice that regardless of the method chosen, for purposes of deducting COGS to arrive 
at taxable income, the total cost for the two methods is identical. What is added to ending 
inventory WIP is deducted from COGM completed and transferred out. There is no tax ben- 
efit to either choice. The manager, however, would prefer to report lower rather than higher 
COGM, and without accounting training could choose FIFO over the weighted-average 
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method. However, as those trained in financial accounting know, this benefit will most likely 
teverse out in the next accounting time period—the iron law of accruals. Managers who 
know this should be indifferent between these two methods of process costing. 

Computations Under Standard Costing 

As we have mentioned, companies that use process-costing systems produce numerous 
like or similar units of output. Setting standard quantities for inputs is often relatively 
straightforward in such companies. Standard costs per input unit may then be assigned to | Chapter 8. 
the physical standards to develop standard costs. 

One weakness of standard costing, however, is that the standard must be updated 
when significant changes occur in process, quantity, and/or unit input cost. The overallo- 
cation or underallocation of process costs must be prorated prior to the calculation of 
taxable income. 

Weighted-average and FIFO methods become very complicated when used in indus- 
tries that produce a variety of products. For example, a steel rolling mill uses various steel 
alloys and produces sheets of various sizes and of various finishes. The items of DM are 
not numerous, nor are the operations performed. But used in various combinations, they 

yield so great a variety of products that inaccurate costs for each product result if the 
broad averaging procedure of historical process costing is used. Similarly, complex condi- 
tions are frequently found in plants that manufacture rubber products, textiles, ceramics, 
paints, and packaged food products. As we shall see, standard costing is especially useful 
in these situations. 

The intricacies of weighted-average and FIFO historical costing methods and the con- 
flicts between them are also eliminated by using standard costs. We again use the Assem- 
bly department of Global Defence Inc. as an example, except this time we assign standard 
costs to the process. The same standard costs apply in February and March. 

We have incomplete units in both beginning inventory WIP and ending inventory 
WIP. Exhibit 18-8 presented the results of the FIFO method. Exhibit 18-10 summarizes 

For an introductory discus- 

sion see Chapter 7 and 

Summarizing the Flow of 
Production in Physical 

Units and Equivalent Units 
for the Assembly Depart- 
ment of Global Defence 
Inc. for March— Standard 
Costing With Beginning 
and Ending WIP Inventory 

a se tte | Ealvalont Unite 's 9 
eo Physical | Direct | Conversion | 
Ta] Hlowof Production | Units | Materials | Costs 
a a a (February El WIP, Exhibit 18-3) 

S| Started during currentperiod(gven) —=—=SCiYSCBSTSSCSS 
er te eater enti) maids each wast 
TT [Completed andtransferred out during curentperioe | (| Sd 
Pa] Frombeginning workinprocesss | | ST 
| 9 | [225 x (100% — 100%); 225 x (100% — 60%) ees Cae eM eee aase 

FiO] Started end completed SSC] TC 
P41] (175 x 100%; 175 x 100%) 
[12 | Workin process, ending? (given) | St | 
i 
oa ee 
a a aE 
se ve of completion in this department: direct eee 100%; conversion Eto a 

5400 physical units completed and transferred out minus 225 physical units completed and transferred out from 

beginning work-in-process inventory. 

Degree of completion in this department: direct materials, 100%; conversion costs, 50%. 
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the flow of production in both physical units and EU for the standard-costing method of 
process costing, Notice in Exhibit 18-10 that the standard-costing method also assumes 
that the earliest EU in beginning inventory WIP are completed first. Work done in the 
current period for DM is 275 EU. Work done in the current period for conversion costs is 
315 EU. L 

Exhibit 18-11 shows the standard cost per EU, and the assignment of costs to units 
completed and transferred out and to ending inventory WIP using the standard-costing 
method of process costing, ending with a summary of variances. The standard-costing method 
requires no calculation of the cost-allocation rates for either direct materials purchases 
or conversion costs. Cost rates per EU are already given as standard costs: direct mate- 
rials, $74, and conversion costs, $54. The bookkeeping to adjust the COGM and ending 
inventory WIP for overallocation or underallocation is straightforward, and this 
method has the added advantage of drawing a manager’s attention to unfavourable cost 
variances. This method provides an opportunity to apply management accounting 
analyses of variances to ascertain where the costs of a process require explanation and 
perhaps remedy. 

The total debits to WIP—Assembly differ from total debits to WIP—Assembly 
under the actual-cost-based weighted-average and FIFO methods. That’s because, as in 

Standard Costs per Equivalent-Unit and Assigning Costs to Completed Units and Ending WIP Inventory for 
the Assembly Department of Global Defence Inc. for March—Case 3, Standard-Costing Method With Beginning and 

Ending WIP Inventory 

Be 
Ss eee 
eee ee ee 
Ri ee 
[4] Standardcostpereauvelentuntieve. —SSCS~=~‘iRCSC“‘CSDW*#*L: OS! | $M | 
[51 Work in process, beginning (given, Exhibit 18-10), se ea 
| 8| Direct materials, 225x$74; Conversion costs, 135x$54_— |= $23,040_—|— $16,650 |= $ 7,290 
| 7|Costsaddedincurrentperiod atstandardcosts | | | 
8] Directnateris, 275% S14 Conversion costs 16x54 ——=«d’~—SCRBD*Y~CISOCY SCOT 
| 9 Total costs to account for | ©.) $6300: mnnlorn te wealth "| 6450 a 

ok BRR G ST Pel eR ea 
Pe gene 

| 10 | Assignment of costs at standard costs: 

| 21 Actual costs incurred (given) 19,800 16,380 

Rr 
| 24 | ®Equivalent units used to complete beginning work in process from Exhibit 18-10. 

| 25 | >Equivalent units started and completed from Exhibit 18-10. 

| 26 | Equivalent units in ending work in process from Exhibit 18-10. 
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all standard-costing systems, the debits to the WIP account are at standard costs rather 
than actual costs. Notice that in comparing Exhibit 18-9 to Exhibit 18-11, all the quan- 
tities are identical; it is the rates that change. In Exhibit 18-9, the DM cost-allocation 
rate is $72/EU and the conversion cost-allocation rate is $52/EU, while in Exhibit 18-11 
the DM standard cost rate is $74/EU and the standard conversion cost rate is $54/EU. 
The standard costs total is $61,300 in Exhibit 18-11. Using T-accounts, the flow of 
costs of Global Defence Inc.’s transformation process is illustrated in Exhibit 18-12. 
Any variance between the standard and actual costs incurred also transfers into and out 
of the various process accounts. 

Accounting for Variances 

Process-costing systems using standard costs usually accumulate actual costs separately 
from the inventory accounts. For example, the actual data are recorded in the first two 
entries shown below. Recall that Global Defence purchases DM as needed and that these 
materials are delivered directly to the Assembly department. The total variances are 
recorded in the next two entries. The final entry transfers out the completed goods at stan- 
dard costs. 

1. Assembly Department Direct Materials Control (at actual) 19,800 

Accounts Payable 19,800 

To record direct materials purchased and used in production during March. 

This cost control account is debited with actual costs and credited later with standard 
costs assigned to the units worked on. 

2. Assembly Department Conversion Costs Control (at actual) 16,380 

[Various accounts] 16,380 

To record Assembly department conversion costs for March. 

(Entries 3, 4, and 5 use standard-cost dollar amounts from Exhibit 18-11) 

3, Work in Process—Assembly (at standard cost) 20,350 

Direct Materials Variances 550 

Assembly Department Direct Materials Control 19,800 

To record actual direct materials used and total direct materials variances. 

4, Work in Process—Assembly (at standard cost) 17,010 

Conversion Costs Variances 630 

Assembly Department Conversion Costs Control 16,380 

To record actual conversion costs and total conversion costs variances. 

5. Work in Process—Testing (at standard cost) 51,200 

Work in Process—Assembly (at standard cost) 51,200 

To record cost of units completed and transferred at standard cost from 

Assembly to Testing. 

Variances arise under the standard-costing method, as in entries 3 and 4, because the 
standard costs assigned to products on the basis of work done in the current period do 
not usually equal the actual costs incurred in the current period. Variances can be mea- 
sured and analyzed in little or great detail for feedback, control, and decision-making 
purposes. Exhibit 18-12 illustrates how the costs flow using T-accounts. 

Hybrid-Costing Systems 

Product-costing systems must often be designed to fit the particular characteristics of 
different production systems. Many production systems are a hybrid—they have some 
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Flow of Standard Costs in a Process-Costing System, Assembly Department of Global Defence Inc. for March 
SUSE Sa RR LI SN HSA STE OO DE a RE BO 

Assembly Department 
Direct Materials 

Control Work in Process—Assembly Work in Process—Testing 

: Balance 23,940 Transferred 
® 19,800 ® 20,350] ©) 51,200 —* © 51,200} out to finished 

® 17,010 
Balance $10,100 

Direct Materials 

Variances 

® 550 

goods XX 

Assembly Department 
Conversion Costs Control 

@ 16,380] @) 16,380 

Finished Goods 

XX Cost of goods 

sold XX 

Cost of Goods Sold 

XX 

Conversion Costs Variances 

@ 630 

Accounts Payable 

@® 19,800 

(Various accounts) 

@ 16,380 

SUSTAINABILITY 
NW ANCA ETO)\ 

Under Armour is the fastest growing sportswear company 
in the world. Known for its high-tech fitness apparel and 
celebrity endorsers such as Stephen Curry, in 2016 Under 
Armour introduced customized, 3D-printed shoes to its 
product lineup. 

The Under Armour Architech training shoes fea- 
ture a 3D-printed midsole that increases stability during 
exercise. To create the 3D-printed elements, computers 
create an accurate 3D model of a customer’s feet using 
photographs taken from multiple angles. Under Armour 
then prints the midsoles in their Baltimore, Maryland, 
lab and stitches them into the Architech shoes, which 

are traditionally manufactured ahead of time. The result 
is a customized pair of shoes tailored for each person’s 
unique feet. 

3D printed shoes, like the Architech, use a hybrid 
costing system. Accounting for the 3D printing of the 
midsoles and customization requires job costing, but the 
similar process used to make the shoes they are stitched 
into lends itself to process costing. The cost of making 
each pair of shoes is calculated by accumulating all pro- 
duction costs and dividing by the number of shoes made. 
In other words, while each pair of Architechs is different, 
the production cost is roughly the same. 

The combination of mass production with custom- 
ized parts is called mass customization, and fosters orga- 
nizational systems capable of producing much less waste 
while managing to serve customers more effectively. 3D 
printing enables mass customization by allowing custom- 
ers to tailor specific elements of certain products to their 

Hybrid Costing for Under Armour 
3D Printed Shoes 

specifications or wants. Along with athletic shoes, 3D 
printing is letting people create personalized jewellery, 
earphones, and mobile phone cases. While 3D printing it 
still in its infancy, the future market for 3D printers and 
software is expected to eclipse $50 billion by 2025. 

Sources: Press Release. 2020. “3D Printing Market Insights By Size, 
Share, Future Growth And Forecast From 2018-2025,” MarketWatch, 
April 14 (https://www.marketwatch.com/press-release/3d-printing 
-market-insights-by-size-share-future-growth-and-forecast 
-from-2018-2025-2020-04-13); A. Zaleski. 2018. “Here’s Why 2016 
Could Be 3D Printing’s Breakout Year,” Fortune, December 30; J. Kell. 
2016. “Under Armour Debuts First-Ever 3D-Printed Shoes,” Fortune, 
March 8; J. Brownlee. 2018. “What Under Armour’s New 3-D-Printed 
Shoe Reveals About the Future of Footwear.” Fast Company, Co. 
Design blog, March 25; D. Burrus. 2014. “3D Printed Shoes: A Step in 
the Right Direction,” Wired, September. 
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features of custom-order manufacturing and other features of mass-production manu- 
facturing. Manufacturers of a relatively wide variety of closely related standardized 
products tend to use a hybrid system. Typically, in a hybrid-costing system, there is a 
common production system (the products go through the same stages of production) but 
the materials added to the system are different. Usually this is achieved by running 
batches of products through the process. Increasingly, due to computerized production 
lines, the batches are getting smaller or, in some instances, may even be individual units. 
Consider Ford Motor Company. Automobiles may be manufactured in a continuous 
flow, but each may be customized with a special combination of engine size, transmis- 
sion, music system, and so on. Companies develop hybrid-costing systems to meet these 
individual needs. 

Job-Costing Hybrid-Costing Process-Costing 
Systems Systems Systems 

2 See ae FRR pe eT RY Ae ee eae 
Distinct ent ee 

Be © product ov service services identical rocesses 
(e.g., custom-made i P 

machines and houses) (e.g., a 

Masses of similiar or identical 
units of product or service 

(e.g., food or chemical 
processing) 

Transferred-in Costs in Process Costing 

Many process-costing systems have two or more processes in the conversion cycle, as does 
Global Defence Inc. Ordinarily, as units move from one process to the next, related costs LO® 
are also transferred by monthly journal entries. If standard costs are used, the accounting _| APPly process-costing 
for such transfers is relatively simple. However, if weighted-average or FIFO is used, the Epethiods te eer 

3 transferred-in costs and 
accounting can become more complex. Gpersiions costing: 

To illustrate, we now extend our Global Defence Inc. example to include the next step 
in the production process, which is undertaken in the Testing department. The process is 
one of testing and inspection. Once the DG-19 subassemblies pass inspection, additional 
DM, such as the housing for the closed circuit, complete the unit in readiness for sale to 
the customer. 

Assume conversion costs are added evenly during the testing process. Once units 
complete the testing process, they are immediately transferred to finished goods. The 
COGM are added to’the cost of goods available for sale (COGAS) and upon sale will 

become cost of goods sold (COGS). Subcomponents are transferred into Testing after they 
complete the assembly process. But whereas the Assembly department received subcom- 
ponents from an external supplier for conversion, the testing process receives subcompo- 
nents from an internal supplier—the assembly process. Conceptually, however, the units 
transferred into testing are treated like a type of direct material. The costs of all the trans- 
ferred-in physical units from the Assembly department are, however, called transferred-in 
costs, not DM costs, for the Testing department. These costs will differ depending upon 
the choice of weighted-average ($52,000) or FIFO ($52,480) used to estimate the assem- 

bly process’s COGM and ending inventory WIP. 
With respect to the physical units of transferred-in costs, they are 100% complete 

as beginning inventory WIP for the Testing department. They are not complete with 
respect to any conversion or any DM added by the Testing department. Unless the 
transferred-in physical units are 100% converted in the Testing department process, 
no DM will be added by the Testing department. That is, no unfinished circuits will be 
placed in their housing unless they successfully pass all tests and quality inspections. 
DM costs for testing will consist of only those costs incurred to acquire DM from 
external third parties. These additional DM are added at the end of the testing 
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process. These data for the process of testing in March have been reported in the 
information system: 

eee 
| 
/ ie 
84 Work in process, beginning inventory (March 1) BP ET ys Pear ie 

4 | Degree of completion, begining workinarosess | === SCO CC 
[| TansteredindurngMarch SST 
(| Completed andansferedoutaurngMarsh ——~+| wa] | CS 
7 [Werkin roses eainginventoryMerena |__| Sid] Sd 
[Degree of ameter ending wockinarocess_——(| =| tow || 
Pe 
10 | brect meters and conversoncos —=—=S=~Y=SSSSCiY SSSSSC*dYC |_| 
it |Tensteredin Weighted-averageiromameveme | ——«d;s~Cieaoo | 
ra [Tansterecin(FFOfromemnevear SY SSSSC*d;Cenw] 
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®The transferred-in costs during March are different under the weighted-average method (Exhibit 18-7) and the FIFO method (Exhibit 18-9). In our example, 

beginning work-in-process inventory of $51,600 (= $33,600 + $0 + $18,000) is the same under both the weighted-average and FIFO inventory methods because 

We assume costs per equivalent unit to be the same in both January and February. If costs per equivalent unit had been different in the two months, work-in- 

process inventory at the end of February (beginning of March) would be costed differently under the weighted-average and FIFO methods. The basic approach 

to process costing with transferred-in costs, however, would still be the same as what we describe in this section. 

Transferred-in costs (or previous department costs) are costs incurred in a previous 
department that are carried forward as part of the product’s cost as it moves to a subse- 
quent department for more processing. That is, as the physical units move from one 
department to the next, their costs per EU move with them. Thus, costs accumulate and 
those of the testing process include transferred-in costs as well as any additional DM costs 
and conversion costs added while in the Testing department. 

Transferred-in Costs and the Weighted-Average 

Method 

To examine the weighted-average process-costing method with transferred-in costs, we 
need to add a third column to the EU calculations shown in the process illustrated in 
Exhibits 18-6 and 18-7. This third column reflects the transferred in EU and related cost 
calculations. 

Exhibit 18-13 shows the flow of production in both physical units and EU. The com- 
putations are basically the same as the calculations of EU under the weighted-average 
method for the Assembly department in Exhibit 18-6, except for the addition of trans- 
ferred-in costs. 

Exhibit 18-14 has been expanded to illustrate the allocation of the DM cost pool 
using the conversion rates appropriate to the beginning inventory WIP of the Testing 
department and the good units completed and transferred out this month. The addition of 
this calculation of the quantity in the cost-allocation base for this cost pool is quite 
straightforward in an all-or-nothing process and was excluded in the Assembly depart- 
ment analysis for this reason. It is more frequently the case that DM ate assumed to be 
added evenly throughout a process. The cost-allocation base is always the EU, not the 
physical units. 
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Summarizing the Flow of Production in Physical Units and Equivalent Units Using the Weighted-Average 
Method of Process Costing for the Testing Department of Global Defence Inc. for March 
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®Degree of completion in this department: transferred-in costs, 100%; direct materials, 0%; conversion costs, 80% 

Exhibit 18-14 also reports the new cost pool to be considered, the costs transferred in 
to the Testing department from physical units transferred out by the Assembly depart- 
ment. The transferred-in cost pool consists of two cost elements. The first is the ending 
inventory WIP of the Testing department, which was 62.5% converted, and 0% of DM 

Calculating Equivalent-Unit Costs and Assigning Costs to Completed Units and Ending WIP Inventory for the 
Testing Department of Global Defence Inc. for March—Weighted-Average Method With Beginning and Ending WIP Inventory 
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tEquivalent units in ending work in process from Exhibit 18-13 
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had been added to these 240 physical units. These units were all transferred into the Test- 
ing department from the Assembly department during the month of February. The trans- 
ferred-in costs remaining in beginning inventory WIP of the Testing department at the 
beginning of March equal $33,600. No DM were added; therefore, there is $0 reported in 
the first line of Exhibit 18-14 for DM. The dollar value of conversion costs for the ending 
inventory WIP in February, and therefore beginning inventory WIP of March for the Test- 
ing department, is also given as $18,000 and this is reported in the final column of cost 
pools in Exhibit 18-14. | 

The information in Exhibit 18-7 illustrating the March weighted-average costs for the 
Assembly department reported the total COGM transferred out for the 400 completed 
physical units was $52,000, which appears as the dollar value of physical units trans- 
ferred in to the Testing department on the second line of Exhibit 18-14 in the Trans- 
ferred-in Costs column. Note that the transferred-out units for March from the Assembly 
department are the same units that are the transferred-in units for March for the Testing 
department. The total transferred-in, DM, and conversion costs in the Testing department 
for those 640 units that were either completed or still in-process are $165,400 for the 
month of March. The dollar amounts in the testing DM and testing conversion cost pools 
are given as shown. 

In Exhibit 18-14, the cost assignment is based on the cost-allocation rates shown in 
the top section of the exhibit. In the bottom section, the first line refers to the EU com- 
pleted and transferred out to Finished Goods and the second refers to the EU remaining in 
ending inventory WIP. Notice that 0 DM EU remaining in ending inventory WIP did not 
consume any DM, the housing for the circuit boards, during March because the DM are 
added at the end of the Testing department’s conversion process. Using the dollar amount 
from Exhibit 18-14, the journal entry for the transfer out of the Testing department to FG 
inventory is 

Finished Goods 120,890 

Work in Process—Testing 120,890 

To transfer units to finished goods inventory. 

Entries to the key T-account, Work in Process—Testing, follow, using information 
from Exhibit 18-14: 

Work in Process—Testing 

Beginning inventory, March1 _ 51,600 Transferred out 120,890 

Transferred-in costs 52,000 

Direct materials 13,200 

Conversion costs 48,600 

Ending inventory, March 31 44,510 

Transferred-in Costs and the FIFO Method 

To examine the FIFO process-costing method with transferred-in costs, we must refer 
back to Exhibit 18-9 for both the transferred-out COGM from the Assembly department 
and the physical units completed and transferred out. It is important to understand that in 
a series of interdepartmental transfers, each department is regarded as being separate and - 
distinct for accounting purposes. All costs transferred in during a given accounting period 
are carried at the unit cost figure the previous department transferred out. 

Exhibit 18-15 shows the flow of production in both physical units and EU under the 
FIFO method of process costing. Obviously, the physical unit information remains the 
same under either the weighted-average or the FIFO method. Other than considering 
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Summarizing the Flow of Production in Physical Units and Equivalent Units Using the FIFO Method of 
Process Costing for the Testing Department of Global Defence Inc. for March 

Flow of Production | Units | Costs | Materials | 
Work in process, beginning (given) 

Transferred in during current period (given) 

To account for 

Completed and transferred out during current period: 

From beginning work in process® 

[240 x (100% — 100%); 240 x (100% — 0%); 240 x (100% — 62.5%)] 

10 | Started and completed 

(200 x 100%; 200 x 100%; 200 x 100%) 

Work in process, ending® (given) 

(200 X 100%; 200 x 0%; 200 x 80%) 

°Degree of completion in this department: transferred-in costs, 100%; direct materials, 0%; conversion costs, 80%. 
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transferred-in costs, the computations of EU are basically the same as those under the 
FIFO method for the Assembly department shown in Exhibit 18-8. 

Exhibit 18-16 shows the calculation of the transferred-in DM, and conversion cost 

per EU, and the assignment of costs to units completed and transferred out and to ending 
inventory WIP using the FIFO method of process costing. The per-unit transferred-in costs 
added during the month of March are simply the transferred-in costs for March divided by 
the number of units transferred in during March ($52,480 + 400 EU = $131,.20/EU), The 

DM costs added in the Testing department are calculated based on the 440 EU completed 
and transferred out this month. Conversion costs of testing are divided by the total EU 
finished in the current time period, which have been calculated in Exhibit 18-15 as 
450 EU. 

The reasoning for using only $52,480 in the Transferred-in, $13,200 in the Direct 
Materials, and $48,600 in the Conversion cost pools is that these are the only relevant 
costs for the month of March in the Testing department using FIFO. Based on the appro- 
priate cost-allocation rates, the costs are assigned using the appropriate EU beginning 
with the 90 EU to be converted from beginning inventory WIP first (240 physical units 
multiplied by (1 — 62.5%) = 90 EU). Notice that DM are added to 240 EU because these 
240 physical units must be 100% converted before the Testing department adds any 
DM at all. 

In Exhibit 18-16, the total costs to account for and accounted for of $165,880 under 
the FIFO method differ from the corresponding amounts under the weighted-average 
method of $165,400 because of the different costs of completed units transferred in from 
the Assembly department under the two methods ($52,480 under FIFO and $52,000 
under weighted-average). 
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Calculating Equivalent-Unit Costs and Assigning Costs to Completed Units and Ending WIP Inventory for the 
Testing Department of Global Defence Inc. for March—FIFO Method With Beginning and Ending WIP Inventory 

ee eee a 
2p Pron | Transterredin| Direct | Conversion 
| 3 | Costs | Costs | Materials | Costs | 
| 4 | Work in process, beginning (given) 

[| 5|Costsaddedincurrentperiod (given) =| 104.280 | $2480 | $13,200 | $48,600 

{Pepin ” || co | sao |e current period (Exhibit 18-15) + 400 + 440 _ + 450 

[7 [Costner eniveenuntotwonaerewnewrenpered |__| Si 8 
i SoS 
Mem Assignmentofcostss ila 0 

Obl» Os 1001 % 90k Gr let cea 10 | Completed and transferred out (440 units) 

11 | Work in process, beginning (240 units) $ 51,600 a Sa 

12 Costs added to beginning work in process in current 

period 16,920 (0? x $131.20) + (2402 x $30) + (908 x $108) 

73 Total fam beginning inventory Ta ae 
Started and completed (200 units) 53,840 (200° x $131.20) + (200 x $30) + (200° x $108) 

Total costs of units completed and 

transferred out 122,360 

| 16 | Work in process, ending (200 units) 43,520 (200¢ x $131.20) + (O° x $30) + (160° x $108) 

Total costs accounted for $165,880 fpaieiadincinall bid) 

| 19 | ®Equivalent units used to complete beginning work in process from Exhibit 18-15. 

| 20 | >Equivalent units started and completed from Exhibit 18-15. 

| 21 | Equivalent units in ending work in process from Exhibit 18-15, 

Using the dollar amount from Exhibit 18-16, the journal entry for the transfer out to 
FG inventory is 

Finished Goods 122,360 

Work in Process—Testing 122,360 

To transfer units to finished goods inventory. 

Entries to the key T-account, Work in Process—Testing, follow, using information 
from Exhibit 18-16: 

Work in Process—Testing 

Beginning inventory, March 1 51,600 Transferred out 122,360 

Transferred-in costs 52,480 

Direct materials 13,200 

Conversion costs 48,600 

Ending inventory, March 31 43,520 
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The dollar values using the weighted-average and FIFO methods reported in Exhibits 
18-15 and 18-16 for the Testing department are summarized and compared for the month 
of March, 

Global Defence Inc. 
Schedule of Cost of Goods Manufactured, March 31, 
Testing Department for the Month Ended: Weighted-Average 

Direct materials 

Beginning inventory of direct materials $ 0 

Purchases of direct materials during the month 13,200 

Cost of direct materials available for use "13,200 

Ending inventory of direct materials for the month 0 

Direct materials used during the month $ 13,200 

All conversion costs 48,600 

Total conversion costs iat 48,600 

Manufacturing costs incurred during the month 61,800 

Beginning work-in-process inventory 51,600 

Transferred-in cost of goods manufactured from assembly 52,000 

Total manufacturing costs to account for "165,400 

Ending work-in-process inventory (44,510) 

Cost of goods manufactured—transferred out to finished goods $120,890 

Common Mistakes with Transferred-in Costs 

Here are some common pitfalls to avoid when accounting for transferred-in costs: 

De 

2s 

Remember that transferred-in costs from previous departments are cost pools that 
must be added into your calculations. 

In calculating costs to be transferred on a FIFO basis, do not overlook the costs 
assigned at the beginning of the period to units that were in process but are now 
included in the units transferred out. For example, do not overlook the $51,600 in 

Exhibit 18-16. 

. The cost-allocation rates most likely will fluctuate from month to month because they 
are based on actual costs incurred. Therefore, transferred units may contain batches 
accumulated at different unit costs. For example, the 400 units transferred in at 
$52,480 in Exhibit 18-16 using the FIFO method consist of units that have different 
unit costs for direct materials and conversion costs when these units were worked on 
in the Assembly department (see Exhibit 18-9). Remember, however, that when these 
units are transferred in to the Testing department, they are at one average unit cost of 
$131.20 (= $52,480 + 400), as in Exhibit 18-16. 

. Units may be measured in different terms in different departments. Consider each 
department separately. For example, unit costs could be based on kilograms in the 
first department and litres in the second; therefore, as units are received by the second 
department, their measurements would need to be converted to litres to ensure com- 
parable cost-allocation bases and rates. 

March 31, FIFO 

$ 0 

13,200 

13,200 

0 

ae $ 13,200 

48,600 

48,600 

61,800 

51,600 

52,480 

165,880 

(43,520) 
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| Pulling It All Together—Problem for Self-Study 

(Try to solve this problem before examining the solution that follows.) 

Problem 

Allied Chemicals operates a thermo-assembly process as the second of three processes at 
its plastics plant. Direct materials in thermo-assembly are added at the end of the process, 
Conversion costs are added evenly during the process. The following data pertain to the 
Thermo-Assembly department. 

Physical 

Transferred in during current period 

ae Work in process, beginning inventory 50,000 

200,000 

210,000 

7 

| 8 | Degree of completion, ending work in process 

Required Compute equivalent units under (1) the weighted-average method and (2) the FIFO 

0800 method. 

Solution 

1. The weighted-average method uses equivalent units of work done to date to compute 
cost per equivalent unit. The calculation of equivalent units follows: 

ee 

5 a ed a eer 
iT 
Lic Cs rE ie nee 

| 9 | (40,000 x 100%; 40,000 x 0%; 40,000 x 40%) ae See eae 

Biss | ae ee a 
Ml  _._iipeayae a tL ev ewnie gu esse gal kegel eet dlr of al eee 
13 | *Degree of completion in this department: transferred-in costs, 100%; direct materials, 0%; conversion costs, 40%. 

14 | 250,000 physical units to account for minus 210,000 physical units completed and transferred out. 
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2. The FIFO method uses equivalent units of work done in the current period only to 
compute cost per equivalent unit. The calculations of equivalent units follow: 

eee oe ee 
er a ee eee, tag ey Eguivalone Untts | 
pee Physical | transtorrad-in | Diroct | Conversion | 
}3]lowof Production | Units, | Costs | Materials | Costs | 
[4 [Workin process, beginning (given) |S suouosss| CO | 
| 5 | Transferred in during current period (given) (he BT el TG 8 a eT RAT 

[7 | Completed and vansterred out during curentpenod | S| SCT SCT SCS 
From beginning work in process® 50,000 

Accounted for 

| 8 
a [50,000 x (100% — 100%); 50,000 x (100% — 0%); 

50,000 x (100% — 80%) 0 50,000 10,000 
| 10 | Started and completed 160,000" ce eaen 

/ 11} (160,000 x 100%; 160,000 x 100%; 160,000 x 100%) 160,000 160,000 
12 | Work in process, ending® 40,0004 at a oe 

/13| (40,000 x 100%; 40,000 x 0%; 40,000 x 40%) hbemenat iFelix) 40,000 0 

oe 

The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives Guidelines 

The motivation to use job costing is that different jobs consume different 
resources at different rates; therefore, their costs differ. Indirect cost assignment 
systems are designed to report these differences in an economic, effective, and 
efficient way. The cost object is the job. The motivation to use process costing 
is that all outputs consume virtually identical resources at constant rates; there- 
fore, the costs of outputs are identical. Indirect cost assignment systems are 
designed to accumulate and match the costs of each process to the physical 
conversion occurring during the process. The cost object is the process. 

1. What are the key differences 
that distinguish job from 
process costing? 

2. How are costs assigned to The weighted-average method is one of three methods used to assign costs to 
units completed and units 
in ending WIP using the 
weighted-average method? 

either completed units that have moved on to the next process (finished) or to 
work-in-process (WIP) inventory. The cost driver is equivalent units, and all 
cost-allocation rates are calculated on a cost per equivalent unit. Each cost 
pool (e.g., direct materials, conversion costs) is assigned on the basis of the 
equivalent units either completed or remaining in ending WIP inventory. The 
main difference in journal entries is that, in a process-costing system, there is a 

separate WIP account for each process. 
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Learning Objectives Guidelines 

3. What is a transferred-out The physical flow of raw materials through different processes of conversion is 
cost? matched by the transfer of accumulated costs out of one process (for 100% 

completed conversion of the inputs), and into the account for the next process. 
No cost disappears but rather accumulates and is transferred to the next stage 
of the process. 

4. What are the first-in, first-out The first-in, first-out (FIFO) method computes unit costs based on costs 

method and standard-costing incurred during the period and equivalent units of work done in the current 
method of process costing? period. FIFO assigns the costs of the beginning WIP inventory to the first units 

completed and assigns the costs of the equivalent units worked on during the 
current period first to complete beginning inventory, next to started and 
completed new units, and finally to units in ending WIP inventory. Under the 
standard-costing method, cost-allocation rates are already in place as standard 
costs per unit when assigning cost to units completed and to units in ending 
WIP inventory. Standard costing is not an ASPE/IFRS-compliant method to 
value inventories or costs for external reporting purposes. 

5. What is a transferred-in The costs of goods manufactured, those physical units completed in a prior 
cost? conversion process, are transferred out of the prior department during the cur- 

rent time period. These become the transferred-in costs for the next depart- 
ment in the conversion process. 

Bk=\gaatwiter mstslae 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

equivalent unit (EU) (p. 724) physical units (p. 724) transferred-in costs (p. 746 

first-in, first-out (FIFO) process-costing previous department weighted-average (WA) 

method (p. 726) costs (p. 746) process-costing method (p. 726) 

hybrid-costing systems (p. 745) ~ standard-costing method (p. 726) 

| Assignment Material 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 

feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

18-1 Give three examples of industries that often use process-costing systems. 

18-2 In process costing, why are costs often divided into two main classifications? 

18-3 Explain equivalent units. Why are equivalent-unit calculations necessary in process costing? 

18-4 State two conditions under which computing equivalent units will make a material difference to 
reported inventory amounts. 

18-5 Describe the distinctive characteristic of weighted-average computations in assigning costs to units 
completed and ending work in process. 



18-6 Describe the distinctive characteristic of FIFO computations in assigning costs to units completed 
and ending work in process. 

18-7 Identify the main difference between journal entries in process costing and the ones in job costing. 

18-8 “Standard-cost procedures are particularly applicable to process-costing situations.” Do you agree? 
Why? 

18-9 Why should the accountant distinguish between transferred-in costs and additional direct materials 
costs for each subsequent department in a process-costing system? 

18-10 “Transferred-in costs are those incurred in the preceding accounting period.” Do you agree? Explain. 

18-11 “There's no reason for me to get excited about the choice between the weighted-average and FIFO 

methods in my process-costing system. | have long-term contracts with my materials suppliers at 

fixed prices.” State the conditions under which you would (a) agree and (b) disagree with this state- 
ment, made by a plant controller. Explain. 

Exercises 

18-12 Terminology. A number of terms are listed below: 

equivalent unit (EU) first-in, first-out (FIFO) 

weighted-average process-costing method standard-costing method 

Required 

Select the terms from the above list to complete the following sentences. 

1. In process costing, the cost object is the entire production process. The method is used for 
mass-produced items that are identical. That is why a weighted-average can be used to calculate the 

ratio of work in process to finished goods. A common denominator must be found because a physical 

unit 100% converted has cost more to produce than one that is only 50% converted and remains in 

work-in-process inventory. The benefits of the conversion process are unequally shared between the 

items in each type of inventory. The average conversion rate is calculated using a denominator called 

an (). 
2. Three methods assign conversion costs to finished goods and work in process. The choice of 

method should be made by the management team such that the method is economically plausible. 

The method reflects the facts of the economic outcome of the production process in a specified 

time period. The three methods are () method, the ,and 

the 

18-13 Equivalent units, zero beginning inventory. A&A Inc. is a manufacturer of digital cameras. It 

has two departments: assembly and testing. In January, the company incurred $900,000 on direct materials 

and $957,600 on conversion costs, for a total manufacturing cost of $1,857,600. 

Required 

1. Assume there was no beginning inventory of any kind on January 1. During January, 12,000 cameras 

were placed into production and all 12,000 were fully completed at the end of the month. What is the 
unit cost of an assembled camera in January? 

2. Assume that during February, 12,000 cameras were placed into production. Further assume the same 

total assembly costs for January are also incurred in February, but only 9,000 cameras are fully com- 

pleted at the end of February. All direct materials have been added to the remaining 3,000 cameras. 
However, on average, these remaining 3,000 cameras are only 50% complete as to conversion costs. 

(a) What are the equivalent units for direct materials and conversion costs and their respective costs 

per equivalent unit for February? (b) What is the unit cost of an assembled camera in February? 

3. Explain the difference in your answers to requirements 1 and 2. 

18-14 Journal entries (continuation of Exercise 18-13). 

Required 

Prepare summary journal entries for the use of direct materials and incurrence of conversion costs. Also 

prepare a journal entry to transfer out the cost of goods completed. Show the postings to the Work-in- 

Process account. 

Assignment Material 755 

LO@ 
1. Unit cost, $154.80 

LO 2 
1. Work-in-process assembly DR, 

$900,000 
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LO ®@ 18-15 Zero beginning inventory, materials introduced in middle of process. Roary Chemicals 
1, Equivalent units, conversion has a mixing department and a refining department. Its process-costing system in the mixing department 

costs, 45,000 has two direct materials cost categories (Chemical P and Chemical Q) and one conversion costs pool. The 
following data pertain to the mixing department for July: 

Physical Units: 

Work in process, July 1 0 

Units started 50,000 

Completed and transferred to 

refining department 35,000 

Costs: 

Chemical P $250,000 

Chemical 0 70,000 

Conversion costs 135,000 

Chemical P is introduced at the start of operations in the mixing department, and Chemical Qis added 
when the product is three-quarters completed in the mixing department. Conversion costs are added 

evenly during the process. The ending work in process in the mixing department is two-thirds completed. 

Required 

1. Compute the equivalent units in the mixing department for July for each cost category. 
2. Compute (a) the cost of goods completed and transferred to the refining department during July and 

(b) the cost of work in process as of July 31. 
3. Would there be any difference in your calculations of equivalent units if you used a weighted-average 

approach versus the FIFO approach? What is the reason for this? 

LO® 18-16 Weighted-average method, assigning costs. Bio Doc Corporation is a biotech company that 
1, Equivalent units of conversion makes a cancer-treatment drug in a single processing department. Direct materials are added at the start of 

costs, 52,500 the process. Conversion costs are added evenly during the process. Bio Doc uses the weighted-average 
method of process costing. The following information for July is available: 

€ Equivalent Units 

Physical Direct Conversion 

Units Materials Costs 

Work in process, July 1* 12,500 12,500 8,750 

Started during July 50,000 

Completed and transferred out during July 42,500 42,500 42,500 

Work in process, July 31* 20,000 20,000 10,000 

*Degree of completion: direct materials, 100%; conversion costs, 70%. 

‘Degree of completion: direct materials, 100%; conversion costs, 50%. 

Total Costs for July 

Work in process, beginning 

Direct materials $75,000 

Conversion costs 87,500 $162,500 

Direct materials added during July os avid 325,000 

Conversion costs added during July 463,750 

Total costs to account for $951,250 

Required 

1, Calculate the cost per equivalent unit for direct materials and conversion costs. 
2, Summarize total costs to account for, and assign total costs to units completed (and transferred out) 

and to units in ending work in process. 



18-17 FIFO method, assigning costs. Refer to the information in Exercise 18-16. 

Required 

Do Exercise 18-16 using the FIFO method. Note that you first need to calculate the equivalent units of work 
done in the current period (for direct materials and conversion costs) to complete beginning work-in- 
process, to start and complete new units, and to produce ending work-in-process. 

18-18 Standard-costing method, assigning costs. Refer to the information in Exercise 18-16. Sup- 

pose Bio Doc determines standard costs of $6.60 per equivalent unit for direct materials and $10.40 per 
equivalent unit for conversion costs for both beginning work-in-process and work done in the current period. 

Required 

1. Do Exercise 18-16 using the standard-costing method. Note that you first need to calculate the 
equivalent units of work done in the current period (for direct materials and conversion costs) to 

complete beginning work-in-process, to start and complete new units, and to produce ending work- 
in-process. 

2. Compute the total direct materials and conversion costs variances for July. 

18-19 Weighted-average method, equivalent units and unit costs. Consider the following data for 
the assembly division of a satellite manufacturer: 

Physical Units Direct Conversion 
(satellites) Materials Costs 

Beginning work-in-process (May 1)* 8 $ 5,426,960 $ 1,001,440 

Started in May 55 

Completed during May 51 

Ending work-in-process (May 31)" 12 

Costs added during May $35,420,000 $15,312,000 

*Degree of completion: direct materials, 30%; conversion costs, 40%. 

tDegree of completion: direct materials, 60%; conversion costs, 30%. 

The assembly division uses the weighted-average method of process costing. 

Required 

1. Compute equivalent units for direct materials and conversion costs. Show physical units in the first 

column of your schedule. 

2. Calculate cost per equivalent unit for direct materials and conversion costs. 

18-20 Weighted-average method, assigning costs (continuation of Exercise 18-19). 

Required 

For the data in Exercise 18-19, summarize total costs to account for, and assign these costs to units com- 

pleted (and transferred out) and to units in ending work-in-process. 

18-21 FIFO method, equivalent units and unit costs. Refer to the information in Exercise 18-19. 
Suppose the assembly division uses the FIFO method of process costing instead of the weighted-average 

method. 

Required 

1. Compute equivalent units for direct materials and conversion costs. Show physical units in the first 

column of your schedule. 

2. Calculate cost per equivalent unit for direct materials and conversion costs. 

18-22 FIFO method, assigning costs (continuation of Exercise 18-21). 

Required 

For the data in Exercise 18-19, use the FIFO method to summarize total costs to account for, and assign these 
costs to units completed and transferred out, and to units in ending work-in-process. 

18-23 Standard-costing with beginning and ending work-in-process. Lawrence Company is a 
manufacturer of contemporary door handles. The vice-president of Design attends home shows twice a 

Assignment Material 757 

Loo 
1. Direct materials cost per 

equivalent unit, $6,50 

LO® 
2. Total direct materlals cost 

varlance, $5,000 F 

LO® 
2. Direct materials cost per 

equivalent unit, $701,837.80 

€ 

LO ® 
Conversion cost per equivalent 

unit of work done to date, 

$298,780.95 

Loe 
2. Direct materials cost per 

equivalent unit, $694,510 

Loe 
Total cost of work-in-process, 

$6,072,908 

LOO 
Equivalent units of work done In 

current perlod for direct materlals 

Is 100,000 
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year so the company can keep current with home trends. Because of its volume, Lawrence uses process 

costing to account for production. Costs and output figures for August are as follows: 

Lawrence Company's Process Costing for the Month Ended August 31 

‘ Units Direct Materials Conversion Costs 

Standard cost per unit $5.75 $ = 12.25 

Work-in-process, beginning inventory (Aug. 1) 15,000 $ 86,250 $ 55,125 

Degree of completion of beginning work-in- 100% 30% 

process 

Started in August 100,000 

Completed and transferred out 95,000 

Work-in-process, ending inventory (Aug. 31) 20,000 

Degree of completion of ending work-in-process 100% 80% 

Total costs added during August $569,000 $1,307,240 

Required 

1. Compute equivalent units for direct materials and conversion costs. Show physical units in the first 

column of your schedule. 

2. Compute the total standard costs of handles transferred out in August and the total standard costs of 

the August 31 inventory of work-in-process. 
3. Compute the total August variances for direct materials and conversion costs. 

4, Prepare summarized journal entries to record both the actual costs and standard costs for direct mate- 

rials and conversion costs, including the variances for both production costs. 

LO ® 18-24 Transferred-in costs, weighted-average method. Asaya Clothing Inc. is a manufacturer of 

3, Total cost to account for work- winter clothes. It has a knitting department and a finishing department. This exercise focuses on the finish- 

in-process, $363,000 ing department. Direct materials are added at the end of the process. Conversion costs are added evenly 
during the process. Asaya uses the weighted-average method of process costing. The information for June 

is shown below. 

¢ Physical Units Transferred-in Direct Conversion 

(tons) Costs Materials Costs 

Work-in-process, beginning inventory (June 1) 75 $ 75,000 pe ate $30,000 

Degree of completion, beginning work-in-process 100% 0% 60% 

Transferred in during June 135 

Completed and transferred out during June 150 

Work in process, ending inventory (June 30) 60 

Degree of completion, ending work-in-process 100% 0% 15% 

Total costs added during June $142,500 $37,500 $78,000 

Required 

1. Calculate equivalent units (tons) of transferred-in costs, direct materials, and conversion costs. 

2. Summarize total costs to account for, and calculate the cost per equivalent unit for transferred-in 

costs, direct materials, and conversion costs. 

3. Assign total costs to units completed (and transferred out) and to units in ending work-in-process. 

LO ® 18-25 Transferred-in costs, FIFO method. Refer to the information in Exercise 18-24. Suppose that 
3. Total cost of work-in-process, Asaya uses the FIFO method instead of the weighted-average method in all of its departments. The only 

ending, $81,533 changes to Exercise 18-24 under the FIFO method are that the total transferred-in costs of beginning work-in- 
process on June 1 are $60,000 (instead of $75,000) and total transferred-in costs added during June are 
$130,800 (instead of $142,500). 

Required 

Do Exercise 18-24 using the FIFO method. Note that you first need to calculate the equivalent units of work 

done in the current period (for transferred-in costs, direct materials, and conversion costs) to complete 

beginning work-in-process, to start and complete new units, and to produce ending work-in-process. 



18-26 Weighted-average method, equivalent units and unit costs. Consider the following data for 

the assembly division of Fenton Watches Inc.: 

Physical Units Direct Materials Conversion Costs 

Beginning work-in-process (May 1)* 80 $ 493,360 $ 91,040 

Started in May 500 

Completed during May 460 

Ending work-in-process (May 31)t 120 

Costs added during May $3,220,000 $1,392,000 

*Degree of completion: direct materials, 90%; conversion costs, 50%. 

tDegree of completion: direct materials, 60%; conversion costs, 30%. 

The assembly division uses the weighted-average method of process costing. 

Required 

Compute equivalent units for direct materials and conversion costs. Show physical units in the first column 
of your schedule. 

18-27 Weighted-average method, assigning costs (continuation of Exercise 18-26). 

Required 

For the data in Exercise 18-26, summarize total costs to account for, calculate cost per equivalent unit for 
direct materials and conversion costs, and assign total costs to units completed (and transferred out) and 
to units in ending work-in-process. 

18-28 FIFO method, equivalent units. Refer to the information in Exercise 18-26. Suppose the assembly 
division at Fenton Watches Inc. uses the FIFO method of process costing instead of the weighted- 

average method. 

Required 

Compute equivalent units for direct materials and conversion costs. Show physical units in the first column 

of your schedule. 

18-29 FIFO method, assigning costs (continuation of Exercise 18-28). 

Required 

For the data in Exercise 18-26, use the FIFO method to summarize total costs to account for, calculate cost 
per equivalent unit for direct materials and conversion costs, and assign total costs to units completed (and 
transferred out) and to units in ending work-in-process. 

Problems 

18-30 Weighted-average method. McKnight Handcraft is a manufacturer of picture frames for large 
retailers. Every picture frame passes through two departments: the assembly department and the finishing 
department. This problem focuses on the assembly department. The process-costing system at McKnight has 
a single direct-cost category (direct materials) and a single indirect-cost category (conversion costs). 

Direct materials are added when the assembly department process is 10% complete. Conversion costs are 

added evenly during the assembly department's process. 
McKnight uses the weighted-average method of process costing. Consider the following data for the 

assembly department in April: 

Physical Unit Direct Conversion 
(Frames) Materials Costs 

Work-in-process, April 18 60 $ 1,530 $ 156 

Started during April 510 

Completed during April 450 

Work-in-process, April 30° 120 

Total costs added during April $17,850 $11,544 

@Degree of completion: direct materials, 100%; conversion costs, 40%. 

‘Degree of completion: direct materials, 100%; conversion costs, 15%. 

Assignment Material 759 

LO ® 
Direct materials equivalent 

units, 5382 

€ 

LO ® 
Total cost of work-in-process, 

ending $610,200 

LO® 
Direct materials equivalent 

units, 460 

LO® 
Total cost of work-in-process, 

ending, $613,895 

LO@® 
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LOo® 

LO® 

LO® 

Required 

1. Summarize the total assembly department costs for April, and assign them to units completed (and 
transferred out) and to units in ending work-in-process. 

2. What issues should a manager focus on when reviewing the equivalent-units calculation? 

18-31 FIFO method (continuation of 18-30). 

Required 

1. Complete Problem 18-30 using the FIFO method of process costing. 
2. If you did Problem 18-30, explain any difference between the cost of work completed and transferred 

out and the cost of ending work-in-process in the assembly department under the weighted-average 
method and the FIFO method. Should McKnight’s managers choose the weighted-average method or 
the FIFO method? Explain briefly. 

18-32 Standard costing, journal entries. The Warner Company manufactures reproductions of expen- 

sive sunglasses. Warner uses the standard-costing method of process costing to account for the produc- 

tion of the sunglasses. All materials are added at the beginning of production. The costs and output of 

sunglasses for May are as follows: 

Physical % of Completion for Direct Conversion 
Units Conversion Costs Materials Costs 

Work-in-process, beginning 22,000 60% $ 48,400 $ 33,000 

Started during May 95,000 

Completed and transferred out 87,000 

Work-in-process, ending 30,000 75% 

Standard cost per unit $ 2.20 $'7 7250 

Costs added during May $207,500 $238,000 

Required 

1. Compute equivalent units for direct materials and conversion costs. Show physical units in the first 

column of your schedule. 

2. Compute the total standard costs of sunglasses transferred out in May and the total standard costs of 
the May 31 inventory of work-in-process. 

3. Compute the total May variances for direct materials and conversion costs. 

4. Prepare summarized journal entries to record both the actual costs and standard costs for direct mate- 

rials and conversion costs, including the variances for both production costs. 

18-33 Transferred-in costs, weighted-average method. Spelling Sports, which produces basket- 

balls, has two departments: cutting and stitching. Each department has one direct-cost category (direct 

materials) and one indirect-cost category (conversion costs). This problem focuses on the stitching 
department. é 

Basketballs that have undergone the cutting process are immediately transferred to the stitching 

department. Direct material is added when the stitching process is 70% complete. Conversion costs are 

added evenly during stitching operations. When those operations are done, the basketballs are immedi- 

ately transferred to Finished Goods. 

Spelling Sports uses the weighted-average method of process costing. The following is a summary of 

the March operations of the stitching department: 

Physical Units | Transferred-in 

(basketballs) Costs Materials Costs 

17,500 $ 45,360 $17,660 

Direct Conversion 

100% 60% 

56,000 

52,000 

| 8 {Total costs added during March $154,560 $89,310 



Required 

1. Summarize total stitching department costs for March, and assign these costs to units completed (and 
transferred out) and to units in ending work-in-process. 

2. Prepare journal entries for March transfers from the cutting department to the stitching department 
and from the stitching department to Finished Goods. 

18-34 Transferred-in costs, FIFO method. Refer to the information in Problem 18-33. Suppose that 
Spelling Sports uses the FIFO method instead of the weighted-average method. Assume that all other infor- 

mation, including the cost of beginning WIP, is unchanged. 

Required 

1. Using the FIFO process-costing method, complete Problem 18-33. 

2. lf you did Problem 18-33, explain any difference between the cost of work completed and transferred 

out and the cost of ending work-in-process in the stitching department under the weighted-average 
method and the FIFO method. 

18-35 Weighted-average method. Porter Handcraft is a manufacturer of picture frames for large retail- 

ers. Every picture frame passes through two departments: assembly and finishing. This problem focuses on 

the assembly department. The process-costing system at Porter has a single direct cost category (direct 

materials) and a single indirect cost category (conversion costs). Direct materials are added when the 

assembly department process is 10% complete. Conversion costs are added evenly during the assembly 
department's process. 

Porter uses the weighted-average method of process costing. Consider the following data for the 

assembly department in April: 

Physical Units (frames) Direct Materials Conversion Costs 

Work-in-process, April 1* 75 $ 1,775 lee 

Started during April 550 

Completed during April 500 

Work-in-process, April 30° 125 

Costs added during April $17,600 $10,890 

*Degree of completion: direct materials, 100%; conversion costs, 40%. 

tDegree of completion: direct materials, 100%; conversion costs, 20%. 

Required 

Summarize the total assembly department costs for April, and assign total costs to units completed (and 

transferred out) and to units in ending work-in-process. 

18-36 Journal entries (continuation of Problem 18-35). 

Required 

Prepare a set of summarized journal entries for all April transactions affecting Work-in-Process—Assembly. 

Set up a T-account for Work-in-Process—Assembly, and post the entries to it. 

18-37 FIFO method (continuation of Problem 18-35). 

Required 

Do Problem 18-35 using the FIFO method of process costing. If you did Problem 18-35, explain any difference 
between the cost of work completed and transferred out and the cost of ending work-in-process in the 

assembly department under the weighted-average method and the FIFO method. 

18-38 Transferred-in costs, weighted-average method. Choice Books Inc. has two departments: 
printing and binding. Each department has one direct cost category (direct materials) and one indirect cost 

category (conversion costs). This problem focuses on the binding department. Books that have undergone 

the printing process are immediately transferred to the binding department. Direct materials are added 

when the binding process is 80% complete. Conversion costs are added evenly during binding operations. 

When those operations are done, the books are immediately transferred to finished goods. Choice Books 
Inc. uses the weighted-average method of process costing. The following is a summary of the April opera- 

tions of the binding department. 

Assignment Material 761 

LOo®6 

LOoO® 
Total cost of work-in-process, 

ending, $4,400 

LOo® 
WIP—Assembly, (Direct 

Materials)—DR $17,600 

LO 4 
FIFO Work-in-process, ending, 

$4,550 

LO® 
1. Total cost of work-in-process, 

ending, $38,463 
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LO ® 

LOo® 

€ 
Physical Units Transferred-in Direct Conversion 

(books) Costs Materials Costs 

Beginning work-in-process 900 $ 32,775 $.. 0 $15,000 

Degree of completion, beginning t 100% 0% 40% 

work-in-process 

Transferred in during April 2,700 

Completed and transferred out during April 3,000 

Ending work-in-process (April 30) 600 

Degree of completion, ending 100% 0% 60% 

work-in-process 

Total costs added during April $144,000 $26,700 $69,000 

Required 

1. Summarize the total binding department costs for April, and assign these costs to units completed (and 

transferred out) and to units in ending work-in-process. 
2. Prepare journal entries for April transfers from the printing department to the binding department and 

from the binding department to finished goods. 

18-39 Transferred-in costs, weighted-average method. Hoffman Company is a manufacturer of car 

seats. Each car seat passes through the assembly department and testing department. This problem 

focuses on the testing department. Direct materials are added when the testing department process is 90% 

complete. Conversion costs are added evenly during the testing department's process. As work in assembly 
is completed, each unit is immediately transferred to testing. As each unit is completed in testing, itis imme- 

diately transferred to Finished Goods. 
Hoffman Company uses the weighted-average method of process costing. Data for the testing depart- 

ment for October are as follows: 

Physical Units Transferred- Direct Conversion 
(Car Seats) in Costs Materials Costs 

Work-in-process, October 18 5,500 $2,931,000 $ 0 $ 499,790 

Transferred in during October ? 

Completed during October 29,800 

Work-in-process, October 31° 1,700 

Total costs added during October $8,094,000 $10,877,000 $4,696,260 

@Degree of completion: transferred-in costs,?%; direct materials,?%; conversion costs, 65%. 

‘Degree of completion: transferred-in costs,?%; direct materials,?%; conversion costs, 45%. 

Required 

1. What is the percentage of completion for (a) transferred-in costs and direct materials in beginning 
work-in-process inventory and (b) transferred-in costs and direct materials in ending work-in-process 
inventory? 

2. For each cost category, compute equivalent units in the testing department. Show physical units in the 
first column of your schedule. 

3. For each cost category, summarize total testing department costs for October, calculate the cost per 
equivalent unit, and assign costs to units completed (and transferred out) and to units in ending work-in- 
process. 

4. Prepare journal entries for October transfers from the assembly department to the testing department 

and from the testing department to Finished Goods. 

18-40 Transferred-in costs, FIFO method (continuation of 18-39). Refer to the information in Problem 
18-39. Suppose that Hoffman Company uses the FIFO method instead of the weighted-average method in all 
of its departments. The only changes to Problem 18-39 under the FIFO method are that total transferred-in 
costs of beginning work-in-process on October 1 are $2,879,000 (instead of $2,931,000) and that total 
transferred-in costs added during October are $9,048,000 (instead of $8,094,000). 

Required 

Using the FIFO process-costing method, complete Problem 18-39. 



Collaborative Learning Cases 

18-41 Equivalent-unit computations, benchmarking, governance. Margaret Major is the corpo- 
rate controller of Leisure Suits. Leisure Suits has 20 plants worldwide that manufacture basic suits for retail 
stores. Each plant uses a process-costing system. At the end of each month, each plant manager submits a 

production report and a production cost report. The production report includes the plant manager's esti- 

mate of the percentage of completion of the ending work-in-process as to direct materials and conversion 

costs. Major uses these estimates to compute the equivalent units of work done in each plant and the cost 

per equivalent unit of work done for both direct materials and conversion costs in each month. Plants are 

ranked from 1 to 20 in terms of (a) cost per equivalent unit of direct materials and (b) cost per equivalent unit 
of conversion costs. Each month, Major uses a report that she calls “Benchmarking for Efficiency Gains at 

Leisure Suits.” The three top-ranked plants on each category receive a bonus and are written up as the best 
in their class in the company newsletter. 

Major has been pleased with the success of her benchmarking program. However, she has heard 
some disturbing news. She has received some unsigned letters stating that two plant managers have been 

manipulating their monthly estimates of percentage of completion in an attempt to obtain “best in class” 

status. 

Required 

1. How and why might plant managers “manipulate” their monthly estimates of percentage of 

completion? 

2. Major's first instinct is to contact each plant controller and discuss the problem raised by the unsigned 
letters. Is that a good idea? 

3. Assume that the plant controller's primary reporting responsibility is to the plant manager and that 

each plant controller receives the phone call from Major mentioned in requirement 2. What is the ethi- 

cal responsibility of each plant controller (a) to Margaret Major and (b) to Leisure Suits in relation to 
the equivalent-unit information each plant provides for the “Benchmarking for Efficiency” report? 

4, How might Major gain some insight into whether the equivalent-unit figures provided by particular 

plants are being manipulated? 

18-42 Operation costing. Farkas Shoes, a high-end shoe manufacturer, produces two lines of shoes for 

women. The shoes are identical in design, but differ in the materials used and the trim added to the shoes. 

The basic shoes are made from-a synthetic leather, have a synthetic insole, and have plain buttons decorat- 

ing the upper. The elaborate shoes are made from genuine leather, have a special insole, and have creative 

buttons applied to the upper. Each shoe is assumed to use an identical amount of conversion costs for a 

given operation. Work orders 10399 and 10400 are representative work orders for the two types of shoes. 

Farkas Shoes 

Selected Work Orders 

for the Month Ended February 28, 2021 

Work Order 10399 Work Order 10400 

Quantity (pairs of shoes) 1,000 150 

Direct materials Synthetic leather Genuine leather 

Synthetic insole FitDry insole 

Plain buttons Creative buttons 

Operations 

1. Cut leather Use Use 

2. Shape leather Use Use 

3. Treat leather Do not use Use 

4, Sew shoes Use Use 

5. Machine application of buttons Use Do not use 

6. Hand application of buttons Do not use Use 

Selected budget information for February follows: 

Basic Elaborate Total 

Units 30,000 2,250 32,250 

Direct material costs $390,000 63,000 $453,000 

Assignment Material 763 
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LO 6 
1, Budgeted conversion cost 

per pair of shoes, operation 4, 

$2.10 per pair 
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Budgeted conversion costs for each operation for February follow: 

Operation 1 $145,125 Operation 4 $67,725 

Operation 2 _ 58,050 Operation 5 13,500 

Operation 3 4,275 Operation 6 2,025 

Required 

1. Using budgeted pairs of shoes as the denominator, calculate the budgeted conversion cost rates for 

each of the six operations. 
2. Using the information in requirement 1, calculate the budgeted cost of goods manufactured for the two 

February work orders. 

3. Based on the two representative work orders for February, calculate the budgeted cost of each pair of 

shoes. 

‘TRY IT! > SOLUTIONS 

(a) Equivalent units for direct materials = 475,000 

Equivalent units for conversion costs = 425,000 completed + (50,000 x 50%) = 450,000 

(b) Cost per equivalent unit: Direct materials =$ 935,750/475,000= $ 1.97 

Conversion costs = $4,554,000/450,000 = $10.12 

Total cost = $12.09 

Cost of completed units = 425,000 x $12.09 = $5,138,250 

Cost of ending WIP: Direct materials: 50,000 $1.97 =$ 98,500 

Conversion costs: 25,000 x $10.12 = $253,000 

$351,500 

Note that units started during March = 30,000 + 2,000 — 3,000 = 29,000 

Summarize the Flow of Physical Units and Compute Output in Equivalent Units; 

(Step 2) 

(Step 1) Equivalent Units 

Physical Direct Conversion 
Flow of Production Units Materials Costs 

Work-in-process beginning (given) 3,000 

Started during current period 29,000 

To account for 32,000 

Completed and transferred out during 30,000 30,000 
current period 

Work-in-process, ending 2,000 800 
(2,000 x 80%; 2,000 x 40%) 

Accounted for 32,000 

Equivalent units of work done to date 31,600 30,800 

Summarize the total costs to account for, compute the cost per equivalent unit, and assign costs to 

the units completed and units in ending work-in-process inventory. 
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Total 

Production Direct Conversion 
Costs Materials Costs 

(Step 3) Work-in-process, beginning (given) $ 16,155 $ 5,380 $ 10,775 

Costs added in current period (given) 488,945 176,320 312,625 

Total costs to account for $505,100 $181,700 $323,400 

(Step 4) Costs incurred to date $181,700 $323,400 

Divide by equivalent units of work + 31,600 + 30,800 
done to date 

Cost per equivalent unit of work $ 5.75 $ 10.50 
done to date 

(Step 5) Assignment of costs: 

Completed and transferred out 

(30,000 units) $487,500 (30,000 X $5.75) + (30,000 x $10.50) 

Work-in-process, ending (2,000 units) 17,600 (1,600 x $5.75)+ (800 x $10.50) 

Total costs accounted for $505,100 $181,700 + $323,400 

Summarize the flow of physical units, and compute output in equivalent units. 

(Step 2) 
(Step 1) Equivalent Units 

Flow of Production Physical Direct Conversion 

Units Materials Costs 

Work-in-process, beginning (given) 3,000 (work done before current period) 

Started during current period (given) 29,000 

To account for 32,000 

Completed and transferred out during current period: fey gi 

From beginning work-in-process 3,000 

3,000 X (100% — 40%); 3,000 x (100% — 10%) 1,800 2,700 

Started and completed 27,000 

27,000 X 100%, 27,000 x 100% 27,000 27,000 

Work-in-process, ending (given) 2,000 

2,000 < 80%; 2,000 x 40% 1,600 800 

Accounted for 32,000 ees 

Equivalent units of work done in current period eae 30,400 30,500 

Summarize the total costs to account for, compute the cost per equivalent unit, and assign costs to 
the units completed and units in ending work-in-process inventory. 

Total 

Production Direct Conversion 

Costs Materials Costs 

(Step 3) Work-in-process, beginning (given) $ 16,155 $ 5,380 $ 10,775 

Costs added in current period (given) 488,945 176,320 312,625 

Total costs to account for $505,100 $181,700 $323,400 

(Step 4) Costs added in current period $176,320 $312,625 

Divide by equivalent units of work done in + 30,400 + 30,500 
current period 

Cost per equivalent unit of work done to date $ 5.80 $ 10.25 
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Total 

Production Direct Conversion 

Costs Materials Costs 

(Step 5) Assignment of costs: ‘ 

Completed and transferred out (30,000 units): 

Work-in-process, beginning (3,000 units)  $ 16,155 $5,380 + $10,775 

Costs added to beginning work- 
in-process in current period 38,115 (1,800 x $5.80) + (2,700 x $10.25) 

Total from beginning inventory 54,270 

Started and completed (27,000 units) 433,350 (27,000 x $5.80) + (27,000 x $10.25) 

Total cost of units completed and 487,620 

transferred out 

Work-in-process, ending (2,000 units) 17,480 (1,600 x $5.80) + (800 x $10.25) 

Total costs accounted for $505,100 $181,700 + $323,400 



Learning Objectives 
@ Distinguish among spoilage, 

rework, and scrap, and apply 
the appropriate methods to 

account for normal and 
abnormal spoilage. 

@ Apply process-costing methods 

to account for spoilage using 

weighted-average and first-in, 

first-out (FIFO) methods. 

© Apply the standard-costing 
method to account for spoilage. 

© Allocate costs of normal 
spoilage. 

© Apply cost-allocation 
procedures to account for 
spoilage in job costing. 

@ Apply cost-allocation 
procedures to account for 
reworked units and scrap. 

CPA Competencies* 
This chapter covers material 

outlined in Section 3; 
Management Accounting of the 

CPA Competency Map. The 
Learning Objectives in this chapter 

have been aligned with the CPA 

Competency Map to ensure the 

best coverage possible. 

3.3.1 Evaluates cost classifications 

and costing methods for management 

of ongoing operations 

3.3.2 Evaluates and applies cost 

management techniques appropriate 

for specific costing decisions 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada, 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada, 

In 2018, Japanese automobile manufacturer Honda Motor Corp. set many company 

sales records. In the United States, Honda sold a record 1.7 million cars. In China, it 

sold 1.4 million cars in a year for the first time. Honda’s profits have recently recovered 
from a drastic decrease as a result of recalls, despite record sales figures. 

By the end of 2015, Honda was forced to recall more than 25 million of its vehi- 

cles worldwide. Each of the vehicles had potentially defective airbags supplied by 

Takata Corporation. Airbag inflators use an explosive propellant similar to gunpowder 
to deploy airbags in the event of a crash. Because of defects in the manufacturing pro- 

cess, the propellant in millions of Takata inflators can degrade over time and explode 

at random. When that happens, the airbag’s metal housing can rupture, sending lethal 
shrapnel into the car. Ten deaths were linked to failed Takata airbags. 

With so many vehicles requiring rework, Honda’s recall costs soared. Honda spent 

$2.6 billion on recall-related expenses, including rework costs associated with replacing 

defective Takata airbags, compensation for Honda dealers, and legal expenses. Billions 

of dollars in future rework costs are anticipated, as well. As a result, Honda announced 
that it would no longer use Takata airbags for its new vehicles under development. 

It has taken almost four years for Honda to return to the levels of profitability it 

enjoyed prior to the recall issue, which shows how serious the impact of spoilage and 

rework can be on organizational performance. 

In this chapter, we focus on three types of costs that arise as a result of defects— 

spoilage, rework, and scrap—and ways to account for them. We also describe how to 

determine (1) the cost of products, (2) cost of goods sold, and (3) inventory values 

when spoilage, rework, and scrap occur. 

Sources: I, Wagner. 2019, “Worldwide Number of Automobiles Sold by Honda Group from FY 2002 to FY 2019,” 
Statistica, November 2019 (https://www.statista,com/statistics/267276/worldwide-automobile-sales-of-honda/); 
Y. Kubota, 2016. “Honda Motor Profit Slides on Recall Costs, The Wall Street Journal (January 29); Y. Kubota. 
2015. “Honda Air-Bag Recall Costs” Take a Toll,” The Wall Street Journal (November 4); H. Tabuchi. 2016. “Honda 
Expands Recall of Takata Airbags as Its Longtime Partner’s Crisis Widens,” The New York Times (February 3). 
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LOO 
Distinguish among 

spoilage, rework, and — 

scrap, and apply the 

appropriate methods to 

account for normal and 

abnormal spoilage. 

Defining and Accounting for Spoilage, 
Rework, and Scrap 

The terms spoilage, rework, and scrap are not interchangeable. For a financial accountant, 
the costs must be classified differently because under ASPE/IFRS different transactions give 
rise to each type of cost. Some amount of spoilage, rework, or scrap is an inherent part of 
many production processes. One example is semiconductor manufacturing, in which the 
products are so complex and delicate that some spoiled units are invariably produced and 
cannot be reworked, 

Spoilage refers to output that fails to attain either a specified performance level or 
standard of composition. For example, in fermenting beer, hops are added to wort! for 
flavour. Hops also inhibit the growth of spoilage bacteria that would ruin the taste of the 
final product. Other examples are broken silicon wafers, T-shirts sold as “seconds” at 
outlet malls, and defective aluminum cans. 

Rework is the conversion of production rejects into reusable products of the same or 
lower quality.* For example, cooked sausage ends can be reprocessed into pizza topping. 
Leftover ground raw poultry can be cooked and processed into chili. Damaged mother- 
boards can also be reworked. 

Scrap is a residual material that results from manufacturing a product. Scrap such as 
hard candy chips can be reheated and reused in new batches.? Scrap such as silicon templates 
that remain after parts are stamped can also be reused. Scrap has minimal total sales value 
compared with the total sales value of the product. In some situations, the firm may have to 
pay to have the scrap removed. In this case, it is usually referred to as waste or refuse. 

Exhibit 19-1 illustrates these differences graphically. Often these costs are locked in 
during the design of a product. Processes with a few simple steps are less prone to spoilage 
and defects than those with many complex steps. To minimize cost, managers want to 
determine the costs of spoilage and distinguish between the costs of normal and abnormal 
spoilage (illustrated under Spoilage in Exhibit 19-1). Eliminating the unrecoverable spoilage 
costs can result from improving the efficiency and effectiveness of production processes. 

Normal spoilage arises under efficient operating conditions as a result of predictable 
rates of failure in a production process. Normal spoilage may be a locked-in cost, which 
managers accept when they invest in equipment with a specific failure rate. These costs 
are not considered controllable or avoidable. ASPE/IFRS permits the costs of normal 
spoilage to be included in the costs of goods manufactured (COGM). The cost is trans- 

ferred to cost of goods sold when the good units are sold. The normal spoilage rate should 
be computed using the total good units completed as the base, not the total actual units 
started (into production/process), because total units started also includes any abnormal 
spoilage in addition to normal spoilage. 

Abnormal spoilage is spoilage that is unexpected under efficient operating conditions 
but is regarded as controllable and avoidable. Food contamination from salmonella, 
listeria, or E, coli bacteria are an example of abnormal spoilage. Automobile recalls are a 
second example. Diligent hygiene and machine maintenance can prevent unexpected 
outbreaks and breakdowns. The cost of abnormal spoilage can extend well beyond the 
immediate cost of the offending product. Take the case of Maple Leaf Foods, which in 
2008 reported a one-time cost of $19 million for the retrieval and destruction of meat 
tainted with listeria plus an estimated $40 million—$50 million loss due to reduced sales, 
reduced margins, and increased costs,* or the more recent situation in 2013 when Costco 
had to recall ground beef sold at stores in Alberta, British Columbia, Manitoba, and 

' Wort refers to the mixture of malt and other grains with water that is ready for fermentation (http://www.microbiologyprocedure 
.com/industrial-microbiology/beer-manufacturing.htm). 

* Manitoba Department of Agriculture, Food Safety (http://www.gov.mb.ca/agriculture/foodsafety/processor/cfs02s112.html); 
S.D.P. Flapper and R.H. Teunter, “Logistic Planning of Rework with Deteriorating Work-in-Process,” International Journal of 
Production Economics, 88.11 (2004); 51-19. 

3 http://www.allbusiness.com/wholesale-trade/merchant-wholesalers-nondurable/550143-1.html. 

4 K. Owram. 2009. “Meat Scandal Fallout Eases for Maple Leaf Foods,” Toronto Star, February 24 (http://www.thestar.com 
/business/2009/02/24/meat_scandal_fallout_eases_for_maple_leaf_foods.html). 
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(EcTeESE Classification of Spoilage, Rework, and Scrap 

Saskatchewan.* Abnormal spoilage costs are written off as losses of the accounting period 
in which detection of the spoiled units occurs. For the most informative internal feedback, 
the Loss from Abnormal Spoilage account should appear in a detailed statement of com- 
prehensive income as a separate line item and not be buried as an indistinguishable part of 
the COGM. 

Many companies, such as Toyota Motor Corporation, adhere to a perfection stan- 
dard as a part of their emphasis on total quality control. Their ideal goal is zero defects. 
Hence, all spoilage would be treated as abnormal. Issues about accounting for spoilage 
arise in both process-costing and job-costing systems. We will first present the accounting | 
for spoilage in process-costing systems because it is an extension of the discussion of pro- | 
cess costing found in Chapter 18. 

Spoilage in Process Costing Using 
Weighted-Average and FIFO 

How do process-costing systems account for spoiled units? We have already said that units 
of abnormal spoilage should be counted and recorded separately in a Loss from Abnormal LO@ 
Spoilage account. But what about units of normal spoilage? The correct method is to | APPly process-costing 
count these units when computing both physical and equivalent output units in a moviods (9 aconuy 

5 : ‘ : spoilage using weighted- 
process-costing system. The following example illustrates this approach. eee ane Rec fice 

out (FIFO) methods. 

Count All Spoilage 

Example 1: Chiomakers, Inc., manufactures computer chips for television sets. 
All direct materials are added at the beginning of the production process. To high- 
light issues that arise with normal spoilage, we assume there’s no beginning inven- 

tory and focus only on the direct materials costs. The following data are for May. 

5 J. Cotter, 2013. “Canada’s Food Safety Watchdog Orders Fourth E. coli Beef Recall This Month,” Global News, October 17 
(http://globalnews.ca/news/90904 1/canadas-food-safety-watchdog-orders-fourth-e-coli-beef-recall). 
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Physical Direct 
Units Materials 

| 2 |Work-in-process, beginning inventory (May 1) 0 
| 3 | Started during May 10,000 
| 4 | Good units completed and transferred out during May 5,000 

| 5 | Units spoiled (all normal spoilage) 
| 6 |Work-in-pracess, ending inventory (May 31) 

Direct materials costs added in May $270,000 

Spoilage is detected upon completion of the process and has zero net disposal value. 
An inspection point is the stage of the production process at which products are 

examined to determine whether they are acceptable or unacceptable units. Spoilage is 
typically assumed to occur at the stage of completion where inspection takes place. As a 
result, the spoiled units in our example are assumed to be 100% complete for direct 
materials. 

Exhibit 19-2 calculates and assigns the cost of the direct materials used to produce 
both good units and units of normal spoilage. Overall, Chipmakers generated 10,000 
equivalent units of output: 5,000 equivalent units in good units completed (5,000 physi- 
cal units X 100%), 4,000 units in ending work-in-process (4,000 physical units x 100%), 

and 1,000 equivalent units in normal spoilage (1,000 physical units x 100%). Given total 
direct material costs of $270,000 in May, this yields an equivalent-unit cost of $27. 
The total cost of good units completed and transferred out, which includes the cost of 
normal spoilage, is then $162,000 (6,000 equivalent units X $27). The ending work-in- 
process is assigned a cost of $108,000 (4,000 equivalent units x $27). 

Notice that the 4,000 units in ending work-in-process are not assigned any of the 
costs of normal spoilage because they have not yet been inspected. Undoubtedly some of 
the units in ending work-in-process will be found to be spoiled after they are completed 
and inspected in the next accounting period. At that time, their costs will be assigned to 
the good units completed in that period. Notice too that Exhibit 19-2 delineates the cost 
of normal spoilage as $27,000, By highlighting the magnitude of this cost, the approach 
helps to focus management’s attention on the potential economic benefits of reducing 
spoilage. 

(FqESESY Using Equivalent Units to Account for the Direct Materials Costs of Good and 
Spoiled Units for Chipmakers, Inc., for May 

Approach Counting 
Spoiled Units When 
Computing Output 
in Equivalent Units 

| 2 | Costs to account for $270,000 

| 3 | Divide by equivalent units of output 
| 4 | Cost per equivalent unit of output 
| 5 | Assignment of costs: 
| 6 | Good units completed (5,000 units x $27 per unit) $135,000 

Add normal spoilage (1,000 units x $27 per unit) 
| 8 | Total costs of good units completed and transferred out 162,000 

| 9 |Work-in-process, ending (4,000 units x $27 per unit) 108,000 
| 10 | Costs accounted for 
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ANALYTICS 
INSIGHTS 

_ Inspection Points, 
_ Al and Analytics 

SAP is one of the largest suppliers of enterprise resource planning (ERP) systems in the 
world. In an effort to improve the quality and assurance (Q&A) function of their offer- 
ings to customers, SAP is developing new tools powered by Artificial Intelligence (AI) and 
analytics. SAP is installing a Q&A tool that provides computer-vision AI to visually 
inspect production as well as sensors that measure temperature and pressure to ensure 
that product parameters are within tolerance. All these data are captured to allow for 
analysis of when and where errors occur, and help the company stop errors before expen- 
sive rework costs are incurred. 

Source; Ankit Sharma. 2019, Visual A.I. for Quality Control, SAP, February 25 (https://blogs.sap.com/2019/02/25 
/yisual-a.i,-for-quality-control/), 

Five-Step Procedure for Process Costing with Spoilage 

Example 2: Anzio Company manufactures a recycling container in its forming 

department. Direct materials are added at the beginning of the production pro- 

cess. Conversion costs are added evenly during the production process. Some 

units of this product are spoiled as a result of defects, which are detectable only 
upon inspection of finished units. Normally, spoiled units are 10% of the finished 

output of good units. That is, for every 10 good units produced, there is 1 unit of 

normal spoilage. Summary data for July are as follows: 

Physical Conversion 

Units Materials Costs 

(1) (2) (3) (4) = (2) + (3) 
$12,000 ie $ 21,000 

100% 

100% 50% | 
$76,500 $89,100 $165,600 

100% 100% 

100% 100% 

We can slightly modify the five-step procedure for process costing used in Chapter 18 
to include the costs of Anzio Company’s spoilage. 

Step 1: Summarize the flow of physical units of output Identify the number of units of 

both normal and abnormal spoilage. 

Units in beginning Good units Units in ending 

Total Spoilage = | work-in-process + Units started | — | completed and + work-in-process 

inventory transferred out inventory 

Il (1,500 + 8,500) — (7,000 + 2,000) 

= 10,000 — 9,000 

= 1,000 units 
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Recall that Anzio Company’s normal spoilage is 10% of good output. So, the number 
of units of normal spoilage equals 10% of the 7,000 units of good output, or 
700 units. With this information, we can then calculate the number of units of abnor- 

mal spoilage: 

Abnormal spoilage = Total spoilage — Normal spoilage 

= 1,000 units — 700 units 

= 300 units 

Step 2: Compute the output in terms of equivalent units Managers compute the equiva- 

lent units for spoilage the same way they compute equivalent units for good units. All 
spoiled units are included in the computation of output units. Because Anzio’s inspection 
point is at the completion of production, the same amount of work will have been done 
on each spoiled and each completed good unit. 

Step 3: Summarize the total costs to account for The total costs to account for are all 

the costs debited to Work-in-process. The details for this step are similar to Step 3 in 
Chapter 18. 

Step 4: Compute the cost per equivalent unit This step is similar to Step 4 in Chapter 18. 

Step 5: Assign costs to the units completed, spoiled units, and units in ending work-in- 

Process Inventory This step now includes computing of the cost of spoiled units as well 
as the cost of good units. 

Weighted-Average Method and Spoilage 

Exhibit 19-3, Panel A, presents Steps 1 and 2 to calculate the equivalent units of work 
done to date and includes calculations of equivalent units of normal and abnormal spoil- 
age. Exhibit 19-3, Panel B, presents Steps 3, 4, and 5 (together called the production-cost 
worksheet). 

In Step 3, managers summarize the total costs to account for. In Step 4, they calculate 
the cost per equivalent unit using the weighted-average method. Note how, for each cost 
category, the costs of beginning work-in-process and the costs of work done in the current 
period are totalled and divided by equivalent units of all work done to date to calculate 
the weighted-average cost per equivalent unit. In the final step, managers assign the total 
costs to completed units, normal and abnormal spoiled units, and ending inventory by 
multiplying the equivalent units calculated in Step 2 by the cost per equivalent unit calcu- 
lated in Step 4. Also note that the $13,825 costs of normal spoilage are added to the costs 
of the good units completed and transferred out. 

Cost per good unit 

completed and transferred = 

out of the process 

Total costs transferred out (including normal spoilage) 

Number of good units produced 

= $152,075 + 7,000 good units = $21.725 per good unit 

This amount is not equal to $19.75 per good unit, the sum of the $8.85 cost per equiva- 
lent unit of direct materials plus the $10.90 cost per equivalent unit of conversion costs. 
That’s because the cost per good unit equals the sum of the direct materials and conver- 
sion costs per equivalent unit, which is $19.75, plus a share of normal spoilage, $1.975 
($13,825 + 7,000 good units), for a total of $21.725 per good unit. The $5,925 costs of 

abnormal spoilage are charged to the Loss from Abnormal Spoilage account and do not 
appear in the costs of good units.® 

6 The actual costs of pols (and rework) are often greater than the costs recorded in the accounting system because the 
opportunity costs of disruption of the production line, storage, and lost contribution margins are not recorded in accounting 
systems. Chapter 20 discusses these opportunity costs from the perspective of cost management. 
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 EBSIEESEEZEY Weighted-Average Method of Process Costing with Spoilage for the Forming Department for July 

PANEL A: Summarize the Flow of Physical Units and Compute Output in Equivalent Units 

(Step 1) (Step 2) 

Equivalent Units 

Physical Direct Conversion 
Units Materials Costs Flow of Production 

pide | Work-in-process, beginning (given, p. 771) 

| 5 | Started during current period (given, p. 771) | _8,500 
| 6 |To account for 10,000 

Good units completed and transferred out during the current period 7,000 7,000 7,000 

| 8 | Normal spoilage® 700 
| 9 | (700 x 100%; 700 x 100%) 700 700 

Abnormal spoilage? 300 

(300 x 100%; 300 x 100%) 300 300 
| 12 | Work-in-process, ending® (given, p. 771) 2,000 

| 13 | (2,000 x 100%; 2,000 x 50%) 2,000 1,000 
| 14 | Accounted for 10,000 

Equivalent units of work done to date 10,000 9,000 

16 

@Normal spoilage is 10% of good units transferred out: 10% x 7,000 = 700 units. Degree of completion of normal spoilage in this 

department: direct materials, 100%; conversion costs, 100%. 
| 19 | Abnormal spoilage = Total spoilage — Normal spoilage = 1,000 — 700 = 300 units. Degree of completion of abnormal 

| 20 | spoilage in this department: direct materials, 100%; conversion costs, 100%. 
¢Degree of completion in this department: direct materials, 100%; conversion costs, 50%. 

PANEL B: Summarize the Total Costs to Account For, Compute the Cost per Equivalent Unit, and Assign Costs to the 
Units Completed, Spoiled Units, and Units in Ending Work-in-Process Inventory 

Conversion 

Costs 

Production 

Costs 

$ 21,000 

165,600 

Materials 

Work-in-process, beginning (given, p. 771) 

Costs added in current period (given, p. 771) 

Total costs to account for 

89,100 

Costs incurred to date $98,100 

Divide by equivalent units of work done to date (Panel A) 

Cost per equivalent unit 

Assignment of costs: 

Good units completed and transferred out (7,000 units) 

| 12 | Costs before adding normal spoilage $138,250 |(7,000% x $8.85)| + |(7,0004 x $10.90) 
13 | Normal spoilage (700 units) 13,825 | (700% x $8.85)| + | (700¢ x $10.90) 
| 14 | (A) Total costs of good units completed and transferred out | 152,075 
| 15 | (B) Abnormal spoilage (300 units) 5,925 | (300% x $8.85)| + | (3004 x $10.90) 
16 | (C) Work-in-process, ending (2,000 units) 28,600 |(2,000° x $8.85)| + |(1,000° x $10.90) 

(A) + (B) + (C) | Total costs accounted for $186,600 $88,500 | + $98,100 

| 19 | Equivalent units of direct materials and conversion costs calculated in step 2 in Panel A. 
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First-In, First-Out (FIFO) Method of Process Costing with Spoilage for the Forming Department 
for July 

PANEL A: Summarize the Flow of Physical Units and Compute Output in Equivalent Units 

Gilles aia ee ee emda - Woecr eh Rone Oduibea ENO eos en eins Bes eke 
Eat ~|__(Step 1) (Step 2) 
pea 
Pe Physical Direct Conversion 

Flow of Production Units Materials Tosts 

| 4 |Work-in-process, beginning (given, p. 771) 

| 5 | Started during current period (given, p. 771) 

| 6 |To account for 
Good units completed and transferred out during current period 

From beginning work-in-process@ 

{1,500 X (100% — 100%); 1,500 x (100% —60%)] 

Started and completed 

(5,500 X 100%; 5,500 x 100%) 

Normal spoilage® 

(700 x 100%; 700 x 100%) 

Abnormal spoilage? 

(300 < 100%; 300 x 100%) 

Work-in-process, ending® (given, p. 771) 

(2,000 x 100%; 2,000 x 50%) 

Accounted for 

Equivalent units of work in current period 

®Degree of completion in this department: direct materials, 100%; conversion costs, 60%. 

7,000 physical units completed and transferred out minus 1,500 physical units completed and transferred out from beginning 

work-in-process inventory. 

°Normal spoilage is 10% of good units transferred out; 10% X 7,000 = 700 units. Degree of completion of normal spoilage in this 

department: direct materials, 100%; conversion costs, 100%. 

dAbnormal spoilage = Total spoilage — Normal spoilage = 1,000 — 700 = 300 units. Degree of completion of abnormal spoilage 

PANEL B: Summarize the Total Costs to Account For, Compute the Cost per Equivalent Unit, and Assign 

Costs to the Units Completed, Spoiled Units, and Units in Ending Work-in-Process Inventory 

Production Conversion 
Costs Materials Costs 

Work-in-process, beginning (given, p. 771) $ 21,000 

Costs added in current period (given, p. 771) 165,600 

|Total costs to account for $186,600 

Costs added in current period 

Divide by equivalent units of work done in current period (Panel A) is 

Cost per equivalent unit 

Assignment of costs: 

Good units completed and transferred out (7,000 units) 

Work-in-process, beginning (1,500 units) $ 21,000 $12,000 

Costs before adding normal spoilage 6,600 (of x $9) (600' x $11) 

Total from beginning inventory before normal spoilage 27,600 | 

Started and completed before normal spoilage (5,500 units) 110,000 | (5,500 x $9) (5,500° x $11) 

Normal spoilage (700 units) 14,000 | (700 x $9) (700 x $11) 
Total costs of good units completed and transferred out 151,600 

Abnormal spoilage (300 units) 6,000 | (300° x $9) (300° x $11) 

Work-in-process, ending (2,000 units) 29,000 | (2,000' x $9) (1,000' x $11) 

| 18 | (A) + (B) + (C) | Total costs accounted for | $186,600 $88,500 

| 20 | Equivalent units of direct materials and conversion costs calculated in step 2 in Panel A. 
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FIFO Method and Spoilage 

Exhibit 19-4, Panel A, presents Steps 1 and 2 using the FIFO method, which focuses 
on equivalent units of work done in the current period. Exhibit 19-4, Panel B, presents 
Steps 3, 4, and 5. Note how when assigning costs, the FIFO method keeps the costs of 
the beginning work-in-process separate and distinct from the costs of the 
work done in the current period. All spoilage costs are assumed to be 
related to units completed during the period, using the unit costs of the 
current period.” 

Regardless of the method managers choose to assign conversion costs, the COGM, 
COGAS, and COGS must conform to ASPE/IFRS for valuation of inventory. The three 
methods presented are in conformance, and all three methods arrive at the identical total 
actual costs added during the month of July. 

The standard-costing method is illustrated 

in the Appendix to this chapter. 

Azure Textiles Company makes silk banners and uses the weighted-average method 
of process costing. Direct materials are added at the beginning of the process, and 
conversion costs are added evenly during the process. Spoilage is detected upon 
inspection at the completion of the process. Spoiled units are disposed of at zero net 
disposal value. 

Physical Units Direct Conversion 
(Banners) Materials Costs 

Work-in-process, July 18 1,000 $ 1,423 $ 1,110 

Started in July ? 

Good units completed and transferred out in July 9,000 

Normal spoilage 100 

Abnormal spoilage 50 

Work-in-process, July 31° 2,000 

Total costs added during July $12,180 $27,750 

®Degree of completion: direct materials, 100%; conversion costs, 50%. 
‘Degree of completion: direct materials, 100%; conversion costs, 30%. 

Determine the equivalent units of work done in July, and calculate the cost of units 
completed and transferred out (including normal spoilage), the cost of abnormal 
spoilage, and the cost of units in ending inventory. 

Consider Azure Textiles Company. With the same information for July as provided 
in Try It 19-1, redo the problem assuming Azure uses FIFO costing instead. 

Journal Entries 

The information from the exhibits above supports the following journal entries to transfer 
good units completed to finished goods and to recognize the loss from abnormal 
spoilage. 

7 To simplify calculations under FIFO, spoiled units are accounted for as if they were started in the current petiod. Although 
some of the beginning work-in-process probably did spoil, all spoilage is treated as if it came from current production. 
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Weighted-Average FIFO Standard 

1. Finished Goods 152,075 151,600 146,300 

Work-in-Process—Forming 152,075 151,600 146,300 

To transfer good units completed in July. 

2. Loss from Abnormal Spoilage 5,925 6,000 5,700 

Work-in-Process—Forming 5,925 6,000 5,700 

To recognize abnormal spoilage detected in July. 

3. Work-in-Process—Forming (at standard costs) 72,250 

Direct Materials Variances 4,250 

Forming Department Direct Materials Control 76,500 

To record actual direct materials used and total direct 

materials variances. 

4, Work-in-Process—Forming (at standard costs) 85,050 

Conversion Costs Variance 4,050 

Forming Department Conversion Costs Control ; 89,100 

To record actual conversion costs and total conversion 

cost variances. 

Inspection Points and Allocating Costs 
of Normal Spoilage 

Loe Spoilage might occur at various stages of a production process, but it is typically detected 
only at one or more inspection points. The cost of spoiled units equals all costs incurred 
in producing them up to the point of inspection. When spoiled goods have a disposal value 
(e.g., carpeting sold as “seconds”), we compute a net cost of the spoilage by deducting the 
disposal value from the costs of the spoiled goods. 

The unit costs of normal and abnormal spoilage are the same when the two are detected 
at the same inspection point. This is the case in our Anzio Company example, where inspec- 
tion occurs only upon completion of the units. However, situations may arise when abnor- 
mal spoilage is detected at a different point than normal spoilage. Consider shirt 
manufacturing. Normal spoilage in the form of defective shirts is identified upon inspection 
at the end of the production process. Now suppose a faulty machine causes many defective 
shirts to be produced at the halfway point of the production process. These defective shirts 
are abnormal spoilage and occur at a different point in the production process than normal 
spoilage. Then the per-unit cost of the abnormal spoilage, which is based on costs incurred 
up to the halfway point of the production process, differs from the per-unit cost of normal 
spoilage, which is based on costs incurred through the end of the production process. 

The costs of abnormal spoilage are separately accounted for as losses of the account- 
ing period in which they are detected. However, recall that normal spoilage costs are 
added to the costs of good units, which raises an additional issue: Should normal spoilage 
costs be allocated between completed units and ending work-in-process inventory? The 
common approach is to presume that normal spoilage occurs at the inspection point in 
the production cycle and to allocate its cost over all units that have passed that point 
during the accounting period. 

Anzio Company inspects units only at the end of the production process. So, the units 
in ending work-in-process inventory are not assigned any costs of normal spoilage. Sup- 
pose Anzio were to inspect units at an earlier stage. Then, if the units in ending work-in- 
process have passed the inspection point, the costs of normal spoilage would be allocated 
to units in ending work-in-process as well as to completed units. For example, if the 
inspection point is at the halfway point of production, then any ending work-in-process 
that is at least 50% complete would be allocated a full measure of the normal spoilage 

Allocate costs of normal 

spoilage. 
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costs, and those spoilage costs would be calculated on the basis of all costs incurred up to 
the inspection point. However, if the ending work-in-process inventory is less than 50% 
complete, no normal spoilage costs would be allocated to it. 

To better understand these issues, assume Anzio Company inspects units at various 
stages in the production process. How does this affect the amount of normal and abnor- 
mal spoilage? As before, consider the forming department, and recall that direct materials 
are added at the start of production, whereas conversion costs are added evenly during 
the process. 

Consider three different cases: Inspection occurs at (1) the 20%, (2) the 55%, or 
(3) the 100% completion stage. The last option is the one we have analyzed so far (see 
Exhibit 19-3). Assume that normal spoilage is 10% of the good units passing inspection. 
A total of 1,000 units are spoiled in all three cases. Normal spoilage is computed on the 
basis of the number of good units that pass the inspection point during the current period. 
The following data are for July. Note how the number of units of normal and abnormal 
spoilage changes depending on when inspection occurs. 

Physical Units: Stage of Completion at 
Which Inspection Occurs 

20% 55% 100% 

@Degree of completion in this department: direct materials, 100%; conversion costs, 60%. 

_| Degree of completion in this department: direct materials, 100%; conversion costs, 50%. 

10% x (8,500 units started — 1,000 units spoiled), because only the units started passed the 20% completion inspection point in 

the current period. Beginning work-in-process is excluded from this calculation because, being 60% complete at the start of the 

period, it passed the inspection point in the previous period. 

| 440% x (8,500 units started — 1,000 units spoiled — 2,000 units in ending work-in-process). Both beginning and ending work-in- 

process are excluded since neither was inspected this period. 

®10% x 7,000, because 7,000 units are fully completed and inspected in the current period. 

The following diagram shows the flow of physical units for July and illustrates the 
normal spoilage numbers in the table. Note that 7,000 good units are completed and 
transferred out—1,500 from beginning work-in-process and 5,500 started and completed 
during the period—while 2,000 units are in ending work-in-process. 

0% 25% 50% 60% 75% 100% 

Work done to complete 1,500 good units 
from beginning work-in-process 

5,500 good units started and completed 

Work done on 2,000 units in ending work-in-process 
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To see the number of units passing each inspection point, consider in the dia- 
gram the vertical lines at the 20%, 55%, and 100% inspection points. Note that the 
vertical line at 20% crosses two horizontal lines—5,500 good units started and com- 
pleted and 2,000 units in ending work-in-process—for a total of 7,500 good units. 
(The 20% vertical line does not eross the line representing work done on the 1,500 
good units completed from beginning work-in-process because these units are already 
60% complete at the start of the period and, hence, are not inspected this period.) 
Normal spoilage equals 10% of 7,500 = 750 units. On the other hand, the vertical 
line at the 55% point crosses just the second horizontal line, indicating that only 
5,500 good units pass this point. Normal spoilage in this case is 10% of 5,500 = 550 
units. At the 100% point, the normal spoilage is 10% of 7,000 (1,500 + 5,500) good 
units = 700 units. 

Exhibit 19-5 shows how equivalent units are computed under the weighted-average 
method if units are inspected at the 20% completion stage. The calculations depend on 
the direct materials and conversion costs incurred to get the units to this inspection 
point. The spoiled units have 100% of their direct materials costs and 20% of their 
conversion costs. Because the ending work-in-process inventory has passed the inspec- 
tion point, these units are assigned the normal spoilage costs, just like the units that 
have been completed and transferred out. For example, the conversion costs of units 
completed and transferred out include the conversion costs for 7,000 good units pro- 
duced plus 20% X (10% X 5,500) = 110 equivalent units of normal spoilage. We mul- 
tiply by 20% to obtain the equivalent units of normal spoilage because the conversion 
costs are only 20% complete at the inspection point. The conversion costs of the end- 
ing work-in-process inventory include the conversion costs of 50% of 2,000 = 1,000 

equivalent good units plus 20% X (10% X 2,000) = 40 equivalent units of normal 
spoilage. Thus, the equivalent units of normal spoilage accounted for are 110 equiva- 
lent units related to the units completed and transferred out plus 40 equivalent units 

Fakes’ Computing Equivalent Units with Spoilage Using the Weighted-Average Method of 
Proces 

ES 
Be 
Be 

8 | 
| 9 
[10 
11 | 
12 | 
[13 | 
[14 | 
| 15 | 
ete 

| 18 | 

s Costing with Inspection at 20% of Completion for the Forming Department for July 

(Step 1) (Step 2) 
Equivalent Units 

Physical Direct Conversion 
Flow of Production Units Materials Costs 

Started during current period 8,500 

Good units completed and transferred out: 7,000 7,000 7,000 

Normal spoilage 750 

(750 X 100%; 750 x 20%) 750 

Abnormal spoilage 

(250 < 100%; 250 x 20%) 

Work-in-process, ending? 

(2,000 x 100%; 2,000 x 50%) 
Accounted for 

Equivalent units of work done to date 

8Degree of completion: direct materials, 100%; conversion costs, 60%. 

‘Degree of completion: direct materials, 100%; conversion costs, 50%. 
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related to the units in ending work-in-process, for a total of 150 equivalent units, as 
Exhibit 19-5 shows. 

Early inspections can help prevent any further costs being wasted on units that are 
already spoiled. For example, suppose the units can be inspected when they are 70% 
complete rather than 100% complete. If the spoilage occurs prior to the 70% point, a 
company can avoid incurring the final 30% of conversion costs on the spoiled units. 
While not applicable in the Anzio example, more generally a company can also save 
on the packaging or other direct materials that are added after the 70% stage. 
The downside to conducting inspections at too early a stage is that units spoiled at 
later stages of the process may go undetected. It is for these reasons that firms often 
conduct multiple inspections and also empower workers to identify and resolve defects 
on a timely basis. 

Normal spoilage is 6% of the good units passing inspection in a forging process. 
In March, a total of 10,000 units were spoiled. Other data include units started during 
March, 120,000; work-in-process, beginning, 14,000 units (20% completed for 

conversion costs); and work-in-process, ending, 11,000 units (70% completed 

for conversion costs). 

Compute the normal and abnormal spoilage in units, assuming the inspection 
point is at (a) the 15% stage of completion, (b) the 40% stage of completion, and 
(c) the 100% stage of completion. 

Job Costing.and Spoilage 

The concepts of normal and abnormal spoilage also apply to job-costing systems. Abnor- 
mal spoilage is usually regarded as controllable by the manager. It is separately identified 
with the goal of eliminating it altogether. Costs of abnormal spoilage are not considered 
to be product manufacturing costs and are written off as costs of the period in which 
detection occurs. Normal or expected spoilage in job-costing systems, however, is consid- 
ered part of normal manufacturing costs, although increasingly managers are tolerating 
only small amounts of spoilage as normal. When assigning costs, job-costing systems gen- 
erally distinguish normal spoilage attributable to a specific job from normal spoilage com- 
mon to all jobs. 

We illustrate the accounting for spoilage in job costing using the following example: 

Example 3: In Hull Machine Shop, five aircraft parts out of a job lot of 50 aircraft 
parts are spoiled. Costs assigned up to the point of inspection are $100 per 

unit. Hull calculates these costs on the basis of its inventory-costing assump- 
tions—weighted-average, FIFO, or standard costs. We do not, however, 

emphasize cost flow assumptions in our presentation here or in subsequent 

sections. The current disposal price of the spoiled parts is estimated to be $30 
per part. When the spoilage is detected, the spoiled goods are inventoried at 

$30 per unit. 

Normal Spoilage Common to All Jobs 

In some cases, spoilage may be considered a normal characteristic of a given production 
cycle. The spoilage inherent in the process only coincidentally occurs when a specific job 
is being worked on. The spoilage then is not attributable, and hence is not charged, to the 
specific job. Instead, it is costed as manufacturing overhead. The budgeted manufacturing 
overhead allocation rate includes a provision for normal spoilage cost. Therefore, normal 

LO ® 
Apply cost-allocation 

procedures to account for 

spoilage in job costing. 
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LOO 
Apply cost-allocation 

procedures to account for 

reworked units and scrap. 

spoilage cost is spread, through overhead allocation, over all jobs rather than loaded on 
specific jobs only.® 

Materials Control (spoiled goods at current disposal value): 5 x $30 150 

Manufacturing Department Overhead Control (normal spoilage): 5 x $70 350 

Work-in-Process Control (specific job): 5 x $100 500 

Normal Spoilage Attributable to a Specific Job 

When normal spoilage occurs because of the specifications of a specific job, that job bears 
the cost of the spoilage reduced by the current disposal value of that spoilage. The journal 
entry to recognize the disposal value of the salvage (items in parentheses indicate subsidi- 
ary postings) is as follows: 

Materials Control (spoiled goods at current disposal value): 5 x $30 150 

Work-in-Process Control (specific job): 5 x $30 150 

The effect of this accounting is that the net cost of the normal spoilage, $350 (= $500 — 
$150), becomes a direct cost of the 45 (= 50 — 5) good units produced. This is because 
the net costs of the spoiled units ($350) still remains as part of the WIP cost of the 
45 good units. 

Abnormal Spoilage 

If the spoilage is abnormal, the net loss is highlighted to management by charging the loss 
to an abnormal loss account: 

Materials Control (spoiled goods at current disposal value): 5 x $30 150 

Loss from Abnormal Spoilage: 5 x $70 350 

Work-in-Process Control (specific job): 5 x $100 500 

The different approaches to spoilage in a job-costing system can be summarized in the 
following table: 

Normal or Abnormal? 

Specific or Common? Normal spoilage Abnormal spoilage 

Specific to a particular job Cost remains in the specific job Cost is removed from the specific 
(value of any current disposal job and charged to an Abnormal 

is removed from account and Loss account and reported as a 

debited to Materials Control) period cost 

Common to all jobs Cost is removed from the specific  Costis removed from the specific 

job and charged to MOH Control job and charged to an Abnormal 
(actual OH incurred account) Loss account and reported as a 

period cost 

Reworked Units and Scrap 

Reworked units are unacceptable units of production that are subsequently reworked into 
good units and sold. The cost of rework is frequently material and therefore included in 
COGM. 

8 Note that costs already assigned to products are being charged back to Manufacturing Overhead Control, which generally 
accumulates only costs incurred, not both costs incurred and costs already assigned. 
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Consider the Hull Machine Shop data (Example 3). Assume that the five spoiled parts 
used in our Hull Machine Shop illustration are reworked. The journal entry for the $500 
of total costs (details of costs assumed) assigned to the five spoiled units before consider- 
ing rework costs is as follows: 

Work-in-Process Control 500 

Materials Control 200 

Wages Payabie 200 

Manufacturing Overhead Allocated 100 

Assume that rework costs equal $190 (DM, $40; direct labour, $100; manufacturing 
overhead, $50). 

Normal Rework Common to All Jobs 

When rework is normal and not attributable to any specific job, the costs of rework are 
charged to manufacturing overhead and spread, through overhead allocation, over all jobs. 

Manufacturing Department Overhead Control (rework) 190 

Materials Control 40 

Wages Payable 100 

Manufacturing Overhead Allocated 50 

Notice that the Manufacturing Overhead Control (MOH Control) and Manufactur- 
ing Overhead Allocated({MOH Allocated) are in the same journal entry. MOH Control is 
debited because the normal rework is common to all jobs and is not attributable to a 
specific job. In this case, the additional MOH costs incurred to rework the units (e.g., 
utilities, materials handling, inspection) are spread over all jobs by including an allowance 
for estimated rework when the MOH allocation rate was estimated. This allowance is 
credited to MOH Allocated. 

Normal Rework Attributable to a Specific Job 

If the rework is normal but occurs because of the requirements of a specific job, the 
rework costs are charged to that job. The journal entry is as follows: 

Work-in-Process Control (specific job) 190 

Materials Control 40 

Wages Payable 100 

Manufacturing Overhead Allocated 50 

Abnormal Rework 

If the rework is abnormal, it is highlighted to management by charging abnormal rework 
to a separate loss account. 

Loss from Abnormal Rework 190 

Materials Control 40 

Wages Payable 100 

Manufacturing Overhead Allocated 50 
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Accounting for rework in process costing only requires abnormal rework to be distin- 
guished from normal rework. Abnormal rework is accounted for as in job costing. Since 
masses of similar units are manufactured, accounting for normal rework follows the 
accounting described for normal rework common to all jobs. 

Costing rework highlights the resources wasted on activities that would not have to 
be undertaken if the product were made correctly. It prompts management to seek ways 
to reduce rework—for example, by designing new products or processes, training work- 
ers, or investing in new machines. Calculating rework costs helps management perform 
cost-benefit analyses for various alternatives. To emphasize the importance of eliminating 
rework and to simplify the accounting, some companies expense all rework, including the 
costs of normal rework, as an expense of the current period. 

Accounting for Scrap 

Scrap is a product that has minimal (frequently zero) sales value compared with the sales 
value of the main or joint product(s). It is possible for scrap to have a detrimental impact, 
or have negative value, for instance in the case of toxic waste. Please see Chapter 16 fora 
discussion of this aspect of accounting for scrap. 

There are two major aspects of accounting for scrap: 

a Planning and control, including physical tracking 

a Inventory costing, including when and how to affect operating income 

Initial entries to scrap records are most often in physical or nonfinancial terms such as 
in kilograms or units. In various industries, items such as stamped-out metal sheets are 
quantified by weighing, counting, or some other expedient means. Scrap records not only 
help measure efficiency, but also often focus on a tempting source for theft. Scrap reports 
are prepared as source documents for periodic summaries of the amount of actual scrap 
compared with budgeted norms or standards. Scrap is either sold or disposed of quickly, 
or stored in some routine way for later sale, disposal, or reuse. 

The tracking of scrap often extends into the financial records. Most companies main- 
tain a distinct cost for scrap somewhere in their cost accounting system. The issues here 
regarding the accounting for byproducts are 

= When should any value of scrap be recognized in the accounting records: at the time 
of production of scrap or at the time of sale of scrap? 

= How should revenue from scrap be accounted for? 

To illustrate, we extend our Hull Machine Shop example by assuming that the manu- 
facture of aircraft parts generates scrap. We further assume that the normal scrap from a 
job lot has a total sales value of $45. 

Recognizing Scrap at the Time of Sale 

When scrap is sold, the simplest accounting is to regard scrap sales as a separate line item 
of Other Revenues. This approach would be appropriate if the amount was not material 
and if the scrap was sold soon after it was produced. The journal entry is 

Sale of scrap: Cash or Accounts Receivable 45 

Sales of Scrap 45 

When the dollar amount of scrap is material and the scrap is sold quickly after its 
production, the accounting depends on whether the scrap is attributable to a specific job 
or common to all jobs. 

Scrap Attributable to a Specific Job 

Job-costing systems sometimes trace the sales of scrap to the jobs that yielded the scrap. 
This method is used only when the tracing can be done in an economically feasible way. 



Job Costing and Spoilage 

For example, Hull Machine Shop and particular customers may reach an agreement that 
provides for charging specific jobs with all rework or spoilage costs, and for crediting 
these jobs with all scrap sales that arise from them. The journal entry is 

Scrap returned to storeroom: = [No journal entry. Memo of quantity received and 
related job is entered in the inventory record.] 

Sale of scrap: Cash or Accounts Receivable 45 

Work-in-Process Control (specific job) 45 

Unlike spoilage and rework, there is no cost attached to the scrap, and hence no nor- 
mal or abnormal scrap. All scrap sales, whatever the amount, are credited to the specific 
job. Scrap sales reduce the costs of the job, In job costing, the cost of scrap is already in 
the WIP account for each job generating the scrap. These costs are already accounted for, 
and therefore no journal entry is necessary to explicitly record the cost of scrap. When the 
scrap is sold, however, the WIP account must be decreased (credited) to reduce the cost of 
the job by the amount of the scrap’s disposal value. 

Scrap Common to All Jobs 

In this case, scrap is not linked with any particular job or product. Instead, all products 
bear production costs without any credit for scrap revenues except in an indirect manner: 
Expected scrap revenues are considered when setting the budgeted manufacturing over- 
head rate. Thus the budgeted manufacturing overhead rate is lower than it would be if 
the overhead budget had not been reduced by the expected scrap revenues. The journal 
entry is 

Scrap returned to storeroom: No journal entry 

Notation of quantity received and related job entered in 
the inventory record 

Sale of scrap: Cash or Accounts Receivable 45 

Manufacturing Overhead Control 45 

Posting made to subsidiary ledger—“Sales of Scrap” 

column on department cost record 

This method of accounting for scrap is also used in process accounting when the dollar 
amount of scrap is immaterial, because the scrap in process accounting is common to the 
manufacture of all the identical or similar units produced (and cannot be identified with 
specific units). 

Recognizing Scrap at the Time of Production 

Our preceding illustrations assume that scrap returned to the storeroom is sold or dis- 
posed of quickly and hence not assigned an inventory cost figure. Scrap, however, some- 
times has a significant market value, and the time between storing it and selling or reusing 
it can be quite long. Under these conditions, the company is justified in inventorying scrap 
at a conservative estimate of net realizable value so that production costs and related scrap 
recovery may be recognized in the same accounting period. Some companies tend to delay 
sales of scrap until the market price is most attractive. Volatile price fluctuations are typi- 
cal for scrap metal. If scrap inventory becomes significant, it should be inventoried at some 
“reasonable value”—a difficult task in the face of volatile market prices. 

Scrap Attributable to a Specific Job 

The journal entry in the Hull Machine Shop example is 

Scrap returned to storeroom: Materials Control 45 

Work-in-Process Control (specific job) 45 
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Required 

Oooo coo) 

| Pulling It All Together—Problem for Self-Study 

Scrap Common to All Jobs 

The journal entry in this case is 

Scrap returned to storeroom: Materials Control 45 

Manufacturing Department 45 

Overhead Control 

Observe that the Materials Control account is debited in place of Cash or Accounts 
Receivable. 

When this scrap is sold, the journal entry is 

Sale of scrap: Cash or Accounts Receivable 45 

Materials Control 45 

Scrap is sometimes reused as DM rather than sold as scrap. Then it should be debited 
to Materials Control as a class of DM and carried at its estimated net realizable value. 
For example, the entries when the scrap generated is common to all jobs are 

Scrap returned to storeroom: Materials Control 45 

Manufacturing Department 45 

Overhead Control 

Reuse of scrap: Work-in-Process Control (specific job) 45 

Materials Control 45 

The accounting for scrap under process costing follows the accounting for jobs when 
scrap is common to all jobs since process costing is used to cost the mass manufacture of 
similar units. The high cost of scrap focuses management’s attention on ways to reduce 
scrap and to use it more profitably. For example, General Motors has redesigned its plas- 
tic injection moulding processes to reduce the scrap plastic that must be broken away 
from its moulded parts. General Motors also regrinds and reuses the plastic scrap as DM, 
saving substantial input costs. 

(Try to solve this problem before examining the solution that follows.) 

Problem 

Burlington Textiles has some spoiled goods that had an assigned cost of $40,000 and zero 
net disposal value. 

Prepare a journal entry for each of the following conditions under (a) process costing 
(Department A) and (b) job costing: 

1, Abnormal spoilage of $40,000 
2. Normal spoilage of $40,000 regarded as common to all operations 
3. Normal spoilage of $40,000 regarded as attributable to specifications of a particular — 

job 
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’ Solution 

(a) Process Costing (b) Job Costing 

1. Loss from Abnormal Spoilage 40,000 Loss from Abnormal Spoilage 40,000 

Work-in-Process—Dept. A 40,000 Work-in-Process Control (specific job) 40,000 

2. No entry until units are complete and Manufacturing Overhead Control 40,000 

transferred out; then the normal spoilage Work-in-Process Control (specific job) 40,000 
costs are transferred as part of the cost 
of good units. 

Work-in-Process—Dept. B 40,000 

Work-in-Process—Dept. A 40,000 

3. Not applicable No entry. Normal spoilage cost remains in 

Work-in-Process Control (specific job) 

pVejel=lalel> amo y.\ 

Standard-Costing Method and Spoilage 

The standard-costing method (see Exhibits 19A-1 and 19A-2) simplifies the computations Loe 
for normal and abnormal spoilage. To illustrate, we return to the Anzio Company example _ | appiy cost-allocation procedures 
in the chapter. Suppose Anzio develops the following standard costs per unit for work | to account for spoilage. 
done in the forming department in July: 

Direct materials $ 8.50 

Conversion costs 10.50 

Total manufacturing cost $19.00 

Assume the same standard costs per unit also apply to the beginning inventory: 1,500 
(1,500 X 100%) equivalent units of direct materials and 900 (1,500 X 60%) equivalent 

units of conversion costs. Hence, the beginning inventory at standard costs is as follows: 

Direct materials, 1,500 units x $8.50 per unit $12,750 

Conversion costs, 900 units x $10.50 per unit 9,450 

Total manufacturing costs $22,200 

Exhibit 19A-1, Panel A, presents Steps 1 and 2 for calculating physical and equivalent 
units. These steps are the same as for the FIFO method described in Exhibit 19-4, Exhibit 
19A-1, Panel B, presents Steps 3, 4, and S. 

The costs to account for in Step 3 are at standard costs and, hence, they differ from 
the costs to account for under the weighted-average and FIFO methods, which are at 
actual costs. In Step 4, cost per equivalent unit is simply the standard cost: $8.50 per unit 
for direct materials and $10.50 per unit for conversion costs. The standard-costing 
method makes calculating equivalent-unit costs unnecessary, so it simplifies process cost- 
ing. In Step 5, managers assign standard costs to units completed (including normal spoil- 
age), to abnormal spoilage, and to ending work-in-process inventory by multiplying the 
equivalent units calculated in Step 2 by the standard costs per equivalent unit presented in 
Step 4.7 

9 For example, from Exhibit 19A-1, Panel B, the standard costs for July are direct materials used, 8,500 x $8.50 = $72,250, and 
conversion costs, 8,100 x $10,50 = $85,050. From page 786, the actual costs added during July are direct materials, $76,500, 
and conversion costs, $89,100, resulting in a direct materials variance of $72,250 — $76,500 = $4,250 U and a conversion 
costs variance of $85,050 — $89,100 = $4,050 U. These variances could then be subdivided further as in Chapters 7 and 8; 
the abnormal spoilage would be part of the efficiency variance. 
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Use of Standard Cost in Process Costing with Spoilage—Forming Department of Anzio 
Company for July 

ee ee 
2 Equivalent Units 

Physical Direct Conversion 

Flow of Production Units Materials Costs 

Work-in-process, beginning balance (given) 

Good units completed and transferred out during the current period 

3 | Fram beginning work-in-process inventory® 1,500 sl 

[10] 1,500 x (100% — 100%); 1,500 x (100% — 60%) ire all = 

[14 | Started and completed? 5,500 

12 5,500 < 100%; 5,500 x 100% 5,500 

13 Normal spoilage® 700 

14 700 < 100%; 700 x 100% 700 

16| Abnormal spoilage® 300. «| 
16 300 x 100%; 300 < 100% 300 300 

17 | Work-in-process, ending balance® (given) 2,000 

18 2,000 x 100%; 2,200 < 50% i eee 2,000 1,000 | 

19 | Accounted for | 10,000 hae. Lee. 

20 | Work done in current period only 8,500 8,100 

21 

22 | *Degree of completion for beginning inventory WIP: direct materials, 100%; conversion costs, 60%. | 

23 | *7,000 physical units completed and transferred out minus 1,500 physical units completed and transferred from beginning inventory WIP. oil 

Normal spoilage is 10% of good units transferred out: 10% X 7,000 = 700 units, Degree of completion of 

normal spoilage in this department: direct materials 100%; conversion costs 100%. 

Abnormal spoilage = Actual spoilage — Normal spoilage = 1,000 — 700 = 300 units. Degree of completion 

of abnormal spoilage in this department; direct materials 100%; conversion costs, 100%. 

"Degree of completion for ending inventory WIP: direct materials 100%; conversion costs, 50%. 

PANEL B: Standard Cost per Equivalent Unit, Summarize Total Costs to Account for, 

30 | and Assign Total Costs to Units Completed, to Spoiled Units, and to Units in Ending Work-in-Process 

Total 

Production | Direct | Conversion 

Costs Materials Costs 

34 Standard cost per equivalent unit (given) $ 19.00 $_ 8.50 $_ 10.50 

35 Work-in-process, beginning balance (given) 20 

36 | Costs added in the current period (at standard) 157,31 =| $72,250° | + $85,050" 

37 Total costs to account for $179,500 

38 Cost per equivalent unit (at standard) $ 8.50 $ 10.50 + 

39 _| Assignment of costs: ified 

40 Good units completed and transferred out (7,000 units): 

41 Work-in-process beginning balance (1,500 units) l$ 22,200 ‘| T 

42 | Costs added in current period’ (0 $8.50; 600 x $10.50) 6300 [=| $° — [+] $ 6300 

| 43 Total from beginning inventory before normal spoilage 28,500 

[44] i Started and completed before normal spoilage (5,500 units) i 104,500 = ia 46,750 | + 57,750 

[45] Normal spoilage (700 units) 13,900. 3). = 5950 | + 7,350 

46/A Total costs of good units completed and transferred out 146,300 

47/|B Abnormal spoilage (300 units) 5,700 |= 2,650 | + 3,150 

48 |C Work-in-process, ending balance (2,000 x $8.50; 1,000 x $10.50) 27,500 |=} 17,000 | + 10,500 | 

49 | A+B+C_| Total costs accounted for $179,500 $72,250 $85,050 

50 Summary of variances for current performance: | 

51 | Costs added in current period at standard costs (see above) $72,250 | $85,050 

52 Actual costs incurred (given) _76,500 89,100 

53 Variance call $ (4,250) |U,  $(4,050) 

54 

65 Equivalent units of direct materials and conversion costs calculated in Panel A. 

56 | 98,500 equivalent units x $8.50. 

"8,100 equivalent units x $10.50. 
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Standard-Costing Method of Process Costing with Spoilage for the Forming Department for July 

PANEL A: Summarize the Flow of Physical Units and Compute Output in Equivalent Units 

(Step 2) 

Equivalent Units 

Physical Direct Conversion 

Units Materials Costs Flow of Production 

| 4 |Work-in-process, beginning (given, p. 771) 

| 5 | Started during current period (given, p. 771) 8,500 

| 6 | To account for 10,000 
Good units completed and transferred out during current period 

| 8 | From beginning work-in-process® 1,500 

| 9 | [1,500 x (100% - 100%); 1,500 x (100% — 60%)] =e 0 600 
| 10 | Started and completed 5,500° 

(5,500 100%; 5,500 x 100%) 5,500 5,500 

| 12 | Normal spoilage® 700 
(700 x 100%; 700 x 100%) 700 700 

Abnormal spoilage4 300 
| 15 | (300 x 100%; 300 x 100%) 300 300 
| 16 | Work-in-process, ending? (given, p. 771) [2,000 

(2,000 x 100%; 2,000 x 50%) 

4Degree of completion in this department: direct materials, 100%; conversion costs, 60%. 

| 22 | 57,000 physical units completed and transferred out minus 1,500 physical units completed and transferred out from beginning 

| 23 | work-in-process inventory. 

| 24 | °Normal spoilage is 10% of good units transferred out; 10% x 7,000 = 700 units. Degree of completion of normal spoilage in this 

| 25 | department: direct materials, 100%; conversion costs, 100%. 
| 26 | 4Abnormal spoilage = Total spoilage — Normal spoilage = 1,000 — 700 = 300 units. Degree of completion of abnormal spoilage 

in this department: direct materials, 100%; conversion costs, 100%. 
| 28 | ®Degree of completion in this department: direct materials, 100%; conversion costs, 50%. 

PANEL B: Summarize the Total Costs to Account For, Compute the Cost per Equivalent Unit, and Assign 
Costs to the Units Completed, Spoiled Units, and Units in Ending Work-in-Process Inventory 

Production 
Costs Materials 

Work-in-process, beginning (given, p. 786) $ 22,200 | (1,500 x $8.50) 

Costs added in current period (given, p. 786) 157,300 | (8,500 x $8.50)! | 

Total costs to account for $179,500 $85,000 

Standard costs per equivalent unit (given, p. 786) $ 1900/ $ 8.50 | 

Assignment of costs: 

Good units completed and transferred out (7,000 units) 

Work-in-process, beginning (1,500 units) “| $ 22,200 (1,500 < $8.50) (900 x $10.50) 

Costs added to beginning work-in-process in current period| _ 6,300 (Of x $8.50) (600' x $10.50) 

Total from beginning inventory before normal spoilage 28,500 

Started and completed before normal spoilage (5,500 units) | 104,500 |(5,500' x $8.50) + |(5,500' x $10.50) 

Normal spoilage (700 units) 13,300 | (700' x $8.50) (700° x $10.50) 

Total costs of good units completed and transferred out | 146,300 

Abnormal spoilage (300 units) 5,700 | (300' x $8.50) (300' x $10.50) 

Work-in-process, ending (2,000 units) 27,500 |(2,000' x $8.50) (1,000 x $10.50) 

Total costs accounted for $179,500 $85,000 $94,500 | See 

| 18 | ‘Equivalent units of direct materials and conversion costs calculated in step 2 in Panel A. 
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Finally, note that the journal entries corresponding to the amounts calculated in Step 
5 are as follows: 

Finished Goods 146,300 

Work-in-process—Forming : 146,300 

To record transfer of good units completed in July. 

Loss from Abnormal Spoilage 5,700 

Work-in-process—Forming 5,700. 

To record abnormal spoilage detected in July. 

| BY =vest-j(e) a) Points 

The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives 

1. What are spoilage, rework, and 
scrap? 

2. How do the weighted-average 
method and FIFO method of 
process costing differ in 
calculating the costs of good 
units and spoilage? 

3. How does the standard-costing 

method of process costing 
calculate the costs of good units 
and spoilage? 

4, How are costs of normal spoilage 
allocated? 

5. How do job-costing systems 

account for spoilage and rework? 

6. How is scrap accounted for? 

Guidelines 

Spoilage refers to units of production that do not meet the standards required 
by customers for good units and that are discarded or sold for reduced prices. 
Rework is unacceptable units that are subsequently repaired and sold as 
acceptable finished goods. Scrap is material left over when making a product; 
it has low sales value compared with the sales value of the main product. 
Normal spoilage is uncontrollable and unavoidable. Abnormal spoilage is 
both controllable and avoidable. IFRS/ASPE permits costs of normal spoilage 
in the cost of goods manufactured but abnormal spoilage must be recorded 
as a loss for the accounting period in which it is detected. 

The weighted-average method combines costs in beginning inventory with 
costs of the current period when determining the costs of good units (which 
include a normal spoilage amount) and the costs of abnormal spoilage. 
The FIFO method keeps separate the costs in beginning inventory from the 
costs of the current period when determining the costs of good units (which 
include a normal spoilage amount) and the costs of abnormal spoilage. 

The standard-costing method uses standard costs to determine the costs of 
good units (which include a normal spoilage amount) and the costs of 
abnormal spoilage. 

Normal spoilage is inherent in a given production process. Normal spoilage 
specific to a job should be assigned to that job. When common to all jobs, 
spoilage should be allocated as part of manufacturing overhead. 

Normal spoilage specific to a job is assigned to that job or, if common to 
all jobs, it is allocated as part of manufacturing overhead. Loss from 
abnormal spoilage is recorded as a cost of the accounting period in which it 
is detected. Completed reworked units should be indistinguishable from non- 
reworked good units. Normal rework can be assigned to a specific job, or, if 

common to all jobs, as part of manufacturing overhead. Abnormal rework is 
written off as a cost of the accounting period in which it is detected. 

Scrap is recognized in the accounting records either at the time of its sale 
or at the time of its production. Sale of scrap, if immaterial, is often recog- 
nized as other revenue. If material, the sale of scrap or its net realizable 
value reduces the cost of a specific job, or, if common to all jobs, reduces 
manufacturing overhead. 
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Terms to Learn 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

abnormal spoilage (p. 768) normal spoilage (p. 768) scrap (p. 768) 

inspection point (p. 770) rework (p. 768) spoilage (p. 768) 

| Assignment Material 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 

_ feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

19-1 Why is there an unmistakable trend in manufacturing to improve quality? 

19-2 Distinguish among spoilage, reworked units, and scrap. 

19-3 “Normal spoilage is planned spoilage.” Discuss. 

19-4 “Costs of abnormal spoilage are losses.” Explain. 

19-5 “What has been regarded as normal spoilage in the past is not necessarily acceptable as normal 
spoilage in the present or future.” Explain. 

19-6 “Units of abnormal spoilage are inferred rather than identified.” Explain. 

19-7 “In accounting for spoiled goods, we are dealing with cost assignment rather than cost incurrence.” 
Explain. 

19-8 “Total input includes abnormai as well as normal spoilage and is, therefore, inappropriate as a basis 
for computing normal spoilage.” Do you agree? Explain. 

19-9 “The point of inspection is the key to the allocation of spoilage costs.” Do you agree? Explain. 

19-10 “The unit cost of normal spoilage is the same as the unit cost of abnormal spoilage.” Do you agree? 
Explain. 

19-11 “In job costing, the costs of normal spoilage that occur while a specific job is being done are charged 
to the specific job.” Do you agree? Explain. 

19-12 “The costs of reworking defective units are always charged to the specific jobs where the defects 

were originally discovered.” Do you agree? Explain. 

19-13 “Abnormal rework costs should be charged to a loss account, not to manufacturing overhead.” Do 
you agree? Explain. 

19-14 When is a company justified in inventorying scrap? 

Exercises 

19-15 Terminology. A number of terms are listed below: 

abnormal spoilage inspection point 

normal spoilage rework 

scrap 

Required 

Select the terms from the above list to complete the following sentences. 

1. There is no perfect machine, nor is there a perfect manufacturing process. That is why each process 
has atleast one to assess the output quality and send the units back for and 
ultimately prepare for sale, or them. Costs of reworked units are non-value-added for the 
customer, who will, therefore, not pay for them. The company bears this cost. 

2. The difference between and is in accounting for the costs. is 

predictable but unavoidable; therefore, ASPE/IFRS allows this cost in cost of goods 
manufactured. is avoidable but unpredictable and ASPE/IFRS requires this cost to be 
expensed. These costs did not produce an asset from which future revenue will be recovered and 
therefore are not part of cost of goods manufactured. 
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LOO 19-16 Normal and abnormal spoilage in units. The following data, in physical units, describe a grind- 
1, Normal spoilage, 6,600 units ing process for January: 

Work-in-process, beginning 19,000 

Started during current period 150,000 

To account for 169,000 

Spoiled units 12,000 

Good units completed and transferred out 132,000 

Work-in-process, ending 25,000 

Accounted for 169,000 

Inspection occurs at the 100% completion stage. Normal spoilage is 5% of the good units passing inspection. 

Required 

1. Compute the normal and abnormal spoilage in units. 

2. Assume that the equivalent-unit cost of a spoiled unit is $20. Compute the amount of potential savings 

if all spoilage were eliminated, assuming that all other costs would be unaffected. Comment on your 

answer. 

LOoO@ 19-17 Weighted-average method, spoilage, equivalent units. (CMA, adapted) Consider the follow- 

Total equivalent units for ing data for November from Grey Manufacturing Company, which makes silk pennants and uses a process- 
conversion costs, 9,750 EU costing system. All direct materials are added at the beginning of the process, and conversion costs are 

added evenly during the process. Spoilage is detected upon inspection at the completion of the process. 

Spoiled units are disposed of at zero net disposal price. Grey Manufacturing Company uses the weighted- 
average method of process costing. 

Physical Units Direct Conversion 
(pennants) Materials Costs 

Work-in-process, November 1* 1,000 $ 1,423 $ 1,110 

Started during November " 

Good units completed and transferred out 9,000 

during November 

Normal spoilage 100 

Abnormal spoilage 50 

Work-in-process, November 30* 2,000 

Total costs added during November $12,180 $27,750 

*Degree of completion: direct materials, 100%; conversion costs, 50%. 

tDegree of completion: direct materials, 100%; conversion costs, 30%. 

Required 

Compute the equivalent units of work done in the current period for direct materials and conversion costs. 

Show physical units in the first column of your schedule. 

LOoO® 19-18 Weighted-average method, assigning costs (continuation of Exercise 19-17). 
Conversion cost per equivalent ; 

unit, $2.96 Required ; 
For the data in Exercise 19-17, summarize total costs to account for, calculate the cost per equivalent unit 

for direct materials and conversion costs, and assign total costs to units completed and transferred out 

(including normal spoilage), to abnormal spoilage, and to units in ending work-in-process. 

LO® 19-19 FIFO method, spoilage, equivalent units. Refer to the information in Exercise 19-17. Suppose 
Total equivalent units for Grey Manufacturing Company uses the FIFO method of process costing instead of the weighted-average 

conversion costs in current method. 
period only, 9,250 EU 

Required 

Compute equivalent units for direct materials and conversion costs. Show physical units in the first column 
of your schedule. 
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19-20 FIFO method, assigning costs (continuation of Exercise 19-19). 

Required 

For the data in Exercise 19-19, use the FIFO method to summarize total costs to account for, calculate the cost 
per equivalent unit for direct materials and conversion costs, and assign total costs to units completed and 

transferred out (including normal spoilage), to abnormal spoilage, and to units in ending work-in-process. 

19-21 Weighted-average method, spoilage. Winding River Company makes wooden toys in its form- 
ing department, and it uses the weighted-average method of process costing. All direct materials are added 
at the beginning of the process, and conversion costs are added evenly during the process. Spoiled units 

are detected upon inspection at the end of the process and are disposed of at zero net disposal value. Sum- 
mary data for August are as follows: 

ee ee ee be 
a Physical; Direct | Conversion 

Units | Materials Costs 

| 2 |Work-in-process, beginning inventory (August 1) $17,700 $10,900 

| 3 | Degree of completion of beginning work-in-process 100% 50% 
| 4 | Started during August 10,000 
| 5 |Good units completed and transferred out during August | 9,000 
| 6 |Work-in-process, ending inventory (August 31) 1,800 

Degree of completion of ending work-in-process 100% 75% 

8 | Total costs added during August $81,300 $93,000 

| 9 | Normal spoilage as a percentage of good units 10% 

Degree of completion of normal spoilage 100% 100% 
| 44 | Degree of completion of abnormal spoilage 100% 100% 

Required 

1. For each cost category, calculate equivalent units. Show physical units in the first column of your 
schedule. 

2. Summarize total costs to account for, calculate cost per equivalent unit for each cost category, and 

assign total costs to units completed and transferred out (including normal spoilage), to abnormal 
spoilage, and to units in ending work-in-process. 

19-22 Standard-costing method, spoilage, and journal entries. Aaron Inc. is a manufacturer of 

vents for water heaters. The company uses a process-costing system to account for its work-in-process 

inventories. When Job 512 was being processed in the machining department, a piece of sheet metal was 
off-centre in the bending machine and two vents were spoiled. Because this problem occurs periodically, it 

is considered normal spoilage and is consequently recorded as an overhead cost. Because this step comes 
first in the procedure for making the vents, the only costs incurred were $500 for direct materials. Assume 

the sheet metal cannot be sold, and its cost has already been recorded as part of the work-in-process 
inventory. 

Required 

Prepare the journal entries to record the spoilage incurred. 

19-23 Recognition of loss from spoilage. Spheres Toys manufactures globes at its San Fernando facility. 
The company provides you with the following information regarding operations for April: 

Total globes manufactured 20,000 

Globes rejected as spoiled units 750 

Total manufacturing cost $800,000 

Assume the spoiled units have no disposal value. 

Required 

1. What is the unit cost of making the 20,000 globes? 
2. Whatis the total cost of the 750 spoiled units? 
3. If the spoilage is considered normal, whatis the increase in the unit cost of good globes manufactured 

as a result of the spoilage? 
4. |f the spoilage is considered abnormal, prepare the journal entries for the spoilage incurred. 

LO 8 
Conversion cost per equivalent 

unit, $3 

LO @ 
1, Total equivalent units for 

conversion costs, 11,550 EU 

LOoO® 
Manufacturing overhead control 

(normal spollage), DR 500 

LO® 
1, The unit cost of making the 

20,000 globes = $40 per unit 
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LO® 
1, Total equivalent units for 

conversion costs, 2,880 units 

© 

€ 

Loe 
1, Equivalent units for 

conversion costs for the 

current period, 2,700 units 

€ LO ® 
2. Total costs to account 

for, $846,000 

LO® 
1. Unit cost of remaining 

cases, $6 

19-24 Weighted-average method, spoilage. Chipcity Inc. is a fast-growing manufacturer of computer 

chips. Direct materials are added at the start of the production process. Conversion costs are added evenly 

during the process. Some units of this product are spoiled as a result of defects not detectable before 

inspection of finished goods. Spoiled units are disposed of at zero net disposal value. Chipcity uses the 

weighted-average method of process costing. 

Summary data for September are 

Physical Units Direct Conversion 

(computer chips) Materials Costs 

Work-in-process, beginning inventory (Sept. 1) 600 $ 96,000 $ 15,300 

Degree of completion of beginning WIP 100% 30% 

Started during September 2,550 

Good units completed and transferred out 2,100 

during September 

Work-in-process, ending inventory (Sept. 30) 450 

Degree of completion of ending WIP 100% 40% 

Total costs added during September $567,000 $230,400 

Normal spoilage as a percentage of good units 15% 

Degree of completion of normal spoilage 100% 100% 

Degree of completion of abnormal spoilage 100% 100% 

Required 

1. For each cost category, compute equivalent units. Show physical units in the first column of your 

schedule. 
2. Summarize total costs to account for, calculate cost per equivalent unit for each cost category, and 

assign total costs to units completed and transferred out (including normal spoilage), to abnormal 

spoilage, and to units in ending work-in-process. 

19-25 FIFO method, spoilage. Refer to the information in Exercise 19-24. 

Required 

Do Exercise 19-24 using the FIFO method of process costing. 

19-26 Standard-costing method, spoilage. Refer to the information in Exercise 19-24. Suppose Chip- 
city determines standard costs of $200 per equivalent unit for direct materials and $75 per equivalent unit for 

conversion costs for both beginning work-in-process and work done in the current period. 

Required 

Do Exercise 19-24 using the standard-costing method. 

19-27 Spoilage and job costing. Bamber Kitchens produces a variety of items in accordance with spe- 

cial job orders from hospitals, plant cafeterias, and university dormitories. An order for 2,500 cases of mixed 
vegetables costs $6 per case: direct materials, $3; direct manufacturing labour, $2; and manufacturing over- 

head allocated, $1. The manufacturing overhead rate includes a provision for normal spoilage. Consider 

each requirement independently. 

Required 

1. Assume that a labourer dropped 200 cases. Suppose that part of the 200 cases could be sold to a 
nearby prison for $200 cash. Prepare a journal entry to record this event. Calculate and explain briefly 

the unit cost of the remaining 2,300 cases. 

2. Refer to the original data. Tasters at the company reject 200 of the 2,500 cases. The 200 cases are dis- 

posed of for $400. Assume that this rejection rate is considered normal. Prepare a journal entry to 

record this event, and 

a. Calculate the unit cost if the rejection is attributable to exacting specifications of this particular job. 

b. Calculate the unit costif the rejection is characteristic of the production process and is not attribut- 

able to this specific job. 

c. Are unit costs the same in requirements 2a and 2b? Explain your reasoning briefly. 

3. Refer to the original data. Tasters rejected 200 cases that had insufficient salt. The product can be 

placed in a vat, salted, and reprocessed into jars. This operation, which is considered normal, will cost 

$200. Prepare a journal entry to record this event, and 

a. Calculate the unit cost of all the cases if this additional cost was incurred because of the exacting 

specifications of this particular job. 



b. Calculate the unit cost of all the cases if this additional cost occurs regularly because of difficulty in 
seasoning. 

c. Are unit costs the same in requirements 3a and 3b? Explain your reasoning briefly. 

19-28 Reworked units, costs of rework. Heyer Appliances assembles dishwashers at its plant in Tus- 

caloosa, Alabama. In February, 60 circulation motors that cost $110 each (from a new supplier who subse- 

quently went bankrupt) were defective and had to be disposed of at zero net disposal value. Heyer 

Appliances was able to rework all 60 dishwashers by substituting new circulation motors purchased from 
one of its existing suppliers. Each replacement motor cost $125, 

Required 

1. What alternative approaches are there to account for the materials cost of reworked units? 

2. Should Heyer Appliances use the $110 circulation motor or the $125 motor to calculate the cost of 
materials reworked? Explain. 

3. What other costs might Heyer Appliances include in its analysis of the total costs of rework due to the 

circulation motors purchased from the (now) bankrupt supplier? 

19-29 Scrap, job-order costing. Mendola Corp. has an extensive job-costing facility that uses a variety 
of metals. Consider each requirement independently. 

Required 

1. Job 372 uses a particular metal alloy that is not used for any other job. Assume that scrap is material in 

amount and sold for $490 quickly after it is produced. Prepare the journal entry. 

2. The scrap from Job 372 consists of a metal used by many other jobs. No record is maintained of the 

scrap generated by individual jobs. Assume that scrap is accounted for at the time of its sale. Scrap 

totalling $4,000 is sold. Prepare two alternative journal entries that could be used to account for the 
sale of scrap. 

3. Suppose the scrap generated in requirement 2 is returned to the storeroom for future use, and a journal 

entry is made to record the scrap. A month later, the scrap is reused as direct material on a subsequent 

job. Prepare the journal entries to record these transactions. 

Problems 

19-30 Weighted-average method, spoilage. The White Crab Company is a food-processing company 

based in PEI. It operates under the weighted-average method of process costing and has two departments: 
cleaning and packaging. For the cleaning department, conversion costs are added evenly during the pro- 

cess, and direct materials are added at the beginning of the process. Spoiled units are detected upon 

inspection at the end of the process and are disposed of at zero net disposal value. All completed work is 

transferred to the packaging department. Summary data for May follow: 

Units i Costs 

Assignment Material 793 

LO@ 

L0o06 
1. Job 372 work-in-process 

control, CR $490 

LO® 
1, Normal spoilage equivalent 

units, conversion costs, 1,850 

units 

Physical i Conversion 

18,500 
— 

4,000 

| g | Total costs added during May $22,500 $20,000 

Lg | Normal spoilage as a percentage of good units 

| 10 | Degree of completion of normal spoilage 
| 11 | Degree of completion of abnormal spoilage 

Required 

For the cleaning department, summarize total costs to account for, and assign total costs to units com- 

pleted and transferred out (including normal spoilage), to abnormal spoilage, and to units in ending work- 

in-process. Carry unit-cost calculations to four decimal places when necessary. Calculate final totals to the 

nearest dollar. (Problem 19-32 explores additional facets of this problem.) 
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LO ® 19-31 FIFO method, spoilage. Refer to the information in Problem 19-30. 
EU of direct materials, 22,500 

Required 

Do Problem 19-30 using the FIFO method of process costing. (Problem 19-33 explores additional facets of 
this problem.) 

LO @ 19-32 Weighted-average method, packaging department (continuation of Problem 19-30). In White 
EU of direct materials, work done Crab Company's packaging department, conversion costs are added evenly during the process, and direct 

to date, 16,000 materials are added at the end of the process. Spoiled units are detected upon inspection at the end of the 
process and are disposed of at zero net disposal value. All completed work is transferred to the next depart- 
ment. The transferred-in costs for May equal the total cost of good units completed and transferred out 

in May from the cleaning department, which were calculated in Problem 19-30 using the weighted-average 

method of process costing. Summary data for May follow: 

a ee ee ee ee Bee 

a Physical | Transferred-in | Direct | Conversion 
The White Crab Company: Packaging Department Units Costs Materials Costs 

| 2 |Work-in-process, beginning inventory (May 1) 7,500 $16,125 $ 6,125 
| 3 | Degree of completion of beginning work-in-process 100% 0% 
| 4 |Started during May -| 18,500 
| 5 |Good units completed and transferred out during May 15,000 

| 6 |Work-in-process, ending inventory (May 31) 10,000 
Degree of completion of ending work-in-process 100% 0% 25% 

| g {Total costs added during May ? $1,600 $12,375 
| 9 |Normal spoilage as a percentage of good units 5% 
| 10 |Degree of completion of normal spoilage 100% 

Degree of completion of abnormal spoilage 100% 

Required 

For the packaging department, use the weighted-average method to summarize total costs to account for 

and assign total costs to units completed and transferred out (including normal spoilage), to abnormal spoil- 
age, and to units in ending work-in-process. 

LO @ 19-33 FIFO method, packaging department (continuation of Problem 19-31). Refer to the information 
Transferred-in costs EU In current in Problem 19-32 except for the transferred-in costs for May, which equal the total cost of good units com- 

period only, 18,500 pleted and transferred out in May from the cleaning department, which were calculated in Problem 19-31 
using the FIFO method of process costing. 

Required 

For the packaging department, use the FIFO method to summarize total costs to account for, and assign total 
costs to units completed and transferred out (including normal spoilage), to abnormal spoilage, and to units 
in ending work-in-process. 

LO @®@ 19-34 Spoilage in job costing. Jellyfish Machine Shop is a manufacturer of motorized carts for vacation 
resorts. 

Patrick Cullin, the plant manager of Jellyfish, obtains the following information for Job #10 in August. 
A total of 46 units were started, and 6 spoiled units were detected and rejected at final inspection, yielding 

40 good units. The spoiled units were considered to be normal spoilage. Costs assigned prior to the inspec- 
tion point are $1,100 per unit. The current disposal price of the spoiled units is $235 per unit. When the 

spoilage is detected, the spoiled goods are inventoried at $235 per unit. 

Required 

1. What is the normal spoilage rate? 

2. Prepare the journal entries to record the normal spoilage, assuming the following: 
a. The spoilage is related to a specific job. 
b. The spoilage is common to all jobs. 
c. The spoilage is considered to be abnormal spoilage. 

LO 2) 19-35 Weighted-average method, spoilage. Rounder specializes in the manufacture of ball bearings 
1, Normally spoiled units, 210 for aircraft. Direct materials are added at the start of the production process. Conversion costs are added 

evenly during the process. Some units of this product are spoiled as a result of defects not detectable 



before inspection of finished goods. Normally, the spoiled units are 15% of the good units transferred out. 

Spoiled units are disposed of at zero net disposal price. 

Rounder uses the weighted-average method of process costing. Summary data for September are 

Physical Direct Conversion 

Units Materials Costs 

Work-in-process, September 1* 400 $ 76,800 $ 12,240 

Started during September 1,700 

Good units completed and transferred 1,400 

out during September 

Work-in-process, September 30* 300 

Costs added during September $453,600 $184,320 

*Degree of completion: direct materials, 100%; conversion costs, 30%. 

Degree of completion: direct materials, 100%; conversion costs, 40%, 

Required 

1. For each cost element, compute the equivalent units. Show physical units in the first column. 
2. For each cost element, calculate the cost per equivalent unit. 

3. Summarize the total costs to account for, and assign these costs to units completed and transferred 

out (to normal spoilage), to abnormal spoilage, and to units in ending work-in-process. 

19-36 FIFO method, spoilage. Refer to the information in Problem 19-35. 

Required 

Repeat question 1 from Problem 19-35 using the FIFO method of process costing. 

19-37 Standard-costing method, spoilage. Refer to the information in Problem 19-35. Suppose 

Rounder determines standard costs of $246 per (equivalent) unit for direct materials and $96 per (equivalent) 
unit for conversion costs for both beginning work-in-process and work done in the current period. 

Required 

Repeat question 2 from Problem 19-35 using standard costs. 

19-38 Physical units, inspection at various stages of completion. Normal spoilage is 6% of the 

good units passing inspection in a forging process. In March, a total of 10,000 units were spoiled. Other data 

include units started during March, 120,000; work-in-process, beginning, 14,000 units (20% completed for 

conversion costs); work-in-process, ending, 11,000 units (70% completed for conversion costs). 

Required 

In columnar form, compute the normai and abnormal spoilage in units, assuming the inspection point is at 

(a) the 15% stage of completion, (b) the 40% stage of completion, and (c) the 100% stage of completion. 

19-39 Weighted-average method, inspection at 80% completion. Ottawa Manufacturing is a furni- 

ture manufacturer with two departments: moulding and finishing. The company uses the weighted-average 

method of process costing. In August, the following data were recorded for the finishing department: 

Units of beginning work-in-process inventory 12,500 

Percentage completion of beginning work-in-process units 25% 

Cost of direct materials in beginning work-in-process $ 0 

Units started 87,500 

Units completed 62,500 

Units in ending inventory 25,000 

Percentage completion of ending work-in-process units 95% 

Spoiled units 12,500 

Total costs added during current period: 

Direct materials $819,000 

Direct manufacturing labour $794,500 

Manufacturing overhead $770,000 

Work-in-process, beginning: 

Transferred-in costs $103,625 

Conversion costs $ 52,500 

Cost of units transferred in during current period $809,375 

Assignment Material 795 

LO® 
DM cost added in period 

ls $453,600, therefore, 

the DM costs to account for 

(under FIFO) is $453,600 

LO ® 
Direct materials total 

costs to be accounted for, 

$418,200 

LO® 
Normal spollage at 40%, 

7,440 units 

LO® 
Abnormal spoilage, 3,750 units 

€ 
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Lo 96 
1, Normal spoilage, 12.5% 

LO 6@ 
1, Journal entry CR various 

accounts, $1,800 

LO @ 
1a. Journal entry CR scrap 

revenue, 300 

LO ® 
1, Journal entry CR manufacturing 

overhead allocated, 3,040 

Loo 

Conversion costs are added evenly during the process. Direct materials costs are added when production 

is 90% complete. The inspection point is at the 80% stage of production. Normal spoilage is 10% of all good 
Units that pass inspection. Spoiled units are disposed of at zero net disposal value. 

Required 

For August, summarize total costs to account for, and assign these costs to units completed and transferred 

out (including normal spoilage), to abnormal spoilage, and to units in ending work-in-process. 

19-40 Spoilage in job costing. Tee Time Machine Shop is a manufacturer of motorized carts for vaca- 

tion resorts. Pat Cruz, the plant manager of Tee Time, obtains the following information for Job #10 in August. 
A total of 45 units were started, and 5 spoiled units were detected and rejected at final inspection, yielding 
40 good units. The spoiled units were considered to be normal spoilage. Costs assigned prior to the inspec- 

tion point are $1,000 per unit. The current disposal price of the spoiled units is $200 per unit. When the spoil- 

age is detected, the spoiled goods are inventoried at $200 per unit. 

Required 

1. What is the normal spoilage rate? 

2. Prepare the journal entries to record the normal spoilage, assuming 

a. The spoilage is related to a specific job. 
b. The spoilage is common to all jobs. 

c. The spoilage is considered to be abnormal spoilage. 

19-41 Rework in job costing, journal entry (continuation of Problem 19-40). Assume that the five 
spoiled units of Tee Time Machine Shop’s Job #10 can be reworked for a total cost of $1,800. A total cost of 

$5,000 associated with these units has already been assigned to Job #10 before the rework. 

Required 

1. Prepare the journal entries for the rework, assuming 

a. The rework is related to a specific job. 

b. The rework is common to all jobs. 

c. The rework is considered to be abnormal. 

19-42 Scrap at time of sale or at time of production, journal entries (continuation of Problem 

19-41). Assume that Job #10 of Tee Time Machine Shop generates normal scrap with a total sales value of 
$300 (it is assumed that the scrap returned to the storeroom is sold quickly). 

Required 

1. Prepare the journal entries for the recognition of scrap, assuming 

a. The value of scrap is immaterial and scrap is recognized at the time of sale. 

b. The value of scrap is material, is related to a specific job, and is recognized at the time of sale. 

c. The value of scrap is material, is common to all jobs, and is recognized at the time of sale. 

d. The value of scrap is material, is related to a specific job, scrap is recognized as inventory at the 

time of production, and is recorded at its net realizable value. 

19-43 Job costing, rework. Industrial Fire (IF) Corporation is a manufacturer of computer chips based in 

Nepean. It manufactures two types of computer chips, CS1 and CS2. The costs of manufacturing each CS1 
chip, excluding rework costs, are direct materials, $60; direct manufacturing labour, $12; and manufacturing 
overhead, $38. Defective units are sent to a separate rework area. Rework costs per CS1 chip are direct 

materials, $12; direct manufacturing labour, $9; and manufacturing overhead, $15. 

In August, IF manufactured 1,000 CS1 chips and 500 CS2 chips; 80 of the CS1 chips and none of the 
C82 chips required rework. IF classifies 50 of the CS1 chips reworked as normal rework caused by inher- 

ent problems in its production process that coincidentally occurred only during the production of CS1. 

Hence the rework costs for these 50 CS1 chips are normal rework costs not specifically attributable to the 

CS1 product. IF classifies the remaining 30 units of CS1 chips reworked as abnormal rework. IF allocates 

manufacturing overhead on the basis of machine-hours required to manufacture CS1 and CS2. Each CS1 
and CS2 chip requires the same number of machine-hours. 

Required 

1. Prepare journal entries to record the accounting for the cost of the spoiled chips and for rework. 

2. What were the total rework costs of CS1 chips in August? 

19-44 Job costing, classifying spoilage, ethics. Flextron Company is a contract manufacturer for 
a variety of pharmaceutical and over-the-counter products. It has a reputation for operational excel- 

lence and boasts a normal spoilage rate of 2% of normal input. Normal spoilage is recognized during the 
budgeting process and is classified as a component of manufacturing overhead when determining the 
overhead rate. 



Lynn Sanger, one of Flextron’s quality control managers, obtains the following information for Job No. 
M102, an order from a consumer products company. The order was completed recently, just before the close 

of Flextron’s fiscal year. The units will be delivered early in the next accounting period. A total of 128,500 units 

were started, and 6,000 spoiled units were rejected at final inspection, yielding 122,500 good units. Spoiled 

units were sold at $4 per unit. Sanger indicates that all spoilage was related to this specific job. 

The total costs for all 128,500 units of Job No. M102 follow. The job has been completed, but the costs 
are yet to be transferred to Finished Goods. 

Direct materials $ 979,000 

Direct manufacturing labour 840,000 

Manufacturing overhead 1,650,500 

Total manufacturing costs $3,469,500 

Required 

1. Calculate the unit quantities of normal and abnormal spoilage. 

2. Prepare the journal entries to account for Job No. M102, including spoilage, disposal of spoiled units, 
and transfer of costs to the Finished Goods account. 

3. Flextron’s controller, Vince Chadwick, tells Marta Suarez, the management accountant responsible for 

Job No. M102, the following: “This was an unusual job. | think all 6,000 spoiled units should be consid- 

ered normal.” Suarez knows that the work involved in Job No. M102 was not uncommon and that 

Flextron’s normal spoilage rate of 2% is the appropriate benchmark. She feels Chadwick made these 

comments because he wants to show a higher operating income for the year. 

a. Prepare journal entries, similar to requirement 2, to account for Job No. M102 if all spoilage were 

considered normal. How will operating income be affected if all spoilage is considered normal? 
b. What should Suarez do in response to Chadwick's comment? 

19-45 Physical units, inspection at various stages of completion. Normal spoilage is 7% of the 

good units passing inspection in a forging process. In March, a total of 12,000 units were spoiled. Other data 

include units started during March, 129,000; work-in-process, beginning, 16,000 units (20% completed for 

conversion costs); work-in-process, ending, 13,000 units (70% completed for conversion costs). 

Required 

In columnar form, compute the normal and abnormal spoilage in units, assuming inspection at 15%, 40%, 

and 100% stages of completion. 

19-46 Job costing, scrap. Buckwold Corporation makes two different types of hubcaps for cars—HM3 
and JB4. Circular pieces of metal are stamped out of steel sheets (leaving the edges as scrap), formed, and 

finished. The stamping operation is identical for both types of hubcaps. During May, Buckwold manufac- 

tured 20,000 units of HM3 and 10,006 units of JB4. In May, manufacturing costs per unit of HM3 and JB4 
before accounting for the scrap are as follows: 

HM3 JB4 

Direct materials $12.00 $18.00 

Direct manufacturing labour 3.60 4.80 

Materials-related manufacturing overhead 2.40 3.60 

(materials handling, storage, etc.) 

Other manufacturing overhead _7.20 _ 9.60 

Unit manufacturing costs $25.20 $36.00 

Materials-related manufacturing costs are allocated to products at 20% of direct materials costs. 
Other manufacturing overhead is allocated to products at 200% of direct manufacturing labour costs. 

Since the same metal sheets are used to make both types of hubcaps, Buckwold maintains no records of 
the scrap generated by the individual products. Scrap generated during manufacturing is accounted for at 

the time it is returned to the storeroom as an offset to materials-related manufacturing overhead. The 

value of scrap generated during May and returned to the storeroom was $8,400. 

Required 

1. Prepare a journal entry to summarize the accounting for scrap during May. 
2. Suppose the scrap generated in May was sold in June for $8,400. Prepare a journal entry to account for 

this transaction. 
3. What adjustments, if any, would you make for scrap when calculating the manufacturing cost per unit 

for HM3 and JB4 in May? Explain. 

Assignment Material 797 

LO® 
Normal spoilage at 15%, 

8,190 units 

LO®@ 
1, Journal entry DR materials 

control, 8,400 
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Collaborative Learning Case 

LOoO@ 19-47 FIFO method, spoilage, working backward. The cooking department of Deli Inc. uses a process- 

1, Total equivalent units for costing system. Direct materials are added at the beginning of the cooking process. Conversion costs are 
conversion costs, 78,500 EU added evenly during the cooking process. Consider the following data for the cooking department of Deli Inc. 

for January: . 

© Physical Direct Conversion 
Units Materials Costs 

Work-in-process, January 1* 10,000 $ 264,000 $ 36,000 

Started during January 74,000 

Good units completed and transferred out during January 61,000 

Spoiled units 8,000 

Work-in-process, January 31* 15,000 

Costs added during January $1,776,000 $1,130,400 

Cost per equivalent unit of work done in January $ 24 $ 14.40 

*Degree of completion: direct materials, 100%; conversion costs, 25%. 

*Degree of completion: direct materials, 100%; conversion costs, 80%. 

Deli uses the FIFO method of process costing. Inspection occurs when production is 100% completed. 

Normal spoilage is 11% of good units completed and transferred out during the current period. 

Instruction 

Form pairs of students to complete the following requirements. 

Required 

1. For each cost category, compute equivalent units of work done in the current period (January). 

2. For each cost category, compute equivalent units of work done to complete beginning work-in-process 

inventory, to start and complete new units, for normal and abnormal spoilage units, and to produce 

ending work-in-process inventory. 

3. For each cost category, calculate the percentage of completion of ending work-in-process inventory. 

4. Summarize total costs to account for, and assign these costs to units completed (and transferred out), 

normal spoilage, abnormal spoilage, and ending work-in-process. 

“TRY! > SOLUTIONS 

Units started during July = 9,000 + 100 + 50 + 2,000 — 1,000 = 10,150 
Summarize the flow of physical units, and compute output in equivalent units. 

(Step 1) (Step 2) Equivalent Units 

Physical Direct Conversion 
Flow of Production Units Materials Costs 

Work-in-process, beginning (given) 1,000 

Started during current period 10,150 

To account for 11,150 

Good units completed and transferred out 9,000 9,000 9,000 

during current period: 

Normal spoilage* 100 

100 < 100%; 100 x 100% 100 100 

Abnormal spoilaget - 50 

50 X 100%; 50 x 100% 50 50 

Work-in-process, ending? (given) 2,000 

2,000 x 100%; 2,000 x 30% 2,000 600 

Accounted for 11,150 

Equivalent units of work done to date Shine. 11,150 9,750 

*Degree of completion of normal spoilage in this department: direct materials, 100%; conversion costs, 100%. 

‘Degree of completion of abnormal spoilage in this department: direct materials, 100%; conversion costs, 100%. 

*Degree of completion in this department: direct materials, 100%; conversion costs, 30%. 
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Summarize the total costs to account for, compute the cost per equivalent unit, and assign costs to 
the units completed, spoiled units, and units in ending work-in-process inventory. 

Total 

Production Direct Conversion 
Costs Materials Costs 

(Step 3) Work-in-process, beginning (given) $ 2,533 $ 1,423 $ 1,110 

Costs added in current period (given) 39,930 12,180 27,750 

Total costs to account for $42,463 $ 13,603 $28,860 

(Step 4) Costs incurred to date $ 13,603 $28,860 

Divided by equivalent units of work 

done to date +11,150 +9,750 

Cost per equivalent unit $ 1.22 $ 2.96 

(Step 5) Assignment of costs 

Good units completed and transferred 
out (9,000 units) 

Costs before adding normal spoilage $37,620 (9,000 x $1.22) + (9,000 x $2.96) 

Normal spoilage (100 units) 418 (100 $1.22) + (100 x $2.96) 

(A) Total cost of good units completed 38,038 
and transferred out 

(B) Abnormal spoilage (50 units) 209 (50 x $1.22) + (50 x $2.96) 

(C) Work-in-process, ending (2,000 units) 4216 — (2,000 x $1.22) + (600 x $2.96) 

(A)+(B)+(C) Total costs accounted for $42,463 $13,603 + $28,860 

Summarize the flow of:physical units, and compute output in equivalent units. 

(Step 1) (Step 2) Equivalent Units 

Physical Direct Conversion 
Flow of Production Units Materials Costs 

Work-in-process, beginning (given) 1,000 

Started during current period 10,150 

To account for 11,150 

Good units completed and transferred 1,000 

out during current period: 
From beginning work-in-process!! 

1,000 x (100% — 100%); 1,000 x (100% — 50%) 0 500 

Started and completed 8,000* 

8,000 X 100%; 8,000 x 100% 8,000 8,000 

Normal spoilage” 100 

100 x 100%; 100 x 100% 100 100 

Abnormal spoilage’ 50 

50 x 100%; 50 x 100% 50 50 

Work-in-process, ending* 2,000 

2,000 x 100%; 2,000 x 30% a 2,000 600 

Accounted for 11,150 oe ee: 

Equivalent units of work done in current period 10,150 9,250 

Degree of completion in this department: direct materials, 100%; conversion costs, 50%. 
49,000 physical units completed and transferred out minus 1,000 physical units completed and transferred out from 

baginning work-in-process inventory. 
*Dagree of completion of normal spoilage in this department: direct materials, 100%; conversion costs, 100%. 

tDegree of completion of abnormal spoilage in this department: direct materials, 100%; conversion costs, 100%. 

*Degree of completion in this department: direct materials, 100%; conversion costs, 30%. 
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Summarize the total costs to account for, compute the cost per equivalent unit, and assign costs to 

the units completed, spoiled units, and units in ending work-in-process inventory. 

Total 

Production Direct Conversion 

Costs Materials Costs 

(Step 3) Work-in-process, beginning (given) $ 2,533 $ 1,423 

Costs added in current period (given) 39,930 12,180 

Total costs to account for $42,463 

(Step 4) Costs added in current period 

Divided by equivalent units of work done 

in current period 

Cost per equivalent unit 

(Step 5) Assignment of costs: 

Good units completed and transferred 

out (9,000 units) 

Work-in-process, beginning (1,000 units)  $ 2,533 $1,423 + $1,110 

Costs added to beg. work-in-process 1,500 (0 x $1.20) + (500 x $3) 

in current period 

Total from beginning inventory 4,033 

before normal spoilage 

Started and completed before normal 33,600 (8,000 x $1.20) + (8,000 x $3) 

spoilage (8,000 units) 

Normal spoilage (100 units) 420 (100 x $1.20) + (100 x $3) 

(A) Total costs of good units completed and 38,053 
transferred out 

(B) Abnormal spoilage (50 units) 210 (50 x $1.20) + (50 x $3) 

(C) Work-in-process, ending (2,000 units) _ 4,200 (2,000 x $1.20) + (600 x $3) 

(A)+(B)+(C) Total costs accounted for $42,463 $13,603 + $28,860 

Try It19-3 

Inspection Inspection Inspection 

at 15% at 40% 

Work-in-process, beginning (20%)* 

Started during March 

To account for 

Good units completed and transferred out 

Normal spoilage 

Abnormal spoilage (10,000 — normal spoilage) 

Work-in-process, ending (70%)* 

Accounted for 

*Degree of completion for conversion costs of the forging process at the dates of the work-in-process inventories 

814,000 beginning inventory +120,000 — 10,000 spoiled — 11,000 ending inventory = 113,000 

6% x (113,000 — 14,000 + 11,000) = 6% x 110,000 = 6,600 

°6% X (113,000 + 11,000) = 6% x 124,000 = 7,440 

96% x 113,000 = 6,780 
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Learning Objectives 
@ Evaluate relevant data and 

decide on the economic order 
quantity (EOQ). 

@ Resolve conflicts that can arise 
from results of EOQ and 
performance models. 

© Analyze the relevant benefits 
and costs of JIT alternatives. 

© Differentiate a materials 
requirements planning (MRP) 

strategy from an enterprise 

resource planning (ERP) strategy 

of supply-chain management. 

@ Evaluate and decide upon an 

appropriate backflush costing 
method. 

CPA Competencies* 
This chapter covers material 

outlined in Section 3: 
Management Accounting of 

the CPA Competency Map. 

Specifically, this chapter addresses 

Section 3.3 Cost Management and 
knowledge from Section 5.2.7 

around working capital and 
inventory level management. The 
Learning Objectives in this chapter 

have been aligned with the CPA 

Competency Map to ensure the 

best coverage possible: 

3.1.2 Evaluates the types of 
information systems used and the 
role they play in an organization 

3.1.3 Recommends improvements 

to reporting systems to meet 
information needs 

3.3.1. Evaluates cost classifications 

and costing methods for manage- 

ment of ongoing operations 

3.3.2 Evaluates and applies cost 

management techniques appropriate 
for specific costing decisions 

3.3.3 Recommends changes 

identified by applying process 

improvement methodologies 

5.2.1 Evaluates the entity’s cash 

flow and working capital (c) 

CONTROL AND BUDGETING STRATEGIES 

So rad 

Inventory Cost Management 
Strategies 

VW Adjusts Production 
Volkswagen (VW), the German auto maker, built its reputation on manufacturing reliable 

cars. As part of an aggressive strategy focused on sustainability, VW marketed many 

of its diesel-engine cars as “clean.” The company experienced year-over-year sales 

growth with the popularity and perceived reliability of its products. 

In mid-2015, reports began to emerge accusing VW of falsifying the emissions 

data on its automobiles, questioning how truly “clean” they were. VW itself conceded 

there were irregularities in the information. By September 2015, VW had agreed to 

multiple rounds of settlements with dealers that had sold the cars and customers 

who had purchased what they assumed were environmentally friendly vehicles. VW 

sales revenues began a steady decline after the story broke. 

Beyond the lost revenue, questions remain in the industry as to whether VW 

can rebuild its tarnished brand. A crucial consideration VW must face is that issues 

coupling the quality with the brand of a product can last for a long time. Despite the 

scandal beginning in 2015, it took VW some time to address the issue. In December 
2019, aclass action lawsuit against VW began in the United Kingdom to address 

the alleged breach of trust. The Government of Canada filed suit the same month, 

alleging the company knowingly imported vehicles that did not meet Canadian 

emissions standards. 

The VW example vividly illustrates the importance of quality. This chapter presents 
two ways in which companies gain a competitive advantage. It first addresses quality 

as a competitive tool, looking at quality from the financial perspective, the customer 
perspective, the internal-business-process perspective, and the learning-and-growth 

perspective before discussing the evaluation of quality performance. Next, it addresses 

time as a competitive tool and focuses on customer-response time, on-time performance, 

time drivers, and financial and nonfinancial measures of time. 

Sources: Emerald Bensadoun. 2019. “Canada Charges Volkswagen 4 Years after Emissions Scandal,” Global News, 
December 19 (https://globalnews.ca/news/6273290/canada-volkswagen-emissions-violations/); Sandra Laville. 
2019. “Volkswagen Emissions Scandal: Class Action Begins in UK,” The Guardian, December 1 (https://www 
.theguardian.com/business/2019/dec/01/volkswagen-emissions-scandal-class-action-begins-in-uk); D, Shepardson. 
2015. “Volkswagen Will Pay $1.21 Billion to Settle U.S. Dealer Claims,” Reuters, September 30 (http://www.reuters 
.com/article/us-volkswagen-emissions-idUSKCN1202QS); R. Hotten. 2015. “Volkswagen: The Scandal Explained,” 
BBC News, December 10 (http://www.bbc.com/news/business-34324772). 

*Reprinted from The Chartered Professional Accountant Competency Map, © 2012, with permission from the 
Chartered Professional Accountants of Canada, Toronto, Canada. Any changes to the original material are the sole 
responsibility of the author (and/or publisher) and have not been reviewed or endorsed by the Chartered Professional 
Accountants of Canada. 
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In this chapter, three supply-chain strategies are presented, compared, and contrasted. 
Supply-chain management is a strategy. The buyer and suppliers act in partnership, shar- 
ing otherwise sensitive and confidential information to reduce partnership costs below 
what could be achieved separately. There are several alternatives, and the goal is to man- 
age and control the cost of inventory yet ensure a smooth flow of production. Retail and 
manufacturing companies alike need to manage their cost of goods sold (COGS) as well 
as revenue as they meet the demand of customers and maximize revenue. Under just-in- 
time materials requirement planning and backflush costing methods of accounting for 
inventory, the trade-offs among various costs differ, but the goals remain constant. 

Inventory Management 

LOO Inventory management is the planning, coordinating, and control activities related to the 
Evaluate relevant data and | flow of inventory into, through, and from the organization. Costs associated with goods 
decide on the economic for resale include opportunity costs of which the management accountant is aware but 
order quantity (EOQ). which are not recorded in the financial accounting management information system (MIS). 

Consider retailers where the cost of goods sold constitutes the largest single cost item. The 
following breakdown of operations for two major retailers is illustrative: 

Loblaw Companies Sobeys Inc. 

Sales 100.0% 100.0% 

Cost of goods sold 91.9 95.9 

Depreciation and amortization 1.8 1.4 

Interest and taxes mazi6 all} 

Net income 3.1% _1.6% 

With a high level of perishable inventory and low net income percentage, managers in 
the grocery retail industry must make accurate decisions regarding the purchasing and 
managing of goods for sale or incur avoidable costs of spoilage. Dry good inventories also 
require a cash outflow to suppliers, and the shorter the cash-to-cash cycle, the higher will 
be the revenue for these retailers. 

Costs Associated with Goods for Sale 

The descriptions of the cost categories indicate that some of the relevant costs for making 
inventory decisions and managing goods for sale are not available in existing accounting 
systems, The following cost bageteagties are important when managing inventories and 
goods for sale: 

» Purchasing costs consist of the acquisition costs of goods acquired from suppliers 
including freight in, the transportation costs. These direct costs usually make up the 
largest single cost category of goods for sale. Supplier credit terms, discounts for dif- 
ferent purchase-order sizes, and frequency of ordering affect purchasing costs. 

a Ordering costs consist of the costs to prepare and issue a purchase order. These sup- 
port department overhead costs vary with the number of purchase orders processed, 
special processing, receiving, inspection, and payment costs, 

a Carrying costs arise when a business holds inventories of goods for sale. These man- 
ufacturing overhead costs include the costs associated with storage, such as storage 
space rental and insurance, obsolescence, and spoilage, which are reported by the 
financial accounting management information system (MIS), Also relevant for man- 
agers are the opportunity costs of the investment tied up in inventory. 

« Stockout costs occur when a company runs out of an item for which there is customer 
demand. A company may respond to the shortfall or stockout by expediting an order 
from a supplier. Expediting costs of a stockout include the additional ordering costs 
plus any associated transportation costs. Alternatively, the company may lose a sale 
due to the stockout. In this case, stockout costs include the opportunity cost of the 
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lost contribution margin on the sale plus any contribution margin lost on future sales 
hurt by customer ill-will caused by the stockout. 

a Costs of quality (COQ) often are divided into four categories: (a) prevention costs, 
(b) appraisal costs, (c) internal failure costs, and (d) external failure costs. 

ws Shrinkage costs arise from theft, embezzlement, misclassifications, and clerical errors. 
This cost is measured by the difference between the cost of inventory recorded with- 
out theft or other incidents and the cost of inventory physically counted. Shrinkage is 
often an important performance measure by which management effectiveness is eval- 
uated. In grocery retail the operating margin is very small—approximately 2%. Con- 
trol of inventory shrinkage is one of a store manager’s prime responsibilities. To make 
up for a loss of $1,000 due to shrinkage, a store would have to earn an additional 
$50,000 in revenue ($1,000 + 0.02 = $50,000). 

Information technology—such as the scheduling, inventory control, and costing sys- 
tem software provided by Seradex and bar code and radio-frequency identification (RFID) 
on items—increases reliability and timeliness of inventory data. For example, bar-coding 
technology is a low-cost way to capture purchases and sales of individual units. This cre- 
ates an instantaneous record of inventory movements and helps in the management of 
purchasing, carrying, and stockout costs. In the sections that follow, we consider how to 
calculate relevant costs for different inventory-related decisions. 

Economic Order Quantity Procurement Model 

For manufacturers, procurement is the placement of a purchase order in enough time to 
ensure continuous processing. The first major decision in managing goods for sale is decid- 
ing how much of a given product to order. The management team can use an economic 
order quantity (EOQ) procurement model to calculate the optimal quantity of inventory 
to order. The simplest version of this model incorporates only ordering costs and carrying 
costs into the calculation. Assume the following: 

w The same fixed quantity is ordered at each reorder point. 

=» Demand, ordering costs, and carrying costs are certain. The purchase-order lead time— 
the time between the placement of an order and its delivery—is also certain. 

e Purchasing costs per unit are unaffected by the quantity ordered. This assumption 
makes purchasing costs irrelevant to determining EOQ, because purchasing costs of all 
units acquired will be the same, whatever the order size in which the units are ordered. 

s No stockouts occur. One justification for this assumption is that the costs of a stockout 
are prohibitively high. We assume that to avoid these potential costs, management 
always maintains adequate inventory so that no stockout can occur. 

a In deciding the size of the purchase order, management considers the cost of quality 
and shrinkage only to the extent that these costs affect ordering costs or carrying costs. 

Given these assumptions, EOQ analysis ignores purchasing costs, stockout costs, and 
quality costs. To determine EOQ, we minimize the relevant ordering and carrying costs 
(those ordering and carrying costs that are affected by the quantity of inventory ordered): 

Total relevant costs = Total relevant order costs + Total relevant carrying costs 

Example: DVDWorld, a retailer, sells packages of blank DVDs to its customers. It 

purchases packages of DVDs from Sontek at $14 a package. Sontek pays all incom- 

ing freight. No incoming inspection is necessary, as Sontek has a superb reputation 

for delivering quality merchandise. Annual demand is 13,000 packages, at a rate of 

250 packages per week. DVDWorld requires a 15% annual return on investment. The 

purchase-order lead time is 2 weeks. The following cost data are available: 

Relevant ordering costs per purchase order $200.00 

Relevant carrying costs per package per year: 

Required annual return on investment, 15% x $14 $2.10 

Relevant insurance, materials handling, breakage, etc., per year Sh108 $915:20 
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What is the EOQ of packages of DVDs? The formula 

Carrying costs are higher than you may think. In many compa- underlying the EOQ model is 
nies, average annual carrying costs exceed 30% of purchasing Number of purchase orders per period (one year) 
costs. In the DVDWorld example, annual carrying costs are 

37% (= $5.20 + $14) of purchasing costs, 
t 

_ Demand in units for a period (one year) _ D 

Size of each order (order quantity) O 

ks Q 
Average inventory in units = >? because each time the inventory goes down to 0, an 

order for O units is received. The inventory varies from O to 0, so the average inventory 

OO 
is 

2 

P = Relevant ordering cost per purchase order 

C = Relevant carrying cost of one unit in stock for the time period used for D (one year) 

For any order quantity, O, 

Number of Relevant ordering D 

Annual relevant ordering costs = | purchase orders X cost per =|— xX P) 

per year purchase order 

; Annual 
; Average inventory ; ie) 

Annual relevant carrying costs = ‘ ; X relevant carrying | = |= X C 
in units ; 2 

cost per unit 

Annual Annual D OQ 

Annual relevant total costs = relevant ordering + relevant carrying = (2 x r) + (2 x c) 

costs costs 

The order quantity that minimizes annual relevant total costs is 

2DP 
EOQ = 3/— 

“ Cc 

The formula indicates that the EOQ increases with demand and ordering costs and 
decreases with carrying costs. Notice the square root in this equation. Either an exponent 
or a square root signals that the relationship is nonlinear—it is a curve, as illustrated in 
Exhibit 20-1. We can use this formula to determine the EOQ for DVDWorld as follows: 

2 X 13,000 x $200 
EOQ = eee = V 1,000,000 = 1,000 packages 

Therefore, DVDWorld should order 1,000 DVD packages each time to minimize 
total ordering and carrying costs. The total annual relevant costs (TRC) for any order 
quantity O can be calculated using this formula: 

Total annual relevant A Total annual relevant 
TRC = ; : 

ordering costs carrying costs 

Number of Relevant ; Annual relevant 
Average inventory 

= purchase orders X ordering costs per + race X carrying costs of 

per year purchase order 1 unit for a year 

D 2) iD (OX, 
=(=)xP+(=)xc=—+=—— (ay soso) Saar 

(Note that in this formula, O can be any order quantity, not just the EOQ.) When 
O = 1,000 units, 

13,000 x $200 1,000 x $5.20 

1,000 2 

$2,600 + $2,600 = $5,200 

TRC = 
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8,000 + 

Total Relevant Costs (Dollars) 

oT oOo 

65 1,300 1,950 2,600 

i Order Quantity (Units) 

The number of deliveries each time period (in our example, one year) is 

D _ 13,000 
EOQ 1,000 

= 13 deliveries 

Exhibit 20-1 shows a graph analysis of the total annual relevant costs of ordering 
(DP/Q) and carrying inventory (QC/2). The larger the order quantity, the higher the 
annual relevant carrying costs, but the lower the annual relevant ordering costs. The total 
annual relevant costs are at a minimum where total relevant ordering costs and total rele- 
vant carrying costs are equal (in the DVDWorld example, each equals $2,600). 

When to Order, Assuming Certainty 

The second major decision in dealing with cost of goods available for sale is when to order. 
The reorder point is the quantity level of the inventory on hand that triggers a new order. 
The reorder point is simplest to compute when both demand and lead time are certain: 

Number of units sold 
Reorder point = x Purchase-order lead time 

per unit of time 

Consider our DVDWorld example. We choose a week as the unit of time: 

Economic order quantity 1,000 packages 

Number of units sold per week 250 packages 

Purchase-order lead time 2 weeks 

Thus, 

: Number of units sold f 
Reorder point = x Purchase-order lead time 

per unit of time 

= 250 X 2 = 500 packages 

DVDWorld will order 1,000 packages of DVDs each time its inventory stock falls to 
500 packages. The graph in Exhibit 20-2 presents the behaviour of the inventory level of 
DVD packages, assuming demand occurs uniformly throughout each week.! If the 
purchase-order lead time is 2 weeks, a new order will be placed when the inventory level 
reaches 500 DVD packages so that the 1,000 packages ordered are received at the time 
inventory reaches zero. 

1 This handy but special formula does not apply when the receipt of the order fails to increase inventory to the reordet-point 
quantity (e.g., when the lead time is 3 weeks and the order is a 1-week supply). In these cases, orders will overlap. 

Ordering 
Costs and Carrying Costs 
for DVDWorld 
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Ee Inventory 
Level of DVD Packages for 
DVDWorld* 

500 r —— pages ~ ae —-—-— < 

Inventory in Units 

Weeks 1 2 3 4 5 6 7 8 

€ Lead Time >| € Lead Time > ae 
[SSS —” —SSSeoav_ ==” 

2 Weeks 2 Weeks 

*This exhibit assumes that demand and purchase-order lead time are certain: 
Demand = 250 DVD packages per week 
Purchase-order lead time = 2 weeks 

Spears Canada needs 1,000 ice-cream makers per year. The cost of each ice-cream 
maker is $80. Ordering cost is $120 per order, and the carrying cost is 40%. What 
is the economic order quantity? 

Safety Stock 

When retailers are uncertain about the demand, the lead time, or the quantity that suppli- 
ers can provide, they often hold safety stock. Safety stock is inventory held at all times 
regardless of inventory ordered using EOQ. Like a capacity cushion, safety stock is a 
buffer against unexpected increases in demand or lead time and unavailability of stock 
from suppliers. 

If stockout costs are very high, DVD World will hold a safety stock of 300 packages 
and incur higher carrying costs. The 300 packages equal the maximum excess demand of 
150 (= 400 — 250) packages per week multiplied by the 2 weeks of purchase-order lead 
time. If stockout costs are minimal, DVDWorld will hold no safety stocks and avoid 
incurring the additional carrying costs. 

A frequency distribution based on prior daily or weekly levels of demand forms the 
basis for computing safety-stock levels. Assume that one of the following levels of demand 
will occur over the 2-week purchase-order lead time at DVD World. 

Total Demand eee eee 

for Two Weeks 200 300 400 500 #600 ####700 ~&# 800 

Probability 
(sums to 1.00) 0.06 009 020 030 020 009 0.06 

The most likely level of demand for the 2-week period is 500 units, because it is 
assigned the highest probability of occurrence. There is also a 0.35 probability that 
demand will be between 600, 700, and 800 packages (0.20 + 0.09 + 0.06 = 0.35). 

If a customer calls DVDWorld to buy DVDs, and the store has none in stock, it can 
rush order them to the customer at a cost to DVD World of $4 per package. The relevant 
stockout costs in this case are $4 per package. The optimal safety-stock level is the quan- 
tity of safety stock that minimizes the sum of the relevant annual stockout and carrying 
costs. Recall that the relevant carrying costs for DVD World are $5.20 per unit per year. 
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Computation of Safety Stock for DVDWorld When Reorder Point Is 500 Units 

Levels Relevant Number of Expected Relevant Relevant 

Resulting Stockout Probability Stockout Orders Stockout Carrying 

in Stockouts in Units® of Stockout Costs? per Year® Costs! Costs® Costs 

(2) (3) = (2) — 500 — (1) (4) (5) = (3) x $4 (6) (7) = (4) x (5) x (6)| (8) = (1) x $5.20 | (9) = (7) + (8) 

8D emand level resulting in stockouts — Inventory available during lead time (excluding safety stock), 500 units — Safety stock. 

®Stockout in units x Relevant stockout costs of $4 per unit. 

Annual demand, 13,000 + 1,000 E0O = 13 orders per year. 

| 19 | ‘Probability of stockout X Relevant stockout costs x Number of orders per year. 

®Safety stock X Annual relevant carrying costs of $5.20 per unit (assumes that safety stock is on hand at all times and that there is no 
overstocking caused by decreases in expected usage). 

| at | ‘At a safety-stock level of 300 units, no stockouts will occur and, hence, expected stockout costs = $0. 

Exhibit 20-3 presents the total annual relevant stockout and carrying costs when the 
reorder point is 500 units. We need only consider safety-stock levels of 0, 100, 200, and 
300 units, since demand will exceed the 500 units of stock available at reordering by 0 if 
demand is 500, by 100 if demand is 600, by 200 if demand is 700, and by 300 if demand 
is 800. The total annual relevant stockout and carrying costs would be minimized at 
$1,352 when a safety stock of 200 packages is maintained. DVD World’s total inventory 
of DVDs at the time of reordering its EOQ of 1,000 units would be 700 units (the reorder 
point of 500 units plus the safety stock of 200 units). 

Just-in-Time Procurement and EOQ Mode! Parameters 

Just-in-time (JIT) purchasing is a strategy to purchase goods or materials such that a delivery 
immediately precedes demand or use. JIT is a different inventory management model to min- 
imize the cost of inventories. Ideally, the manufacturer waits for the customer to order and 
pay for the finished goods, then initiates manufacturing. It is a customer demand-pull strategy 
rather than a supply-push strategy of production. JIT requires organizations to restructure 
their relationships with suppliers and place smaller, more frequent purchase orders. JIT can 
be implemented in both the retail and manufacturing sectors of the economy. 

Companies moving toward JIT procurement argue that the cost of carrying invento- 
ries (parameter C in the EOQ model) has been dramatically underestimated in the past. 
This cost includes storage costs, spoilage, obsolescence, and opportunity costs such as 
investment tied up in inventory. The cost of placing a purchase order (parameter P in the 
EOQ model) has also been reevaluated. Three factors are causing sizable reductions in P: 

= Companies are increasingly establishing long-run purchasing arrangements in which 
price and quality dimensions that apply over an extended period are agreed to by 
both parties. Individual purchase orders occur without any additional negotiation 
overt price or quality in this period. 

= Companies have increased their use of electronic links, such as the internet, to place 
purchase orders. Electronic commerce (e-commerce) is one of the fastest growing 
areas of the internet. The cost of placing some orders on the internet is estimated at as 
much as one one-hundredth the cost of placing orders by telephone or by mail. 
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Sensitivity 
of EOQ to Variations in 

Relevant Ordering and 

Carrying Costs for 
DVDWorld 
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pee ee Obi tomccr 
| 1 [| Relevant Carrying | Annual Demand (D) = 13,000 units 

2 | Costs perPackage | Relevant Ordering Costs per Purchase Order(P) 
[3] pervearic) | sao | sto =| —ssimn._—s || Ss 
}4{ 520 | Eoa=1000 | Foa=86es | e0d=707 | F00=387 | 

TS el cl rahe OMEN 
aaa 721 624 510 279 

« Companies are increasing the use of purchase cards (similar to consumer credit cards 
like VISA and MasterCard). Purchasing personnel are given total dollar limits or indi- 
vidual transaction dollar limits. As long as personnel stay within these limits, the 
traditional labour-intensive procurement approval mechanisms are not required. 

Both increases in the carrying cost (C) and decreases in the ordering cost per purchase 
order (P) result in smaller EOQ amounts. Exhibit 20-4 analyzes the sensitivity of 
DVDWorld’s EOQ to illustrate the economics of smaller and more frequent purchase 
orders. The analysis presented in Exhibit 20-4 supports JIT procurement—that is, having 
a smaller EOQ and placing more frequent orders—as relevant carrying costs increase and 
relevant ordering costs per purchase-order decrease. 

Lean manufacturing is most financially feasible when availability and prices of inputs 
are relatively constant and production cycles are well controlled. 

CONCEPTS 
IN Cen gle) 

_ Overcoming Wireless Data Bottlenecks 

most harmful to companies, such as Amazon.ca and 
eBay, buying and selling products and services over the 
mobile internet. To relieve mobile bottlenecks, wireless 
providers and other high-tech companies are deploying 
more efficient mobile broadband networks, such as 4G 
LTE, and are working on complementary technologies 
that automatically choose the best available wireless net- 
work to increase capacity. Some technology providers 
also offer Wi-Fi direct, which allows mobile users to 
freely transfer video, music, and photos between mobile 
devices without choking up valuable bandwidth. 

~ Companies and government agencies around the world 
are also trying to increase the wireless broadband spectrum. 
In the United States, for example, current holders of spec- 
trum—such as radio stations and government agencies—are 
being encouraged to sell or share their excess capacity to 
wireless providers in exchange for a share of the profits. 

The wired world is quickly going wireless. In addition to the 
smartphone boom, e-book readers, iPads and other tablets, 
and machine-to-machine appliances (the “internet of 
things”) have added to rapidly growing data traffic, Cisco 
forecasted that data traffic would grow at a compound rate 
of 66% from 2012 to 2017. Th 

x SOOO Pony further forecasts Sources: Cisco Systems, Inc. 2020. “Cisco Annual Internet Report 
that by 2023, 5.6 billion people will have mobile connectiy- 
ity with an estimated 3.6 networked devices per capita (up 
from 2.4 networked devices per capita in 2018), 

The astronomical growth in communication technol- 
ogy availability and use already causes mobile bottlenecks 
caused by too many users trying to transfer mobile data 
at the same time in a given area. These bottlenecks are 

(2018-2023) White Paper,” March 9 (https://www.cisco.com/c/en/us 
/solutions/collateral/service-provider/visual-networking-index-vni/white 
-paper-c11-741490,html); C. Edwards. 2010. “Wifi Direct Seen as Way to 
Alleviate Network Congestion,” Bloomberg Businessweek (January 7); 
J. Morris. 2010.“CTIA: More Spectrum, and Other Ways to Break the 
Wireless Data Bottleneck,” ZDNet, Laptops & Desktops blog (March 24); 
G. Pyle. 2010. “Wireless Growth Leading to Bottlenecks,” Buffalo News 
(May 9); D. Yardon. “Federal Agencies Urged to Free Up Airwaves,” The 
Wall Street Journal (June 14), 



Challenges in Supply-Chain Cost Management 809 

Companies implementing lean production systems manage inventories by eliminating 
(or at least minimizing) them. The main features in a lean production system are as follows: 

# Production is organized in manufacturing cells, a grouping of all the different types of 
equipment used to make a given product. Materials move from one machine to 
another where various operations are performed in sequence. Materials-handling 
costs are minimized. 

a Workers are hired and trained to be multiskilled and capable of performing a variety 
of operations and tasks, including minor repairs and routine maintenance of equip- 
ment. This training adds greatly to the flexibility of the plant. 

u Defects are aggressively eliminated through total quality management (TQM). Because 
of the tight links between stages in the production line, and the minimal inventories at 
each stage, defects arising at one stage quickly affect other stages in the line. JIT creates 
an urgency for solving problems immediately and eliminating the root causes of defects 
as quickly as possible. TQM is an essential component of any JIT production system. 

a Setup time, which is the time required to get equipment, tools, and materials ready to 
start the production of a component or product, is reduced. Simultaneously, manu- 
facturing lead time—which is the amount of time from when an order is ready to start 
on the production line (ready to be set up) to when it becomes a finished good—is 
reduced. Reducing setup time makes production in smaller batches economical, which 
in turn reduces inventory levels. Reducing manufacturing lead time enables a com- 
pany to respond more quickly to changes in customer demand. 

Challenges in Supply-Chain Cost Management 

The level of inventories held by retailers is influenced by demand patterns of their custom- 
ers and supply relationships with their distributors, manufacturers, suppliers, and so on. 
The term supply chain describes the flow of goods, services, and information from cradle 
to grave (womb to tomb), regardless of whether those activities occur in the same organi- 
zation or among other organizations. One point well documented in supply-chain analysis 
is that there are significant total gains to companies in this supply chain from coordinating 
their activities and sharing information. 

Procter 8&¢ Gamble’s (P&G) experience with its Pampers product illustrates the gains from 
supply-chain coordination. Retailers selling Pampers encounter some variability in weekly 
demand, despite babies consuming diapers at a relatively steady rate. However, there was pro- 
nounced variability in retailers’ orders to the manufacturer (P&G), and even more variability 
in orders by P&G to its own suppliers. Trade promotions worsened the situation because 
retailers took advantage of lower prices to increase their inventory for future sales. One result 
was that high levels of inventory were often held at various stages in the supply chain. 

P&G responded by sharing information as well as planning and coordinating activi- 
ties throughout its supply chain. The retailers shared their daily sales information about 
Pampers with P&G, their distributors, and their suppliers. This updated sales information 
reduced the level of uncertainty that manufacturers and the manufacturers’ suppliers had 
about retail demand for Pampers. 

The reduction in demand uncertainty led to fewer stockouts at the retail level, reduced 
inventory of unsold Pampers at P&G, reduced expedited manufacturing orders, and low- 
ered inventories being held by each company in the supply chain. The benefits of supply- 
chain coordination at P&G have been so great that retailers such as Walmart have 
contracted with P&G to manage Walmart’s retail inventories on a JIT basis. This practice 
is called supplier- or vendor-managed inventory. Supply-chain management is, however, 
not without its challenges. 

Estimating Relevant Costs of a Supply Chain 

Obtaining accurate estimates of the cost parameters used in the EOQ decision model is a 
challenging task. For example, the relevant annual carrying costs of inventory consist of 
incremental or outlay costs plus the opportunity cost of capital. 

LO® 
Resolve conflicts that can 
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Note 

This is a benchmark. 

The relevant incremental costs of carrying inventory are those costs that vary with the 
quantity of inventory held—for example, insurance, property taxes, costs of obsolescence, 
costs of breakage, shrinkage, warehouse rent, and salaries paid to warehouse workers. 
Salaries paid to clerks, storekeepers, and materials handlers, however, are irrelevant if 
they are unaffected by changes in inventory levels. 

The relevant opportunity cost of capital is the return forgone by investing capital in 
inventory rather than elsewhere. It is calculated as the required rate of return multiplied 
by those costs per unit that vary with the number of units purchased and that are incurred 
at the time the units are received. Examples of these costs per unit are purchase price, 
incoming freight, and incoming inspection. 

Opportunity costs are not calculated on investments (e.g., a building) if these invest- 
ments are unaffected by changes in inventory levels. In the case of stockouts, calculating 
the relevant opportunity costs requires an estimate of the lost contribution margin on 
that sale as well as on future sales hurt by customer ill-will resulting from the stockout. 
Relevant ordering costs are only those ordering costs that change with the number of 
orders placed (e.g., costs of preparing and issuing purchase orders and receiving and 
inspecting materials). 

ANALYTICS 
INSIGHTS 

_ JIT, Lean, and Analytics 

Lean systems are often associated with notions of the elimination of waste, continuous 
improvement, enhancing quality control, and the use of just-in-time (JIT) methods. As dis- 
cussed in previous chapters, rework and spoilage can be extremely costly for an organization, 
and excessive waste is not only expensive, it is irresponsible in the context of any organiza- 
tional efforts to forge sustainable business processes. Applying a JIT methodology uses the 
ability to know exactly how much of a resource to use in production or service delivery at 
the right time (it relies on little waste and minimization of error), Analytic tools that collect 
data on production processes are crucial to minimizing errors and implementing a JIT sys- 
tem. The data, once properly collected and analyzed, provides the best avenue for continuous 
improvement and the ability to further reduce waste and optimize production flows. 

Source: Kyocera BrandVoice. 2018. “What Workplace Decision-Makers Can Learn From Lean Manufacturing 
Techniques,” Forbes, November 5 (https://www.forbes.com/sites/kyoceta/2018/11/05/what-workplace-decision 
-makers-can-learn-from-lean-manufacturing-techniques/#a7b23441f9b1). 

Cost of a Prediction Error 

Predicting relevant costs is difficult and requires care. Managers understand that their 
projections will seldom be flawless. This leads to the question: What is the cost of an 
incorrect prediction when actual relevant costs are different from the relevant predicted 
costs used for decision making? 

Suppose DVDWorld’s relevant ordering costs per purchase order are $100 instead of 
the predicted $200. We can calculate the cost of this prediction error in a logical manner, 
as follows: 

= Compute the monetary outcome from the best action that could have been taken, 
given the actual amount of the cost input. The appropriate inputs are D = 13,000 units, 
P = $100, and C = $5.20. The EOQ size is 

2DP 
EOQ = Lae 

[2 x 13,000 x $100 a 
= PSE SSS = 500,000 

= 707 packages (rounded) 
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The total annual relevant cost when EOQ = 707 is 

DP OG 
a TRC O 5 

_ 13,000 x $100 * 707 X $5.20 

¥ 707 2 
$1,839 + $1,838 = $3,677 

= Compute the monetary outcome from the best action on the basis of the incorrect 
amount of the predicted cost input. The planned action when the relevant ordering 
costs per purchase order are predicted to be $200 is to purchase 1,000 packages in each 
order. The total annual relevant costs using this order quantity when D = 13,000 units, 
P= $100, and C= $5.20 are 

13,000 x $100 1,000 x $5.20 
1,000 2 

$1,300 + $2,600 = $3,900 

TRC = 

Il 

= Compute the difference between the monetary outcomes. 

Monetary Outcome 

Step 1 $3,677 

Step 2 3,900 

Difference $ (223) 

The cost of the prediction error is only $223, or just over 6% of the relevant total 
costs of $3,677 because the total annual relevant costs curve in Exhibit 20-1 is relatively 
flat over the range of order quantities from 650 to 1,300. An important feature of the 
EOOQ model is that the total relevant costs are rarely sensitive to minor variations in cost 
predictions. The square root in the EOQ model reduces the sensitivity of the decision to 
errors in predicting its inputs. 

Spears Canada needs 1,000 ice-cream makers per year. The cost of each ice-cream 
maker is $80. Ordering cost is $120 per order, the carrying cost is 40%, and the lead 
time is 8 days. What is the reorder point? 

Goal-Congruence Issues 

Goal-congruence issues can arise when there is an inconsistency between the decision 
model and the model used to evaluate the performance of the person implementing the 
decision. For example, the absence of recorded opportunity costs in conventional account- 
ing systems raises the possibility of a conflict between the EOQ model’s optimal order 
quantity and the order quantity that the purchasing manager, evaluated on conventional 
accounting numbers, regards as optimal. 

If annual carrying costs are excluded when evaluating the performance of managers, 
the managers may favour purchasing a larger order quantity than the EOQ decision 
model indicates is optimal. Companies such as Coca-Cola and Walmart resolve this con- 
flict by designing the performance evaluation system so that the carrying costs, including 
a required return on investment, are charged to the appropriate manager. 

Relevance and the JIT Strategy 
of Supply-Chain Management 

The JIT purchasing model is not guided solely by the EOQ model. As discussed earlier, the 
EOQ model is designed to emphasize only the trade-off between carrying and ordering 
costs. Inventory management extends beyond ordering and carrying costs to include pur- 
chasing costs, stockout costs, and quality costs. The quality of materials and goods and 

LOo9® 
Analyze the relevant benefits 
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timely deliveries are important motivations for using JIT purchasing, and stockout costs 
are an important concern. We add these features as we move from the EOQ decision 
model to present the JIT purchasing model. 

DVDWorld has recently established an internet business-to-business (B2B) purchase- 
order link with Sontek. DVDWorld initiates a purchase order for DVDs by a single com- 
puter entry. Payments are made electronically for batches of deliveries, rather than for each 
individual delivery. These changes reduce the ordering cost from $200 to only $2 per pur- 
chase order! DVDWorld will use the internet purchase-order link whether or not it shifts 
to a JIT strategy. DVD World is negotiating to have Sontek deliver 100 packages of DVDs 
130 times per year (5 times every 2 weeks), instead of delivering 1,000 packages 13 times 
per year, as shown in Exhibit 20-3. Sontek is willing to make these frequent deliveries, but it 
would add $0.02 to the price per DVD package. DVDWorld’s required rate of return on 
investment remains at 15%. Assume the annual relevant carrying cost of insurance, materi- 
als handling, shrinkage, breakage, and the like remains at $3.10 per package per year. 

Suppose that DVD World incurs no stockout costs under its current purchasing policy 
because demand and purchase-order lead times over each four-week period are certain. 
DVDWorld’s major concern is that lower inventory levels from implementing JIT purchas- 
ing will lead to more stockouts because demand variations and delays in supplying DVDs 
are more likely to occur in the short time intervals between supplies under JIT purchasing. 
Sontek assures DVD World that its new manufacturing processes enable it to respond rap- 
idly to changing demand patterns. Consequently, stockouts may not be a serious problem. 
DVDWorld expects to incur stockout costs on 150 DVD packages each year under a JIT 

(eiiisees=e Annual Relevant Costs of Current Purchasing Policy and JIT Purchasing Policy for DVDWorld 
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purchasing policy. In the event of a stockout, DVDWorld will have to rush-order DVD 
packages at a cost of $4 per package. Should DVD World implement JIT purchasing? 

Exhibit 20-5 compares (1) the incremental costs DVD World incurs when it purchases 
DVDs from Sontek under its current purchasing policy with (2) the incremental costs 
DVD World would incur if Sontek supplied DVDs under a JIT policy. The difference in the 
two incremental costs is the relevant savings of JIT purchasing. In other methods of com- 
paring the two purchasing policies, the analysis would include only the relevant costs— 
those costs that differ between the two alternatives. Exhibit 20-5 shows a net cost savings 
of $1,789 per year from shifting to a JIT purchasing policy. 

Companies that implement JIT purchasing choose their suppliers carefully and 
develop long-term supplier relationships. Some suppliers are better positioned than others 
to support JIT purchasing. For example, Frito-Lay, a supplier of potato chips and other 
snack foods, has a corporate strategy that emphasizes service, consistency, freshness, and 
quality of the delivered products. As a result, the company makes deliveries to retail out- 
lets more frequently than many of its competitors. 

What are the relevant total costs when choosing suppliers? Consider again DVD World. 
Denton Corporation, another supplier of DVDs, offers to supply all of DVDWorld’s needs 
at a price of $13.80 per package, less than Sontek’s price of $14.02, under the same JIT 
delivery terms that Sontek offers. Denton proposes an internet purchase-order link identical 
to Sontek’s link, making DVDWorld’s ordering cost $2 per purchase order. DVDWorld’s 
relevant cost of insurance, materials handling, breakage, and the like would be $3.00 per 
package per year if it purchases from Denton, versus $3.10 if it purchases from Sontek. 
Should DVDWorld buy from Denton? To answer this, we need to consider the relevant 
costs of quality and delivery performance. 

DVDWorld has used Sontek in the past and knows that Sontek will deliver quality disks 
on time. In fact, DVD World does not even inspect the DVD packages that Sontek supplies and 
therefore incurs zero inspection costs. Denton, however, does not enjoy such a sterling reputa- 
tion for quality. DVD World anticipates the following negative aspects of using Denton: 

a Inspection cost of $0.05 per package 

w Average stockouts of 150 and 360 packages per year for Sontek and Denton, respec- 
tively, requiring rush orders at an additional cost of $4 per package 

s Product returns of 2.5% of all Denton packages sold due to poor disk quality 

DVDWorld estimates an additional cost of $10 to handle each returned package. 
Exhibit 20-6 shows the relevant total costs of purchasing 13,000 units from Sontek and 
Denton. Even though Denton is offering a lower price per package, there is a net cost 
savings of $1,847 per year by purchasing disks from Sontek. Selling Sontek’s high-quality 
disks also enhances DVDWorld’s reputation and increases customer goodwill, which 
could lead to higher sales and profitability in the future. 

Performance Measures and Control 

To manage and reduce inventories, the management accountant must also design perfor- 
mance measures to evaluate and control JIT production. Examples of information the 
management accountant may use are as follows: 

= Personal observation by production line workers and team leaders 

= Financial performance measures such as the inventory turnover ratio (COGS + average 
inventory), which is expected to increase 

s Nonfinancial performance measures of time, inventory, and quality, such as manu- 
facturing lead time, units produced per hour, and days inventory is on hand 

Manufacturing lead time, expected to decrease 

Units produced per hour, expected to increase 

Total setup time for machines, expected to decrease total manufacturing time 

Number of units requiring rework or scrap, expected to decrease total number of 
units started and completed 
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Annual Relevant Costs of Purchasing From Sontek and Denton 
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Personal observation and nonfinancial performance measures are the dominant meth- 
ods of control. These methods are the most timely, intuitive, and easy-to-comprehend 
measures of plant performance. Rapid, meaningful feedback is critical because the lack of 
buffer inventories in a demand-pull system creates added urgency to detect and solve 
problems quickly. 

inventory Management: MRP and ERP 

Loo We now consider another widely used type of inventory system—materials requirements 
Miierontinte a misteals planning (MRP). A key feature of MRP is its push-through approach, whereas JIT is a 
requirements planning demand-pull approach. MRP manufactures finished goods for inventory on the basis of 
(MRP) strategy from an demand forecasts. MRP uses (1) demand forecasts for the final products; (2) a bill of mate- 
enterprise resource rials outlining the materials, components, and subassemblies for each final product; and 
planing (EO) Stalogy (3) the quantities of materials, components, finished products, and product inventories to supply-chain management. 5 ; ms predetermine the necessary outputs at each stage of production. 

Panasonic Corporation of North America is a supply-chain partner with Best Buy. 
Panasonic used to wait for orders from Best Buy and then initiate the process of filling the 
order. Now Best Buy collects information on sales of all Panasonic items at its stores’ 
point-of-sale (POS) checkout stations. Best Buy’s computers transmit this information to 
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a unit of i2 Technologies Inc. in India. i2 Technologies provides forecasting and other 
supply-chain analytics to Panasonic. The forecast of demand, modelled on Best Buy’s 
actual sales of Panasonic products, is now transmitted electronically from i2 to Panasonic. 
i2 Technologies’ forecasts are the basis for Panasonic’s production schedule. This illus- 
trates how forecast demand pushes production. 

Taking into account the lead time required to purchase materials and to manufacture 
components and finished products, a master production schedule specifies the quantity 
and timing of each item to be produced. Once scheduled production starts, the output of 
each department is pushed through the production line whether it is needed or not. The 
result is often an accumulation of inventory at workstations that receive work they are 
not yet ready to process. 

A major cause of unsuccessful attempts to implement MRP systems has been the 
problem of collecting and updating inventory records. Calculating the full cost of carrying 
finished goods inventory motivates other actions. For example, instead of storing product 
at multiple (and geographically dispersed) warehouses, National Semiconductor con- 
tracted with FedEx to airfreight its microchips from a central location in Singapore to 
customer sites worldwide. The change enabled National to move products from plant to 
customer in 4 days rather than 45, and to reduce distribution costs from 2.6% to 1.9% of 
revenues. These benefits subsequently led National to outsource all its logistics to FedEx, 
including shipments among its own plants in the United States, Scotland, and Malaysia. 

Enterprise Resource Planning (ERP) Systems? 

For both MRP and JIT supply-chain strategies, the most important resource is effective 
and efficient communication of relevant information. The speed of information flow from 
buyers to suppliers is a problem for large companies with fragmented information sys- 
tems. Systems to program and control manufacturing do not communicate with those 
tracking inventory, for example. These incompatible systems are spread across the busi- 
ness functions of the value chain. 

Enterprise resource planning (ERP) systems improve internal business process flows 
of information enabling effective inventory cost control. An ERP system is an integrated 
set of software modules including accounting, distribution, manufacturing, purchasing, 
human resources, and other functions. An ERP system integrates all the information from 
a company into a single database that collects data and feeds it into applications support- 
ing all of a company’s business activities. All internal software operations receive data in 
real time, heightening the visibility of the interdependencies and bottlenecks in the entire 
business process. With an ERP system, companies can choose a supply-chain strategy that 
demands accurate and timely sharing of information to parties external to the company. 

For example, using an ERP system, a salesperson can generate a contract for a cus- 
tomer in Germany; verify the customer’s credit limits, and place a production order. The 
system schedules manufacturing in, say, Brazil, requisitions materials from inventory, 
orders components from suppliers, and schedules shipment. It also credits sales commis- 
sions to the salesperson and records all the costing and financial accounting information. 

ERP systems give low-level managers, workers, customers, and suppliers access to 
operating information. This benefit, coupled with tight coordination across business func- 
tions, enables ERP systems to rapidly shift manufacturing and distribution plans in 
response to changes in supply and demand. Companies believe that an ERP system is 
essential to support JIT and MRP initiatives because of the effect it has on lead times. 
Using an ERP system, Autodesk, a maker of computer-aided design software, reduced 
order lead times from 2 weeks to 1 day; Fujitsu reduced lead times from 18 to 1.5 days. 

Although the tight coupling of systems throughout a business streamlines administra- 
tive and financial processes and saves costs, it can also make the system large and 

2 C.F Kemerer (Ed.). (1998). Information Technology and Industrial Competitiveness: How IT Shapes Competition. Boston, 
MA; Kluwer Academic Publishers, 

3 For an excellent discussion, see T.H. Davenport, “Putting the Enterprise into the Enterprise System,” Harvard Business Review, 
July-August 1998; also see A. Cagilo, “Enterprise Resource Planning Systems and Accountants; Towards Hybridization?” 
European Accounting Review, May 2003. 

815 



816 

LO © 
Evaluate and decide upon 

an appropriate backflush 
costing method. 

Dr: 

Cr 

Dr 

Cr: 

Chapter 20 Inventory Cost Management Strategies 

unwieldy. Because of their complexity, suppliers of ERP systems* such as SAP, Baan, 
Peoplesoft, and Oracle provide software packages that are standard but that can be custom- 
ized, although at considerable cost. Without some customization, unique and distinctive 

features that confer strategic advantage will not be available. The challenge when imple- 
menting ERP systems is to strike the right balance between systems that are common across 
all of a company’s business and geographical locations and systems that for strategic rea- 
sons are designed to be unique. 

Backflush Costing 

Organizing manufacturing in cells, reducing defects and manufacturing cycle time, and 
ensuring timely delivery of materials enables purchasing, production, and sales to occur in 
quick succession with minimal inventories. The absence of inventories makes choices 
about cost flow assumptions (such as weighted-average or FIFO) or inventory-costing 
methods (such as absorption or variable costing) unimportant: All manufacturing costs of 
the accounting period flow directly into COGS. The rapid conversion of direct materials 
into finished goods that are immediately sold greatly simplifies the costing system. 

Simplified Normal or Standard Costing 

Traditional and standard-costing systems use sequential tracking (also called synchronous 
tracking), which is any product costing method in which the accounting system entries 
occur in the same order as actual purchases and production. The traditional methods of 
accounting for manufacturing costs using either weighted-average or FIFO are IFRS/ASPE 
compliant One accounting report for a specified time period can serve two purposes— 
external reporting and internal planning and control. But the traditional system is accrual 
rather than cash based. 

These traditional systems track costs sequentially as products pass from direct mate- 
rials, to WIP, to finished goods, and finally to sales, as shown here. Some have called this 

the “just in case” system. 

Stage B Stage C Stage D 

Production Resulting in Completion of Good 
Work-in-Process Finished Units of Product 

Materials Inventory Dr: Work-in-Process Control Dr: Finished Goods Control Dr: Cost of Goods Sold 

Accounts Payable Control Cr: Materials Inventory Cr: Work-in-Process Cr: Finished Goods Control 

: Conversion Costs Control Cr: Conversion Costs ; Control DroneriCostofiGoods Sold 

peed se met bl Allocated Dr: Conversion Costs Allocated 

such as Wages Payable) Cr: Conversion Costs Control 

A sequential-tracking costing system has four trigger points, corresponding to Stages 
A, B, C, and D. A trigger point is a stage in the cycle, from purchase of direct materials and 
incurring of conversion costs (Stage A) to sale of finished goods (Stage D), at which journal 
entries are made in the accounting system. The journal entries (with Dr. representing debits 
and Cr. representing credits) for each stage are displayed below the box for that stage. 

An alternative approach to sequential tracking is backflush costing. Backflush cost- 
ing is a costing system that omits recording some of the journal entries relating to the 
stages from purchase of direct materials to the sale of finished goods. When journal entries 
for one or more stages are omitted, the journal entries for a subsequent stage use normal 
or standard costs to work backward to “flush out” the costs in the cycle for which journal 
entries were not made. When inventories are minimal, as in JIT production systems, back- 
flush costing simplifies costing systems without losing much information. 

‘Even the smallest business can afford an ERP system. At internet sites like SourceForge (http://sourceforge.net), free ERP and 
other open-source software can be downloaded. 
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Consider the following data for the month of April for Silicon Valley Computer 
(SVC), which produces keyboards for personal computers. 

m There are no beginning inventories of direct materials and no beginning or ending 
WIP inventories. 

s SVC has only one direct manufacturing cost category (direct materials) and one indi- 
rect manufacturing cost category (conversion costs). All manufacturing labour costs 

are included in conversion costs. 

# From its bill of materials and an operations list (description of operations to be under- 
gone), SVC determines that the standard direct materials cost per keyboard unit is 
$19 and the standard conversion cost is $12. 

a SVC purchases $1,950,000 of direct materials. To focus on the basic concepts, we 
assume SVC has no direct materials variances. Actual conversion costs equal 
$1,260,000. SVC produces 100,000 good keyboard units and sells 99,000 units. 

es Any underallocated or overallocated conversion costs are written off to COGS at the 
end of April. 

We use three examples to illustrate backflush costing. They differ in the number and 
placement of trigger points. 

Example 1: The three trigger points for journal entries are purchase of direct 

materials and incurring of conversion costs (Stage A), completion of good finished 

units of product (Stage C), and sale of finished goods (Stage D). 

Note that there is no journal entry for production resulting in work-in-process (Stage B) 
because JIT production has minimal work-in-process. 

SVC records two inventory accounts: 

Type Account Title 

Combined materials inventory and materials in work-in-process Materials and In-Process Inventory Control 

Finished goods Finished Goods Control 

Exhibit 20-7, Panel A, summarizes the journal entries for Example 1 with three trigger 
points: purchase of direct materials and incurring of conversion costs, completion of good 
finished units of product, and-sale of finished goods (and recognizing under- or overallo- 
cated costs). For each stage, the backflush costing entries for SVC are shown on the left. The 
comparable entries under sequential tracking (costing) are shown on the right. 

Consider first the entries for purchase of direct materials and incurring of conversion 
costs (Stage A). As described earlier, the inventory account under backflush costing com- 
bines direct materials and WIP. When materials are purchased, these costs increase (are 
debited to) Materials and In-Process Inventory Control. Under the sequential-tracking 
approach, the direct materials and Work-in-Process accounts are separate, so the purchase 
of direct materials is debited to Materials Inventory Control. Actual conversion costs are 
recorded as incurred under backflush costing, just as in sequential tracking, and they 
increase (are debited to) Conversion Costs Control. 

Next consider the entries for production resulting in WIP (Stage B). Recall that 
100,000 units were started into production in April and that the standard cost for the 
units produced is $31 (= $19 direct materials + $12 conversion costs) per unit. Under 
backflush costing, no entry is recorded in Stage B because WIP inventory is minimal and 
all units are quickly converted to finished goods. Under sequential tracking, WIP inven- 
tory is increased as manufacturing occurs and later decreased as manufacturing is com- 
pleted and the product becomes a finished good. 

The entries to record completion of good finished units of product (Stage C) give 
backflush costing its name. Costs have not been recorded sequentially with the flow of 
product along its production route through WIP and finished goods. Instead, the output 
trigger point reaches back and pulls (flushes) the standard direct materials costs from 
Materials and In-Process Inventory Control and the standard conversion costs for 
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Journal Entries and General Ledger Overview for Backflush Costing and Journal Entries for Sequential 
Tracking With Three Trigger Points: Purchase of Direct Materials and Incurring of Conversion Costs, Completion of Good 

Finished Units of Product, and Sale of Finished Goods 

PANEL A: Journal Entries : 

Backflush Costing Sequential Tracking 

Stage A: Record Purchase of Direct Materials and Incurring of Conversion Costs 

1. Record Direct Materials Purchased. 

Entry(A1) Materials and In-Process Inventory Control 1,950,000 Materials Inventory Control 1,950,000 

Accounts Payable Control 1,950,000 Accounts Payable Control 1,950,000 

2. Record Conversion Costs Incurred. 

Entry(A2) Conversion Costs Control 1,260,000 Conversion Costs Control 1,260,000 

Various accounts (such as Wages Various accounts (such as Wages 

Payable Control) 1,260,000 Payable Control) 1,260,000 

Stage B: Record Production Resulting in Work-in-Process. 

Entry(B1) No entry recorded Work-in-Process Control 3,100,000 

i Materials Inventory Control 1,900,000 

Conversion Costs Allocated 1,200,000 

Stage C: Record Cost of Good Finished Units Completed. 

Entry(C1) Finished Goods Control 3,100,000 Finished Goods Control 3,100,000 

Materials and In-Process Inventory Control 1,900,000 Work-in-Process Control 3,100,000 

Conversion Costs Allocated 1,200,000 

Stage D: Record Cost of Finished Goods Sold (and Under- or Overallocated Conversion Costs), 

1. Record Cost of Finished Goods Sold. 

Entry(D1) Cost of Goods Sold 3,069,000 Cost of Goods Sold 3,069,000 

Finished Goods Control 3,069,000 Finished Goods Control 3,069,000 

2. Record Underallocated or Overallocated Conversion Costs. 

Entry(D2) Conversion Costs Allocated 1,200,000 Conversion Costs Allocated 1,200,000 

Cost of Goods Sold 60,000 Cost of Goods Sold 60,000 

Conversion Costs Control : 1,260,000 Conversion Costs Control 1,260,000 

PANEL B: General Ledger Overview for Backflush Costing 

Materials and 

In-Process Inventory Control Finished Goods Control Cost of Goods Sold 

ote DIRSGE 3. (A1) 1,950,000 | (C1) 1,900,000 gees (C1) 3,100,000 | (D1) 3,069,000 — (D1) 3,069,000 
- Materials 

Bal. 50,000 Bal. 

Conversion Costs Allocated 

ee Ae (D2) 1,200,000 | (C1) 1,200,000 
Conversion: amar REMNANT EET ea ST TTY 

(D2) 60,000 

Conversion Costs Control 3,129,000 

(A2) 1,260,000 | (D2) 1,260,000 

The coding that appears in parentheses for each entry indicates the stage in the production process that the entry relates to as presented in the text. 
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manufacturing the finished goods. Under the sequential-tracking approach, Finished 
Goods Control is debited (increased) and Work-in-Process Control is credited (decreased) 
as manufacturing is completed and finished goods are produced. The net effect of Stages 
B and C under sequential tracking is the same as the effect under backflush costing (except 
for the name of the inventory account). 

Finally consider entries to record the sale of finished goods (and under- or overallo- 
cated conversion costs) (Stage D). The standard cost of 99,000 units sold in April equals 
$3,069,000 (= 99,000 units X $31 per unit). The entries to record the cost of finished 
goods sold are exactly the same under backflush costing and sequential tracking. 

Companies that use backflush costing typically have low inventories, so proration of 
under- or overallocated conversion costs between WIP, finished goods, and COGS is sel- 

dom necessary. Many companies write off under- or overallocated conversion costs to 
COGS only at the end of the fiscal year. Other companies, like SVC, record the write-off 
monthly. The journal entry to dispose of the difference between actual conversion costs 
incurred and standard conversion costs allocated is exactly the same under backflush 
costing and sequential tracking. 

The April 30 ending inventory balances under backflush costing are as follows: 

Materials and In-Process Inventory Control ($1,950,000 — $1,900,000) $50,000 

Finished Goods Control, 1,000 units x $31/unit ($3,100,000 — $3,069,000) 31,000 

Total $81,000 

The April 30 ending inventory balances under sequential tracking would be exactly the same 
except that the inventory account would be Materials Inventory Control. Exhibit 20-7, 
Panel B, provides a general ledger overview of this version of backflush costing, 

The elimination of the typical Work-in-Process Control account reduces the amount 
of detail in the accounting system. Units on the production line may still be tracked in 
physical terms, but there is “no assignment of costs” to specific work orders while they 
are in the production cycle. In fact, there are no work orders or labour-time records in the 
accounting system. 

The three trigger points to make journal entries in Example 1 will lead SVC’s back- 
flush costing system to report costs that are similar to the costs reported under sequential 
tracking when SVC has minimal WIP inventory. In Example 1, any inventories of direct 
materials or finished goods are recognized in SVC’s backflush costing system when they 
first appear (as would be done in a costing system using sequential tracking). Interna- 
tional Paper Company uses a method similar to Example 1 in its specialty papers plant. 

Accounting for Variances 

Accounting for variances between actual and standard costs is basically the same under all 
standard-costing systems. Suppose that in Example 1, SVC had an unfavourable direct 
materials price variance of $42,000. Then the journal entry would be as follows: 

Materials and In-Process Inventory Control 1,950,000 

Direct Materials Price Variance 42,000 

Accounts Payable Control 1,992,000 

Direct materials costs are often a large proportion of total manufacturing costs, 
sometimes well over 60%. Consequently, many companies will at least measure the 
direct materials efficiency variance in total by physically comparing what remains 
in direct materials inventory against what should remain based on the output of finished 
goods for the accounting period. In our example, suppose that such a comparison showed 
an unfavourable materials efficiency variance of $30,000. The journal entry would be as 

follows: 

Direct Materials Efficiency Variance 30,000 

Materials and In-Process Inventory Control 30,000 
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The under- or overallocated conversion costs are split into various overhead variances 
(spending variance, efficiency variance, and production-volume variance). Each variance 
is closed to Cost of Goods Sold, if it is immaterial in amount. 

Example 2: The two trigger points are purchase of direct materials and incurring 

of conversion costs (Stage A) and sale of finished goods (Stage D). 

This example uses the SVC data to illustrate a backflush costing that differs more 
from sequential tracking than the backflush costing in Example 1. This example and 
Example 1 have the same first trigger point, purchase of direct materials and incurring of 
conversion costs. But the second trigger point in Example 2 is the sale, not the comple- 
tion, of finished goods. Note that in this example, there are no journal entries for produc- 
tion resulting in work-in-progress (Stage B) and completion of good finished units of 
product (Stage C) because there are minimal WIP and finished goods inventories. 

In this example, there is only one inventory account: direct materials, whether they 
are in storerooms, in process, or in finished goods. 

Type Account Title 

Combines direct materials inventory and any direct materials Inventory Control 

in work-in-process and finished goods inventories 

Exhibit 20-8, Panel A, summarizes the journal entries for Example 2 with two trigger 
points: purchase of direct materials and incurring of conversion costs, and sale of finished 
goods (and recognizing under- or overallocated costs). As in Example 1, for each stage, 
the backflush costing entries for SVC are shown on the left. The comparable entries under 
sequential tracking are shown on the right. 

The entries for direct materials purchased and conversion costs incurred (Stage A) are 

the same as in Example 1, except that the inventory account is called Inventory Control. 
As in Example 1, no entry is made to record production of WIP inventory (Stage B) 
because WIP inventory is minimal. When finished goods are completed (Stage C), no 

entry is recorded because the completed units are expected to be sold quickly and finished 
goods inventory is expected to be minimal. As finished goods are sold (Stage D), the 
COGS is calculated as 99,000 units sold X $31 per unit = $3,069,000, which is composed 
of direct material costs (99,000 units X $19 per unit = $1,881,000) and conversion costs 
allocated (99,000 units X $12 per unit = $1,188,000). This is the same COGS calculated 
under sequential tracking as described in Example 1. 

Under this method of backflush costing, conversion costs are not inventoried because 
no entries are recorded when finished goods are produced in Stage C. That is, compared 
with sequential tracking, Example 2 does not assign $12,000 (= $12 per unit x 1,000 
units) of conversion costs to finished goods inventory produced but not sold. Of the 
$1,260,000 in conversion costs, $1,188,000 is allocated at standard cost to the units sold. 
The remaining $72,000 (= $1,260,000 — $1,188,000) of conversion costs is underallo- 
cated. Entry (D2) presents the journal entry if SVC, like many companies, writes off these 
underallocated costs monthly as additions to COGS. 

The April 30 ending balance of Inventory Control is $69,000 (= 1,950,000 — 

$1,881,000), This balance represents the $50,000 direct materials still on hand plus 
$19,000 direct materials embodied in the 1,000 good finished units manufactured but 

not sold during the period. Exhibit 20-8, Panel B, provides a general ledger overview of 
Example 2. The approach described in Example 2 closely approximates the costs com- 
puted using sequential tracking when a company holds minimal WIP and finished goods 
inventories, 

Toyota’s cost accounting system at its Woodstock plant is similar to this example. 
Two advantages of this system are (1) it removes the incentive for managers to produce 
for inventory because conversion costs are recorded as period costs instead of inventori- 
able costs and (2) it focuses managers on sales. 

Example 3: The two trigger points are completion of good finished units of product 
(Stage C) and sale of finished goods (Stage D). 
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Journal Entries and General Ledger Overview for Backflush Costing and Journal Entries for Sequential Tracking 
with Two Trigger Points: Purchase of Direct Materials and Incurring of Conversion Costs and Sale of Finished Goods 
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PANEL A: Journal Entries 

Backflush Costing Sequential Tracking 

Stage A: Record Purchase of Direct Materials and Incurring of Conversion Costs 

1. Record Direct Materials Purchased. 

Entry(A1) Inventory: Control 1,950,000 Materials Inventory Control 1,950,000 

Accounts Payable Control 1,950,000 Accounts Payable Control 1,950,000 

2. Record Conversion Costs Incurred. 

Entry (A2) Conversion Costs Control 1,260,000 Conversion Costs Control 1,260,000 

Various accounts (such as Wages Various accounts (such as Wages 

Payable Control) 1,260,000 Payable Control) 1,260,000 

Stage B: Record Production Resulting in Work-in-Process. 

Entry(B1) No entry recorded Work-in-Process Control 3,100,000 

Materials Inventory Control! 1,900,000 

Conversion Costs Allocated 1,200,000 

Stage C: Record Cost of Good Finished Units Completed. 

Entry (C1) No entry recorded Finished Goods Control 3,100,000 

Work-in-Process Control 3,100,000 

Stage D: Record Cost of Finished Goods Sold (and Under- or Overallocated Conversion Costs). 

1. Record Cost of Finished Goods Sold. 

Entry(D1) Cost of Goods Sold 3,069,000 Cost of Goods Sold 3,069,000 

Inventory Control 1,881,000 Finished Goods Control 3,069,000 

Conversion Costs Allocated 1,188,000 

2. Record Underallocated or Overallocated Conversion Costs. 

Entry(D2) Conversion Costs Allocated 1,188,000 Conversion Costs Allocated 1,200,000 

Cost of Goods Sold 72,000 Cost of Goods Sold 60,000 

Conversion Costs Control 1,260,000 Conversion Costs Control 1,260,000 

PANEL B: General Ledger Overview for Backflush Costing 

Cost of Goods Sold Inventory Control 

(A1) 1,950,000 | (D1) 1,881,000 (D1) 3,069,000 

Bal. 69,000 

Conversion Costs Allocated 

(D2) 1,188,000 | (D1) 1,188,000 

(D2) __72,000 
3,141,000 Conversion Costs Control 

(A2) 1,260,000 | (D2) 1,260,000 

The coding that appears in parentheses for each entry indicates the stage in the production process that the entry relates to as presented in the text. 
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This example has two trigger points. In contrast to Example 2, the first trigger point 
in Example 3 is delayed until Stage C, SVC’s completion of good finished units of prod- 
uct. Note that in this example, there are no journal entries for purchase of direct materials 
and incurring of conversion costs (Stage A) and production resulting in WIP (Stage B) 
because there are minimal direct materials and WIP inventories. 

Exhibit 20-9, Panel A, summarizes the journal entries for Example 3 with two trigger 
points: completion of good finished units of product and sale of finished goods (and rec- 
ognizing under- or overallocated costs). As in Examples 1 and 2, for each stage, the back- 
flush costing entries for SVC are shown on the left. The comparable entries under 
sequential tracking are shown on the right. 

No entry is made for direct materials purchases of $1,950,000 (Stage A) because the 
acquisition of direct materials is not a trigger point in this form of backflush costing. As in 
Examples 1 and 2, actual conversion costs are recorded as incurred and no entry is made to 
record production resulting in WIP inventory (Stage B). The cost of 100,000 good finished 
units completed (Stage C) is recorded at standard cost of $31 (= $19 direct materials + $12 

conversion costs) per unit as in Example 1 except that Accounts Payable Control is credited 
(instead of Materials and In-Process Inventory Control) because no entry had been made 

when direct materials were purchased in Stage A. Note that at the end of April, $50,000 of 
direct materials purchased have not yet been placed into production ($1,950,000 — 
$1,900,000 = $50,000), nor has the cost of those direct materials been entered into the 

inventory-costing system. The Example 3 version of backflush costing is suitable for a JIT 
production system in which both direct materials inventory and WIP inventory are minimal. 
As finished goods are sold (Stage D), the COGS is calculated as 99,000 units sold X $31 per 

unit = $3,069,000. This is the same COGS calculated under sequential tracking. Finished 
Goods Control has a balance of $31,000 under both this form of backflush costing and 
sequential tracking. The journal entry to dispose of the difference between actual conver- 
sion costs incurred and standard conversion costs allocated is the same under backflush 
costing and sequential tracking. The only difference between this form of backflush costing 
and sequential tracking is that direct materials inventory of $50,000 (and the corresponding 
Accounts Payable Control) is not recorded, which is no problem if direct materials invento- 
ries are minimal. Exhibit 20-9, Panel B, provides a general ledger overview of Example 3. 

Special Considerations in Backflush Costing 

The accounting illustrated in Examples 1, 2, and 3 above does not strictly adhere to the IFRS/ 
ASPE of external reporting. For example, WIP (an asset) exists but is not recognized in the 
accounting system. Advocates of backflush costing, however, cite the materiality concept in sup- 
port of these versions of backflushing. They claim that if inventories are low or their total costs 
are not subject to significant change from one accounting period to the next, operating income 
and inventory costs developed in a backflush costing system will not differ materially from the 
results generated by a system that adheres to generally accepted accounting principles. 

Suppose material differences in operating income and inventories do exist between 
the results of a backflush costing system and those of a conventional standard-costing 
system. An adjustment can be recorded to make the backflush numbers satisfy external 
reporting requirements. For example, the backflush entries in Example 2 would result in 
expensing all conversion costs as a part of COGS ($1,188,000 at standard costs + $72,000 

write-off of underallocated conversion costs = $1,260,000). But suppose conversion costs 
were regarded as sufficiently material in amount to be included in Inventory Control. 
Then entry (e), closing the Conversion Costs accounts, would change as shown: 

Original entry (e) Conversion Costs Allocated 1,188,000 

Cost of Goods Sold 72,000 

Conversion Costs Control 1,260,000 

Revised entry (e) Conversion Costs Allocated 1,188,000 

Inventory Control (1,000 units x $12) 12,000 

Cost of Goods Sold 60,000 

Conversion Costs Control 1,260,000 
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Journal Entries and General Ledger Overview for Backflush Costing and Journal Entries for Sequential 
Tracking with Two Trigger Points: Completion of Good Finished Units of Product and Sale of Finished Goods 
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PANEL A; Journal Entries 

Backflush Costing Sequential Tracking 

Stage A: Record Purchase of Direct Materials and Incurring of Conversion Costs. 

1. Record Direct Materials Purchased. 

Entry(Ai) No entry recorded Materials Inventory Control 1,950,000 

Accounts Payable Control 1,950,000 

2. Record Conversion Costs Incurred. 

Entry (A2) Conversion Costs Control 1,260,000 Conversion Costs Control 1,260,000 

Various accounts (such as Wages Various accounts (such as Wages 

Payable Control) 1,260,000 Payable Control) 1,260,000 

Stage B: Record Production Resulting in Work-in-Process. 

Entry(B1) No entry recorded Work-in-Process Control 3,100,000 

Materials Inventory Control 1,900,000 

Conversion Costs Allocated 1,200,000 

Stage C: Record Cost of Good Finished Units Completed. 

Entry (C1) Finished Goods Control 3,100,000 Finished Goods Control 3,100,000 

Accounts Payable Control 1,900,000 Work-in-Process Control 3,100,000 

Conversion Costs Allocated 1,200,000 

Stage D: Record Cost of Finished Goods Sold (and Under- or Overallocated Conversion Costs). 

1. Record Cost of Finished Goods Sold. 

Entry(D1) Cost of Goods Sold 3,069,000 Cost of Goods Sold 3,069,000 

Finished Goods Control 3,069,000 Finished Goods Control 3,069,000 

2. Record Underallocated or Overallocated Conversion Costs. 

Entry (D2) Conversion Costs Allocated 1,200,000 Conversion Costs Allocated 1,200,000 

Cost of Goods Sold 60,000 Cost of Goods Sold 60,000 

Conversion Costs Control 1,260,000 Conversion Costs Control 1,260,000 

PANEL B: General Ledger Overview for Backflush Costing 

Finished Goods Control Cost of Goods Sold 

(C1) 3,100,000 | (D1) 3,069,000 — (D1) 3,069,000 

Bal. 

Conversion Costs Allocated 

(D2) 1,200,000 | (C1) 1,200,000 

(D2) __ 60,000 
3,129,000 Conversion Costs Control 

(A2) 1,260,000 | (D2) 1,260,000 

The coding that appears in parentheses for each entry indicates the stage in the production process that the entry relates to as presented in the text. 
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Criticisms of backflush costing focus mainly on the absence of audit trails—the abil- 
ity of the accounting system to pinpoint the uses of resources at each step of the produc- 
tion process. The absence of large amounts of materials and WIP inventory means that 
managers can keep track of operations by personal observations, computer monitoring, 
and nonfinancial measures. 

SUSTAINABILITY 
IN ACTION 

Inventory management is an important part of business, 
as its many different factors can have a significant impact 
on a company’s bottom line. What inventory valuation 
method is chosen or who a company’s suppliers are can 
have a big impact on the value of inventory and the 
company’s net income. 

L 

_ Inventory Management as Strategy 

with finished goods on the other end. This was inefficient 
and so IBM decided to integrate its supply chain within 
every part of the company. This allows better communi- 
cation between different parts of the company and leads 
to less inventory and returns. By reducing the need to 
store large amounts of inventory through an integrated 

IBM is one of the biggest and best-known technology 
firms in the world. Today, it sells mainframe computers 
and consulting services to clients, and its supply chain 
encompasses thousands of suppliers all over the world. 
Traditionally, IBM’s supply chain was very linear, starting 
with parts on one end of the supply chain and ending 

supply chain, IBM is able to cut costs, reduce waste, and 
save money. 

Source: M. Shacklett, “IBM evolves a globally integrated supply chain,” 
World Trade, WT 100, 25(5), 32-35 (http://search.proquest.com 
/docview/1018147932?accountid=13908). 

What are the implications of JIT and backflush costing systems for ABC systems? 
Simplifying the production process, as in a JIT system, makes more of the costs direct and 
so reduces the extent of overhead cost allocations. Simplified ABC systems are often ade- 
quate for companies implementing JIT. But even these simpler ABC systems can enhance 
backflush costing. Costs from ABC systems give relatively more accurate budgeted con- 
version costs per unit for different products, which are then used in the backflush costing 
system. The activity-based cost data are also useful for product costing, decision making, 
and cost management. 

Lean Accounting 

Another approach for simplified product costing in JIT (or lean production) systems is 
lean accounting. Successful JIT production requires companies to focus on the entire value 
chain of business functions (from suppliers to manufacturing to customers) in order to 
reduce inventories, lead times, and waste. The emphasis on improvements throughout the 
value chain has led some JIT companies to develop organization structures and costing 
systems that focus on value streams, which are all the value-added activities needed to 
design, manufacture, and deliver a given product or product line to customers. For exam- 
ple, a value stream can include the activities needed to develop and engineer products, 
advertise and market those products, process orders, purchase and receive materials, man- 
ufacture and ship orders, bill customers, and collect payments. The focus on value streams 
is aided by the use of manufacturing cells in JIT systems that group together the operations 
needed to make a given product or product line. 

Lean accounting is a costing method that supports creating value for customers by 
costing the value streams, as distinguished from individual products or departments, 
thereby eliminating waste in the accounting process.’ If multiple, related products are 
made in a single value stream, product costs for the individual products are not com- 
puted. Actual costs are directly traced to the value-stream and standard costs and vari- 
ances are not computed. Tracing direct costs to value streams is simple because companies 
using lean accounting dedicate resources to individual value streams. 

5 See B, Baggaley, “Costing by Value Stream,” Journal of Cost Management (May-June 2003). 
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Consider the following product costs for Allston Company, which makes two models 
of refrigerators in one manufacturing cell and two models of ovens in another manufac- 
turing cell. 

Refrigerator Ovens 

Model A Model B Model C Model D 

Revenues $600,000 $700,000 $800,000 $550,000 

Direct materials 340,000 400,000 410,000 270,000 

Direct manufacturing labour 70,000 78,000 105,000 82,000 

Manufacturing overhead costs (e.g., equipment 112,000 130,000 128,000 103,000 
lease, supervision, and unused facility costs) 

Rework costs 15,000 17,000 14,000 10,000 

Design costs 20,000 21,000 24,000 18,000 

Marketing and sales costs 30,000 33,000 40,000 28,000 

Total costs 587,000 679,000 _721,000 511,000 

Operating income $ 13,000 $ 21,000 $ 79,000 $ 39,000 

Direct materials purchased $350,000 $420,000 $430,000 $285,000 

Unused facility costs $ 22,000 $ 38,000 $ 18,000 $ 15,000 

Using lean accounting principles, Allston calculates value-stream operating costs and 
operating income for refrigerators and ovens, not individual models, as follows: 

Refrigerators Ovens 

Revenues 

($600,000 + $700,000; $800,000 + $550,000) $1,300,000 $1,350,000 

Direct material purchases 

($350,000 + $420,000; $430,000 + $285,000) 770,000 715,000 

Direct manufacturing labour 
(70,000 + $78,000; $105,000 + $82,000) 148,000 187,000 

Manufacturing overhead (after deducting unused facility costs) 

($112,000 — $22,000) + ($130,000 — $38,000); 
($128,000 — $18,000) + $103,000 — $15,000) 182,000 198,000 

Design costs 

($20,000 + $21,000; $24,000 + $18,000) 41,000 42,000 

Marketing and sales costs 

($30,000 + $33,000; $40,000 + $28,000) 63,000 68,000 

Total value-stream operating costs 1,204,000 1,210,000 

Value-stream operating income $ 96,000 $ 140,000 

Allston Company, like many lean accounting systems, expenses the costs of all purchased 
materials in the period in which they are bought to signal that direct materials and WIP inven- 
tory need to be reduced. In our example, the cost of direct material purchases under lean 
accounting exceeds the cost of direct materials used in the operating income statement. 

Facility costs (such as depreciation, property taxes, and leases) are allocated to value 
streams based on the square footage used by each value stream to encourage managers to use 
less space for holding and moving inventory. Note that unused facility costs are subtracted 
when calculating manufacturing overhead costs of value streams. These costs are instead 
treated as plant or business unit expenses. Excluding unused facility costs from value-stream 
costs means that only those costs that add value are included in value-stream costs. 

Moreover, increasing the visibility of unused capacity costs creates incentives to 
reduce these costs or to find alternative uses for capacity. Allston Company excludes 
rework costs when calculating value-stream costs and operating income because these 
costs are non-value-added costs. Companies also exclude from value-stream costs 
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Pulling It All Together—Problem for Self-Study | 

Required 

OO0000 

common costs such as corporate or support department costs that cannot reasonably be 
assigned to value streams. 

The analysis indicates that while total cost for refrigerators is $1,266,000 (= $587,000 
+ $679,000), the value-stream cost using lean accounting is $1,204,000 (= 95.1% of 

$1,266,000), indicating significant opportunities for improving profitability by reducing 
unused facility and rework costs, and by purchasing direct materials only as needed for 
production. Ovens portray a different picture. Total cost for ovens is $1,232,000 
(= $721,000 + $511,000), while the value-stream cost using lean accounting is $1,210,000 
(= 98.2% of $1,232,000). The ovens value stream has low unused facility and rework 
costs and is more efficient. 

Lean accounting is much simpler than traditional product costing. Why? Because 
calculating actual product costs by value streams requires less overhead allocation. Com- 
pared to traditional product costing methods, the focus on value streams and costs is 
consistent with the emphasis of JIT and lean production on improvements in the value 
chain from suppliers to customers. Moreover, the practices that lean accounting encour- 
ages (such as reducing direct material and WIP inventories, improving quality, using less 
space, and eliminating unused capacity) reflect the goals of JIT production. 

A potential limitation of lean accounting is that it does not compute costs for individ- 
ual products. Critics charge that this limits its usefulness for decision making. Proponents 
of lean accounting argue that the lack of individual product costs is not a problem because 
most decisions are made at the product-line level rather than the individual product level, 
and that pricing decisions are based on the value created for the customer (market prices) 
and not product costs. 

Another criticism is that lean accounting excludes certain support costs and unused 
capacity costs. As a result, the decisions based on only value-stream costs will look profit- 
able because they do not consider all costs. Supporters argue that lean accounting over- 
comes this problem by adding a larger markup on value-stream costs to compensate for 
some of these excluded costs. Moreover, in a competitive market, prices will eventually 
settle at a level that represents a reasonable markup above value-stream costs because 
customers will be unwilling to pay for non-value-added costs. The goal must therefore be 
to eliminate non-value-added costs. A final criticism is that lean accounting, like back- 
flush costing, does not correctly account for inventories under generally accepted account- 
ing principles (IFRS/ASPE). However, proponents are quick to point out that in lean 
accounting environments, WIP and finished goods inventories are immaterial from an 
accounting perspective. 

(Try to solve this problem before examining the solution that follows.) 

Problem 1 

Lee Company has a Singapore plant that manufactures MP3 players. One component is 
an XT chip. Expected demand is for 5,200 of these chips in March 2021. Lee estimates 
the ordering cost per purchase order to be $250. The monthly carrying cost for one unit 
of XT in stock is $5. 

. Compute the EOQ for the XT chip. 

. Compute the number of deliveries of XT in March 2021. 

. What are some conflicts that can arise from the use of an EOQ model? 

. Identify relevant costs and benefits of a JIT strategy. 

. What is the key difference between MRP and JIT supply-chain management strategies? 

. What resource is essential to successful implementation of either MRP or JIT strategies? Aw wWN Fe 
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Solution 

2 X 5,200 X $2 Bee es 2 x 82) 
= 721 chips (rounded) 

. Number of deliveries = 5,200 + 721 = 8 (rounded up) 

. The EOQ model focuses on the trade-off between carrying and ordering costs but 
ignores purchasing, stockout, and quality costs. A performance measure for the 
purchasing manager could be a purely financial accounting measure that excludes 
the opportunity cost of misstating the EOQ. The EOQ optimal solution and the 
optimal performance threshold will not match because opportunity cost is 
included in considering the best EOQ. A similar problem arises if annual carrying 
costs of excess inventory are excluded from the performance measure for purchas- 
ing managers. 

4. Relevant costs include purchasing, ordering, carrying, stockout, and opportunity 
costs. Financial accounting standards determine the methods of accounting for all but 
opportunity costs for purposes of external reporting. COGS and inventory valuation 
methods are standardized. For internal purposes, however, trade-offs are required 
between incurring one type versus another of opportunity costs. Management accoun- 
tants have the expertise required to provide this relevant information. 

5. A JIT supply-chain management strategy is based on demand-pull. The demand, an 
order for goods, initiates the system to supply goods. An MRP supply-chain manage- 
ment strategy is based on demand-push, wherein a forecast of demand is sent directly 
to the supplier rather than an order. The demand forecast initiates the system to sup- 
ply goods. 

6. Both the JIT and MRP supply-chain strategies require effective information sharing. 
Often the information stored by one business function software in a company cannot 
be readily transmitted to another, which incurs delay. An ERP information system 
collects information from different computer systems into a single database and 
removes delay. 

Wh 

Problem 2 

Littlefield Company uses a backflush costing system with three trigger points: 

s Purchase of direct materials 
s Completion of good finished units of product 
a Sale of finished goods 

There are no beginning inventories. Information for April 2021 is 

Direct materials purchased $ 880,000 

Direct materials used 850,000 

Conversion costs incurred 422,000 

Conversion costs allocated 400,000 

Costs transferred to finished goods 1,250,000 

Cost of goods sold 1,190,000 

1. Prepare journal entries for April (without disposing of under- or overallocated con- Required 
version costs). Assume there are no direct materials variances. 

2. Under an ideal JIT production system, how would the amounts in your journal entries 
differ from the journal entries in requirement 1? 
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Solution 

1. Journal entries for April are 

Entry (a) Inventory: Materials and In-Process Control 880,000 

Accounts Payable Control 880,000 

(direct materials purchased) 

Entry (b) Conversion Costs Control 422,000 

| Various accounts (such as Wages Payable Control) 422,000 

(conversion costs incurred) 

Entry (c) Finished Goods Control 1,250,000 

Inventory: Materials and In-Process Control 850,000 

Conversion Costs Allocated 400,000 

(standard cost of finished goods completed) 

Entry (d) Cost of Goods Sold 1,190,000 

Finished Goods Control 1,190,000 

(standard costs of finished goods sold) 

2. Under an ideal JIT production system, if the manufacturing lead time per unit is 
very short, there could be zero inventories at the end of each day. Entry (c) would 
be $1,190,000 finished goods production (to match finished goods sold in entry 
(d)), not $1,250,000. If the marketing department could only sell goods costing 
$1,190,000, the JIT production system would call for direct materials purchases 
and conversion costs of lower than $880,000 and $422,000, respectively, in entries 
(a) and (b). 

The following question-and-answer format summarizes the chapter's learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives Guidelines 

1. How do managers use the The EOQ decision model calculates the optimal quantity of inventory 
EOQ model? to order by balancing ordering and carrying costs. The larger the order 

quantity, the higher the annual carrying costs and the lower the annual 
ordering costs. The EOQ model includes both costs recorded in the financial 
accounting system and opportunity costs, which are not recorded in the 
financial accounting system. 

2. How can companies reduce The opportunity cost of investment tied up in inventory is a key input in 
the conflict between the the EOQ decision model. Some companies include opportunity costs when 
EOQ decision model and the evaluating managers so that the EOQ decision model is consistent with the 
models used for performance performance evaluation model. 
evaluation? 

3. What are the features of a A JIT strategy is based on demand-pull. Five features of a JIT production 
JIT strategy of supply-chain system are (a) organizing production in manufacturing cells, (b) hiring and 
management? training multiskilled workers, (c) emphasizing total quality management, 

(d) reducing manufacturing lead time and setup time, and (e) building strong 
supplier relationships. 
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Learning Objectives Guidelines 

4. How do MRP systems MRP systems use a “push-through” approach that manufactures finished goods 
differ from ERP systems? for inventory on the basis of demand forecasts. ERP systems are information 

management systems that consolidate data from different computer systems 
into a single database. 

5. How does backflush costing Backflush costing delays recording some of the journal entries relating to the 
simplify job costing? cycle from purchase of direct materials to the sale of finished goods. Traditional 

job-costing systems use sequential tracking, in which recording of the journal 
entries occurs in the same order as actual purchases and progress in production, 
Most backflush costing systems do not record journal entries for the work- 
in-process stage of production. Some backflush costing systems also do not 
record entries for either the purchase of direct materials or the completion of 
finished goods. 

ak=)eanl-wcom M@-t-| ga! 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

backflush costing (p. 816) lean accounting (p. 824) safety stock (p. 806) 

carrying costs (p. 802) manufacturing cells (p. 809) sequential tracking (p. 816) 

costs of quality (COQ) (p. 803) materials requirements planning shrinkage costs (p. 803) 

economic order quantity (EOQ) (p. 803) (MRP) (p. 814) stockout costs (p. 802) 

enterprise resource planning (ERP) ordering costs (p. 802) synchronous tracking (p. 816) 

(p. 815) purchase-order lead time (p. 803) trigger point (p. 816) 

inventory management (p. 802) purchasing costs (p. 802) value streams (p. 824) 

just-in-time (JIT) purchasing (p. 807) reorder point (p. 805) 

P-N-YVfelalaat=iai mV toieslare|| 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

20-1 Why do better decisions regarding the purchasing and managing of goods for sale frequently cause 
dramatic percentage increases in net income? 

20-2 Name five cost categories that are important in managing goods for sale in a retail organization. 

20-3 What five assumptions are made when using the simplest version of the EOQ decision model? 

20-4 Give examples of costs included in annual carrying costs of inventory when using the EQ decision 

model. 

20-5 Give three examples of opportunity costs that typically are not recorded in accounting systems, 
although they are relevant to the EOQ model. 

20-6 What are the steps in computing the cost of a prediction error when using the EOQ decision model? 

20-7 Why might goal-congruence issues arise when an EOQ model is used to guide decisions on how much 

to order? 

20-8 Describe JIT purchasing and its benefits. 

20-9 What are three factors causing reductions in the cost to place purchase orders of materials? 
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LO®@ 
1, E0Q = 1,000 jerseys 

LO @ 
1, E0Q © 388 jerseys 

20-10 What is supply-chain analysis, and how can it benefit manufacturers and retailers? 

20-11 What are some obstacles to companies adopting a supply-chain approach? 

20-12 What are the main features in a JIT production system? 

20-13 Distinguish job-costing systems using sequential tracking from backflush costing. 

20-14 Describe three different versions of.backflush costing. 

Exercises 

20-15 Terminology. A number of terms are listed below: 

backflush costing carrying costs 

economic order quantity enterprise resource planning (ERP) 

inventory management just-in-time (JIT) production 

just-in-time (JIT) purchasing lean production 

ordering costs purchasing costs 

reorder point shrinkage costs 

stockout costs synchronous tracking 

trigger points safety stock 

Required 

Select the terms from the above list to complete the following sentences. 

1. Supply-chain strategy decisionsdetermine_ —=—_acctivities. 

2. Managing inventory involves the identification of three relevant costs: j ,and ; 

3. One strategy of will match to a production decision of or pro- 

duction. This JIT purchasing strategy will minimize of inventory and reduce or eliminate 

both and but may increase 

4. The goal of the management team is to minimize the overall combination of costs associated with 

inventory management. Any inventory management model requires careful analysis to identify 

the , the ,and the ‘ 

5. The management team requires high-quality information in a database of the type found in 
systems. These systems are demand-pull systems. Implementing a good demand-pull system requires 

a highly coordinated information flow that supports lean production. 

6. Lean production (JIT) can eliminate inventory and therefore is appropriate. With no WIP or 

materials inventories, the need for sequential or of costs of production through the inven- 

tories is no longer necessary. Instead are identified such as materials purchase and 

completion of quality finished goods. Costs transfer at only these two trigger points from the Direct 

Materials to the Finished Goods inventory. 

20-16 EOQ for retailer. Fan Base (FB) operates a megastore featuring sports merchandise. It uses an 

E0Q decision model to make inventory decisions. It is now considering inventory decisions for its soccer 

jerseys product line. This is a highly popular item. Data for the year are 

Expected annual demand for soccer jerseys 20,000 

Ordering cost per purchase order $200 

Carrying cost per year $ 8perjersey 

Each jersey costs FB $40 and sells for $80. The $8 carrying cost per jersey per year comprises the 

required return on investment of $4.80 (= 12% of $40 purchase price) plus $3.20 in relevant insurance, han- 

dling, and theft-related costs. The purchasing lead time is 7 days. FB is open 365 days a year. 

Required 

1. Calculate the EOQ. 

2. Calculate the number of orders that will be placed each year. 
3. Calculate the reorder point. 

20-17 EOQ, effect of parameter changes (continuation of Exercise 20-16). Athletic Textiles (AT) manu- 
factures the soccer jerseys that Fan Base (FB) sells to its customers. AT has recently installed computer 

software that enables its customers to conduct “one-stop” purchasing using state-of-the-art website tech- 

nology. FB’s ordering cost per purchase order will be $30 using this new technology. 



Required 

1. Calculate the EOQ for the soccer jerseys using the revised ordering cost of $30 per purchase order. 
Assume all other data from Exercise 20-16 are the same. Comment on the result. 

2. Suppose AT proposes to “assist” FB. AT will allow FB customers to order directly from the AT website. 
AT would ship directly to these customers. AT would pay $10 to FB for every soccer jersey purchased 
by one of FB’s customers. Comment qualitatively on how this offer would affect inventory management 
at FB. What factors should FB consider in deciding whether to accept AT’s proposal? 

20-18 EOQ for a retailer. The Cloth Centre sells fabrics to a wide range of industrial and consumer users. 

One of the products it carries is denim cloth, used in the manufacture of jeans and carrying bags. The sup- 
plier for the denim cloth pays all incoming freight. No incoming inspection of the denim is necessary 

because the supplier has a track record of delivering high-quality merchandise. The purchasing officer of 
the Cloth Centre has collected the following information: 

Annual demand for denim cloth 20,000 metres 

Ordering cost per purchase order $160 

Carrying cost per year 20% of purchase costs 

Safety-stock requirements None 

Cost of denim cloth $10 per metre 

The purchasing lead time is 2 weeks. The Cloth Centre is open 250 days a year (50 weeks for 5 days 
a week). 

Required 

1, Calculate the E0Q for denim cloth. 
2, Calculate the number of orders that will be placed each year. 
3. Calculate the reorder point for denim cloth. 

20-19 EOQ for manufacturer. Lakeland Company, which produces lawn mowers, purchases 18,000 units of a 
rotor blade part each year at a cost of $60 per unit. Lakeland requires a 15% annual rate of return on invest- 
ment. In addition, the relevant carrying cost (for insurance, materials handling, breakage, and so on) is $6 
per unit per year. The relevant ordering cost per purchase order is $150. 

Required 

1. Calculate Lakeland’s EQQ for the rotor blade part. 
2. Calculate Lakeland’s annual relevant ordering costs for the EOQ calculated in requirement 1. 
3. Calculate Lakeland’s annual relevant carrying costs for the E0Q calculated in requirement 1. 

4. Assume that demand is uniform.throughout the year and known with certainty so that there is no need 
for safety stocks. The purchase-order lead time is half a month. Calculate Lakeland’s reorder point for 
the rotor blade part. 

20-20 Sensitivity of EOQ to changes in relevant ordering and carrying costs. Hall Company's 
annual demand for Model X253 is 11,000 units, The company is unsure about the relevant carrying cost per 
unit per year and the relevant ordering cost per purchase order. This table presents six possible combina- 

tions of carrying and ordering costs. 

Relevant Carrying Relevant Ordering 
Cost per Unit per Year © Cost per Purchase Order 

$11 $325 

11 225 

16 325 

16 225 

21 325 

21 225 

Required 

1. Determine EOQ for each of the relevant ordering and carrying-cost alternatives. 
2. How does your answer to requirement 1 give insight into the impact on EQQ of changes in relevant 

ordering and carrying costs? 

Assignment Material 831 
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LO® 
1, Increased operating profit, 

$600,000 

LOoO® 
Annual difference in favour of JIT 

production = $630,000 

LO ® 
1. Finished goods control DR, 

3,484,000 

20-21 Inventory management and the balanced scorecard. Devin Sports Cars (DSC) has imple- 
mented a balanced scorecard to measure and support its JIT production system. In the learning and growth 

category, DSC measures the percentage of employees who are cross-trained to perform a wide variety of 
production tasks. Internal business process measures are inventory turns and on-time delivery. The cus- 

tomer perspective is measured using a Gustomer satisfaction measure, and financial performance using 

operating income. DSC estimates that if it can increase the percentage of cross-trained employees by 5%, 

the resulting increase in labour productivity will reduce inventory-related costs by $100,000 per year and 

shorten delivery times by 10%. The 10% reduction in delivery times, in turn, is expected to increase cus- 
tomer satisfaction by 5%, and each 1% increase in customer satisfaction is expected to increase revenues 

by 2% due to higher prices. 

Required 

1. Assume that budgeted revenues in the coming year are $5,000,000. Ignoring the costs of training, what 

is the expected increase in operating income in the coming year if the number of cross-trained employ- 

ees is increased by 5%? 

2. Whatis the most DSC would be willing to pay to increase the percentage of cross-trained employees if 

itis only interested in maximizing operating income in the coming year? 

3. What factors other than short-term profits should DSC consider when assessing the benefits from 

employee cross-training? 

20-22 JIT production, relevant benefits, relevant costs. The Colonial Hardware Company manufac- 
tures specialty brass door handles at its Lynchburg plant. Colonial is considering implementing a JIT pro- 

duction system. The following are the estimated costs and benefits of JIT production: 

a. Annual additional tooling costs would be $200,000. 

b. Average inventory would decline by 80% from the current level of $2,000,000. 

c. Insurance, space, materials-handling, and setup costs, which currently total $600,000 annually, would 

decline by 25%. 

d. The emphasis on quality inherent in JIT production would reduce rework costs by 30%. Colonial currently 

incurs $400,000 in annual rework costs. 

e. Improved product quality under JIT production would enable Colonial to raise the price of its product 

by $8 per unit. Colonial sells 40,000 units each year. 

Colonial's required rate of return on inventory investment is 15% per year. 

Required 

1. Calculate the net benefit or cost to Colonial if it adopts JIT production at the Lynchburg plant. 

2. What nonfinancial and qualitative factors should Colonial consider when making the decision to adopt 

JIT production? 

3. Suppose Colonial implements JIT production at its Lynchburg plant. Give examples of performance 

measures Colonial could use to evaluate and control JIT production. What would be the benefit of 

Colonial implementing an enterprise resource planning (ERP) system? 

20-23 Backflush costing and JIT production. Road Warrior Corporation assembles handheld com- 

puters that have scaled-down capabilities of laptop computers. Each handheld computer takes six hours to 

assemble. Road Warrior uses a JIT production system and a backflush costing system with three trigger 
points: 

m Purchase of direct materials 
= Completion of good finished units of product 

w Sale of finished goods 

There are no beginning inventories of materials or finished goods. The following data are for August: 

Direct materials purchased $2,754,000 

Direct materials used 2,733,600 

Conversion costs incurred 723,600 

Conversion costs allocated 750,400 

Road Warrior records direct materials purchased and conversion costs incurred at actual costs. 
When finished goods are sold, the backflush costing system “pulls through” standard direct material cost 

($102 per unit) and standard conversion cost ($28 per unit). Road Warrior produced 26,800 finished units in 
August and sold 26,400 units. The actual direct material cost per unit in August was $102, and the actual 
conversion cost per unit was $27. 



Required 

1, Prepare summary journal entries for August (without disposing of under- or overallocated conversion 

costs, there should be four entries). 
2. Post the entries in requirement 1 to T-accounts for applicable Inventory: Materials and In-Process 

Control, Finished Goods Control, Conversion Costs Control, Conversion Costs Allocated, and Cost of 
Goods Sold. 

3, Under an ideal JIT production system, how would the amounts in your journal entries differ from those 
in requirement 1? 

20-24 Backflush costing, two trigger points, materials purchase and sale (continuation of Exer- 
cise 20-23), Assume the same facts as in Exercise 20-23, except that Road Warrior now uses a backflush 

costing system with the following two trigger points: 

= Purchase of direct materials 

= Sale of finished goods 

The Inventory Control account will include direct materials purchased but not yet in production, 

materials in work-in-process, and materials in finished goods but not sold. No conversion costs are inven- 

toried. Any under- or overallocated conversion costs are written off monthly to Cost of Goods Sold. 

Required 

1. Prepare summary journal entries for August, including the disposition of under- or overallocated con- 
version costs. 

2. Post the entries in requirement 1 to T-accounts for Inventory Control, Conversion Costs Control, Con- 

version Costs Allocated, and Cost of Goods Sold. 

20-25 Backflush costing, two trigger points, completion of production and sale (continuation 

of Exercise 20-24). Assume the same facts as in Exercise 20-24, except now Road Warrior uses only two 
trigger points, the completion of good finished units of product and the sale of finished goods. Any under- or 

overallocated conversion costs are written off monthly to Cost of Goods Sold. 

Required 

1. Prepare summary journal entries for August, including the disposition of under- or overallocated con- 

version costs. 

2. Post the entries in requirement 1 to T-accounts for Finished Goods Control, Conversion Costs Control, 

Conversion Costs Allocated, and Cost of Goods Sold. 

Problems 

20-26 Effect of different order quantities on ordering costs and carrying costs, EOQ. 

Koala Blue, a retailer of bed and bath linen, sells 234,000 packages of Mona Lisa designer sheets each 

year. Koala Blue incurs an ordering cost of $81 per purchase order placed with Mona Lisa Enterprises and 

an annual carrying cost of $11.70 per package. Liv Carrol, purchasing manager at Koala Blue, seeks your 

help: She wants to understand how ordering and carrying costs vary with order quantity. 

Scenario 

1 2 3 4 5 

Annual demand (packages) 234,000 234,000 234,000 234,000 234,000 

Cost per purchase order SU STR eS SRR BSN! MSNA R Seat oTMae SY 1eu8T 

Carrying cost per package per year cS) ih 8S hkl SS alee oS ae Sa 

Quantity (packages) per purchase order 900 1,500 1,800 2,100 2,700 

Number of purchase orders per year 

Annual relevant ordering costs 

Annual relevant carrying costs 

Annual total relevant costs of ordering 

and carrying inventory 

Assignment Material 833 
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LO@ 
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LO@ 
2. Weekly demand, 2,375 pairs 

of shoes 

LO ® 
1, Annual cost of producing and 

carrying J-Pods in Inventory, 

$3,040,000 

LO® 

Required 

1. Complete the preceding table for Liv Carrol. What is the E0Q? Comment on your results. 
2. Mona Lisa is about to introduce a web-based ordering system for its customers. Liv Carrol estimates 

that Koala Blue's ordering costs will be reduced to $49 per purchase order. Calculate the new EOQ and 

the new annual relevant costs of ordering and carrying inventory. 

3, Liv Carrol estimates that Koala Blue will incur a cost of $2,000 to train its two purchasing assistants to 
use the new Mona Lisa system. Help Liv Carrol present a case to upper management showing that 
Koala Blue will be able to recoup its training costs within the first year of adoption. 

20-27 EOQ, uncertainty, safety stock, reorder point. Clarkson Shoe Co. produces and sells excel- 
lent quality walking shoes. After production, the shoes are distributed to 20 warehouses around the country, 
Each warehouse services approximately 100 stores in its region. Clarkson uses an EQQ model to determine 

the number of pairs of shoes to order for each warehouse from the factory. Annual demand for warehouse 
OR2 is approximately 114,000 pairs of shoes. The ordering cost is $180 per order. The annual carrying cost of 
a pair of shoes is $3.60 per pair. 

Required 

1. Use the E0Q model to determine the optimal number of pairs of shoes per order. 
2. Assume monthly demand is 9,500 shoes and each month consists of approximately 4 weeks. If it takes 

1 week to receive an order, at what point should warehouse OR2 reorder shoes? 

3, Although OR2's average monthly demand is 9,500 pairs of shoes (114,000 + 12 months), demand each 
month may vary from the average by up to 10%. To handle the variation in demand, Clarkson has 
decided that OR2 should maintain enough safety stock to cover any demand level. How much safety 

stock should warehouse OR2 hold? How will this affect the reorder point and reorder quantity? 
4, What is the cost of carrying the safety stock? 

20-28 MRP and ERP. MacroHard Corp. produces J-Pods, music players that can download thousands of 
songs. MacroHard forecasts that demand for the year will be 48,000 J-Pods. The variable production cost of 
each J-Pod is $50. Due to the large $50,000 cost per setup, MacroHard plans to produce J-Pods once a 

month in batches of 4,000 each. The carrying cost of a unit in inventory is $20 per year. 

Required 

1. Using an MRP system, whatis the annual cost of producing and carrying J-Pods in inventory? (Assume 
that, on average, half of the units produced in a month are in inventory.) 

2. A new manager at MacroHard has suggested that the company use the EOQ model to determine the 
optimal batch size to produce. (To use the EOQ model, MacroHard needs to treat the setup cost in the 
same way it would treat ordering cost in a traditional E0Q model.) Determine the optimal batch size and 
number of batches. Round up the number of batches to the nearest whole number. What would be the 
annual cost of producing and carrying J-Pods in inventory if it uses the optimal batch size? 

3. MacroHard is also considering switching from an MRP system to a JIT system. This will result in produc- 
ing to demand in batch sizes of 500 J-Pods. The frequency of production batches will force MacroHard to 
reduce setup time and will result in a reduction in setup cost. The new setup cost will be $5,000 per setup. 

Whatis the annual cost of producing and carrying J-Pods in inventory under the JIT system? 

4. Compare the models analyzed in the previous parts of the problem. What are the advantages and dis- 

advantages of each? 

20-29 Effect of management evaluation criteria on EOQ model. Computer Depot purchases one 
model of computer at a wholesale cost of $300 per unit and resells it to end consumers. The annual demand 
for the company's product is 600,000 units. Ordering costs are $1,200 per order and carrying costs are 

$75 per computer, including $30 in the opportunity cost of holding inventory. 

Required 

1. Compute the optimal order quantity using the EOQ model. 
2. Compute (a) the number of orders per year and (b) the annual relevant total cost of ordering and carry- 

ing inventory. 

3. Assume that when evaluating the manager, the company excludes the opportunity cost of carrying 
inventory. If the manager makes the EOQ decision excluding the opportunity cost of carrying inventory, 
the relevant carrying cost would be $45, not $75. How would this affect the E0Q amount and the actual 
annual relevant cost of ordering and carrying inventory? 

4. What is the cost impact on the company of excluding the opportunity cost of carrying inventory when 
making EOQ decisions? Why do you think the company currently excludes the opportunity costs of 
carrying inventory when evaluating the manager's performance? What could the company do to 

encourage the manager to make decisions more congruent with the goal of reducing total inventory 
costs? 



20-30 EOQ, uncertainty, safety stock, reorder point. Stewart Corporation is a major automobile 
manufacturer. It purchases steering wheels from Coase Corporation. Annual demand is 10,400 steering 

wheels per year or 200 steering wheels per week. The ordering cost is $100 per order. The annual carrying 

cost is $13 per steering wheel. It currently takes 1.5 weeks to supply an order to the assembly plant, 

Required 

1. What is the optimal number of steering wheels that Stewart's managers should order according to the 
E0O model? 

2, Atwhat point should managers reorder the steering wheels, assuming that both demand and purchase- 
order lead time are known with certainty? 

3. Now assume that demand can vary during the 1.5-week purchase-order lead time. The following table 

shows the probability distribution of various demand levels: 

Total Demand for Steering Wheels for 1.5 Weeks Probability of Demand (sums to 1) 

100 0.15 

200 0.20 

300 0.40 

400 0.20 

500 0.05 

lf Stewart runs out of stock, it would have to rush order the steering wheels at an additional cost of 

$9 per steering wheel. How much safety stock should the assembly plant hold? How will this affect the 

reorder point and reorder quantity. 

20-31 JIT purchasing, relevant benefits, relevant costs. (CMA, adapted) The CH Holling Corpora- 

tion (CHH) is an automotive supplier that uses automatic turning machines to manufacture precision parts 

from steel bars. CHH's inventory of raw steel averages $600,000. John Oates, president of CHH, and Helen 
Gorman, CHH’s controller, are concerned about the costs of carrying inventory. The steel supplier is willing 

to supply steel in smaller lots at no additional charge. Gorman identifies the following effects of adopting a 

JIT inventory program to virtually eliminate steel inventory: 

e Without scheduling any overtime, lost sales due to stockouts would increase by 35,000 units per year. 

However, by incurring overtime premiums of $40,000 per year, the increase in lost sales could be 

reduced to 20,000 units per year. This would be the maximum amount of overtime that would be feasible 

for the company. 
= Two warehouses currently used for steel bar storage would no longer be needed. The company rents 

one warehouse from another company under a cancellable leasing arrangement at an annual cost of 

$60,000. The company owns the other warehouse and contains 12,000 square metres. Three-quarters 

of the space in the owned warehouse could be rented for $1.50 per square metre per year. Insurance 

and property tax costs totalling $14,000 per year would be eliminated. 

The required rate of return on investment is 20% per year, and budgeted income statement for the 

year ending December 31, 2022, (in thousands) is as follows: 

CH Holling Corporation Budgeted Income Statement 

For the Year Ending December 31, 2022 

(in thousands) 

Revenue (900,000 units) $10,800 

Cost of goods sold 

Variable costs $4,050 

Fixed costs 1,450 

Total costs of goods sold __ 5,500 

Gross margin 5,300 

Marketing and distribution costs 

Variable costs 900 

Fixed costs _1,500 

Total marketing and distribution costs _ 2,400 

Operating income $ 2,900 

Assignment Material 835 
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LOoO® 
1, Total costs Maji, $935,680 

2 

LO® 
1, Finished goods contro! DR, 

945,000 

LO © 
1. Cost of goods sold DR, 

900,000 

Required 

1. Calculate the estimated dollar savings (loss) that would result in 2022 from the adoption of JIT 
purchasing. 

2. Identify and explain other factors that should be considered before deciding whether to adopt JIT 
purchasing. 

20-32 Supply-chain effects on total relevant inventory cost. Cow Spot Computer Co. outsources the 
production of motherboards for its computers. It has narrowed down its choice of suppliers to two com- 

panies: Maji and Induk. Maji is an older company with a good reputation, while Induk is a newer company 

with cheaper prices. Given the difference in reputation, 5% of the motherboards will be inspected if they are 
purchased from Maji, but 25% of the motherboards will be inspected if they are purchased from Induk. The 
following data refer to costs associated with Maji and Induk. 

Maji Induk 

Number of orders per year 50 50 

Annual motherboards demanded 10,000 10,000 

Price per motherboard $ 93 $ 90 

Ordering cost per order $ 10 $ 8 

Inspection cost per unit $ 5 $ 5 

Average inventory level 100 units 100 units 

Expected number of stockouts 100 300 

Stockout cost (cost of rush order) per stockout $ 5 Say u8 

Units returned by customers for replacing motherboards 50 500 

Cost of replacing each motherboard $ 20 $ 20 

Required annual return on investment 10% 10% 

Other carrying cost per unit per year $ 2.50 $ 2.50 

Required 

1, Whatis the relevant cost of purchasing from Maji and Induk? 

2, What factors other than cost should Cow Spot consider? 

20-33 Backflush costing and JIT production. The Acton Corporation manufactures electrical meters. 
For August, there were no beginning inventories of direct materials and no beginning or ending work-in- 
process. Acton uses a JIT production system and backflush costing with three trigger points for making 
entries in the accounting system: 

w Purchase of direct materials—debited to Inventory: Materials and In-Process Control 

ws Completion of good finished units of product—debited to Finished Goods Control 
= Sale of finished goods 

Acton’s August standard cost per meter is direct material, $25; and conversion cost, $20. The follow- 
ing data apply to August manufacturing: 

Direct materials purchased $550,000 

Conversion costs incurred $440,000 

Number of finished units manufactured 21,000 

Number of finished units sold » 20,000 
Required 

1, Prepare summary journal entries for August (without disposing of under- or overallocated conversion 
costs), Assume no direct materials variances. 

2. Post the entries in requirement 1 to T-accounts for Inventory: Materials and In-Process Control, Finished 

Goods Control, Conversion Costs Control, Conversion Costs Allocated, and Cost of Goods Sold. 

20-34 Backflush, two trigger points, materials purchase and sale (continuation of Problem 
20-33), Assume that the second trigger point for Acton Corporation is the sale—rather than the comple- 
tion—of finished goods. Also, the inventory account is confined solely to direct materials, whether these 

materials are in a storeroom, in work-in-process, or in finished goods. No conversion costs are inventoried. 
They are allocated to the units sold at standard costs. Any under- or overallocated conversion costs are 
written off monthly to Cost of Goods Sold. 



Required 

1. Prepare summary journal entries for August, including the disposition of under- or overallocated con- 
version costs. Assume no direct materials variances. 

2. Post the entries in requirement 1 to T-accounts for Inventory Control, Conversion Costs Control, Con- 
version Costs Allocated, and Cost of Goods Sold. 

20-35 Backflush, two trigger points, completion of production and sale (continuation of 
Problem 20-33). Assume the same facts as in Problem 20-33 except now there are only two trigger points: 
the completion of good finished units of product and the sale of finished goods. 

Required 

1. Prepare summary journal entries for August, including the disposition of under- or overallocated con- 
version costs. Assume no direct materials variances. 

2. Post the entries in requirement 1 to T-accounts for Finished Goods Control, Conversion Costs Control, 
Conversion Costs Allocated, and Cost of Goods Sold. 

20-36 Lean accounting. LockTite (LT) has introduced a JIT production process and is considering the 
adoption of lean accounting principles to support its new production philosophy. The company has two 
product lines: mechanical devices and electronic devices. Two individual products are made in each line. 

The company’s traditional cost accounting system allocates all plant-level overhead costs to individual 
products. Product-line overhead costs are traced directly to product lines, and then allocated to the two 

individual products in each line. Equipment costs are directly traced to products. The latest accounting 
report using traditional cost accounting methods included the following information (in thousands of 
dollars). 

Mechanical Devices Electronic Devices 

Product A Product B Product C Product D 

Sales $700 $500 $900 $450 

Direct materials (based on quantity used) 200 100 250 75 

Direct manufacturing labour 150 75 200 60 

Equipment costs 90 125 200 100 

Allocated product-line overhead 110 60 125 50 

Allocated plant-level overhead __ 50 ok) _ 80 _ 2 

Operating income $100 $105 $45 $140 

LT has determined that each of the two product lines represents a distinct value stream. It has also 

determined that $120,000 of the allocated plant-level overhead costs represents occupancy costs. Product A 

occupies 20% of the plant's square footage, Product B occupies 20%, Product C occupies 30%, and 
Product D occupies 15%. The remaining square footage is occupied by plant administrative functions or is 

not being used. Finally, LT has decided that direct material should be expensed in the period in which it 
is purchased, rather than when the material is used. According to purchasing records, direct material 
purchase costs during the period were 

Mechanical Devices Electronic Devices 

ProductA Product B Product C Product D 

Direct materials (purchases) $190 $125 $250 $90 

Required 

1, What are the cost objects in LT’s lean accounting system? Which of LT’s costs would be excluded 
when computing operating income for these cost objects? 

2. Compute operating income for the cost objects identified in requirement 1 using lean accounting prin- 

ciples. Why does operating income differ from the operating income computed using traditional cost 

accounting methods? 

20-37 EOQ conflicts. Ralph Menard is the owner of a truck repair shop. He uses an EQQ model for 
each of his truck parts. He initially predicts the annual demand for heavy-duty tires to be 2,000. Each tire has 

a purchase price of $60. The incremental ordering costs per purchase order are $48. The incremental carry- 
ing costs per year are $4.80 per unit plus 10% of the supplier's purchase price. 

Assignment Material 837 
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mechanical devices, $227 
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carrying costs, $1,440 
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Required 

1. Calculate the EOQ for heavy-duty tires, along with the sum of annual relevant ordering costs and carry- 

ing costs. 

2. Suppose Menardis correctin all his predictions except the purchase price. (He ignored a new law that 
abolished tariff duties on imported heavy-duty tires, which led to lower prices from foreign competi- 

tors.) If he had been a faultless predictor, he would have foreseen that the purchase price would drop 
to $36 at the beginning of the year and would be unchanged throughout the year. Whatis the cost of the 
prediction error? 

LO © 20-38 Backflush costing. The Ronowski Company produces telephones. For June, there were no 
1, Conversion costs control DR, beginning inventories of raw materials and no beginning and ending work-in-process. Ronowski uses a JIT 

3,696,000 production system and backflush costing with three trigger points for making entries in its accounting 
system: 

w Purchase of direct (raw) materials 
= Completion of good finished units of product 
e Sale of finished goods 

Ronowski’s June standard cost per unit of telephone product is direct materials, $31.20; conversion 

costs, $18. There are three inventory accounts: 

a Inventory: Raw 

w Inventory: In-Process Control 
a Finished Goods Control 

The following data apply to June manufacturing: 

Raw materials purchased $6,360,000 

Conversion costs incurred $3,696,000 

Number of finished units manufactured 200,000 

Number of finished units sold 192,000 

Required 

1. Prepare summary journal entries for June (without disposing of under- or overallocated conversion 

costs). Assume no direct materials variances. 

2. Post the entries in requirement 1 to T-accounts for applicable Inventory Control, Conversion Costs 

Control, Conversion Costs Allocated, and Cost of Goods Sold. 

LO ® 20-39 Supplier evaluation and relevant costs of quality and timely deliveries. Copeland 
Total annual relevant costs, Big Sporting Goods is evaluating two suppliers of footballs: Big Red and Quality Sports. Pertinent information 

Red, $738,940 about each potential supplier follows: 

Relevant Item Big Red Quality Sports 

€ Purchase price per unit (case) $ 60.00 $ 61.20 

Ordering costs per order $ 7.20 $ 7.20 

Inspection costs per unit $ 0.02 $ 0.00 

Insurance, material handling, and so on per unit per year $ 4.00 $ 4.50 

Annual demand 12,000 units 12,000 units 

Average quantity of inventory held during the year 100 units 100 units 

Required return on investment 15% 15% 

Stockout costs per unit $ 24 Siwel2 

Stockout units per year 350 units 60 units 

Customer returns 300 units 25 units 

Customer-return costs per unit $ 30 Seenco 

Required 

Calculate the relevant costs of purchasing (1) from Big Red and (2) from Quality Sports using the format of 
Exhibit 20-7. From whom should Copeland buy footballs? 



20-40 Backflush costing and JIT production. The Grand Meter Corporation manufactures electri- 
cal meters. For August, there were no beginning inventories of direct materials and no beginning or ending 

work-in-process. Grand Meter uses a JIT production system and backflush costing with three trigger points 
for making entries in the accounting system: 

@ Purchase of direct materials and incurring of conversion costs 
w Completion of good finished units of product 
e Sale of finished goods 

Grand Meter’s August standard cost per meter is direct materials, $25, and conversion cost, $20. 
Grand Meter has no direct materials variances. The following data apply to August manufacturing: 

Direct materials purchased $550,000 Number of finished units manufactured 21,000 

Conversion costs incurred $440,000 Number of finished units sold 20,000 

Required 

1. Prepare summary journal entries for August (without disposing of under- or overallocated conversion 
costs). Assume no direct materials variances. 

2. Post the entries in requirement 1 to T-accounts for Materials and In-Process Inventory Control, Finished 
Goods Control, Conversion Costs Control, Conversion Costs Allocated, and Cost of Goods Sold. 

20-41 Purchase-order size for retailer, EOQ, JIT purchasing. The 24-Hour Mart operates a chain of 
supermarkets. Its best-selling soft drink is Fruitslice. Demand (D) in April for Fruitslice at its Regina super- 
market is estimated to be 7,200 cases (24 cans in each case). In March, the Regina supermarket estimated 

the ordering costs per purchase order (P) for Fruitslice to be $36. The carrying costs (C) of each case of 
Fruitslice in inventory for a month were estimated to be $1.20. At the end of March, the Regina 24-Hour Mart 
reestimated its carrying costs to be $1.80 per case per month to take into account an increase in warehouse- 

related costs. 
During March, 24-Hour Mart restructured its relationship with suppliers. It reduced the number of 

suppliers from 600 to 180. Long-term contracts were signed only with those suppliers that agreed to make 

product quality checks before shipping. Each purchase order would be made by linking into the suppliers’ 
computer network. The Regina 24-Hour Mart estimated that these changes would reduce the ordering 
costs per purchase order to $6. The 24-Hour Mart is open 30 days in April. 

Required 

1. Calculate the EOQ in April for Fruitslice. Use the EOQ model, and assume in turn that 

a. D=7,200; P=$36; C=$1.20 

b. D=7,200; P=$36; C= $1.80 

c. D=7,200; P= $6; C= $1.80 

2. How does your answer to requirement 1 give insight into the retailer's movement toward JIT purchas- 

ing policies? 

Collaborative Learning Case 

20-42 Backflushing. The following conversation occurred between Brian Richardson, plant manager at 
Glendale Engineering, and Charles Cheng, plant controller. Glendale manufactures automotive component 
parts, such as gears and crankshafts, for automobile manufacturers. Richardson has been very enthusiastic 

about implementing JIT and about simplifying and streamlining production and other business processes. 
“Charles,” Richardson began, “I would like to substantially simplify our accounting in the new JIT 

environment, Can't we just record one journal entry at the time we ship products to our customers? | don’t 
want to have our staff spending time tracking inventory from one stage to the next, when we have as little 

inventory as we do.” 
“Brian,” Cheng said, “I think you are right about simplifying the accounting, but we still have a fair 

amount of direct materials and finished goods inventory that varies from period to period, depending on 
the demand for specific products. Doing away with all inventory accounting may be a problem.” 

“Well,” Richardson replied, “you know my desire to simplify, simplify, simplify. | know that there are 
some costs of oversimplifying, but | believe that, in the long run, simplification pays dividends. Why don't 
you and your staff study the issues involved, and | will put it on the agenda for our next management 

meeting.” 

Assignment Material 

LO® 

LO ®@ 
1, a. EOQ, 658 cases 

LO @ 
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Required 

1. What version of backflush costing would you recommend that Cheng adopt? Remember Richardson's 
desire to simplify the accounting as much as possible. Develop support for your recommendation. 

2. Think about the three versions of backflush costing shown in this chapter. These versions differ with 
respect to the number and types of trigger points used. Suppose your goal of implementing backflush 
costing is to simplify the accounting, but only if it closely matches the sequential-tracking approach. 
Which version of backflush costing would you propose if 

a. Glendale had no direct materials and no work-in-process inventories but did have finished goods 
inventory? 

b. Glendale had no work-in-process and no finished goods inventories but did have direct materials 
inventory? 

c. Glendale had no direct materials, no work-in-process, and no finished goods inventories? 

3. Adler et al. argue the reporting needs of manufacturing systems are not satisfactorily met through the 

use of backflush accounting systems.® Perpetual costing systems provide more valuable data and real- 

istic costing information, which is more in keeping with modern manufacturing techniques. Comment 

on the use of perpetual versus backflush costing systems and their applicability. 

2DP 

aCe 
(D)emand = 1,000 

(P) Cost of Order = $120 

(Carrying) Cost of ice-cream maker = $80 x 40% = $32 

V((2 x 1,000 x 120)(80 x 40%)) 
= 86.6 ~ 87 ice-cream makers 

(D)emand = 1,000 

E00 = 

And assuming Spears uses an operating calendar of 365 days per year, the average daily demand 

would equal 

1,000/365 = 2.74 

The reorder point = daily demand x lead time 

2.74 X 8 = 21.92~22 units. 

SRe Adler, A.M. Everett, and M. Waldron. (2000, June). “Advanced Management Accounting Techniques in Manufacturing: 
arn ee and Barriers to Implementation.” In Accounting Forum (Vol. 24, No. 2, pp. 131-150). Blackwell 
ublishers Ltd. 



Learning Objectives 
@ Apply the concept of the time 

value of money to capital 
budgeting decisions. 

@ Evaluate discounted cash flow 
_ (DCF) and non-DCF methods to 
calculate rate of return (ROR). 

© Analyze the impact of income 
taxes on discounted cash 

flows and capital budgeting 

decisions. 

© Apply the concept of relevance 

to DCF methods of capital 

budgeting. 

@ Assess the complexities in 
capital budgeting within an 

interdependent set of value- 

chain business functions. 

@ Apply the concept of defensive 

strategic investment to the 
capital budgeting process. 

CPA Competencies* 
This chapter covers material 

outlined in Section 3: 

Management Accounting of the 

CPA Competency Map. The 
Learning Objectives in this chapter 

have been aligned with the CPA 

Competency Map to ensure the 
best coverage possible. . 

3.2.1 Develops or evaluates 

information inputs for operational 

plans, budgets, and forecasts 

3.2.2 Prepares, analyzes, or 

evaluates operational plans, 

budgets, and forecasts 

3.2.3 Computes, analyzes, or 

assesses implications of variances 

3.4.1. Evaluates sources and 

drivers of revenue growth 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada. 

Capital Budgeting: Methods 
of Investment Analysis 

Cedar Fair Entertainment Company 
and Capital Investments 
Cedar Fair Entertainment Company is the leading operator of amusement parks in 

Canada and the United States, entertaining over 23 million guests each year. The 

company’s most well-known Canadian property is Canada’s Wonderland in Ontario. 

The park has some of the largest roller coasters in the world, as well as an abundance 

of non-coaster rides and activities. One roller coaster, “The Leviathan,” which opened 

in 2013, cost US$28 million to build. Its successor, the “Yukon Striker” was more 

grand, but also more economical, costing approximately US$25 million. The company 
doesn’t mind the cost, as long as there is sufficient return. 

According to Cedar Point’s vice president and general manager, “It’s innovative 

thrills, like those our visitors will experience on the Leviathan, that keep them coming 

back year after year, earning us the honor of 'Best Amusement Park in the World.” 

The company’s CEO views the strategic investments in new rides and attractions as 
one of the keys to the company’s ongoing success. 

Sources: Cedarpoint.com; Cedar Fair, L.P. 2012 10(K) filing, http://www.goldenticketawards.com/pdfs/at_goldenticket_ 
2018_web.pdf; Coasterpedia, https://coasterpedia.net/wiki/Yukon_Striker 
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Capital Budgeting and Decision Making 
(5DM Approach) 

Loe Capital budgeting is the process of making long-run planning decisions for investments in 
projects. In much of accounting, ineome is calculated on a period-by-period basis. How- 

time’ value of money t6 ever, in choosing investments, managers often must make a selection from among a group 
capital budgeting of multiple projects, each of which may span several periods. Exhibit 21-1 illustrates these 
decisions. two different, yet intersecting, dimensions of cost analysis: (1) horizontally across, as the 

project dimension, which depicts the life span of the project, and (2) vertically upward, as 
the accounting-period dimension, which depicts the accounting period (in this case a year). 
Each project is represented as a horizontal rectangle starting and ending at different times 
and stretching over time spans longer than one year. The vertical rectangle for the current 
accounting period, for example, represents the dimensions of income determination and 
routine annual planning and control that were ongoing that year. 

Capital budgeting analyzes each project by considering all of the cash flows in the life 
of the investment, from the initial expenditures through the termination of the project. In 
this fashion, it is analogous to life-cycle budgeting and costing. For example, when Samsung 
considers a new line of smartphones, it begins by estimating all potential revenues from the 
new line as well as any costs that will be incurred along its life cycle. Only after examining 
the potential costs and benefits across all of the business functions in the value chain, from 
research and development (R&D) to customer service, across the entire life span of the new 
project, does Samsung decide whether the new model is a wise investment. 

The 5DM model demonstrates how capital budgeting is both a decision-making and 
a control tool. 

Apply the concept of the 

Step 1: Identify projects For example, when Samsung sought a strategy of product 
Identify potential capital differentiation in the form of the phablet, the Samsung 
investments that agree with Galaxy Il, it listed possible upgrades and changes from its 
the organization’s strategy. present offering. Alternatively, a strategy of cost leader- 

ship could be promoted by projects that improve produc- 
tivity and efficiency in its low-cost model offerings. 

Step 2: Obtain information In this step, marketing is queried for potential revenue 
Gather information from all numbers, plant managers are asked about assembly times, 
parts of the value chain to and suppliers are consulted about prices and the availabil- 
evaluate alternative projects. ity of key components. Some projects may even be rejected 

at this stage. For example, suppose Samsung learns that 
the phablet simply cannot be built using existing produc- 
tion lines. It may opt to cancel the project altogether. 

Step 3: Make predictions ~ Capital investment projects generally involve substantial 
Forecast all potential cash initial outlays, which are recouped over time through 
flows attributable to the annual cash inflows and the disposal values at the termina- 
alternative projects. tion of the project. As a result, they require the firm to 

make forecasts of cash flows several years into the future 
to estimate if the investment will be worth the cost. 

CREED The Project 
and Time Dimensions of 

Capital Budgeting 
Project M 

Project N 

Project O 

Project P 

2019 2019 2020 2021 2022 2023 

Accounting Period 
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Step 4: Make decisions Using the quantitative information obtained in step 3 
by choosing among (which is typically limited to financial information), man- 
alternatives Determine agers use their judgment and intuition to factor in qualita- 
which investment yields the tive information and strategic considerations as well. For 
greatest benefit and the least example, even if a proposed new line of low-cost phones 
cost to the organization. meets its financial targets on a standalone basis, Samsung 

might decide not to pursue it further if it feels that the new 
model will lessen the value of the firm’s brand. 

Step 5: Implement the 

decision, evaluate 

performance, and learn 

Given the complexities of 
capital investment decisions 
and the long time horizons 
they span, this stage can be 
separated into two phases: 

Phase 1: Obtain funding Sources of funding include internally generated cash flow 
and make the investments as well as equity and debt securities sold in capital mar- 
selected in step 4. kets. Managers must examine the most cost effective strat- 

egy to generate capital within the firm’s capabilities and 
consistent with its overall strategy. 

Phase 2: Track realized cash As the cash outflows and inflows begin to accumulate, man- 
flows, compare against agers can verify whether the predictions made in step 3 agree 
estimated numbers, and with the actual flows of cash from the project. When Micro- 
revise plans if necessary. soft initially released the Surface tablet, its realized sales 

were substantially lower than the original demand estimates. 
Microsoft responded by adjusting supplies and raw materi- 
als and manufacturing fewer devices, reflective of demand. 

To illustrate capital budgeting, consider Top-Spin tennis racquets. Top-Spin was one 
of the first major tennis-racquet producers to introduce graphite in its racquets. This 
allowed Top-Spin to produce some of the lightest and stiffest racquets in the market. How- 
ever, new carbon-fibre impregnated racquets are even lighter and stiffer than their graphite 
counterparts. Top-Spin has always been an innovator in the tennis-racquet industry, and 
wants to stay that way, so in step 1, it identifies the carbon-fibre racquet project. During 
information gathering (step 2), the company learns that it could feasibly begin using car- 
bon-fibre in its racquets as early as next year, if it replaces one of its graphite forming 
machines with a carbon-fibre weaving machine. After collecting additional data, Top-Spin 
begins to forecast future cash flows if it invests in the new machine (step 3). Top-Spin esti- 
mates that it can purchase a carbon-fibre weaving machine with a useful life of five years 
for a net after-tax initial investment of $379,100, which is calculated as follows: 

Cost of new machine $390,000 

Investment in working capital 9,000 

Cash flow from disposing of existing machine (after tax) (19,900) 

Net initial investment for new machine $379,100 

New projects often necessitate additional investments in current assets such as inven- 

tories and receivables. In the case of Top-Spin, the purchase of the new machine is accom- 
panied by an outlay of $9,000 for supplies and spare parts 
inventory. At the end of the project, the $9,000 in supplies and 
spare parts inventory is liquidated, resulting in a cash inflow. How- | 2 co45 ang current iebilties andi renreeenits the capital 
ever, the machine itself is believed to have no terminal disposal | (seq in the firm's day-to-day operations. 
value after five years. 

Managers estimated that by introducing carbon-fibre impregnated racquets, operating 
cash inflows (cash revenues minus cash operating costs) will increase by $100,000 (after 

Working capital refers to the difference between current 
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LOo® 
Evaluate discounted cash 

flow (DCF) and non-DCF 
methods to calculate rate 

of return (ROR). 

tax) in the first four years and $91,000 in year 5. To simplify the analysis, suppose that all 
cash flows occur at the end of each year. Note that cash flow at the end of the fifth year also 
increases by $100,000: $91,000 in operating cash inflows and $9,000 in working capital. 

Management next calculates the costs and benefits of the proposed project. This 
chapter discusses four capital budgeting methods to analyze financial information: 

1. Net present value (NPV) 

2. Internal rate of return (IRR) 

3. Payback 

4, Accrual accounting rate of return (AARR) 

Both the net NPV and IRR methods use discounted cash flows, which we discuss in 
the following section. 

A Note on Sources of Capital and Timing of Investments 

Financing is most often the treasury function of an organization. Once the investment 
decision is made, then the financing must be acquired. Again this is an information-gathering 
process, and if financing is unavailable, this will change the investment decision. In reality, 
financing opportunities are often investigated simultaneously with the formal analyses of 
the costs and benefits of various investments. One reason is that interest expense is a cash 
cost of any investment financed by debt. 

When a company such as Top-Spin finally makes a decision and moves forward with an 
investment, careful thought must be applied in choosing the source of capital to fund the proj- 
ect (step 5). These choices must be consistent with the company’s overall strategy and within 
any constraints (e.g., an agreement with a debt-holder that it will take on no more debt). 
Long-term investments are appropriately financed by long-term capital to avoid the opportu- 
nity costs of spending too much cash immediately and jeopardizing the liquidity of the corpo- 
ration. Good long-term debt contracts match the timing of cash outflows to pay obligations 
somewhat closely to the timing of predicted cash inflows. For example, an investment with a 
useful life of 25 years would be financed by a 25-year long-term debt contract. Sources of 
financing can also include internally generated cash flow from operations. However, this must 
be adequate to cover any working capital outlays in the first year of a long-term investment 
because long-term investments rarely generate cash inflow in their early years. 

Discounted Cash Fiows and the 
Time Value of Money 

Discounted cash flow (DCF) methods measure all expected future cash inflows and out- 

flows of a project discounted back to the present point in time. DCF focuses on cash 
inflows and outflows rather than on operating income as used in conventional accrual 
accounting. Cash is invested now with the expectation of receiving a greater amount of 
cash in the future. It is important to understand that accrual accounting estimates of value 
are reported on the statement of comprehensive income and statement of financial posi- 
tion according to generally accepted accounting principles (IFRS or ASPE). Cash flow will 
not equal either operating or net income for the current period. Companies without cash 
to fulfill their contractual obligations are either insolvent or bankrupt. Therefore, the 
management team must focus on predicted cash flow when creating a capital budget. 
The predicted timing and amount of cash inflow and outflow is especially important. 

The key feature of DCF methods is the application of the time value of money. This 
method estimates how a dollar (or any other monetary unit) received today is worth more 
than a dollar received at any future time. The reason is that $1 received today can be invested 
at, for example, 10% per year so that it grows to $1.10 at the end of one year. The time value 
of money is the opportunity cost (the return of $0.10 forgone per year) from not having the 
money today. In this example, $1 received one year from now is worth $1 + 1.10 = $0.9091 
today. Similarly, $100 received one year from now will be weighted by 0.9091 to yield a 
DCF of $90.91, which is the value today of the $100 to be received next year. 



Discounted Cash Flows and the Time Value of Money 

The longer the time horizon (e.g., a project spanning 15 years as compared to a 
project spanning S years) results in a higher level of uncertainty. In practical terms, the 
risk increases the longer it takes to collect the long-term returns of a project, and the 
greater the potential that those returns may not be realized. In this way, DCF methods 
explicitly weigh cash flows by the time value of money. Note that DCF focuses exclu- 
sively on cash inflows and outflows rather than on operating income as determined by 
accrual accounting. The compound interest tables and formulas used in DCF analysis 
are in Appendix A. 

The two DCF methods we describe are the NPV method and the IRR method. Both 
DCF methods use what is called the required rate of return (RRR), which is the minimum 
acceptable annual ROR on an investment. The RRR is internally set, usually by upper 
management, and typically reflects the return that an organization could expect to receive 
elsewhere for an investment of comparable risk. The RRR is also called the discount rate, 
hurdle rate, cost of capital, or opportunity cost of capital. Suppose the CFO at Top-Spin 
has set the RRR for the firm’s investments at 8% per year; it would affect NPV and IRR. 

Net Present Value Method 

The net present value (NPV) method calculates the expected financial gain or loss from a 
project by discounting all expected future cash inflows and outflows back to the present 
point in time using the RRR. Only projects with a positive NPV are acceptable because the 
return from these projects exceeds the cost of capital (the return available by investing the 
capital elsewhere). Managers prefer projects with higher NPVs to projects with lower 
NPVs, if all other things are equal. 

To use the NPV method, apply the first three steps of the SDM as follows: 

Step 1: Identify the scope and form of the project, including an estimate of the initial cost 
of the investment. The focus should be on identifying projects that are consistent with the 
organization’s strategy (e.g., cost leadership, market expansion, or product differentiation). 

Step 2: Collect the relevant information on the project(s) including estimates from mar- 
keting on revenues and market impact and information from production departments on 
cash outflows, and investigate possible sources and costs of capital to invest in the proj- 

ect. You can include this information in your NPV model by sketching out the relevant 
cash inflows and outflows, and include the basic project information such as initial 
investment and useful life (see Exhibit 21-2). 

The right side of Exhibit 21-2 shows how these cash flows are portrayed. Outflows 
appear in parentheses. Note that Exhibit 21-2 includes the outflow for the new machine 
at year 0, the time of the acquisition. The NPV method focuses only on cash flows in any 
form, which can include operations, purchase or sale of equipment, or investment or 
recovery of working capital. The discount factor is determined by choosing the correct 
compound interest table from Appendix A. In our example, we are looking for the present 
value of $1, and so we will refer to Table 2. If we use Table 2, we find the discount factors 
for periods 1-5 under the 8% column presents the five discount factors. We can discount 
each year’s cash flow separately using Table 2 (Appendix A). 

Step 3: The forecast of the project cash flows is determined through the application of 
the NPV method as depicted in Exhibit 21-2: 

i, Calculate the outflow for the investment at the start of year 1 (also referred to as end 
of year 0). For Top-Spin, this is the acquisition of a new machine. 

ii. Trace the unadjusted cash inflows and outflows over the life of the project. 

iii. Discount the cash flows using the compound interest table from Appendix A (Table 2). 
In the Top-Spin example, we can discount each year’s cash flow separately, and we find 
the discount factors for periods 1-5 under the 8% column. To obtain the present value 
amount, multiply each discount factor by the corresponding amount represented by the 
arrow on the right in Exhibit 21-2 ($379,100 x 1.000; $100,000 x 0.926; and so on 
to $100,000 X 0.681) and then sum these five amounts together. Subtracting the initial 
investment then reveals the NPV of the project as $20,200 (= $399,300 — $379,100). 

845 
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ese Forecast of Project Cash Flows 

$100,000 | $100,000 j | $100,000 

Annuity present value from Table 4, Appendix A. The annuity value of 3.993 is the sum of the individual discount rates 0.926 + 0.857 + 0.794 + 0.735 + 0.681. 

Based on this calculation, we could conclude that the project is a good choice finan- 
cially. However, other considerations must be examined in step 4 of the SDM that are 
based on qualitative or non-financial information and manager’s judgment. 

An Alternative Route to the Solution 

Because the investment in the new machine produces a series of equal cash flows ($100,000) 
at equal time intervals (once a year for five years), it constitutes an annuity. Because the 
cash flows are uniform, Appendix A, Table 4 (concerning the present value of an annuity) 
can be used to compute the value of the investment. Under this approach, we find that the 
annuity factor for five periods under the 8% column is 3.993, which is the sum of the five 
discount factors used in the approach described above. We multiply the uniform annual 
cash inflow ($100,000) by this factor to obtain the present value of the inflows ($399,300). 
The annuity approach can only be used with uniform cash flows. 

Assumptions about the timing and amount of cash flows are extremely important. 
If you use a programmable calculator or a popular spreadsheet program to calculate NPV, 
you may obtain a slightly different answer than if you use a compound interest table. The 
reason is that the compound interest table in Appendix A assumes the cash inflow all occurs 
at the end of each year, whereas many programs default to assume the inflow occurs at the 
beginning of each year. Most programs include an option to choose your assumption 
about the timing of cash inflows and the number of decimal places. 

Internal Rate of Return Method 

The internal rate of return (IRR) method calculates the discount rate at which the value 
of all expected cash inflows equals the present value of an investment’s expected cash out- 
flows. That is, the IRR is the discount rate that makes NPV = $0. 

Exhibit 21-3 presents the cash flows and shows the calculation of NPV using a 10% 
annual discount rate for Top-Spin’s carbon-fibre project. At a 10% discount rate, the 
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Internal Rate of Return Method: Top-Spin’s Carbon-Fibre Machine 

Net initial investment $379,100 
Useful life 5 years 

Annual cash inflow $100,000 

Annual discount rate 10% 

Present Value| Present Value of Sketch of Relevant Cash Flows at End of Each Year 

| of Cash Flow | $1 Discounted at 10% 

la | Approach 1; Discounting Each Year's Cash Flow Separately" aces | es 

| 9 [Net initial investment $(379,100) 1,000 <———+ $(379, 100) a 
90,900 <———. 0.909 « +1 $100,000 

41 82,600 <«——. 0.826 $100,000 | 
| 42 [Annual cash inflow 75,100 <—— 0.751 $100,000 | 

ee! 68,300 «———— 0.683 $100,000 

62,100 0.621 

| 15 |NPVifnew machine purchased’ | $ 0 
(the zero difference proves that 

the internal rate of return is 10%) 

$100,000 

[18 | 
| 19 [Approach 2; Using Annuity Table 
| 20 |Net initial investment $(379,100) <——— 1.000 « ——-- $(379, 100) 

$1 00,000 | $100,000 | $100,000 | $100,000 | $100,000 

| 22 | [ 
| 23 [Annual cash inflow [379,100 <_—— 3.7914 
| 24 |NPV if new machine purchased $ 0 

| 26 | Note: Parentheses denote relevant cash outflows throughout all exhibits in Chapter 21. 

| 27 |*The internal rate of return is computed by methods explained on pp. 846-848. 

| 28 |*Present values from Table 2, Appendix A at the end of the book. 

| 29 |°Sum is $(100) due to rounding. We round to $0. 

Annuity present value from Table 4, Appendix A. The annuity table value of 3.791 is the sum of the individual discount rates 

| 31 | 0.909 + 0.826 + 0.751 + 0.683 + 0.621, subject to rounding. 

NPV of the project is $0, therefore the IRR is 10% per year. IRR is sometimes called the 
time-adjusted rate of return. 

Managers most often determine the discount rate that yields an NPV of $0 by using a 
financial calculator or computer program such as Microsoft Excel or Apple Numbers to 
provide the IRR. The following trial-and-error approach can also provide the answer. 

Step 1: Use a discount rate, and calculate the project’s NPV. 

Step 2: If the calculated NPV is less than zero, use a lower discount rate. (A lower discount 
rate will increase NPV. Remember that we are trying to find a discount rate for which 
NPV = $0.) If the NPV is greater than zero, use a higher discount rate to lower the NPV. 
Keep adjusting the discount rate until NPV = $0. In the Top-Spin example, a discount rate 
of 8% yields an NPV of +$20,200 (see Exhibit 21-2). A discount rate of 12% yields an 
NPV of —$18,600 (= 3.605, the present value annuity factor from Table 4, multiplied by 
$100,000, minus $379,100). Therefore, the discount rate that makes NPV = $0 must lie 

between 8% and 12%. We use 10% and get NPV = $0. Hence, the IRR is 10% per year. 
The step-by-step computations of IRR are easier when the cash inflows are constant, 

as in our Top-Spin example. 
An algebraic method can be adopted to solve for IRR. To do this, we must determine 

what factor F in Table 4 (in Appendix A) will satisfy the following equation: 

$379,100 = $100,000 F 
$379,100 
$100,000 

3.791 = F 
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On the five-period line of Table 4, find the percentage column that is closest to 3.791. 
It is exactly 10%. If the factor (F) falls between the factors in two columns, straight-line 

interpolation is used to approximate IRR. Alternatively, a 
spreadsheet such as MS Excel can be used to determine the 

value that is assumed to be in a straight-line (linear) relationship Be * Se eceP foe ee) fonction: 
between the known points. It essentially means averaging the A project is accepted only if the IRR equals or exceeds the 
two known rates over the period to approximate the unknown RRR. In the Top-Spin example, the carbon-fibre machine has 
value. (For an illustration of interpolation, see requirement 1 of an IRR of 10%, which is greater than the required rate of 

the Problem for Self-Study at the end of this chapter.) 8%. On the basis of financial factors, Top-Spin should invest 
in the new machine. In general, the NPV and IRR decision 

rules result in consistent project acceptance or rejection decisions. If IRR exceeds the 
required return, then the project has a positive NPV (favouring acceptance). If IRR equals 
the required return, NPV = $0, so project acceptance and rejection yield the same value. 
If IRR is less than the required return, NPV is negative (favouring rejection). Obviously, 
managers prefer projects with higher IRRs to projects with lower IRRs, if all other things 
are equal. The IRR of 10% means the cash inflows from the project are adequate both to 
recover the net initial investment in the project and to earn a return of exactly 10% on the 
investment tied up in the project over its useful life. 

Interpolation is a simple method of estimating an unknown 

Comparison of Net Present Value and Internal Rate 

of Return Methods 

The NPV method is generally regarded as the preferred method for project selection deci- 
sions. The NPV measure for a project captures the value (in today’s dollars) of the surplus 
the project generates for the firm’s shareholders, over and above the RRR.! 

One advantage of the NPV method is that it expresses computations in dollars, not in 
percentages. Therefore, the sum of NPVs of individual projects will provide the NPV of a 
combination or portfolio of projects. In contrast, IRRs of individual projects cannot be 
added or averaged to represent the IRR of several projects. 

A second advantage is that the NPV of a project can always be computed and 
expressed as a unique number. Under the IRR method, it is possible that more than one 
IRR may exist for a given project. This is possible because there may be multiple discount 
rates that equate the NPV of a set of cash flows to zero. This is especially true in cases of 
non-uniform cash flows—when in one year the cash flows may be negative (outflows), 
and in another they may be positive (inflows). In such cases, it is difficult to know which 
of the IRR estimates should be compared to the firm’s RRR. 

A third advantage of the NPV method is that it can be used when the required return 
varies over the life of a project. Suppose Top-Spin’s management sets an RRR of 9% per 
year in years 1 and 2 and 12% per year in years 3, 4, and 5. Total present value of the 
cash inflows can be calculated as $378,100 (computations not shown), It is not possible 
to use the IRR method in this case, because different RRRs in different years mean there is 
no single RRR that the IRR (a single figure) can be compared against to decide if the proj- 
ect should be accepted or rejected. 

Finally, there are specific settings in which the IRR method is prone to indicating 
erroneous decisions (e.g., comparing mutually exclusive projects with unequal lives or 
unequal levels of initial investment). The IRR. method implicitly assumes that project cash 
flows can be reinvested at the project’s ROR. The NPV method, in contrast, accurately 
assumes that project cash flows can only be reinvested at the company’s RRR. However, 
despite its limitations, surveys report widespread use of the IRR method.” 

Sensitivity Analysis 

To present the basics of the NPV and IRR methods, we have assumed that the expected 
values of cash flows will occur for certain. In reality, there is substantial uncertainty 

' More detailed explanations of the preeminence of the NPV criterion can be found in corporate finance texts. 

2 In a recent survey, John Graham and Campbell Harvey found that 75.7% of CFOs always or almost always used IRR for 
capital budgeting decisions, while a slightly smaller number, 74.9%, always or almost always used the NPV criterion. 
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EZ EERO, OE ae a: ee ne ee BS ee ee 
Required Annual Cash Flows 

| 2 | Rate ofReturn| $ 80,000 | $ 90,000 | $100,000 | $110,000 | $120,000 
[3 | 6% $ (42,140) | $  (20)| $ 42,100 | $ 84,220 | $126,340 
ae 8% $ (59,660) | $(19,730)| $ 20,200 | $ 60,130 | $100,060 
| 5 | $ (37,910) $ (75,820) $ 37,910 | $ 75,820 

4All calculated amounts assume the project's useful life is five years. 

associated with the prediction of future cash flows. To examine how a result will change 
if the predicted financial outcomes are not achieved or if an underlying assumption 
changes, managers use sensitivity analysis, or a “what-if” technique. A common way to 
apply sensitivity analysis in capital budgeting decisions is to vary each of the inputs to the 
NPV caiculation by a certain percentage (e.g., increasing revenues by 10% or decreasing 
costs by 5%) and to assess the effect of the change on the project’s NPV. Sensitivity anal- 
ysis can take on other forms as well, such as considering broader changes in the political, 
social, or technological environments. 

Suppose the manager at Top-Spin believes that forecasted cash flows are difficult to 
predict. She asks, “What are the minimum annual cash inflows that make the investment 
in a new carbon-fibre machine acceptable? That is, what inflows lead to an NPV of $0?” 

For the data in Exhibit 21-2, let A = Annual cash flow and let NPV = $0. Net initial 

investment is $379,100, and the present value factor at the 8% required annual rate of 
return for a five-year annuity of $1 is 3.993. Then, 

NPV = $0 

3.993 A — $379,100 = $0 

3.993 A = $379,100 

A = $94,941 

At the discount rate of 8% per year, the annual (after-tax) cash inflows can decrease 
to $94,941 (a decline of $100,000 — $94,941 = $5,059) before the NPV falls to $0. If the 
manager believes she can attain annual cash inflows of at least $94,941, she can justify 
investing in the carbon-fibre machine on financial grounds. 

Exhibit 21-4 shows that variations in the annual cash inflows or the RRR signifi- 
cantly affect the NPV of the carbon-fibre machine project. NPVs can also vary with dif- 
ferent useful lives of a project. Sensitivity analysis helps managers to focus on variables 
that are sensitive, or have higher potential to change, and require careful attention. 

Income Tax and DCF in Capital Budgeting 

Income taxes are mandatory cash disbursements and therefore are an important cash flow 
consideration. Income taxes almost always influence the amount and/or the timing of cash 
flows. Their basic role in capital budgeting is no different from that of any other cash 
disbursement. Income tax rates are progressive and depend on the amount of pre-tax 
income, with larger pre-tax income being taxed at higher rates. In capital budgeting, the 
relevant rate is the marginal income tax rate, that is, the tax rate paid on additional 
amounts of pre-tax income. 

Suppose corporations pay income taxes of 15% on the first $50,000 of pre-tax income 
and 30% on pre-tax income over $50,000. The marginal income tax rate of a company with 
$75,000 of pre-tax income is 30%, because 30% of any additional income over $50,000 will 
be paid in taxes. In contrast, the company’s average income tax rate is only 20% 
(15% X $50,000 + 30% X $25,000 = $15,000 + $75,000 of pre-tax income). When we assess 
tax effects of capital budgeting decisions, we will always use the marginal tax rate because 
that is the rate applied to the incremental cash flows generated by a proposed project. 
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eeeretleted| Capital Budgeting Analytics 
Lt 

INSIGHTS | 

Capital and resource allocation processes are complex and time consuming in large orga- 
nizations. While conducting effective capital budgeting analyses, statistical approaches 
are required to evaluate cost behaviour and consumption trends using historical data. 
Using patterns and behaviours discovered in data analysis, accountants and managers can 
formulate predictive evaluations that forecast future possible outcomes. Using analytic 
tools that formalize the process of both what and how capital budgeting analysis is con- 
ducted helps firms to formalize a process that has historically been associated with indi- 
vidual intuition and tacit knowledge of budgeters (e.g., setting a sales growth rate, 
establishing a discount rate). 

Sources: Angelo, B., Ayres, D., & Stanfield, J. 2018. “Power from the Ground up: Using Data Analytics in Capital 
Budgeting,” Journal of Accounting Education, 42, 27-39; Amadio, W. J.. & Haywood, M. E. 2019. “Data 
Analytics and the Cash Collections Process: An Adaptable Case Employing Excel and Tableau.” In Advances in 
Accounting Education: Teaching and Curriculum Innovations (pp. 45-70), Emerald Publishing Limited. 

The impact of income taxes on operating cash flows is straightforward. If a capital 
project results in a reduction in costs—for example, an annual cost saving of $60,000— 
then the company’s taxable income will increase by $60,000, all other things being equal. 
If the company has a marginal tax rate of 40%, then the company’s income taxes will 
increase by $24,000 (= $60,000 Xx 0.40), A net annual after-tax savings of $36,000 results 

(= $60,000 — $24,000). This means the after-tax savings can be calculated quickly as 
$60,000 x (1 — the tax rate) or $60,000 X 0.60 = $36,000. Similarly, if operating expenses 

increase by $250,000, then the taxable income will decrease by $250,000. If the company 
has a 40% marginal tax rate, then the tax saving will be $100,000 (= $250,000 x 0.40). 

Tax Shields and the Effect on Investment Cash Flows 

Organizations that pay income taxes use generally accepted accounting principles (e.g., IFRS 
or ASPE, depending on the organization) to report their net income to the public. This 
permits managers to choose among depreciation methods in order to be able to present the 
most accurate data, The Canada Revenue Agency (CRA) does not permit this. Instead, tax 

laws require corporations to deduct capital cost allowance (CCA), not depreciation, when 
calculating their taxable income. 

The Income Tax Act (ITA) assigns all depreciable capital purchases to a CCA class.3 
For example, a desk would qualify as a Class 8 asset and is in a class that includes furni- 
ture, tools costing $500 or more each, appliances, refrigeration equipment, photocopiers, 
fax machines, and telephone equipment. It also includes data network infrastructure 
equipment and systems software acquired prior to March 23, 2004, outdoor advertising 
signs, and other business equipment not specified as a different class. Companies may 
claim up to the amounts specified for an asset in any given class of tangible assets as 
detailed by CRA publications (but do not have to claim the full amount).4 Companies 
may choose to carry unused CCA balances forward to future years when they have greater 
anticipated incomes (and thus, greater tax burdens). 

Application in Capital Budgeting 

The initial cost of the investment is the opening balance of what is called undepreciated 
capital cost (UCC), The CCA in any given year is deducted from the balance of the UCC, 

3 The income tax statutes for intangible assets such as patents, copyrights, goodwill, and trademarks differ, as does the termi- 
nology, The eligible capital expenditure is the acquisition cost of the intangible asset. The eligible capital property is 75% of 
the acquisition cost of the intangible asset. The full cost is not deductible because the asset is considered to provide indefinite 
benefit, Intangible assets, by definition, have an indefinite useful life, and the annual deduction is called the cumulative eligible 
capital amount (CECA), calculated at 7% on a declining balance basis. 

* For asset classes and capital allowances see Canada Revenue Agency Classes of depreciable property: http://www.cra-are 
.gc.ca/tx/bsnss/tpes/s|prtnr/rprmg/cptl/menu-eng. html. 
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EES BOR tes ee omnene lems ee 
CCA Rate 20% 

UCC 

$60,000 

1 
2 $10,800 | $43,200 

8 3 $ 8,640 | $34,560 
oO Tz $6,912 | $27,648 

and thus the value of the investment has a declining balance for tax purposes. The CCA 
for a subsequent year is based on the CCA rate multiplied by the new UCC balance. 
Exhibit 21-5 shows the calculation of CCA amounts of a $60,000 Class 8 asset (CCA rate 
of 20%) over the first four years of the asset’s life. When making these calculations, orga- 
nizations must adhere to the half-year rule. The half-year rule assumes that all capital 
additions are purchased in the middle of the year, and thus only one-half of the stated 
CCA rate is allowed in the first year. 

The starting UCC value of the asset is $60,000. The CCA dollar amount for year 1 is 
equal to the starting UCC multiplied by one-half the CCA rate, in this case 10% 
(= 20% X %). The CCA rate for year 2 is determined by calculating the new UCC of 
$54,000—the previous year’s UCC less the dollar value of the CCA (= $60,000 — $6,000). 
The new UCC is multiplied by the CCA rate for the asset (20%), which equals $10,800. 

The CCA of each year is deducted in the calculation of a company’s taxable income. 
Thus, the CCA is not a cash flow, but a tax savings, commonly called a tax shield. 

To determine the capital cost allowance for each year, the CCA must be multiplied by the 
company’s marginal tax rate. If the marginal tax rate is 40% in the above example, the 
after-tax implications of the tax shield in year 1 would be $2,400 (= $6,000 x 40%), It is 
important to note that adjustments to the UCC are made based on pre-tax dollars. 

In order to understand the impact of the tax shield in future years, it is necessary to dis- 
count the CCA in a similar fashion as any cash flow might be discounted. For instance, if the 
required return in the example above was 10%, the present value of the tax shield in year 2 
would be ($10,800 x 40%) X 0.826 (the present value of $1 in two years at 10%) = $3,568. 

Finally, the disposition of an asset at the end of its useful life must be considered in 
terms of the NPV of an investment, cash inflows (revenue from the disposal of the asset, 
called salvage value), and the loss of the tax shield now that the asset is no longer owned. 
The complete impact on the present value of an investment of the CCA tax shield can be 
calculated using the’formula: 

Purchase 

$60,000 
—_—_+—— 

$ 6,000 

3 Cat 1 + 0.57 SdT 1 
PV tax shield on CCA ewe Tete pe Caen 

where 

C = Cost of investment 
d = CCA tax rate 
T = Corporate tax rate 

r = Discount rate 

n = Number of periods in the project 
S = Salvage value 

To understand the implications of income tax and the tax shield generated by the 
CCA on capital budgeting and investment decisions, consider the following example. 

Example: Motor Corporation has purchased a CCA Class 8 asset (CCA rate 

of 20%) for $60,000, which is expected to generate savings in the amount of 
$25,000 per year. The useful life of the asset is four years and the asset will have 

a salvage value of $10,000 at the end of its life. The RRR is 10%, and the marginal 

tax rate for the company is 40%, 

Calculation of CCA 

Amounts for Years 1-4 

851 
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LOO 
Apply the concept of 

relevance to DCF methods 

of capital budgeting. 

To calculate the present value of the investment in the above example, we rely on the 
present value of an annuity formula and the tax shield formula: 

1. The NPV of Motor Corporation’s investment is 

NPVof _ PVofthecash | PVoftax Initial cost Salvage 

investment flow shield of investment value 

2. The cash inflow, in this case, an annuity, is the after-tax savings, which can be calcu- 
lated using Table 4 from Appendix A: 

Annual savings X (1 — Tax rate) X PV of annuity (10%; 4 years) 

= $25,000 x (1 — 0.4) X 3.170 

= $25,000 X 0.6 X 3.170 

= 47,550 

3, The tax shield can be calculated using the above formula as 

Cali tee Os SdT 1 
PV tax shield on CCA = =~ x eee Aen ae 

PV tax shield on CCA 

_ ($60,000)(20%)(40%) _ 1 + 0,5(10%)  ($10,000)(20%)(40%) 1 
~ 20% + 10% 1+ 10% 20% + 10% (1 + 10%)4 
= $13,451 

4, The salvage value can be calculated as the present value of income (Appendix A, 
Table 2), 

Salvage value X PV of $1(10%; 4 years) 

= $10,000 x 0.683 
= $6,830 

5. Therefore, the NPV of the investment is 

NPV ofinvestment = $47,550 + $13,451 — $60,000 + $6,830 

= $7,831 

This positive NPV would suggest the asset is a worthwhile investment. Because of 
rounding error, there will often be slight variations between the NPV as calculated through 
the formula method and through the time line method. The error should not be treated as 
material to the calculation or the decision. 

As an alternative to the formula method displayed above for calculating an asset’s 
NPV inclusive of the CCA tax shield, a time line model can be constructed as shown in 
Exhibit 21-6. 

The columns on the right show the pre-tax savings generated by the new machine 
($25,000 per year) and the after-tax impact of savings ($25,000 x (1 — 0.4) = $15,000). 

Note that year 4 has an additional cash flow in the form of revenue generated from the 
disposal of the asset (which also must be corrected for the time value of money). The pres- 
ent values of the yearly cash flows are then summed ($54,378) and added to the present 
value of the tax shield ($13,451). This results in an NPV for the investment of $7,829. 

Relevant Information and DCF 

One of the biggest challenges in capital budgeting, particularly in DCF analysis, is deter- 
mining which cash flows are relevant in making an investment selection. Relevant cash 
flows are the differences in expected future cash flows as a result of making the investment. 
A capital investment project typically has three categories of cash flows: (1) net initial 
investment in the project, which includes the acquisition of assets and any associated addi- 
tions to working capital, minus the after-tax cash flow from the disposal of existing assets; 
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(2) after-tax cash flow from operations (including income tax cash savings from annual 
depreciation deductions); and (3) after-tax cash flow from terminal disposal of an asset 
and recovery of working capital. 

1. Net Initial Investment 

Three components of net initial investment cash flows are (a) cash outflow to purchase the 
machine, (b) cash outflow for working capital, and (c) after-tax cash inflow from current 
disposal of the old machine. 

1a. Initial machine These outflows, made for purchasing plant and equipment, occur at the 
investment beginning of the project's life and include cash outflows for transporting and 

installing the equipment. 

1b. Initial working Initial investments in plant and equipment are usually accompanied by addi- 
capital investment tional investments in working capital. These additional investments take the 

form of current assets, such as accounts receivable and inventories, minus 
current liabilities, such as accounts payable. Working capital investments are 
similar to plant and equipment investments in that they require cash. The mag- 
nitude of the investment generally increases as a function of the level of addi- 
tional sales generated by the project. However, the exact relationship varies 

based on the nature of the project and the operating cycle of the industry. 
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1c. After-tax cash flow 

from current disposal 

of old machine 

Any cash received from disposal of the old machine is a relevant cash inflow 

(in year 0). That's because it is an expected future cash flow that differs 
between the alternatives of investing and not investing in the new machine. 

2. Cash Flow from Operations 

This category includes the difference between successive years’ cash flow from operations. 
Organizations make capital investments to generate future cash inflows. 

Cash inflows may result from savings in operating costs or from producing and 

selling additional goods. Annual cash flow from operations can be net out- 

flows in some years. Cash outflows can include overhead or expenses related 

to the new investment. 

2a. Annual after- 

tax cash flow from 

recurring operations 

Focus on cash flows from operations, not revenues and expenditures as 

reported in financial statements. 

2b. Income tax cash Deductions for CCA, in effect, partially offset the cost of acquiring new assets. 

savings from annual The additional annual CCA deduction results in incremental income tax cash 

CCA. savings. 

3. Terminal Disposal of Investment 

The disposal of the new investment generally increases cash inflow when the project ter- 
minates. Errors in forecasting terminal disposal value are seldom critical for long-duration 

SUSTAINABILITY 
IN ACTION 

Capital Budgeting for Sustainable Business 

The Tennessee Valley Authority (TVA) is the United 
States’ largest public power provider and is wholly owned 
by the US government. Although owned by the federal 
government, TVA is not financed with tax dollars; rather, 
the utility’s funding comes from the sale of power to its 
customers. Recently, TVA faced a difficult strategic deci- 
sion: ensuring sufficient power generation while continu- 

ing to provide affordable power to a growing number of 
customers in its service area. 

At the same time, TVA was replacing a significant 
part of its existing power generation capability. TVA 
previously announced plans to retire multiple coal power 
plants by 2018 to reach its goal of becoming a clean 
energy leader. Potential sources of new power generation 

included the construction of nuclear, natural gas, coal, 
wind, and solar plants. The power generation options 
had differing costs, expected cash flows, and useful lives. 
Moreover, TVA’s construction decisions were constrained 
by a limited capital budget. TVA turned to NPV and IRR 
calculations to guide its decision making. 

After extensive calculations, TVA discovered that the 
NPVs and IRRs of natural gas, nuclear, and wind plants 
were positive. The NPVs of solar and coal plants were 
negative, and their IRRs were below TVA’s cost of capital 
(calculated as the current yield to maturity on 30-year gov- 
ernment debt plus an added 1% premium). In 2012, four 
renewable wind-power sources located in Kansas, Illinois, 
and Iowa began delivery to the TVA power grid. During 
that period, levelized cost per kilowatt-hour (kwH) dropped 
from 8.2¢ per kwH to 2¢ per kwH in 2018. Such informa- 
tion can help planning and resource monitoring to ensure 

targets like those mentioned above (shutting down coal 
plants), which are sound decisions in terms of sustainability 
and finance (coal-generated power costs 3.4 ¢ per kwH). 

Sources: “TVA Releases Cost, Schedule Estimates for Watts Bar Nuclear 
Unit 2,” Tennessee Valley Authority press release (Knoxville, TN, April 5, 
2012); B. Wood, S. Isbell, and C. Larson, “The Tennessee Valley Author- 
ity: The Cost of Power,” IMA Educational Case Journal, Vol. 5, No. 4 
(Montvale, NJ: Institute of Management Accountants, Inc., December 
2012); Christopher Helman. 2012. Why It’s The End Of The Line For 
Wind Power, Forbes, December 21 (https://www.forbes.com/sites 
/christopherhelman/2012/12/21/why-its-the-end-of-the-line-for-wind 
-power/#2b2d95394b28); T. Wang. 2020. Price index for wind turbines in 
the U.S. from 2008 to 2019, Statistica, February 27 (https://www.statista 
.com/statistics/49949 1/us-wind-turbine-price-index/); Michael Greenstone 
and Adam Looney. 2011. The Real Costs of U.S. Energy, Brookings, June 15 
(https://www. brookings.edu/opinions/the-real-costs-of-u-s-energy/). 
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projects, because the present values of amounts to be received in the distant future are 
usually small. Two components of the terminal disposal value of an investment are 
(a) after-tax cash flow from terminal disposal of machines and (b) after-tax cash flow from 
recovery of working capital. 

3a. After-tax cash flow At the end of the useful life of the project, the machine’s terminal disposal 
from terminal disposal value may be $0 or an amount considerably less than the net initial investment. 

of machines The relevant cash inflow is the difference in expected after-tax cash inflow 

from terminal disposal at the end of five years under the two alternatives of 
purchasing the new machi ne or keeping the old machine. 

3b. After-tax cash flow The initial investment in working capital is usually fully recouped when the 

from terminal recovery project is terminated. At th at time, inventories and accounts receivable 

of working capital necessary to support the project are no longer needed. If a company receives 
investment cash equal to the book value of its working capital, there is no gain or loss on 

working capital and, hence, no tax consequences. 

Exhibit 21-7 presents the relevant cash inflows and outflows for Motor Corporation’s 
decision to purchase the new machine as described earlier in the chapter. Assume that 
Motor Corporation has to make a $10,000 outlay of working capital at the beginning of 
the project, which it will fully recoup in the final year. 

The columns on the right show the pre-tax savings generated by the new machine 
($25,000 per year), and the after-tax impact of savings ($25,000 x (1 — 0.4) = $15,000 

= daleeeatkeal Relevant Information in Motor Corporation’s Decision to Invest 

iF 

fo) Yearly Savings 

Pal [Rueda 
ra) Tax Rate Pere imanie ih eects ale | 
pimps Re ah wives wala 

a cE U0 | Salvage Value 

hoa 
«CE See 
fez te |InitilCos/ | — $60,000 | $60,000 a 
113 | 1b | Initial Working Capital Investment — $10,000 

ee ee ee ee 
| «(| SSS a Ce 

Ps Nearly Savings ie soo ee 

ee Senge $25,000 
fe 2s [afortexsevings [tain | 

Total Cash Flows 

PV of Cash Flows 

Sum of PV of Cash Flows 

PV of Tax Shield 

NPV of Investment 

nD — eS pear 

ENG ho ICOM = eee EO OR 
Working Capital Resapiv pi Mieaectara iaaaiks jain | 

ae Mra clare Uc eet yal ste00», 

aes 
$25,000 | $25,000 

$15,000 | $15,000 | $15,000 
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$15,000 | $15,000 | $35,000 

$12,390 | $11,265 | $23,905 

Note: Calculation in this table is performed using a spreadsheet; due to rounding, answers may vary depending on calculation method or if a present 

value table is used. 



856 Chapter 21 Capital Budgeting: Methods of Investment Analysis 

Note that year 4 has additional cash flows in the form of revenue generated from the dis- 
posal of the asset and the recapture of working capital (which also must be corrected for 
the time value of money). The present values of the yearly cash flows are then summed 
($61,208) and added to the present value of the tax shield ($13,451). Thus, the present 
value of the cash inflows is $74,659. To arrive at the NPV of $4,659, we must subtract 

the cash outflows represented by the initial capital investment in the machine ($60,000) 
and the initial investment in working capital ($10,000). 

DigiServe is considering investing in a rooftop solar network to generate its own 
power. Any unused power will be sold back to the local utility company. Between 
cost savings and new revenues, the company expects to generate $1,500,000 per year 

in net cash inflows from the solar network installation. The turbine would cost 
$8 million and is expected to have a 20-year useful life with no residual value. 
Calculate (i) the IRR and (ii) the NPV assuming the company uses a 12% hurdle rate. 

Loe 
Assess the complexities in 

capital budgeting within an 

interdependent set of 

value-chain business 
functions. 

Non-DCF Methods in Capital Budgeting 

DCF methods for capital budgeting focus on the application of the time value of money as 
a means of estimating risk and probable returns from investments. The primary advantage 
of these techniques is the ability to accommodate risk, inflation, and sensitivity in the 
decision model. However, both NPV and IRR can be cumbersome calculations, and alter- 
natives to DCF methods do exist and are dramatically simpler. The two methods addressed 
here are the payback period and the AARR. 

Payback Period 

The payback method measures the time it will take to recoup the initial investment in a 
project in the form of net cash inflows. Like NPV and IRR, the payback method includes all 
sources of cash inflows (operations, disposal of equipment, or recovery of working capital). 
The payback method returns an answer in a number of periods (to recoup investment) rather 
than a dollar value of profitability or an ROR as in the case of NPV and IRR, respectively. 

Payback Period and Uniform Cash Flows 

Payback is simpler to calculate when a project has uniform cash flows, as opposed to 
non-uniform cash flows. In the Top-Spin example, the carbon-fibre machine costs 
$379,100, has a five-year expected useful life, and generates $100,000 uniform cash flow 
each year. Calculation of the payback period is as follows: 

Net initial investment 

Increase in cash flows 

__ $379,100 
~ $100,000 

Payback = 

= 3.8 years (rounded for simplicity) 

The payback method highlights liquidity, which is often an important factor in capi- 
tal budgeting decisions. Managers prefer projects with shorter paybacks (more liquid) to 
projects with longer paybacks, if all other things are equal. Projects with shorter payback 
periods give the organization more flexibility because funds for other projects become 
available sooner. Additionally, managers are less confident about cash flow predictions 
that stretch far into the future. 

The major strength of the payback method is that it is easy to understand. Like the 
DCF methods described previously, the payback method is not affected by accrual 
accounting conventions like depreciation. Advocates of the payback method argue that it 
is a handy measure when (1) estimates of profitability are not crucial and preliminary 
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screening of many proposals is necessary and (2) the predicted cash flows in later years of 
the project are highly uncertain. 

Unlike the NPV and IRR methods, where management selects a ROR, under the pay- 
back method, management chooses a cutoff period for a project. Projects with a payback 
period that is less than the cutoff period are considered acceptable, and those with a pay- 
back period that is longer than the cutoff period are rejected. Japanese companies favour 
the payback method over other methods and use cutoff periods ranging from three to five 
years depending on the risks involved with the project. In general, modern risk manage- 
ment calls for using shorter cutoff periods for riskier projects. 

Two major weaknesses of the payback method are (1) it neglects the time value of 
money and (2) it neglects to consider project cash flows after the net initial investment is 
recovered. Consider our discussion earlier about Top-Spin, and an alternative to the 
$379,100 machine mentioned. Assume that another machine, with a three-year useful life 
and zero terminal disposal price, requires only a $300,000 net initial investment and will 
also result in cash inflows of $100,000 per year. First, compare the two payback periods: 

379,100 
Payback period for machine 1: = aoe = 3.791 years 

300,000 
Payback period for machine 2: = eaaah = 3.000 years 

The payback criterion would favour buying the $300,000 machine, because it has a 
shorter payback. In fact, if the cutoff period is three years, then Top-Spin would not acquire 
machine 1 because it fails to meet the payback criterion. Consider next the NPV of the two 
investment options using Top-Spin’s 8% RRR for the investment. At a discount rate of 8%, 
the NPV of machine 2 is —$42,300 (calculated as 2.577, the present value annuity factor 
for three years at 8% from Table 4, multiplied by $100,000 equals $257,700, minus the 
net initial investment of $300,000). Machine 1, as we know, has a positive NPV of $20,200 
(from Exhibit 21-3). The NPV criterion suggests that Top-Spin should acquire machine 1. 
Machine 2, with a negative NPV, would fail to meet the NPV criterion. The payback 
method gives a different answer than NPV because the payback method (1) does not 
consider cash flows after the payback period and (2) does not discount cash flows. 

An additional concern with the payback method is that choosing too short a cutoff 
period for project acceptance may promote the selection of only short-lived projects; the 
organization will tend to reject long-term, positive NPV projects. This would prove par- 
ticularly problematic in the pharmaceutical industry where drug development projects 
often run more than 15 years. Companies often use both the payback and DCF methods 
to select positive NPV projects with an acceptably short payback period. 

Non-Uniform Cash Flows 

When annual cash inflows are not uniform, the payback computation takes a cumulative 
form. The years’ net cash inflows are accumulated until the amount of the net initial 
investment has been recovered. Assume that Venture Law Group is considering the pur- 
chase of videoconferencing equipment for $150,000. The equipment is expected to pro- 
vide total cash savings of $380,000 over the next five years, due to reduced travel costs 

and more effective use of associates’ time. The cash savings occur uniformly throughout 
each year, but non-uniformly across years. Payback occurs during the third year: 

Cumulative Net Initial Investment Yet to Be 

Year Cash Savings Cash Savings Recovered at the End of the Year 

— — $150,000 

$ 50,000 $ 50,000 100,000 

60,000 110,000 40,000 

90,000 280,000 — 

0 

1 

2 

3 80,000 190,000 —_— 

4 

5 100,000 380,000 == 

857 
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Straight-line interpolation within the third year, which has cash savings of $80,000, 
reveals that the final $40,000 needed to recover the $150,000 investment (i.e., 
$150,000 — $110,000 recovered by the end of year 2) will be achieved halfway through 
year 3 (in which $80,000 of cash savings occur): 

$40,000 

$80,000 
Payback = 2 years + ( x1 year) = 2.5 years 

The videoconferencing example has a single cash outflow of $150,000 at year 0. 
Where a project has multiple cash outflows occurring at different points in time, these 
outflows are subtracted from revenue or savings inflows to derive a net cash outflow fig- 
ure. The net cash flow is used to calculate the payback period. No adjustment is made for 
the time value of money when adding these cash outflows in computing the payback 
period. 

Accrual Accounting Rate of Return 

The accrual accounting rate of return (AARR) is an accounting measure of income divided 
by an accounting measure of investment. It is also called accounting rate of return or 
return on investment (ROI). Note that NPV, IRR, and payback are all based on cash 
flows, whereas AARR is based on accrual accounting. AARR is calculated as follows: 

Ayer Increase in after-tax income — Depreciation associated with the project 

Net initial investment 

Consider the following example. A company expects to make a total investment of 
$300,000 in an asset, which has a zero terminal disposal price and terminates in five 
years. The asset will generate $90,000 in after-tax revenue. 

The AARR is computed as follows. The numerator is equal to the after-tax income, 
less the depreciation of the asset. Using straight-line depreciation, the yearly depreciation 
is $60,000; thus, the numerator is $90,000 — $60,000 = $30,000. The net initial invest- 
ment is $300,000. The AARR is equal to 

$90,000 — $60,000 

le $300,000 

$30,000 t 
~ $300,000 ie 

In practice; there are variations on this formula. Some companies use “increase in 
expected average annual operating income” in the numerator and/or “average investment 
per year” in the denominator. The AARR method focuses on how investment decisions 
affect operating income numbers routinely reported by organizations. The AARR of 10% 
indicates the rate at which a dollar of investment generates operating income. 

DigiServe is considering investing in a rooftop solar network to generate its own 
power. Any unused power will be sold back to the local utility company. Between 
cost savings and new revenues, the company expects to generate $1,500,000 per 
year in net cash inflows from the solar network installation. The turbine would cost 
$8 million and is expected to have a 20-year useful life with no residual value. 
Calculate the payback period and the AARR. 
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Strategic Factors in Capital Budgeting 
Decisions 

A company’s strategy is the source of its strategic capital budgeting decisions. Strategic 
investments may be undertaken offensively to grow market share and profitability, or 
defensively to avoid impairing a company’s competitive advantage. The fourth step in the 
SDM model as it relates to capital budgeting is the application of the manager’s judgment 
in evaluating the financial information examined in the third step and balancing that 
against qualitative and other quantitative information. Capital investment decisions that 
are strategic in nature require managers to study a broad range of factors that may be 
difficult to estimate. 

The factors that companies consider for strategic investment decisions are far broader 
than costs alone (see Exhibit 21-8). For example, the reasons for introducing computer- 
integrated manufacturing (CIM) technology—faster response time, higher product qual- 
ity, and greater flexibility in meeting changes in customer preferences—are often to 
increase revenues and contribution margins. Ignoring the revenue effects underestimates 
the financial benefits of CIM investments. However, the revenue benefits of technology 
investments of this sort are often difficult to quantify in financial terms that can be applied 
in an NPV model. Nevertheless, competitive and revenue advantages are important man- 
agerial considerations when introducing CIM. 

Exhibit 21-8 presents examples of the broader set of factors that companies must 
examine. Predicting the full set of costs also presents problems. Three classes of costs are 
difficult to measure and are often underestimated: 

1. Costs associated with a reduced competitive position in the industry. If other compa- 
nies in the industry are investing in CIM, a company not investing in CIM will prob- 
ably suffer a decline in market share because of its inferior quality and slower delivery 
performance. Several companies in the machine tool industry that continued to use a 
conventional manufacturing approach experienced rapid drops in market share after 
their competitors introduced CIM 

2. Costs of retraining the operating and maintenance personnel to handle the automated 
facilities 

3. Costs of developing and maintaining the software and maintenance programs to 
operate the automated manufacturing activities 

Customer Value and Capital Budgeting 

To remain competitive, companies must keep their profitable customers and gain new 
ones. Consider Potato Supreme, which makes potato products for sale to retail outlets. It 
is currently analyzing two of its customers: Shine Stores and Always Open. Potato Supreme 

Examples of Examples of 
Financial Outcomes Nonfinancial and Qualitative Outcomes 

Lower direct labour costs Reduction in manufacturing cycle time 

Lower hourly support labour costs Increase in manufacturing flexibility 

Less scrap and rework Increase in business risk due to higher fixed cost structure 

Lower inventory costs Improved product delivery and service 

Increase in software and related costs Reduction in product development time 

Higher costs of retraining personnel Faster response to market changes 

Increased learning by workers about automation 

Improved competitive position in the industry 

Loo 
Apply the concept of 

defensive strategic 

investment to the capital 

budgeting process. 

Factors 
Considered in Making 
Capital Budgeting 

Decisions for CIM Projects 
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predicts the following cash flow from operations, net of income taxes (in thousands), from 
each customer account for the next five years: 

2021 2022 2023 2024 2025 

Shine Stores $1,450 $1,305 $1,175 $1,058 $ 950 

Always Open 690 1,160 1,900 2,950 4,160 

Which customer is more valuable to Potato Supreme? 
Looking at only the first year, 2021, Shine Stores provides more than double the cash 

flow compared to Always Open ($1,450 versus $690). A different picture emerges, how- 
ever, when looking over the entire five-year horizon. Using Potato Supreme’s 10% RRR, 
the NPV of the Always Open customer is $7,610, compared to $4,591 for Shine Stores 
(computations not shown). These NPV amounts are calculated using the 10% NPV of 
$1,318 (= $1,450 x 0.909) for Shine Stores and $627 (= $690 X 0.909) for Always Open. 

Note how NPV captures in its estimate of customer value the future growth of Always 
Open. Potato Supreme uses this information to allocate more resources and salespeople to 
service the Always Open account. Potato Supreme can also use NPV calculations to exam- 
ine the effects of alternative ways of increasing customer loyalty and retention, such as 
introducing frequent-purchaser cards. 

CONCEPTS 
IN eg Le) 

Capital Budgeting at Disney 

The Walt Disney Company, one of the world’s leading 
entertainment producers with $69 billion in 2018 revenue, 
invests more than $1 billion annually in capital investments 
on its theme park business. These funds are invested in new 
theme parks, rides and attractions, and other park con- 
struction and improvements. Disney has developed a robust 
capital budgeting approval process. Project approval relied 
heavily on projected returns on capital investment as mea- 
sured by NPV and IRR calculations. This worked well for 
Disney’s investments in its domestic theme park business, 
but the company experienced challenges when it considered 
building the DisneySea theme park near Tokyo, Japan. 

Capital budgeting in the United States relies on dis- 
counted cash flow analysis. Alternatively, Japanese firms 
frequently use the average accounting return (AAR) method 
instead. AAR is analogous to an AARR measure based on 
average investment. However, it focuses on the first few 
years of a project (five years, in the case of DisneySea) and 
ignores terminal values. Disney discovered that the differ- 
ence in capital budgeting techniques between US and Japa- 
nese firms reflected the difference in corporate governance 
in the two countries. The use of NPV and IRR in the United 
States underlined a focus on shareholder-value maximiza- 
tion. On the other hand, the preference for AAR in Japan 
reflected the importance of achieving complete consensus 
among all parties affected by the investment decision. 

When the DisneySea project was evaluated, it was 
found to have a positive NPV but a negative AAR. To 
account for the differences in philosophies and capital 
budgeting techniques, managers at Disney introduced a 
third calculation method called average cash flow return 
(ACFR). This hybrid method measured the average cash 

flow over the first five years, with the asset assumed to be 
sold for book value at the end of that period at a fraction 
of the initial investment in the project. The resulting ratio 
was found to exceed the return on Japanese government 
bonds and hence to yield a positive return for DisneySea. 
As a result, the park was constructed next to Tokyo 
Disneyland and has since become a profitable addition 
to Disney’s Japanese operations. 

Sources: The Walt Disney Company. 2018. “The Walt Disney Company 
Reports Fourth Quarter and Full Year Earnings for Fiscal 2018,” 
November 8 (https://www.thewaltdisneycompany.com/the-walt-disney 
-company-reports-fourth-quarter-and-full-year-earnings-for-fiscal-2018/); 
M. Misawa. “Tokyo Disneyland and the DisneySea Park: Corporate 
Governance and Differences in Capital Budgeting Concepts and Methods 
Between American and Japanese Companies,” University of Hong Kong 
No. HKUS68 (Hong Kong; University of Hong Kong Asia Case Research 
Centet, 2006); The Walt Disney Company, 2012 Annual Report (Burbank, 
CA: The Walt Disney Company, 2013). 
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A comparison of year-to-year changes in customer NPV estimates highlights whether 
managers have been successful in maintaining long-run profitable relationships with their 
customers. Suppose the NPV of Potato Supreme’s customer base declines 15% in one year. 
Management can then examine the reasons for the decline, such as aggressive pricing by 
competitors, and devise new product development and marketing strategies for the future. 

Cell phone companies Rogers and TELUS use NPV analyses to examine their strat- 
egy, which is focused on attempting to enrol customers for multiple years of service. The 
initial costs of marketing, providing a phone at a subsidized price, and other expenses are 
balanced against the estimated future service payments customers will make over the life 
of the contract. The objective is to prevent “customer churn,” customers switching fre- 
quently from one company to another. The higher the probability of customer churn, the 
lower the NPV of the customer to the telecommunications company. 

Investment in Research and Development 

Companies such as Samsung, a global leader in designing, manufacturing, and marketing 
innovative wireless mobile devices such as the Galaxy Tab and the Galaxy II, regard research 
and development (R&D) projects as important strategic investments. R&D payoffs are 
not only more uncertain than other investment projects, but also will often occur far into 
the future. Most companies engaged in these types of investment projects stage their R&D 
so they have the choice to increase or decrease their investment at different points in time 
based on its success. This option feature of R&¢D investments—called real options—is an 
important aspect of R&D investments and increases the NPV of these investments. That’s 
because a company can limit its losses when things are going badly and take advantage of 
new opportunities when things are going well. 

Capital Budgeting and Control: Evaluation 
and Application 

The final step of capital budgeting begins with implementing the decision, or managing the 
project. This includes management control of the investment activity itself, as well as man- 
agement control of the project as a whole. Capital budgeting projects, such as purchasing 
a carbon-fibre machine or videoconferencing equipment, are easier to implement than 
projects involving building shopping malls or manufacturing plants. The building projects 
are more complex, so monitoring and controlling the investment schedules and budgets 
are critical to successfully completing the investment activity. 

Management Control: Performance Evaluation 

Ideally managers should be evaluated on a project-by-project basis, which examines how well 
they achieve the amounts and timing of forecasted cash flows. In practice, however, managers 
are often evaluated based on aggregate information, especially when multiple projects are 
underway at any point in time. It is important then to ensure that the method of evaluation 
does not conflict with the use of the NPV method for making capital budgeting decisions. 

For example, suppose that Top-Spin uses the AARR generated in each period to assess 
managerial performance. We know from the NPV method that the manager of the rac- 
quet production plant should purchase the carbon-fibre machine because it has a positive 
NPV. Despite that, the project may be rejected if the AARR on the net initial investment is 
lower than the minimum accounting rate of return the manager is required to achieve. 

There is an inconsistency between using the NPV method as best for capital budgeting 
decisions and then using a different method to evaluate performance. This inconsistency 
means managers are tempted to make capital budgeting decisions on the basis of the method 
by which they are being evaluated, rather than the method best suited to the organization. 

Other conflicts between decision making and performance evaluation persist even if a 
company uses similar measures for both purposes. If the AARR on the carbon-fibre 
machine exceeds the minimum required AARR but is below the current AARR of the 
production plant, the manager may still be tempted to reject purchase of the carbon-fibre 

LO @ 
Apply the concept of 
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machine because the lower AARR of the carbon-fibre machine will reduce the AARR of 
the entire plant and hurt the manager’s reported performance. Or, consider an example 
where the cash inflows from the carbon-fibre machine occur mostly in the later years of 
the project. Then, even if the AARR on the project exceeds the current AARR of the plant 
(as well as the minimum required return), the manager may still reject the purchase since 
it will have a negative effect on the realized AARR for the first few years. 

Management Control: The Investment Activity 

Assumptions made by managers of a company drive the evaluation of alternative invest- 
ments. A company may develop a simple DCF analysis using, for example, a 12% dis- 
count rate for all projects. As a company grows globally, risks of otherwise identical 
projects can vary widely, and the issue of currency repatriation (reporting foreign revenue 
and cost in domestic currency) and political instability affect many countries. Expansion 
by a Canadian energy producer into Argentina or Somalia, for example, carries higher risk 
than expansion into the Gulf of Mexico. 

Failing to adjust assumptions about the RRR to account for higher risk, such as reg- 
ulatory and currency risk, produces a biased valuation of investment alternatives. Another 
factor that creates fundamental difficulties for applying analytic models of domestic 
investments to overseas expansion is the increasing complexity of international financing. 
Global expansion strategies require a capital budgeting process that evaluates each pro- 
posed investment as a distinct opportunity with unique risks. A single discount rate does 
not fit all alternatives. 

An approach could begin by considering representatives from various countries and 
deriving a weighted average cost of capital (WACC) for each project. WACC is covered in 
introductory finance courses. Briefly, WACC calculations require measuring all of the 
constituent parts of financing for projects: the cost of debt, the target capital structure, the 
local country tax rates, and an appropriate cost of equity.* 

To capture the country-specific risks in foreign markets, one approach is to calculate 
a cost of debt and a cost of equity for each representative project using domestic data. The 
risk-free investment is assessed using the difference between the yield on local government 
bonds and the yield on corresponding domestic government Treasury bonds to both the 
cost of debt and the cost of equity. The difference, or sovereign spread, can approximate 
the incremental borrowing costs (and market risk) in the local country. This approach is 
a more sophisticated way to think about capital budgeting risk and its cost of capital 
around the world. 

Management Control: The Post-Investment Audit 

A post-investment audit compares the predictions of investment costs and outcomes made 
at the time a project was selected to the actual results. It provides management with feed- 
back about the investment’s performance. Suppose, for example, that actual outcomes 
(operating cash savings from the graphite machine in the Top-Spin example) are much 
lower than predicted outcomes. Management must then investigate whether this occurred 
because the original estimates were overly optimistic or because there were problems in 
implementing the project. Both types of problems are a concern. 

Optimistic estimates are a concern because they may result in the acceptance of a proj- 
ect that would otherwise have been rejected. To discourage optimistic estimates, companies 
like DuPont maintain records comparing actual performance to the estimates made by indi- 
vidual managers when seeking approval for capital investments. DuPont believes that 
post-investment audits discourage managers from making unrealistic forecasts. Problems in 
implementing a project—such as weak project management, poor quality control, or inad- 
equate marketing—are an obvious concern because the returns from the project will not 
meet expectations. Post-investment audits can point to areas requiring corrective action. 

However, post-investment audits require thoughtfulness and care. They should be 
done only after project outcomes have stabilized because performing audits too early may 

5 Based on “Globalizing the Cost of Capital and Capital Budgeting at AES,” Harvard Business School Case No. 9-204-109. 
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yield misleading feedback. Obtaining actual results to compare against estimates is often 
not easy. For example, additional revenues from the new carbon-fibre technology may 
not be comparable to the estimated revenues, because in any particular season the rise or 
fall of a tennis star can greatly affect the popularity of the sport and the subsequent 
demand for racquets. Alternatively, increased traffic because of the carbon-fibre products 
may boost other products’ sales. A better evaluation might look at the average revenues 
across a couple of seasons. 

The IFRS require an annual post-investment review. Upon review, if the carrying 
value (acquisition cost less accumulated depreciation) materially misstates the long-term 
investment or liability values, then an impairment must be reported. The reported values 
must also be adjusted along with explanatory notes informing investors of the key changes 
in assumptions that explain the impairment. In subsequent years, if a reversal occurs with 
the impaired asset (and its fair market value exceeds the carrying value), then reporting 
must be adjusted to reflect the higher value. This change to financial accounting standards 
will lead to a new demand for the skills in applying management accounting methods 
long used in capital budgeting and forecasts to retrospective reporting of performance on 
the statement of financial position. 

The 5DM Model: A Capital Budgeting Review 

Step 1: Identify projects When seeking out and identifying projects, it is important 
Identify potential capital to focus on the organization’s mission and vision. Seeking 
investments that agree with Projects that are aligned with the strategy of the organiza- 
the organization’s strategy, tion and will help achieve the mission are more likely to 

be successful. 

Step 2: Obtain information The information gathered here can come from a variety of 
Gather information from all Sources in the value chain, including R&D, production, and 

parts of the value chain to customer service. Information gathered here will be used in 
evaluate alternative projects, steps 3 and 4 to make effective capital budgeting decisions. 

Step 3: Make predictions Capital investments require the firm to make forecasts of Pp q 
Forecast all potential cash cash flows several years into the future. Factors that should 
flows attributable to the be included are initial cost of the investment, regular or irreg- 

ular cash flows (in and out), the impact of income taxes, 
working capital flows, and other financial data from the 
organization and the economy. The tools we focus on in cap- 
ital budgeting are NPV, IRR, payback period, and AARR. 

Step 4: Make decisions by Financial information is never enough to make the decision 
choosing among alternatives about a capital investment. It is necessary that managers 

Determine which investment use judgment in evaluating other forms of information that 

alternative projects. 

yields the greatest benefit may impact the organization, such as societal and techno- 
and the least cost to the logical trends (i.e., social fashion or obsolescence); stake- 
organization. holder requirements (i.e., investments that have non-monetary 

and subjective value); and other factors. 

Stage 5: Implement the 

decision, evaluate perfor- 

mance, and learn 

Given the complexities of 
capital investment decisions 
and the long time horizons 
they span, this stage can be 
separated into two phases: 

Phase 1: Obtain funding Sources of funding include internally generated cash flow 
and make the investments as well as equity and debt securities sold in capital markets. 
selected in step 4. Managers must examine the most cost-effective strategy to 

generate capital within the firm’s strategy and capabilities. 
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| Pulling It All Together—Problem for Self-Study 

Phase 2: Track realized cash As the cash outflows and inflows begin to accumulate, 
flows, compare against esti- managers can verify whether the predictions made in step 3 
mated numbers, and revise agree with the actual flows of cash from the project. Control 
plans if necessary. and evaluation must be exercised judiciously to ensure 

that the project unfolds as intended. 

(Try to solve this problem before examining the solution that follows.) 

Problem 

Marist Sails is considering purchasing a new machine to sew sails for high-performance 
racing yachts to complement its existing product line of sails for cruising, or “day sailing” 
yachts. Assume that the expected annual cash inflows from new sails will be $130,000. 
A $379,100 net initial investment is required, and the machine has a five-year useful life and 
an 8% required rate of return. When calculating breakeven time, assume that the invest- 
ment will occur immediately after management approves the project. 

Compute the following: 

1. Discounted cash flow 
a. Net present value 
b. Internal rate of return 
c. Net present value assuming a Class 8 asset (CCA of 20%), a tax rate of 40%, and 

a salvage value of $50,000. 
2. Payback period 
3. Accrual accounting rate of return on net initial investment 
4. Calculate the payback period using discounted cash flows. Assume (for calculation 

purposes) that cash outflows and cash inflows occur at the end of each period. 
5. To what five areas would you direct your attention when assessing relevant from 

irrelevant cash flows for two alternative long-term investments? 
6. What prominent change in financial accounting standards has contributed to the 

importance of the interconnection of management accounting and financial reporting 
processes? 

7. Aside from a growth strategy, for what other reason might managers undertake new 
investment? 

Solution 

1. a. NPV = ($130,000 x 3.993) — $379,100 

= $519,090 — $379,100 = $139,990 
b. There are several approaches to computing the IRR. One is to use a calculator 

with an IRR function; this gives an IRR of 21.16%. An alternative approach is to 
use Table 4 in Appendix A: 

$379,100 = $130,000 F 

_ $379,100 
= $130,000 77/6 
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On the five-period line of Table 4, the column closest to 2.916 is 22%. To obtain a more 
accurate number, straight-line interpolation can be used: 

Present Value Factors 

20% 2.991 2.991 

IRR — 2.916 

22% 2.864 — 

Difference 0.127 0.075 

IRR = 20% + 0,075 (2%) = 21.18% (difference due to rounding of PV 

(Oye factor to 3 decimals) 

NPV = Operational Cash Flows = $130,000 3.993 = $519,090 

+ Tax Shield = See below = 94580 

+ PV of Salvage = $50,0000.681 = 34,050 

— Initial Investment = (379,100) 

= $265,430 

Tax Shield Calculation 

CdT 1 + 0.5¢ SdT i 
ee x PY tax shield on CCA = 7 — cre ae a+r 

PV tax shield on CCA 

($379,100)(20%)(40%) 1+ 0.5(8%) a ($50,000)(20%)(40%) 1 

20% + 8% 1+ 8% 20% + 8% (1 + 8%)° 

De pay hicks Net initial investment 

Uniform increase in annual cash flows 

= $379,100 + $130,000 = 2.92 years 

Increase in expected average 

annual operating income 
3. AARR = ilk aaa tetas Reseach 

Net initial investment 

Increase in expected average 
annual operating income'= [($130,000 x 4) + $120,000] + 5 

= $128,000 

Average annual depreciation = $379,100 + 5 = $75,820 

Increase in expected average 
annual operating income = $128,000 — $75,820 = $52,180 

$52,180 
AARR = $379,100 = 13.76% 

4. Payback using discounted cash flow computations is as follows: 

PV : PV of Cumulative Cumulative 
Discount Investment Investment PV of PV of PV of 
Factor Cash Cash Investment Cash Cash Cash 
at 8% Outflows Outflows* Cash Inflows Inflows* Inflows* 

Year (1) (2) (3) = (1) x (2) Outflows* (4) (5) (6) = (1) x (5) (7) 

0 1.000 $379,100 $379,100 $379,100 

1 0.926 $130,000 $120,380 $120,380 

2 0.857 130,000 111,410 231,790 

3 0.794 130,000 103,220 335,010 

4 0.735 130,000 95,550 430,560 

5 0.681 130,000 88,530 519,090 

*At year 0, 
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($379,100 — $335,010) 

$95,550 

44,090 
= 3years + 95,550 

BET = 3years + 

= 3.46 years 

5. The five areas where cash flows may differ are the cost of initial investment, including 
working capital requirements; liquidation values of any old investments; recurring 
cash flows; overhead costs, including depreciation (or CCA); and the terminal dis- 

posal price. : 
6. The convergence from national to international financial accounting and reporting 

standards now requires an annual post-investment audit. In addition, new standards 
for long-term liabilities require an annual review of their carrying value as well as an 
annual impairment test for long-term assets. The methods of capital budgeting are 
now recommended for use in valuation for financial reporting purposes. 

7. Strategically, if competitors are undertaking specific types of long-term investments, 
failing to do so is highly likely to put a firm at a competitive disadvantage. An exam- 
ple is upgrading management information and control systems. A defensive strategy is 
to upgrade if all competitors are doing so. Thus, investments may be for growth or 
defence. 

pV eo) ol=lale| > arm yA 

Capital Budgeting and Inflation 

Examples discussed earlier do not include adjustments for inflation in the relevant reve- 
nues and costs. Inflation is the decline in the general purchasing power of the monetary 
unit, such as dollars. An inflation rate of 10% per year means that an item bought for 
$100 at the beginning of the year will cost $110 at the end of the year. 

Why is it important to account for inflation in capital budgeting? Because declines in 
the general purchasing power of the monetary unit will inflate future cash flows above 
what they would have been in the absence of inflation. These inflated cash flows will 

cause the project to look better than it really is unless the analyst recognizes that the 
inflated cash flows are measured in dollars that have less purchasing power than the dol- 
lars that were initially invested. When analyzing inflation, distinguish real rate of return 
from nominal rate of return: 

Real rate of return is the rate of return demanded to cover investment risk if there is 
no inflation. The real rate is made up of two elements: (a) a risk-free element (that’s 

the pure rate of return on risk-free long-term government bonds when there is no 
expected inflation) and (b) a business-risk element (that’s the risk premium demand- 

ed for bearing risk). 

Nominal rate of return is the rate of return demanded to cover investment risk and 
the decline in general purchasing power of the monetary unit as a result of expect- 
ed inflation, The nominal rate is made up of three elements: (a) a risk-free element 
when there is no expected inflation, (b) a business-risk element, and (c) an inflation 
element. Items (a) and (b) make up the real rate of return to cover investment risk. 
The inflation element is the premium above the real rate. The rates of return earned 
in the financial markets are nominal rates, because investors want to be compensat- 
ed both for the investment risks they take and for the expected decline in the general 
purchasing power, as a result of inflation, of the money they get back. 
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Assume that the real rate of return for investments in high-risk cellular data-transmission 
equipment at Network Communications is 20% per year and that the expected inflation 
rate is 10% per year. Nominal rate of return is as follows: 

Nominal rate = (1 + Realrate)(1 + Inflationrate) — 1 

= (1 + 0,20)(1 + 0.10) - 1 

= (1.20 X 1.10) — 1 = 1.32 -— 1 = 0.32, or 32% 

Nominal rate of return is related to the real rate of return and the inflation rate: 

Real rate of return 0.20 

Inflation rate 0.10 

Combination (0.20 x 0.10) 0.02 

Nominal rate of return 0.32 

Note that the nominal rate, 0.32, is slightly higher than 0.30, the real rate (0.20) plus the 
inflation rate (0.10). That’s because the nominal rate recognizes that inflation of 10% 
also decreases the purchasing power of the real rate of return of 20% earned during the 
year. The combination component represents the additional compensation investors seek 
for the decrease in the purchasing power of the real return earned during the year because 
of inflation.® 

Net Present Value Method and Inflation 

When incorporating inflation into the NPV method, the key is internal consistency. There 
are two internally consistent approaches: 

1. Nominal approach—predicts cash inflows and outflows in nominal (or, stated) mon- 
etary units and uses a nominal rate as the required rate of return 

2. Real approach—predicts cash inflows and outflows in real monetary units and uses a 
real rate as the required rate of return 

We will limit our discussion to the simpler nominal approach. Consider an invest- 
ment that is expected to generate sales of 100 units and a net cash inflow of $1,000 
($10 per unit) each year for two years absent inflation. Assume cash flows occur at the 
end of each year. If inflation of 10% is expected each year, net cash inflows from the sale 
of each unit would be $11 (= $10 X 1.10) in year 1 and $12.10 (= $11 X 1.10, or $10 
x (1.10)) in year 2, resulting in net cash inflows of $1,100 in year 1 and $1,210 in year 2. 
The net cash inflows of $1,100 and $1,210 are nominal cash inflows because they include 
the effects of inflation. Nominal cash flows are the cash flows that are recorded in the 
accounting system. The cash inflows of $1,000 each year are real cash flows. The accounting 
system does not record these cash flows. The nominal approach is easier to understand 
and apply because it uses nominal cash flows from accounting systems and nominal rates 
of return from financial markets. 

Assume that Network Communications can purchase equipment to make and sell a 
cellular data-transmission product at a net initial investment of $750,000. It is expected to 
have a four-year useful life and no terminal disposal value. An annual inflation rate of 10% 
is expected over this four-year period. Network Communications requires an after-tax 
nominal rate of return of 32%. The following table presents the predicted amounts of real 
(that’s assuming no inflation) and nominal (that’s after considering cumulative inflation) 

6 The real rate of return can be expressed in terms of the nominal rate of return as follows: 

(1 + Nominal rate) 1 + 0.32 
= -1= 1 = 0.20, 20% 

oor leg PEST 1 + 0.10 Sf 
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net cash inflows from the equipment over the next four years (excluding the $750,000 
investment in the equipment and before any income tax payments): 

Year 

(1) 

1 

2 

3 

4 

Before-Tax Cash : 

Inflows in Real Dollars 

(2) 
$500,000 
600,000 
600,000 
300,000 

1,10 =1.00+ 0.10 inflation rate. 

Rate Factor® 

(3) 

(1.10)! = 1.1000 

(1.10)? = 1.2100 

(1.10)3 = 1.3310 

(1.10)4 = 1.4641 

Cumulative Inflation Before-Tax Cash Inflows 

(4) = (2) x (3) 

$550,000 

726,000 

798,600 

439,230 

in Nominal Dollars 

We continue to make the simplifying assumption that cash flows occur at the end of each 
year. The income tax rate is 40%. For tax purposes, the cost of the equipment will be 
depreciated using the straight-line method. 

Exhibit 21A-1 shows the calculation of NPV using cash flows in nominal dollars and 
using a nominal discount rate. The calculations in Exhibit 21A-1 include the net initial 
machine investment, annual after-tax cash flows from operations (excluding the depreci- 
ation effect), and income tax cash savings from annual depreciation deductions. The 
NPV is $202,513 and, based on financial considerations alone, Network Communications 

should purchase the equipment. 

CSF Net Present Value Method Using Nominal Approach to Inflation for Network Communications’s 
New Equipmen t 

operations (excluding the depreciation effact) 

Annual 

Before-Tax 

Cash Flow 

Year 

4 

nN Pa Es ES =|= 

NPV if new equ 

$$$ $$—$$_____ 

from Operations 

RIG Be = NR» EP  e e P ied ( P e 

ib Net initial investment 

Year Investment Outflows 

$(750,000) 

Annual after-tax cash flow from 

Ce el a a 

Income 

Tax 

Outflows 

(2) 

726,000 

798,600 

439,230 

Income tax cash savings from annual 

depreciation deductions 

Depreciation 

187,500 

ipment purchased 

tat 

Tax Cash Savings 

1 $187,500° $75,000 
2 187,500 75,000 
3 187,500 75,000 

(3) = 0.40 x (2) 

290,400 

319,440 
175,692 

75,000 

Present Present Value al 

Value of |Discount Factor® at Sketch of Relevant Cash Flows at End of Each Year 

Cash Flow 32% 0 1 2 3 4 

| es) 
$(750,000) 1.000 <—J (750,000) oa 

is Dae ia 
Annual ie Mlgser [ = 

After-Tax kal | } 

__|_ Cash Flow cS a is AS ea site | | 

PATO ie ee OCD ey cee 2 EINK) al 

435,600 250,034 fe—— 0.574 $435,600 [Pee 
479,160 208,435 ke — 0.435 emer iees aeeeae $479,160 [cess 
263,538 86,704 '—— 0,329 $263,538 

795,313 

| ee Ch a eee 
ae a 

56,850 0758 <—-———_ $76,000 
43,050 0.574 $75,000 

32,625 0.435 SS SSS 
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Appeals 21B 

The Weighted erage t Cost of Capital 

A commonly used discount rate in capital budgeting analysis is the WACC. The WACC 
represents the cost of funds and is dependent on the capital structure of the organization. 
An important assumption is that the risk associated with any particular investment will be 
close to the average risk of the firm. 

The optimal capital structure is most often defined as the proportion of debt and 
equity that maximizes the value of the organization. To determine the WACC, the capital 
structure of the organization is examined and the cost of each individual source of 
financing is calculated and then weighted by its relative proportion in the total capital 
structure. 

Determining Costs of Sources of Capital Structure 

1. After-tax cost of debt =k, = k(1 — t) 
where 

k = interest rate 
t = corporate tax rate 

2. The cost of preferred shares is derived from the present value of a perpetuity and is as 
follows: 

D 
Cost of preferred shares = k, = = 

p 

where 

D, = annual dividends paid per share 
P, =the market value of one preferred share 

3. Common shares can be valued using the dividend growth model (also called the 
Gordon Model) or the capital asset pricing model (CAPM). For our purposes the more 
commonly used approach will be adopted, namely the CAPM. 

k, = Ry AF B(Ry a Ry) 

where: 

R, = the risk-free rate of the market 
8 =ameasure of the volatility of a particular investment relative to the market 
R,, = the risk of the organization 

D 12 E 
WACC = (2k +E (Ee ar (2). 

where 

D = market value of debt outstanding 
P = market value of preferred stock outstanding 
E =market value of common equity outstanding 
C = the total amount of capital available to the firm 

Example: Suppose an organization with a 40% tax rate has the following capital 

structure: 

s $400,000 debt (yield to maturity is 10%) 

= $200,000 preferred shares ($12 dividend and a market price of $96) 

= $400,000 common equity (The company’s f is 2 with a risk premium of 7.5%, 
where the risk-free rate is 5%) 
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The WACC can be determined as follows: 

Cost of debt = k, = &(1 — T) = 0.10 x (1 — 0.4) = 6.0% 

Dp _ $12 
Cost of preferred = k, = —- = ~— = 12.5% Bie $96 

Cost of common shares = k, = Ry + B(Rm — Rp) = 5 + (2(7.5)) = 20% 

Weighted average cost of capital 

40 20 40 
Spr yy, —— oly, set [fp OS 9 (Ox 60) + (2 x 12.5%] ( 20% ) 

24% + 2.5% + 8% 

12.9% 

The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives 

1. What does the term time 

value of money recognize? 

2. What are the disadvantages 
of DCF and non-DCF 
(payback and AARR) methods 

of capital budgeting? 

3. Analyze the impact of 
income taxes on discounted 
cash flows and capital 
budgeting decisions. 

4, What does relevance mean 

in DCF analyses? 

5. What conflicts can arise 
between using discounted cash 
flow methods for capital 
budgeting decisions and accrual 
accounting for performance 
evaluation? How can these 
conflicts be reduced? 

6. What are the implications of a 
defensive long-term 
investment? 

Guidelines 

The term recognizes that money received earlier is worth more because of the 
returns that can be generated sooner. 

The NPV method computes a result in dollars, not percentages, and can be 
used where the required rates of return vary over the life of the project. The 
payback method neglects any cash flow after the payback period and the time 
value of money. The AARR is an after-tax operating income divided by a mea- 
sure of the investment. The AARR does not consider the time value of money. 
The payback and AARR methods are nondiscounted cash flow methods, 
whereas the NPV and IRR are discounted cash flow methods. 

Under the ITA, organizations can deduct a CCA, rather than depreciation, 
from income before taxes. This creates a tax savings, commonly called a tax 
shield. The amount of the tax shield is a material consideration in evaluating 
the cash inflows and outflows of an investment. 

Relevance in this context means cash flow. No accruals, sunk cost, or cash 
flows unchanged by alternatives are relevant when these capital budgeting 
methods are applied. All cash flow is treated identically irrespective of its 
source from operations, financing, or disinvestment. 

Frequently, the decision made using a DCF method will not report good “oper- 
ating income” results in the project’s early years under accrual accounting. For 
this reason, managers are tempted not to use DCF methods even though the 
decisions based on them would be the best for the company over the long run. 
This conflict can be reduced by evaluating managers on a project-by-project 
basis, looking at their ability to achieve the amounts and timing of forecast 
cash flows. 

A defensive strategic or long-term investment is made for purposes of defend- 
ing market share. The quantitative and non-quantitative factors are secondary 
to this purpose. One very great difficulty is properly identifying and assessing 
the long-term opportunity cost of lost market share. 
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This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

accounting rate of return (p. 858) hurdle rate (p. 845) real approach (p. 868) 

accrual accounting rate of return inflation (p. 867) real rate of return (p. 867) 

(AARR) (p. 858) internal rate of return (IRR) (p. 846) required rate of return (RRR) (p. 845) 

capital budgeting (p. 842) net present value (NPV) (p. 845) return on investment (RO!) (p. 858) 

cost of capital (p. 845) nominal approach (p. 868) time-adjusted rate of return (p. 847) 

discount rate (p. 845) nominal rate of return (p. 867) time value of money (p. 844) 

discounted cash flow (DCF) (p. 844) opportunity cost of capital (p. 845) 

half-year rule (p. 851) payback method (p. 856) 

yAN~Tyfelalaa(=al me teit-atsl| 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 

21-1 “Capital budgeting has the same focus as accrual accounting.” Do you agree? Explain. 

21-2 List and briefly describe each of the six parts in the capital budgeting decision process. 

21-3 What is the essence of the discounted cash flow method? 

21-4 “Only quantitative outcomes are relevant in capital budgeting analyses.” Do you agree? Explain. 

21-5 How can sensitivity analysis be incorporated in DCF analysis? 

21-6 Whatis the payback method? What are its main strengths and weaknesses? 

21-7 Describe the AARR method. What are its main strengths and weaknesses? 

21-8 “The trouble with discounted cash flow techniques is that they ignore depreciation costs.” Do you 

agree? Explain. 

21-9 “Let's be more practical. DCFis not the gospel. Managers should not become so enchanted with DCF 

that strategic considerations are overlooked.” Do you agree? Explain. 

21-10 “The net present value method is the preferred method for capital budgeting decisions. Therefore, 

managers will always use it.” Do you agree? Explain. 

21-11 “All overhead costs are relevant in NPV analysis.” Do you agree? Explain. 

21-12 List and briefly describe the five major categories of cash flows included in capital investment 

projects. 

21-13 “Managers’ control of job projects generally focuses on four critical success factors.” Identify those 

factors. 

21-14 Bill Watts, president of Western Publications, accepts a capital-budgeting project advocated by 

Division X. This is the division in which the president spent his first 10 years with the company. On the 

same day, the president rejects a capital-budgeting project proposal from Division Y. The manager of 

Division Y is incensed. She believes that the Division Y project has an IRR at least 10 percentage 

points above that of the Division X project. She comments, “What is the point of all our detailed DCF 
analysis? If Watts is panting over a project, he can arrange to have the proponents of that project 
massage the numbers so that it looks like a winner.” What advice would you give the manager of 

Division Y? 
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LOov® 

Exercises 

21-15 Terminology. A number of terms are listed below: 

accounting rate of return , | accrual accounting rate of return (AARR) 

discount rate capital budgeting 

hurdle rate discounted cash flow (DCF) 

investment decision internal rate of return (IRR) 

net present value (NPV) investments 

opportunity cost of capital payback method 

rate of return (ROR) required rate of return (RRR) 

return on investment (RO!) time-adjusted rate of return 

Required 

Select the terms from the above list to complete the following sentences. 

1. The goal of _______is to provide capacity in a planned and orderly manner that will match the 

predicted demand growth of the company and achieve a targeted ______ on these investments. The 

determination of the ROR links closely to the operating income or profit on sales. That is why 

affect the statement of financial position, the statement of comprehensive income, and 
the statement of cash flows. 

2. Capital budgeting requires a careful analysis of the amount and timing of cash outflows and cash 
inflows. There are four methods from which a management team can choose: _________ (or 
_______), The first two methods require the calculation of discounted cash flow. 

3. The NPV method requires that the management team determine what its ____ (_____) 

must be (also called the discount rate, hurdle rate, or opportunity cost of capital). This discount rate is 
the return the team could expect from investing in a different project of similar risk. In contrast the IRR 

(sometimes called the _________) is fully determined by cash inflow and outflow. It is the rate at 
which the discounted net cash flow is zero. 

4. The _______ is based on nominal, not discounted, cash flow. It is simply the total investment 

divided by cash inflow to determine the time it takes to recover the cost of the investment. 

5. The ___ is calculated by dividing the increase in an accrual, expected average operating income, by 

the cost of the initial investment. 

21-16 Exercises in compound interest, no income taxes. To be sure that you understand how to 

use the tables in Appendix A at the end of this book, solve the following exercises. Ignore income tax 
considerations. 

Required 

1. 

2. 

You have just won $50,000. How much money will you accumulate at the end of 5 years if you invest it 
at 6% compounded annually? At 12%? 

Twelve years from now, the unpaid principal of the mortgage on your house will be $249,600. How much 
do you need to invest today at 6% interest compounded annually to accumulate the $249,600 in 

12 years? 

. If the unpaid mortgage on your house in 12 years will be $249,600, how much money do you need 
to invest at the end of each year at 6% to accumulate exactly this amount at the end of the 
12th year? 

. You plan to save $4,800 of your earnings at the end of each year for the next 8 years. How much 

money will you accumulate at the end of the 8th year if you invest your savings compounded at 4% 
per year? 

. You have just turned 65 and an endowment insurance policy has paid you a lump sum of $400,000. If you 
invest the sum at 6%, how much money can you withdraw from your account in equal amounts at the 

end of each year so that at the end of 7 years (age 72), there will be nothing left? 
. You have estimated that for the first 6 years after you retire you will need a cash inflow of $48,000 at the 

end of each year. How much money do you need to invest at 4% at your retirement age to obtain this 
annual cash inflow? At 6%? 



7. The following table shows two schedules of prospective operating cash inflows, each of which 
requires the same net initial investment of $18,000 now: 

Annual Cash Inflows 

Year PlanA Plan B 

1 $ 2,000 $ 3,000 

2 3,000 5,000 

3 4,000 9,000 

4 7,000 5,000 

5 __ 9,000 3,000 

Total $25,000 $25,000 

The required rate of return is 6% compounded annually. All cash inflows occur at the end of each year. In 

terms of net present value, which plan is more desirable? Show your computations, 

21-17 Capital budgeting methods, no income taxes. Lethbridge Company runs hardware stores 

in Alberta. Lethbridge’s management estimates that if it invests $180,000 in a new computer system, it can 

save $60,000 in annual cash operating costs. The system has an expected useful life of five years and no 

terminal disposal value. The required rate of return is 12%. Ignore income tax issues in your answers. 

Assume all cash flows occur at year-end except for initial investment amounts. 

Required 

1. Calculate the following for the new computer system: 

a. NPV 
b. Payback period 
c. IRR 
d. AARR based on the net initial investment (assume straight-line depreciation) 

2. What other factors should Lethbridge Company consider in deciding whether to purchase the new 

computer system? 

21-18 Capital budgeting methods, no income taxes. City Hospital, a nonprofit organization, esti- 
mates that it can save $28,000 a year in cash operating costs for the next 10 years if it buys a special-purpose 

eye-testing machine at a cost of $110,000. No terminal disposal value is expected. City Hospital’s required 

rate of return is 14%. Assume all cash flows occur at year-end except for initial investment amounts. City 
Hospital uses straight-line depreciation. 

Required 

1. Calculate the following for the special-purpose eye-testing machine: 

a. Net present value 

b. Payback period 
c. Internal rate of return 

d. Accrual accounting rate of return based on net initial investment 

e. Accrual accounting rate of return based on average investment 

2. What other factors should City Hospital consider in deciding whether to purchase the special-purpose 

eye-testing machine? 

21-19 New equipment purchase. Norberto Garcia, general manager of the Argentinean subsidiary 

of Innovation Inc., is considering the purchase of new industrial equipment to improve efficiency at its 

Cordoba plant. The equipment has an estimated useful life of five years. The estimated cash flows for the 
equipment are shown in the table that follows, with no anticipated change in working capital. Innovation 

has a 12% required rate of return. Assume depreciation is calculated on a straight-line basis. Assume all 
cash flows occur at year-end except for initial investment amounts. 

Initial investment $80,000 

Annual cash flow from operations (excluding the depreciation effect) 31,250 

Cash flow from terminal disposal of equipment 0 

Required 

1. Calculate (a) NPV, (b) payback period, and (c) IRR. 
2. Compare and contrast the capital budgeting methods in requirement 1. 
3. The controller of Innovation Inc. received Garcia's estimates but adjusted them to capture the added 

risk of doing the project in Argentina. Recalculate item 1a with a required rate of return of 20%, and 
explain if the project will be approved by Innovation Inc. for its Argentinean subsidiary. 

Assignment Material 873 

€ 

L0o0e 
1, a, Discount factor for 12% 

over 5 years, 3.605 

Lo9e 
1. The payback period 

is 3.93 years 

LO® 
1. a, NPV = $32,656 



874 Chapter 21 Capital 

L0o09e 
Net annual cash flow is $53,000 

Budgeting: Methods of Investment Analysis 

21-20 Payback methods, even and uneven cash flows. Sage Laundromat is trying to enhance the 

services it provides to customers, mostly college students. It is looking into the purchase of new 
high-efficiency washing machines that will allow for the laundry’s status to be checked via smartphone. 

Sage estimates the cost of the new equipment at $159,000. The equipment has a useful life of 9 years. 
Sage expects cash fixed costs of $80,000 per year to operate the new machines, as well as cash variable 
costs in the amount of 5% of revenues. Sage evaluates investments using a cost of capital of 10%. 

Required 

1. Calculate the payback period and the discounted payback period for this investment, assuming Sage 
expects to generate $140,000 in incremental revenues every year from the new machines. 

2. Assume instead that Sage expects the following uneven stream of incremental cash revenues from 

installing the new washing machines: 

Bin ee ee eee 
| 1 |Year 

Rae 
a Ger ee eo 

[2 [Projected Revenue | $90,000 

LOO 
1. Plan 1 NPV, ($3,901,726) 

LO® 
1,b, Project A has a payback 

period of 3 years 

€ 

Based on this estimated revenue stream, what are the payback and discounted payback periods for the 

investment? 

21-21 Comparison of projects, no income taxes. Genetech Corporation is a rapidly growing bio- 
tech company that has a required rate of return of 12%. It plans to build a new facility in Halifax, NS. The 

building will take two years to complete. The building contractor offered Genetech a choice of three pay- 
ment plans, as follows: 

= Plan! Payment of $375,000 at the time of signing the contract and $4,425,000 upon completion of the 
building. The end of the second year is the completion date. 

= Plant! Payment of $1,500,000 at the time of signing the contract and $1,500,000 at the end of each of the 
two succeeding years. 

a Plan Ill Payment of $150,000 at the time of signing the contract and $1,500,000 at the end of each of the 
three succeeding years. 

Required 

1. Using the NPV method, calculate the comparative cost of each of the three payment plans being con- 

sidered by the company. 
2. Which payment plan should the company choose? Explain. 
3, Discuss the financial factors, other than the cost of the plan, and the nonfinancial factors that should be 

considered in selecting an appropriate payment plan. 

21-22 Payback and NPV methods, no income taxes. Andrews Construction is analyzing its cap- 
ital expenditure proposals for the purchase of equipment in the coming year. The capital budgetis limited to 

$6,000,000 for the year. Lori Bart, staff analyst at Andrews, is preparing an analysis of the three projects 

under consideration by Corey Andrews, the company’s owner. 

Rie ee ore ee ee ue anes 
See! ProjectA | ProjectB | ProjectC 

Projected cash outflow 

2 Net initial investment 

| 5 |Projected cash inflows 

$3,000,000 $1,500,000 $4,000,000 

$1,000,000 

1,000,000 

1,000,000 

$400,000 

900,000 

800,000 

$2,000,000 

2,000,000 

1,000,000 100,000 

1 Required rate of return 10% 10% 



Required 

1. Because the company’s cash is limited, Andrews thinks the payback method should be used to choose 
among the capital budgeting projects. 

a. Whatare the benefits and limitations of using the payback method to choose among projects? 

b. Calculate the payback period for each of the three projects. Ignore income taxes. Using the pay- 
back method, which projects should Andrews choose? 

2. Bart thinks that projects should be selected based on their NPVs. Assume all cash flows occur at the end 

of the year except for initial investment amounts. Calculate the NPV for each project. Ignore income taxes. 
3. Which projects, if any, would you recommend funding? Briefly explain why. 

21-23 Equipment replacement, no income taxes. Dublin Chips is a manufacturer of prototype 

chips based in Dublin, Ireland. Next year, in 2021, Dublin Chips expects to deliver 615 prototype chips at an 

average price of $95,000. Dublin Chips’ marketing vice president forecasts growth of 65 prototype chips per 

year through 2027. That is, demand will be 615 in 2021, 680 in 2022, 745 in 2023, and so on. 

The plant cannot produce more than 585 prototype chips annually. To meet future demand, Dublin 

Chips must either modernize the plant or replace it. The old equipment is fully depreciated and can be sold 

for $4,200,000 if the plant is replaced. If the plant is modernized, the costs to modernize it are to be capital- 

ized and depreciated over the useful life of the updated plant. The old equipment is retained as part of the 

modernize alternative. The following data on the two options are available: 

Modernize Replace 

Initial investment in 2021 $35,300,000 $66,300,000 

Terminal disposal value in 2027 $ 7,500,000 $16,000,000 

Useful life 7 years 7 years 

Total annual cash operating costs per prototype chip $78,500 $66,000 

Dublin Chips uses straight-line depreciation, assuming zero terminal disposal value. For simplicity, we 

assume no change in prices or costs in future years. The investment will be made at the beginning of 2021, 

and all transactions thereafter occur on the last day of the year. Dublin Chips’ required rate of return is 14%. 

There is no difference between the modernize and replace alternatives in terms of required working 

capital. Dublin Chips has a.special waiver on income taxes until 2027. 

Required 

1. Sketch the cash inflows and outflows of the modernize and replace alternatives over the 2021-2027 

period. 

2. Calculate the payback period for the modernize and replace alternatives. 

3. Calculate net present value of the modernize and replace alternatives. 

4. What factors should Dublin Chips consider in choosing between the alternatives? 

21-24 DCF, accrual accounting rate of return, working capital, evaluation of performance, 

no income taxes. Century Lab plans to purchase a new centrifuge machine for its Manitoba facility. The 
machine costs $137,500 and is expected to have a useful life of eight years, with a terminal disposal value of 

$37,500. Savings in cash operating costs are expected to be $31,250 per year. However, additional working 

capital is needed to keep the machine running efficiently. The working capital must continually be replaced, 

so an investment of $10,000 needs to be maintained at all times, but this investment is fully recoverable (will 

be “cashed in”) at the end of the useful life. Century Lab’s required rate of return is 14%. Ignore income 
taxes in your analysis. Assume all cash flows occur at year-end except for initial investment amounts. 

Required 

1. Calculate NPV. 

2. Calculate IRR. 
3. Calculate AARR based on net initial investment. Assume straight-line depreciation. 
4. You have the authority to make the purchase decision. Why might you be reluctant to base your deci- 

sion on the DCF methods? 

21-25 DCF, sensitivity analysis, no income taxes. (CMA, adapted) Sentax Corporation is an inter- 
national manufacturer of fragrances for women. Management at Sentax is considering expanding the prod- 
uct line to men’s fragrances. From the best estimates of the marketing and production managers, annual 

sales (all for cash) for this new line are 2,000,000 units at $100 per unit; cash variable cost is $50 per unit; and 
cash fixed costs are $18,000,000 per year. The investment project requires $100,000,000 of cash outflow and 

has a project life of 4 years. 
At the end of the 4-year useful life, there will be no terminal disposal value. Assume all cash flows 

occur at year-end except for initial investment amounts. 

Assignment Material 875 
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LOoO® 

LOo9 
1, NPV is $33,235 

LO ® 
Cash flow (Cloudburst) in 2021 

is $505,350 

Men's fragrance is a new market for Sentax, and management is concerned about the reliability of 
the estimates. The controller has proposed applying sensitivity analysis to selected factors. Ignore income 

taxes in your computations. Sentax’s required rate of return on this project is 16%. 

Required 

1. Calculate the net present value of this investment proposal. 

2. Calculate the effect on the net present value of the following two changes in assumptions. (Treat each 
item independently of the other.) 

a. 20% reduction in the selling price 

b. 20% increase in the variable cost per unit 

3. Discuss how management would use the data developed in requirements 1 and 2 inits consideration of 

the proposed capital investment. 

21-26 DCF, accrual accounting rate of return, working capital, evaluation of performance, 
no income taxes. Homer Inc. plans to purchase a new rendering machine for its animation facility. The 

machine costs $102,500 and is expected to have a useful life of eight years, with a terminal disposal value of 

$22,500. Savings in cash operating costs are expected to be $22,250 per year. However, additional working 
capital is needed to maintain the operations of the rendering machine. The working capital must continually 
be replaced, so an investment of $10,000 needs to be maintained at all times, but this investment is fully 

recoverable (will be “cashed in”) at the end of the useful life. Homer Inc.'s required rate of return is 12%. 
Ignore income taxes in your analysis. Assume all cash flows occur at year-end except for initial investment 

amounts. Homer Inc. uses straight-line depreciation for its machines. 

Required 

1. Calculate NPV. 
. Calculate IRR. 
. Calculate AARR based on net initial investment. 

. Calculate AARR based on average investment. 

. You have the authority to make the purchase decision. Why might you be reluctant to base your deci- 
sion on the DCF methods? 

or > Ww PS 

21-27 NPV and AARR, goal-congruence issues. Liam Mitchell, a manager of the Plate Division for 
the Harvest Manufacturing company, has the opportunity to expand the division by investing in additional 

machinery costing $495,000. He would depreciate the equipment using the straight-line method and expects 

it to have no residual value. It has a useful life of 9 years. The firm mandates a required after-tax rate of 
return of 14% on investments. Liam estimates annual net cash inflows for this investment of $130,000 before 
taxes and an investment in working capital of $5,000 that will be returned at the project's end. Harvest’s tax 

rate is 30%. 

Required 

1. Calculate the net present value of this investment. 
2. Calculate the accrual accounting rate of return based on net initial investment for this project. 

3. Should Liam accept the project? Will Liam accept the project if his bonus depends on achieving an 

accrual accounting rate of return of 14%? How can this conflict be resolved? 

21-28 Customer value. Ortel Telecom sells telecommunication products and services to a variety of 

small businesses. Two of Ortel’s key clients are Square and Cloudburst, both fast-growing technology start- 
ups located in New York City. Ortel has compiled information regarding its transactions with Square and 

Cloudburst for 2020, as well as its expectations regarding their interactions over the next 3 years: 

ee ee ee ae aS as Pe 
Expected Annual 

Percentage Increase 2020 

| —t~<“—t;~*ésés*dSCSS quatre’ Cloudburst | Square | Cloudburst 

| 3 |Sales revenues 6% 5.5% $567,000 | $3,510,000 
| 4 |Cost of sales 5% 45% | $364,800 | $3,060,000 
| 5 | Net cash flow $202,200 | $ 450,000 

Ortel's transactions with Square and Cloudburst are in cash. Assume that they occur at year-end, 

Ortel is headquartered in the Cayman Islands and pays no income taxes. The owners of Ortel insist on a 
required rate of return of 12%. 
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Required 

1. Whatis the expected net cash flow from Square and Cloudburst for the next 3 years? 
2. Based on the net present value from cash flows over the next 3 years, is Cloudburst or Square a more 

valuable customer for Ortel? 

3. Cloudburst threatens to switch to another supplier unless Ortel gives a 10% price reduction on all sales 

starting in 2021. Calculate the 3-year NPV of Cloudburst after incorporating the 10% discount, Should 

Ortel continue to transact with Cloudburst? What other factors should it consider before making its 
final decision? 

21-29 Estimated cash flows, tax minimization, calculated depreciation. Crazy Mama manu- LO @ 
factures baby furniture, clothing, strollers, and accessories. In the current year the company plans on pur- NPV is ($119,929) 

chasing a new machine to improve the quality and efficiency of production. Crazy Mama has prepared 

estimates of future cash flows over the following four years, at which point it will sell the machine for 
$10,000. The company focuses on tax minimization and calculated depreciation over the four years using the 

straight-line method, a useful life of four years, and a residual value of $0. 

Relevant Cash Flows at End of Each Year 

Today 1 2 3 4 

Initial investment (222,000) 

Annual cash flows from operations 23,000 23,000 23,000 23,000 

(excluding depreciation) 

Cash flow from sale of machine 10,000 

Required return on investment 10% 

Income tax rate 35% 

Depreciation method straight-line 

CCA rate declining balance for income tax purposes 20% 

All CF occur at end of year except for the initial investment. 

1. Calculate the NPV of the investment. 
2. Should the company purchase the new machine? 

21-30 Internal rate of return in capital budgeting. Crazy Mama has just heard about payback Loe 
period and IRR. Assume the CCA rate is 20%, and refer to the following information to answer the questions 1. Payback period is 1.4 years 

below. 

Relevant Cash Flows at End of Each Year 

Today 1 2 3 4 

Initial investment (22,200) 

Annual cash flows from operations 23,000 23,000 23,000 23,000 

(excluding depreciation) 

Cash flow from sale of machine 10,000 

Required return on investment 0.10 

Income tax rate 0.35 

Depreciation method straight-line 

CCA rate declining balance for income tax purposes 

1. Calculate the payback period. 
2. Compare the payback method with the NPV method. Describe a situation where the payback method 

would be more appropriate to evaluate a capital budgeting decision. 
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LOo@@e 
2. NPV is $18,093.25 

LOo@6 
2. NPV is $18,975.47 

€ 

LOee 
1. NPV is $34,394.78 

LOo® 
1. NPV is $10,955 

21-31 Capital Budgeting and NPV. Chicks with Kicks is a boxing club for women. The club manu- 

factures all of its own punching bags out of high-quality leather and sand from Los Roques, one of Venezuela's 

most beautiful beaches. The company is considering investing in a sand refining machine to improve tie 

quality of its punching bags. Details about the machine investment are as follows: 

Cost of new machine $150,000.00 

The expected improvements from the new machine would allow for an increase in membership fees. The 

CFO expects cash flows from the investment in the first three years to be $89,000, $91,000, and $101,000. 

The company is subject to a 40% tax rate and has a required rate of return of 15% for all investment proj- 

ects. The CCA rate is 25% and the disposal value of the machine is $11,000. 

1. What is the total present value of the predicted cash inflows from the new machine? 

2. Is the investment profitable? 

21-32 Capital budgeting, NPV, and economic factors. Chicks with Kicks has requested another 

report in addition to the NPV report you completed in Exercise 21-31. Details about the machine investment 

are as follows: 

Cost of new machine $150,000.00 

CCA rate 25% 

Disposal value $11,000.00 

Useful life 3 years 

The expected improvements from the new machine would allow for an increase in membership fees. The 

CFO expects cash flows from the investment in the first three years to be $89,000, $91,000, and $101,000. 
The company is subject to a 40% tax rate and has a required rate of return of 15% for all investment 

projects. 

1. The current required rate of return of 15% per year does not include an adjustment of 2% for inflation. 

Calculate the real rate of return. 

2. The CFO has asked you to recalculate the NPV of the investment using the real rate of return. 

21-33 Capital budgeting, NPV, and IRR. Spooked is a Halloween decorations manufacturer plan- 

ning to purchase a new packing machine for $120,000 with a useful life of 15 years and a terminal value of 

$10,000. Savings due to the machine are expected to be $23,000 per year; however, parts of the machine 

must be replaced every year so a working capital investment of $5,000 must be maintained. This amount will 

be recoverable upon disposal. Required rate of return is 12%. All cash flows occur at year-end except for 

the initial investment. Ignore income taxes in your analysis. 

1. Calculate NPV. 
2. Describe two methods to determine the IRR. 

3. Without using the methods in requirement 2, state whether the IRR will be lower or higher than 9%. 
How do you know? 

4. Calculate AARR based on net initial investment. 

21-34 DCF, accrual accounting rate of return, working capital, evaluation of performance, 
no income taxes. Laverty Clinic plans to purchase a new centrifuge machine for its New York facility. The 

machine costs $94,000 and is expected to have a useful life of 6 years, with a terminal disposal value of 

$9,000. Savings in cash operating costs are expected to be $24,900 per year. However, additional working 
capital is needed to keep the machine running efficiently. The working capital must continually be replaced, 
so an investment of $4,000 needs to be maintained at all times, but this investment is fully recoverable (will 

be “cashed in”) at the end of the useful life. Laverty Clinic’s required rate of return is 12%. Ignore income 
taxes in your analysis. Assume all cash flows occur at year-end except for initial investment amounts. 

Laverty Clinic uses straight-line depreciation for its machines. 

Required 

1, Calculate net present value. 

. Calculate internal rate of return. 

. Calculate accrual accounting rate of return based on net initial investment. 

. Calculate accrual accounting rate of return based on average investment. 

. You have the authority to make the purchase decision. Why might you be reluctant to base your deci- 
sion on the DCF methods? 

oi > W PP 



21-35 Comparison of projects, no income taxes. (CMA, adapted) New Pharm Corporation is a 

rapidly growing biotech company that has a required rate of return of 14%. It plans to build a new facility in 

Santa Clara County. The building will take 2 years to complete. The building contractor offered New Pharm 
a choice of three payment plans, as follows: 

= Plan |: Payment of $175,000 at the time of signing the contract and $4,700,000 upon completion of the 
building. The end of the second year is the completion date. 

w Planil: Payment of $1,625,000 at the time of signing the contract and $1,625,000 at the end of each of the 
two succeeding years. 

w Plan iil: Payment of $325,000 at the time of signing the contract and $1,500,000 at the end of each of the 
three succeeding years. 

Required 

1. Using the net present value method, calculate the comparative cost of each of the three payment plans 
being considered by New Pharm. 

2. Which payment plan should New Pharm choose? Explain. 
3. Discuss the financial factors, other than the cost of the plan, and the nonfinancial factors that should 

be considered in selecting an appropriate payment plan. 

21-36 Capital budgeting with uneven cash flows, no income taxes. America Cola is consider- 

ing the purchase of a special-purpose bottling machine for $65,000, Itis expected to have a useful life of 4 years 

with no terminal disposal value. The plant manager estimates the following savings in cash operating costs: 

Year Amount 

i $ 25,000 

2 22,000 

2 21,000 

‘ _20,000 
Total $ 88,000 

America Cola uses arequired rate of return of 18% in its capital budgeting decisions. Ignore income 

taxes in your analysis. Assume all cash flows occur at year-end except for initial investment amounts. 
Calculate the following for the special-purpose bottling machine: 

Required 

1. Net present value 
2. Payback period 
3. Discounted payback period 
4, Internal rate of return (using the interpolation method) 
5. Accrual accounting rate of return based on net initial investment (Assume straight-line depreciation. 

Use the average annual savings in cash operating costs when computing the numerator of the accrual 

accounting rate of return.) 

21-37 New equipment purchase, income taxes. Anna's Bakery plans to purchase a new oven 
with an estimated useful life of four years. The estimated pre-tax cash flows for the oven are as shown in the 
table that follows, with no anticipated change in working capital. Anna's Bakery has a 12% after-tax required 
rate of return and a 40% income tax rate. Assume depreciation is calculated on a straight-line basis for 

accounting purposes using the initial oven investment and estimated terminal disposal value of the oven. 
Assume all cash flows occur at year-end except for initial investment amounts. Equipment is subject to 20% 
CCA rate declining balance for income tax purposes. 

Assignment Material 879 

LO © 
1, Total PV of Plan 1 is 

$(3,789,300) 

LOO 
2, Payback period is 2.86 years 

LO @ 
1, a, Total present value of recur- 

ring after-tax operating savings, 

$65,599 

Relevant Cash Flows at End of Each Year € 
i 

0 1 2 3 

Initial machine investment $(95,000) 

Annual cash flow from operations $36,000 $36,000 $36,000 $36,000 
(excluding the depreciation effect) 

Cash flow from terminal disposal of oven 0 

Required 

1, Calculate (a) NPV, (b) payback period, and (c) IRR. 
2. Compare and contrast the capital budgeting methods in requirement 1. 
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LO@® 

Looe 
1. Cash inflow from operations, 

$10,000,000 

Looe 
1, Present value of net cash 

inflows, $51,520 

Problems 

21-38 Capital budgeting methods, no income taxes. Yummy Candy Company is considering 
purchasing a second chocolate dipping machine in order to expand their business. The information Yummy 

has accumulated regarding the new machine is 
L 

Cost of the machine $80,000 

Increased annual contribution margin $15,000 

Life of the machine 10 years 

Required rate of return 6% 

Yummy estimates they will be able to produce more candy using the second machine and thus increase 
their annual contribution margin. They also estimate there will be a small disposal value of the machine but 

the cost of removal will offset that value. Ignore income tax issues in your answers. Assume all cash flows 

occur at year-end except for initial investment amounts. 

Required 

1. Calculate the following for the new machine: 

a. Net present value 
. Payback period 

. Discounted payback period 

. Internal rate of return (using the interpolation method) 

. Accrual accounting rate of return based on the net initial investment (assume straight-line 

depreciation) 
2. What other factors should Yummy Candy consider in deciding whether to purchase the new machine? 

ono a 

21-39 DCF, sensitivity analysis, no income taxes. LVT is an international manufacturer of fra- 

grances for women. Management at LVT is considering expanding the product line to men’s fragrances. 

From the best estimates of the marketing and production managers, annual sales (all for cash) for this new 

line are 1,000,000 units at $25 per unit; cash variable cost is $10 per unit; cash fixed cost is $5,000,000 per 

year. The investment project requires $30,000,000 of cash outflow and has a project life of five years. 

At the end of the five-year useful life, there will be no terminal disposal value. Assume all cash flows 
occur at year-end except for initial investment amounts. 

Men's fragrance is a new market for LVT, and management is concerned about the reliability of the 

estimates. The controller has proposed applying sensitivity analysis to selected factors. Ignore income 

taxes in your computations. LVT’s required rate of return on this projectis 14%. 

Required 

1. Calculate the NPV of this investment proposal. 

2. Calculate the effect on the NPV of the following two changes in assumptions. (Treat each item inde- 

pendently of the other.) 
a. 5% reduction in the selling price 

b. 5% increase in the variable cost per unit 

3. Discuss how management would use the data developed in requirements 1 and 2 inits consideration of 
the proposed capital investment. 

21-40 NPV, IRR, and sensitivity analysis. Fluffy Cupcake Company is considering expanding by 
buying a new (additional) machine that costs $42,000, has zero terminal disposal value, and has a 10-year 

useful life. It expects the annual increase in cash revenues from the expansion to be $23,000 per year. 

lt expects additional annual cash costs to be $16,000 per year. Its cost of capital is 6%. Ignore taxes. 

Required 

1. Calculate the NPV and IRR for this investment. 
2. Assume the finance manager of Fluffy Cupcake Company is not sure about the cash revenues and costs. 

The revenues could be anywhere from 10% higher to 10% lower than predicted. Assume cash costs are 
still $16,000 per year. What are NPV and IRR at the high and low points for revenue? 

3. The finance manager thinks that costs will vary with revenues, and if the revenues are 10% higher, the 

costs will be 7% higher. If the revenues are 10% lower, the costs will be 10% lower. Recalculate the 
NPV and IRR at the high and low revenue points with this new cost information. 

4. The finance manager has decided that the company should earn 2% more than the cost of capital on 
any project, Recalculate the original NPV in requirement 1 using the new discount rate. 



21-41 Relevance and DCF. The Dannich Company currently makes as many units of Part No. 789 as it 

needs. David Lin, general manager of the Dannich Company, has received a bid from the Gabriella Company 

for making Part No. 789. Current plans call for Gabriella to supply 1,000 units of Part No. 789 per year at $60 
a unit. Gabriella can begin supplying on January 1, and continue for five years, after which time Dannich will 
not need the part. Gabriella can accommodate any change in Dannich’s demand for the part and will supply 

it for $60 a unit, regardless of quantity. 

Jacqueline Tyson, the controller of the Dannich Company, reports the following costs for manufactur- 
ing 1,000 units of Part No. 789: 

Direct materials $26,400 

Direct manufacturing labour 13,200 

Variable manufacturing overhead 8,400 

Depreciation on machine 12,000 

Product and process engineering 4,800 

Rent 2,400 

Allocation of general plant overhead costs 6,000 

Total costs $73,200 

The following additional information is available: 

a. Part No. 789 is made on a machine used exclusively for the manufacture of Part No. 789. The machine 

was acquired on January 1, at a cost of $72,000. The machine has a useful life of six years and zero 

terminal disposal price. Depreciation is calculated on the straight-line method. 

b. The machine could be sold today for $18,000. 

c. Product and process engineering costs are incurred to ensure that the manufacturing process for Part 

No. 789 works smoothly. Although these costs are fixed in the short run, with respect to units of Part 

No. 789 produced, they can be saved in the long run if this partis no longer produced. If Part No. 789 is 
outsourced, product and process engineering costs of $4,800 will be incurred for the current year but 

not thereafter. 
d. Rent costs of $2,400 are-allocated to products on the basis of the floor space used for manufacturing 

the product. If Part No. 789 is discontinued, the space currently used to manufacture it would become 

available. The company could then use the space for storage purposes and save $1,200 currently paid 

for outside storage. 

e. General plant overhead costs are allocated to each department on the basis of direct manufacturing 

labour dollars. These costs will not change in total. But no general plant overhead will be allocated to 

Part No. 789 if the partis outsourced. 

Assume that Dannich requires a 12% rate of return for this project. 

Required 

1. Should David Lin outsource Part No. 789? Prepare a quantitative analysis. 
2. Describe any sensitivity analysis that seems advisable, but you need not perform any sensitivity 

calculations. 
3. What other factors should Lin consider in making a decision? 

4. Lin is particularly concerned about his bonus for the year. The bonus is based on Dannich’s accounting 

income. What decision will Lin make if he wants to maximize his bonus for the year? 

21-42 NPV and customer profitability, no taxes. Christen Granite sells granite countertops to the 
construction industry. Christen Granite has three customers: Homebuilders, a small construction company 

that builds private luxury homes; Kitchen Constructors, a company that designs and builds kitchens for hos- 

pitals and hotels; and Subdivision Erectors, a construction company that builds large subdivisions in major 

metro suburbs. Following are Christen Granite’s revenue and cost data by customer for the year ended 

December 31, 2020: 

Kitchen Subdivision 

Homebuilders Constructors Erectors 

Revenues $54,000 $390,000 $1,032,000 

Cost of goods sold 26,400 216,000 660,000 

Operating costs 12,000 90,000 282,000 
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LO ® 
1, Present value if Part No, 789 is 

purchased, $(7,916) 

€ 

€ 

LO © 
1, 2021 Homebuilders cash flow 

from operations, $16,764 
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L0o0e@ 
1, Net annual cash inflow, 

$30,000 

Logeo 
1, Present value of initial 

Investments, ($325,000) 

LO6oO 
1, Annual cash flow from 

operations with new equipment, 

$730,000 

Operating costs include order processing, sales visits, delivery, and special delivery costs. Christen 

estimates that revenue and costs will increase as follows on an annual basis: 

Kitchen Subdivision 
Homebuilders Constructors Erectors 

Revenues 5% 15% 8% 

Cost of goods sold 4% 4% 4% 

Operating costs 4% 4% 4% 

Required 

1. Calculate operating income per customer for 2020 and for each year of the 2021-2025 period. 

2. Christen estimates the value of each customer by calculating the customer's projected NPV over the 

next five years (2021-2025). Use the operating incomes calculated above to compute the value of all 

three customers. Christen uses a 10% discount rate. 
3. Recently, Kitchen Constructors (KC), Christen’s most valuable customer, has been threatening to leave. 

Lawson Tops, Christen's fiercest competitor, has offered KC a greater discount. KC demands a 20% 

discount from Christen if the latter wants to keep KC’s business. At the same time, Christen reevaluates 
the KC account and anticipates annual revenue increases of only 5% thereafter. Should Christen grant 

KC the 20% discount? What is the five-year value of KC after incorporating the 20% discount? What 

other factors should Christen consider before making a final decision? 
4. What are the possible adverse effects of caving in to KC’s pressure? 

21-43 Payback, even and uneven cash flows. You have the opportunity to expand your business by 
purchasing new equipment for $189,000. You expect to incur fixed costs of $96,000 per year to use this new 
equipment, and you expect to incur variable costs in the amount of approximately 10% of annual revenues. 

Required 

1. Calculate the payback period for this investment assuming you will generate $140,000 in cash revenues 

every year. 
2. Assume you expect the following revenue stream for this investment: 

Year 1; $ 90,000 Year 4; $155,000 Year 7: $140,000 

Year 2; 115,000 Year 5: 170,000 Year 8: 125,000 

Year 3; 130,000 Year 6: 180,000 Year 9: 80,000 

Based on this estimated revenue stream, what is the payback period for this investment? 

21-44 NPV and AARR, goal-congruence issues. Nate Stately, a manager of the Plate division for 

the Great Slate Manufacturing Company, has the opportunity to expand the division by investing in addi- 
tional machinery costing $320,000. He would depreciate the equipment using the straight-line method and 

expects it to have no residual value. It has a useful life of six years. The firm mandates a required rate of 
return of 16% on investments. Nate estimates annual net cash inflows for this investment of $100,000 and an 
investment in working capital of $5,000 that will be returned at the project's end. 

Required 

1. Calculate the NPV of this investment. 

2. Calculate the AARR for this investment. 

3, Should Nate accept the project? Will Nate accept the project if his bonus depends on achieving an 
AARR of 16%? How can this conflict be resolved? 

21-45 Recognizing cash flows for capital investment projects, NPV. Met-All Manufacturing 
manufactures over 20,000 different products made from metal, including building materials, tools, and furni- 
ture parts. The manager of the Furniture Parts division has proposed that his division expand into bicycle parts 
as well. The Furniture Parts division currently generates cash revenues of $4,700,000 and incurs cash costs of 

$3,600,000, with an investment in assets of $12,090,000. One-quarter of the cash costs are direct labour, 
The manager estimates that the expansion of the business will require an investment in working cap- 

ital of $45,000. Because the company already has a facility, there would be no additional rent or purchase 
costs for a building, but the project would generate an additional $420,000 in annual cash overhead. More- 

over, the manager expects annual materials cash costs for bicycle parts to be $1,700,000, and labour for 
the bicycle parts to be about the same as the labour cash costs for furniture parts. 

The Controller of Met-All, working with various managers, estimates that the expansion would require 
the purchase of equipment with a $5,000,000 cost and an expected disposal value of $400,000 at the end of 
its 10-year useful life, Depreciation would occur on a straight-line basis. 
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The CFO of Met-All determines the firm's cost of capital as 12%. The CFO's salary is $460,000 per year. 

Adding another division will not change that. The CEO asks for a report on expected revenue for the proj- 

ect, and is told by the marketing department that it might be able to achieve cash revenue of $3,750,000 

annually from bicycle parts. Met-All Manufacturing has a tax rate of 30%. The CCA rate is 20%. 

Required 

1. Separate the cash flows into four groups: (1) net initial investment cash flows, (2) cash flows from 

operations, (3) cash flows from terminal disposal of investment, and (4) cash flows not relevant to the 
capital budgeting problem. 

2. Calculate the NPV of the expansion project and comment on your analysis. 

21-46 Recognizing cash flows for capital investment projects. Ludmilla Quagg owns a fitness centre LOoOee@ 
and is thinking of replacing the old Fit-O-Matic machine with a brand new Flab-Buster 3000. The old Fit-O-Matic 2, Annual cash flow from opera- 

has a historical cost of $50,000 and accumulated depreciation of $46,000, but has a trade-in value of $5,000, It tions, $9,320 
currently costs $1,200 per month in utilities and another $10,000 a year in maintenance to run the Fit-O-Matic. 

Ludmilla feels that the Fit-O-Matic can be used for another 10 years, after which it would have no salvage value. 

The Flab-Buster 3000 would reduce the utilities costs by 30% and cut the maintenance cost in half. 
The Flab-Buster 3000 costs $98,000, has a 10-year life, and has an expected disposal value of $10,000 at the 
end of its useful life. Ludmilla charges customers $10 per hour to use the fitness centre. Replacing the fit- 

ness machine will not affect the price of service or the number of customers she can serve. 

Ludmilla also looked at replacing the Fit-O-Matic with a Walk-N-Pull Series 3, which costs $78,000. 
However, she prefers the Flab-Buster 3000. 

Required 

1. Ludmilla wants to evaluate the Flab-Buster 3000 project using capital budgeting techniques, but does 

not know how to begin. To help her, read through the problem and separate the cash flows into four 

groups: (1) net initial investment cash flows, (2) cash flow savings from operations, (3) cash flows from 
terminal disposal of investment, and (4) cash flows not relevant to the capital budgeting problem. 

2. Assuming a required rate of return of 8%, and straight-line depreciation over remaining useful life of 

machines, should Ludmilla buy the Flab-Buster 3000? 

21-47 Defensive and offensive strategies in capital budgeting. (CMA, adapted) The management LO @ 
of Kleinburg Industrial Bakery is analyzing two competing investment projects and it must decide which one 1, Present value, years 1-9 cash 

can be done immediately and which one can be postponed for at least a year. The details of each proposed inflows, increase capacity project, 
investment are shown below. $2,131,200 

The bakery has a 12% required rate of return to evaluate all investments that directly impact opera- 

tions and amortizes the investment in plant and equipment using straight-line depreciation over 10 years 

on the difference between the initial investment and terminal disposal price. 

Required 

1. Calculate the NPV of each proposal. 

2. Which project should the bakery choose on the basis of the NPV calculations? 

3. Mention which strategic factors must be considered by the managers when ranking the projects. 

Project: Increase Capacity Project: Upgrade 

to Serve New Markets Customer Service 

Proposed by Production manager Sales and marketing manager 

Rationale Assets are operating at The fleet of trucks and vans need to be 
full capacity and we are upgraded with tracking devices and 

unable to attend to all the remote connections to flex the plan- 

demand; therefore, we need ning of routes. The new software will 

to expand our facilities to allow the company to be paperless and 

produce more kilograms. respond faster to customers’ requests. 

Investment $600,000 $345,000 

Working capital $ 50,000 $150,000 

Terminal disposal value $60,000 None 

Expected useful life 10 years 5 years 

Expected increase in $400,000 per year $80,000 per year 

operating income 

Expected savings in None $40,000 per year 

administrative costs 
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Collaborative Learning Cases 

LO @e@0Cee 21-48 Net present value, internal rate of return, sensitivity analysis. Francesca Freed wants a 
1, Annual net cash inflows, Burg-N-Fry franchise. The buy-in is $500,000. Burg-N-Fry headquarters tells Francesca that typical annual 

periods 1-12, $74,000 operating costs are $160,000 (cash) and that she can bring in “as much as” $260,000 in cash revenues per 

year. Burg-N-Fry headquarters also wants*her to pay 10% of her revenues to them per year. Francesca 

wants to earn at least 8% on the investment, because she has to borrow the $500,000 at a cost of 6%. Use a 

12-year window, and ignore taxes. 

Required 

1. Find the NPV and IRR of this investment, given the information that Burg-N-Fry has given Francesca. 

2. Francesca is nervous about the “as much as” statement from Burg-N-Fry, and worries that the cash 

revenues will be lower than $260,000. Repeat requirement 1 using revenues of $240,000 and $220,000. 
3, Francesca thinks she should try to negotiate a lower payment to the Burg-N-Fry headquarters, and 

also thinks that if revenues are lower than $260,000, her costs might also be lower by about $10,000, 

Repeat requirement 2 using $150,000 as annual cash operating cost and a payment to Burg-N-Fry of 

only 6% of sales revenues. 

4. Discuss how the sensitivity analysis will affect Francesca’s decision to buy the franchise. Why don't 
you have to recalculate the IRR if you change the desired (discount) interest rate? 

‘TRY IT! > SOLUTIONS 

IRR 

The easiest way to calculate the IRR is by using the IRR function in Excel, which results in an IRR of 
18.07%, 

Alternatively, you can look for the annuity PV factor for n= 20 that is closest to the following: 

Initial investment/Amount of each equal net cash inflow 

= $8,000,000 /$1,500,000 

= 5.33 

The annuity PV factor at n= 20 that is closest to 5.33 occurs when i= 18%. At 18%, the annuity 
PV factor is 5.353, Thus, the IRR of the wind turbine is close to 18%. 

NPV 

The NPV is the difference between the present value of the wind turbine’s future net cash flows 
($750,000 per year for 20 years) and the cost of the initial investment ($4 million). It can be found using 
the annuity PV factor for /= 12%, n= 20, as follows: 

(Present value of an annuity (at 12% discount for 20 years)) X Net cash flow — Initial investment 

= (PV annuity factor X Cash flow) — Initial investment 

= (7.469 x 1,500,000) — $8,000,000 

= $3,203,500 

Payback 

Since the net cash inflows are expected to be equal each year, payback is calculated as follows: 

Payback period = Initial investment/Expected annual net cash inflow 

= $8,000,000 /$1,500,000 

= 5.33 years 

AARR 

AARR is calculated as follows: AARR=(Average annual net cash inflow— Annual depreciation expense)/ 
Initial investment 
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The AARR focuses on the operating income generated from the investment, not the net cash 

inflow from the investment. Thus, to use this formula, we need to find the annual depreciation 

expense, which will be used to reconcile net cash inflows back to operating income: 

Annual depreciation = $8 million/20 years 

= $400,000 

Now we calculate AARR as follows: 

AARR = ($1,500,000 — $400,000) /$8,000,000 

= 13.75% 
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® Assess the market-based 
transfer price method. 

© Apply relevant costs and tax 

considerations to evaluate the 

selection of cost-based and 

negotiated transfer prices. 

@ Analyze income tax consider- 
ations in multinational transfer 
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CPA Competencies* 
This chapter covers material 

outlined in Section 3: 
Management Accounting of 
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best coverage possible. 
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management techniques appropriate 

for specific costing decisions 

3.4.1 Evaluates sources and 

drivers of revenue growth 

3.7.1 Analyzes the implications of 

management incentive schemes and 

employee compensation methods 
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Software Multinationals and Transfer Pricing 
Transfer pricing is a strategy adopted in several industries, including the software 

industry. Transfer prices are the prices that one entity charges to another related entity 

for goods or services (Such as two divisions or subsidiaries of a multinational corporation). 

These strategies are often adopted to minimize tax liabilities. However, these strategies 

can sometimes be seen as unfair manipulation of earnings in the eyes of governments 

that rely on tax revenues. 

Recently, the European Union ruled that the business operations of Apple with 

respect to their tax arrangements in lreland suggest the software giant has an outstanding 

tax bill of US$14.5 billion. The European Union claims to be concerned that revenues are 

unfairly being directed to low tax regions within Europe and allowing these corporations 

to lessen their tax liability. The case has been under consideration for a lengthy period 

and, in 2019, the Irish Government and Apple banded together to challenge the decision 

of the EU, which suggests there are often multiple and sometimes conflicting pressures 

in the application of such regulations. 

Sources: Bloomberg News. 2019. “Apple May Soon Get Clues about Its Chances of Winning EU Tax Case,” Accounting 
Today, September 23 — (https://www.accountingtoday.com/articles/apple-may-get-clues-about-its-chances-of 
-winning-tax-case-of-the-century); V. Houlder, 2016. “Apple’s EU Tax Dispute Explained,” Financial Times (August 29) 
http://www.ft.com/cms/s/2/3e0172a0-6e1 b-1 1e6-9ac1-1055824ca907. html#axzz4JQRSHSDn. 



Management Control Systems 887 

Management Control Systems 

A management control system is a means of gathering and using information to aid and 
coordinate the planning and control decisions throughout an organization and to guide the 
behaviour of its managers and other employees. Some companies design their management 
control system around the concept of the balanced scorecard. For example, Scotiabank’s 
management control system contains financial and nonfinancial information in each of the 
four perspectives of the balanced scorecard. Well-designed management control systems use 
information both from within the company, such as net income and employee satisfaction, 
and from outside the company, such as stock price and customer satisfaction. 

Formal and Informal Systems 

Management control systems consist of formal and informal control systems. The formal 
management control system of a company includes explicit rules, procedures, perfor- 
mance measures, and incentive plans that guide the behaviour of its managers and other 
employees. The formal control system comprises several systems, such as the management 
accounting system (which provides information regarding costs, revenues, and income), 
the human resources systems (which provide information on recruiting, training, absen- 
teeism, and accidents), and the quality systems (which provide information on yield, 
defective products, and late deliveries to customers). 

The informal management control system includes shared values, loyalties, and 
mutual commitments among members of the organization; company culture; and the 
unwritten norms about acceptable behaviour for managers and other employees. Exam- 
ples of company slogans that reinforce values and loyalties are “At Ford, Quality Is Job 1” 
and “At Home Depot, Low Prices Are Just the Beginning.” 

Effective Management Control 

To be effective, management control systems should be closely aligned with the organiza- 
tion’s strategies and goals. Two examples of strategies at ExxonMobil are (1) providing 
innovative products and services to increase market share in key customer segments (by 
targeting customers who are willing to’ pay more for faster service, better facilities, and 
well-stocked convenience stores) and (2) reducing costs and targeting price-sensitive cus- 
tomers. Should ExxonMobil decide to pursue the former strategy, the management con- 
trol system must then reinforce-this goal, and ExxonMobil should tie managers’ rewards 
to achieving the targeted measures. 

Management control systems should also be designed to support the organizational 
responsibilities of individual managers. Different levels of management at ExxonMobil 
need different kinds of information to perform their tasks. For example, top management 
needs stock price information to evaluate how much shareholder value the company has 
created. Stock price, however, is less important for line managers supervising individual 
refineries. They are more concerned with obtaining information about on-time delivery of 
gasoline, equipment downtime, product quality, number of days lost to accidents and 
environmental problems, cost of gasoline, and employee satisfaction. Similarly, marketing 
managers are more concerned with information about service at gas stations, customer 
satisfaction, and market share. 

Effective management control systems should also motivate managers and other 
employees. Motivation is the desire to attain a selected goal (the goal-congruence aspect) 
combined with the resulting pursuit of that goal (the effort aspect). Goal congruence 
exists when individuals and groups work toward achieving the organization’s goals—that 
is, managers working in their own best interest take actions that align with the overall 
goals of top management. Suppose the goal of ExxonMobil’s top management is to max- 
imize operating income. If the management control system evaluates the refinery manager 
only on the basis of costs, the manager may be tempted to make decisions that minimize 
cost but overlook product quality or timely delivery to retail stations. This oversight is 
unlikely to maximize operating income of the company as a whole. In this case, the man- 
agement control system will not achieve goal congruence. 

LO® 
Integrate the accounting 
internal control system 

assurance framework with 

existing legislation, 
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Effort is the extent to which managers strive or endeavour to achieve a goal. Effort 
goes beyond physical exertion, such as a worker producing at a faster rate, to include 
mental actions as well. For example, effort includes the diligence or acumen with which a 
manager gathers and analyzes data before authorizing a new investment. It is impossible 
to directly observe or reward effort: As a result, management control systems motivate 
employees to exert effort by rewarding them for the achievement of observable goals, 
such as profit targets or stock returns. This induces managers to exert effort because 
higher levels of effort increase the likelihood that the goals are achieved. The rewards can 
be monetary (such as cash, shares of company stock, use of a company car, or member- 
ship in a club) or nonmonetary (such as a better title, greater responsibility, or authority 
over a larger number of employees). 

Organizational Structure and Decentralization 

Management control systems must fit an organization’s structure. An organization whose 

structure is decentralized has additional issues to consider for its management control 
system to be effective. Decentralization is the freedom for managers at lower levels of the 
organization to make decisions. Autonomy is the degree of freedom to make decisions. 
The greater the freedom, the greater the autonomy of any given subunit, which can be any part 
of an organization—a large division, such as the refining division of ExxonMobil; or a small 
group, such as a two-person advertising department of a local clothing chain. Companies try 
to choose the degree of decentralization that maximizes benefits over costs. From a practical 
standpoint, top management can seldom quantify either the benefits or the costs of decen- 
tralization. Still, the cost-benefit approach helps management focus on the key issues. 

Benefits of Decentralization Costs of Decentralization 

1. Creates greater responsiveness toneedsofa 1. Leads to suboptimal decision making. This 

subunits customers, suppliers, and employees. 

Compared with top managers, subunit manag- 

ers are better informed about their customers, 

competitors, suppliers, and employees, as well 

as about local factors that affect performance. 

Leads to gains from faster decision making by 2. 

subunit managers. Decentralization speeds 

decision making, creating a competitive 

advantage over centralized organizations. 

Increases motivation of subunit managers. 

Subunit managers are more motivated and 

committed when they can exercise initiative. 

Assists management development and 

learning. Decentralized units provide a training 

ground for junior members and an opportunity 
for champions to fight for their ideas. 

Sharpens the focus of subunit managers and 

broadens the reach of top management. In a 

decentralized setting, the manager of a subunit 

has a concentrated focus. 

cost arises because top management has 

given up control over decision making. 

Subunit managers may unintentionally make 

decisions not congruent with the overall 

strategy of the firm. 
Focuses the manager's attention on the 

subunit rather than the company as a whole. 

Individual subunit managers may regard 

themselves as competing with managers 

of other subunits in the same company as 

if they were external rivals. 

. Results in duplication of output. \f subunits 

provide similar products or services, they 

may unnecessarily duplicate expenditures 
and artificially increase overall organiza- 

tional cost. 

Decentralization in Multinational Companies 

Multinational companies (MNCs)—companies that operate in multiple countries—are 
often decentralized because centralized control of a company with subunits around the 
world is often physically and practically impossible. Also, language, customs, cultures, 
business practices, rules, laws, and regulations vary significantly across countries. Decen- 
tralization enables managers in different countries to make decisions that exploit their 
knowledge of local business and political conditions, and to deal with uncertainties in 
their individual environments. For example, Philips, a global electronics company head- 
quartered in the Netherlands, delegates marketing and pricing decisions for its television 
business in the Indian and Singaporean markets to the managers in those countries. 
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Multinational corporations often rotate managers among foreign locations and corporate 
headquarters. Job rotation combined with decentralization helps develop managers’ abil- 
ities to operate in the global environment. 

There are also drawbacks to decentralizing MNCs, however. One of the most import- 
ant is the lack of control and the resulting risks. Barings PLC, a British investment banking 
firm, went bankrupt and had to be sold when one of its traders in Singapore caused the 
firm to lose more than £1 billion on unauthorized trades that were not detected until after 
the trades were made. Similarly, a trader at Sumitomo Corporation racked up $2.6 billion 
in copper-trading losses because poor controls failed to detect the magnitude of the trader’s 
activities. Multinational corporations that implement decentralized decision making usu- 
ally design their management control systems to measure and monitor division perfor- 
mance. Information and communications technology helps the flow of information for 
reporting and control. 

Decisions About Responsibility Centres 

To measure the performance of subunits in centralized or decentralized organizations, the 
management accounting control system uses one or a mix of the four types of responsibil- 
ity centres: 

= Cost centre: Manager accountable for costs only 

= Revenue centre: Manager accountable for revenues only 

a Profit centre: Manager accountable for revenues and costs 

a Investment centre: Manager accountable for investments, revenues, and costs 

A common misconception is that the term profit centre (and, in some cases, invest- 

ment centre) is a synonym for a decentralized subunit and that cost centre is a synonym 
for a centralized subunit. Profit centres can be coupled with a highly centralized organiza- 
tion, and cost centres can be coupled with a highly decentralized organization. 

ore) \(e7 = a ERIN Transfer-Pricing Dispute Temporarily 
: ACTION—STRATEGY Yj Stops the Flow of Fiji Water 

Fiji Water LLC, a US- ed, company, was engaged ina 
fierce transfer-pricing dispute with the government of 
the Fiji Islands, where its water bottling plant is located. 
While Fiji Water is produced in the Fiji Islands and 
accounts for 20% of the country’s exports, all other 
activities in the company’s value chain—importing, dis- 
tributing, and retailing—occur in the 40 countries where 
Fiji Water is sold. Over time, the Fiji Islands’ government 
became concerned that Fiji Water was engaging in transfer- 
price manipulations, selling the water shipments produced 
in the Fiji Islands at a very low price to the company’s US 
headquarters. 

As a result, the Fiji Islands Revenue and Customs 
Authority (FIRCA) halted Fiji Water exports and accused 
the company of transfer-price manipulations. FIRCA’s 
chief executive, Jitoko Tikolevu, said, “The wholly 
US-owned Fijian subsidiary sold its water exclusively to 
its US parent at the declared rate, in Fiji, of $4 a carton. 
In the US, though, the same company then sold it for up 
to $50 a carton.” Fiji Water immediately filed a lawsuit 
against FIRCA with the High Court of Fiji arguing that 
on a global basis it sold each carton of water for $20 to 

$28 and did not make a profit due to “heavy investments 
in assets, employees, and marketing necessary to aggres- 
sively grow a successful branded product.” 

The transfer-pricing dispute between FIRCA and Fiji 
Water was ultimately resolved through taxation. While 
Fiji Water maintained its previous transfer price of $4 for 
water produced at its bottling plant in the Fiji Islands, the 
Fijian government implemented a new 15-cents-per-litre 
excise tax—up from one-third of one cent—on water 
extracted by Fiji Water. While the company initially 
disputed the new tax, the company eventually agreed to 
pay the new levy. As this high-profile case demonstrates, 
transfer-pricing formulas and taxation details remain a 
contentious issue for governments and countries around 
the globe. 

Sources: A. Bloxham, 2011. “Fiji Water Accused of Environmentally 
Misleading Claims,” The Telegraph (June 20); P. Chapman. 2010. “Fiji 
Water Reopens Pacific Bottling Plant,” The Telegraph (December 1); 
Robert Matau. 2008. “Fiji Water Explains Saga,” Fiji Times (February 9); 
J. McMaster and J. Novak, “Fiji Water and Corporate Social 
Responsibility—Green Makeover or ‘Green-washing’?” The University 
of Western Ontario Richard Ivey School of Business Case No. 909A08 
(London, Ontario: Ivey Publishing, 2009). 
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For example, managers in a division organized as a profit centre may have little leeway in 
making decisions. They may need to obtain approval from corporate headquarters for 
any expenditure over, say, $10,000 and may be forced to accept central staff “advice.” 
In another company, divisions may be organized as cost centres, but their managers may 
have great latitude on capital expenditures and on where to purchase materials and ser- 
vices. In short, the labels “profit centre” and “cost centre” are independent of the degree 
of decentralization in an organization. 

Nova Scotia Lumber has a raw lumber division and a finished lumber division. The 
variable costs are as follows: raw lumber division: $100 per 100 board feet of raw 
lumber; and finished lumber division: $125 per 100 board feet of finished lumber. 
Raw lumber can be sold at $225 per 100 board feet. Finished lumber can be sold at 
$375 per 100 board feet. 

Based on a calculation of operating income, is it more profitable for Nova Scotia 
Lumber to produce and sell raw lumber or transfer raw lumber to another division 
to produce finished lumber? 

Note: The Finished Lumber Division must transfer in material at market rates 

Lo® 
Apply transfer-pricing 

processes. 

Transfer Pricing 

For both job and process costing, intermediate products in a multi-stage production pro- 
cess are transferred from one production stage to another. An intermediate product is an 
unfinished product transferred from one subunit to another subunit of the same organiza- 
tion. The cost of goods manufactured (COGM), a large proportion of which is allocated 
manufacturing overhead (MOH), is also transferred. 

Transfer pricing refers to the prices one division in a company charges another divi- 
sion in the same company for products and services. This practice is often controversial, 
with governments frequently intervening to alter the prices companies charge. In Romania, 
tax authorities frequently question the transfer prices set by MNCs in that country. Typically, 
this results in adjustments to transfer prices that are paid for by taxpayers. Romania 
enacted rules to allow advance pricing agreements (APAs) where taxpayers can make 
arrangements with tax authorities to better manage transfer prices. This has not resulted 
in the benefits it intended; instead, the number of audits concerning transfer pricing with 
MNCs has increased. The APA process is time consuming, with tax authorities working 
to reduce the time involved in the process. Companies operating in Romania frequently 
transfer goods into the country at low prices and export them at high prices. However, 
while government controls are in place to regulate transfer pricing in Romania, they are 
not always taken seriously, which reduces their effectiveness. 

In decentralized organizations, much of the decision-making power resides in the 
individual subunits. In these cases, the management control system often uses transfer 
prices to coordinate the actions of the subunits and to evaluate their performance. 
A transfer price is the price one subunit (department or division) charges for a product or 
service supplied to another subunit of the same organization. If, for example, a car manu- 
facturer has a separate division that manufactures engines, the transfer price is the price 
the engine division charges when it transfers engines to the car assembly division. 
The transfer price creates revenues for the selling subunit (the engine division in our example) 
and purchase costs for the buying subunit (the assembly division in our example), affect- 
ing each subunit’s operating income. These operating incomes can be used to evaluate 
subunits’ performances and to motivate their managers. The product or service trans- 
ferred between subunits of an organization is called an intermediate product. This prod- 
uct may either be further worked on by the receiving subunit (as in the engine example) 
or, if transferred from production to marketing, be sold to an external customer. 

The rationale for transfer prices is that subunit managers (such as the manager of the 
engine division) need only focus on how their decisions will affect their subunit’s perfor- 
mance without evaluating their impact on companywide performance. In this sense, 



transfer prices ease the subunit managers’ information-processing and decision-making 
tasks. In a well-designed transfer-pricing system, a manager focuses on optimizing subunit 
performance (the performance of the engine division), and in so doing optimizes the per- 
formance of the company as a whole. 

Cooperation among subunits to maximize net profit could include deliberate over- or 
understatement of the transfer price to minimize tax. The problem is that in this related- 
party transaction, the cost to the purchasing subunit is deductible from taxable income, 
and the transfer price received by the supplying subunit is revenue added to taxable 
income. Transfer prices affect the cash taxes collected by each country. A taxable income 
of $100 million in Canada would result in approximately $40 million in tax, but the same 
$100 million in Barbados would incur approximately $2.7 million of tax. 

If the Barbadian subunit transferred nearly finished goods to Canada at, for example, 
$90 million, the MNC’s taxable income in Canada would decrease to $10 million and the 

tax liability would be only $4 million, for a saving in Canada of approximately $36 million.! 
The CRA, along with other national tax authorities, is vitally interested in internal trans- 
fer prices for this reason. In the transfer-pricing process, national tax authorities are dom- 
inant partners and can enforce their opinion of the appropriate price. 

Alternative Transfer-Pricing Methods 

The CRA has adopted the Organisation for Economic Co-operation and Development 
(OECD) Hierarchy of Methods for transfer pricing, which ranks in preference the meth- 
ods of transfer pricing. For a corporation, however, the goal when selecting a transfer- 
pricing method should be to reflect the economic facts of operations. There are three 
general methods for determining transfer prices: 

1. Market-based transfer prices. Top management may choose to set the internal price 
based on a similar product or service publicly listed, or the external price that a sub- 
unit charges to outside customers. 

2. Cost-based transfer prices. Top management may choose a transfer price based on 
the cost of producing the product in question. Examples include variable production 
cost, variable and fixed production costs, and full cost of the product. Sometimes, the 
cost-based transfer price includes a markup or profit margin that represents a return 
on subunit investment. | 

3. Negotiated transfer prices. In some cases, the subunits of a company are free to nego- 
tiate the transfer price between themselves and then to decide whether to buy and sell 
internally or deal with outside parties. 

Criteria for Evaluating Transfer Prices 

As in all management control systems, transfer prices should help achieve a company’s 
strategies and goals and fit its organization structure. We describe four criteria to evaluate 
transfer pricing: 

1. Transfer prices should promote goal congruence. 

2. They should induce managers to exert a high level of effort. Subunits selling a product or 
service should be motivated to hold their costs down, while subunits buying the product 
or service should be motivated to acquire and use inputs efficiently. 

3. The transfer price should help top management evaluate the performance of individ- 
ual subunits. 

4. If top management favours a high degree of decentralization, transfer prices should 
preserve a high degree of subunit autonomy in decision making. That is, a subunit 
manager seeking to maximize the operating income of the subunit should have the 
freedom to transact with other subunits of the company (on the basis of transfer 
prices) or to transact with external parties. 

1D.C. Hill, CMA Management, 81.1 (2007): 36-39. 
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CONCEPTS IN 
ACTION—STRATEGY | 

On May 30, 2008, the Tax Court of Canada decided that 
the Canadian subsidiary GlaxoSmithKline Inc. (GSKI), of 
the UK parent company Glaxo Group Ltd., had used an 
inappropriate transfer-pricing method during the years 
1990-1993. The values involved decreased GSKI’s taxable 
Canadian income by hundreds of millions of dollars. 

The active ingredient of the drug product Zantac 
was purchased by GSKI from a Swiss affiliate. The 
Canadian manufacturers produced the drug for approxi- 
mately $190 to $305 per kilogram, whereas the price 
paid to the Swiss affiliate was approximately $1,500 to 
$1,650 per kilogram. A 6% royalty on each purchase was 
remitted by GSKI to the UK parent under a licensing 
agreement. The UK parent then paid a 25% withholding 
tax to the UK government, exceeding the UK/Canada tax 
treaty amount of 10%. 5 

The Canada Revenue Agency (CRA) successfully 
argued that the comparable uncontrolled price (CUP) 
method should have applied to the transfer price estimate 
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_ US$3.4 Billion Is an Incentive 
XR 

where GSKI had applied the resale price method (RSP). 
The decision hinged on two facts: first, what a reasonable 
price would have been in an arm’s-length transaction; 
second, if the additional 6% royalty paid to the UK parent 
should be included in the transfer price. 

In this case, it was successfully argued by the CRA 
that “reasonable” meant the highest generic price for 
which the ingredient was sold in Canada. It also argued 
successfully to separate the supply and licensing contracts 
to consider the supply contract on its own and exclude - 
the royalty from the total transfer price. The CRA has 
proposed an adjustment of $51.5 million payable by 
GSKI, which has appealed the decision to the Federal . 
Court of Appeal. 

The GSKI case settled in 2015 and has a sustained 
influence in Canadian law and policy changes through the 
setting of precedent and application of Section 247 of the 
Income Tax Act of Canada which governs this area of law. 

The ultimate decision upholds the use of the OECD 
hierarchy of transfer-pricing methods. The court success- 
fully narrowed the case to a decision on the supply price 
and excluded other contracts as irrelevant in assessing the 
appropriate transfer price. The court also decided that the 
analysis by GSKI’s Canadian tax experts was unreasonable 
and, while making its decision, relied instead on US and 

Canadian Crown experts. 

Sources: Julius Melnitzer. 2015. “GlaxoSmithKline Transfer Pricing Case 
Settled,” Financial Post, January 12 (https://business.financialpost.com 
/egal-post/glaxosmithkline-transfer-pricing-case-settled); The Economist, 
January 29, 2004; KPMG, “GlaxoSmithKline—Tax Court Prescribes Bit- 
ter Pill in Transfer Pricing Case,” http://www.kpmg.ca/en/services/tax 
/tp60/tp60_0803.html; Fasken Martineau, “Tax Court of Canada Issues 
GlaxoSmithKline Decision,” http://www.fasken.com/tax-court-of-canada 
-issues-iglaxosmithklinei-decision-07-11-2008; Fraser Milner Casgrain 
LLP, “Focus on Tax—GlaxoSmithKline Inc. v. The Queen,” http://www 
.fmc-law.com/Publications/Tax_SteevesC_Focus_On_Tax_June2008.aspx. 

Transfer Pricing in Practice 

An illustration of transfer pricing can be seen in the case of Northern Petroleum of Calgary, 
Alberta, which operates two divisions (the transportation and refining divisions) as profit cen- 
tres. The transportation division manages the operation of a pipeline that transports crude 
oil from the Calgary area to Sarnia, Ontario, where the refining division processes crude oil 
into gasoline. (For simplicity, assume that gasoline is the only saleable product the refinery 
makes and that it takes two barrels of crude oil to yield one barrel of gasoline.) 

Variable costs in each division are variable with respect to a single cost driver: barrels 
of crude oil transported by the transportation division and barrels of gasoline produced 
by the refining division. The fixed cost per unit is based on the budgeted annual fixed 
costs and practical capacity of crude oil that can be transported by the transportation 
division, and the budgeted fixed costs and practical capacity of gasoline that can be pro- 
duced by the refining division. 

a The production division can sell crude oil to outside parties in the Calgary area at 
$72 per barrel. 
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Transportation Division 

Variable cost per barrel of crude oil 
Contact price perbarrelof _ 

crude oil supplied in Calgary — 
Fixed cost per barrel of crude oil 

Full cost per barrel of crude oil 

Barrels of crude oil transferred 

| 
U 

Refining Division 

[12 | Market price per barrel of | |Variable cost per barrel of gasoline Market price per barrel 
crude oil supplied to Sarnia = Fixed cost per barrel of gasoline of gasoline sold to external = 

| 14 | refinery Full cost per barrel of gasoline parties 

a The transportation division “buys” crude oil from the production division, transports 
it to Sarnia, and then “sells” it to the refining division. The pipeline from Calgary to 
Sarnia has the capacity to carry 40,000 barrels of crude oil per day. 

s The refining division has been using its total practical capacity, operating at 30,000 
barrels of crude oil a day, using oil delivered by both the transportation division (an 
average of 10,000 barrels per day) and other external suppliers who also deliver to 
the Sarnia refinery (an average of 20,000 barrels per day, at $85 per barrel). 

a The refining division sells the gasoline it produces at $190 per barrel. 

Exhibit 22-1 summarizes Northern Petroleum’s variable and fixed costs per barrel 
of crude oil in the transportation division and variable and fixed costs per barrel of 
gasoline in the refining division, the external market prices of buying crude oil, and the 
external market price of selling gasoline. What’s missing in the exhibit is the actual 
transfer price from the transportation division to the refining division. This transfer 
price will vary depending on the transfer-pricing method used. Transfer prices from the 
transportation division to the refining division under each of the three methods are as 
follows: 

1. Market-based transfer price of $85 per barrel of crude oil based on the competitive 
market price in Calgary 

2. Cost-based transfer prices at, say, 105% of full cost, where full cost is the cost of the 
crude oil purchased plus the transportation division’s own variable and fixed costs 
(from Exhibit 22-1): 1.05 X ($72 + $1 + $3) = $79.80 

3. Hybrid transfer price of $83 per barrel of crude oil, which is between the market and 
cost-based transfer prices and is established through agreement of management 

Exhibit 22-2 presents divisional operating incomes per 100 barrels of crude oil pur- 
chased under each transfer-pricing method. Transfer prices create income for the selling 
division and corresponding costs for the buying division that cancel out when division 
results are consolidated for the company as a whole. Northern Petroleum’s total operat- 
ing income from purchasing, transporting, and refining the 100 barrels of crude oil and 
selling the 50 barrels of gasoline is the same, $1,200, regardless of the internal transfer 
prices used. 

The operating income of the transportation division is $520 more (= $900 — $380) if 
transfer prices are based on market prices rather than on 105% of full cost. The operating 
income of the refining division is $520 more (= $820 — $300) if transfer prices are based 
on 105% of full cost rather than market prices. If the transportation division’s sole 
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Beane 28 Division Operating Income of Northern Petroleum for 100 Barrels of Crude Oil Under Alternative 
Transfer-Pricing Methods 

Production and Sales Data 

~ Barrels of crude transferred = 

Barrels of gasoline sold = 

Internal Transfers Internal Transfers at Internal Transfers at 

at Market Price of 105% of Full Cost = he Negotiated Price of 

$85.00 $79.80 [$83.00 
per Barrel per Barrel per Barrel 

| 8 | Transportation Division 

| 9 | Revenue: 100 x $85; $79.80; $83 

10 | Costs 

Crude oil 

$72 < 100 barrels of crude oil 

13 | Division variable costs 

$1 X 100 barrels of crude oil 

Division fixed costs 

$3 < 100 barrels of crude oil 

Total division costs 

| 18 | Division operating income 

19 | Operating margin 

A Refining Division 

| 22 | Revenues: $190 x 50 

| 23 | Costs 

24 | Transferred-in costs: 100 x $85; $79.80; $83 

|25 | _ Division variable costs 

| 26 | $8 < 50 barrels of gasoline 

27 Division fixed costs 

Total division costs 

28 | $6 X 50 barrels of gasoline 

| 30 | Division operating income 

31 | Operating margin 

32 | Total operating income for Northern Petroleum 

criterion were to maximize its own division operating income, it would favour transfer 
prices at market prices. In contrast, the refining division would prefer transfer prices at 
105% of full cost to maximize its own division operating income. The negotiated transfer 
price of $82 is between the 105% of full cost and market-based transfer prices. It splits 
the $1,200 of operating income between the divisions, and could arise as a result of nego- 
tiations between the transportation and refining division managers. 

It’s not surprising that subunit managers, especially those whose compensation or 
promotion directly depends on subunit operating income, take considerable interest in 
setting transfer prices. To reduce the excessive focus of subunit managers on their own 
subunits, many companies compensate subunit managers on the basis of both subunit and 
companywide operating incomes. 
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Interprovincial Transfers and Taxes 

Top management at Northern Petroleum transferred intermediate goods interprovincially. 
The corporate tax rates in Alberta are the lowest in Canada, whereas Ontario has the highest 
provincial corporate tax rates in the country. From the company’s perspective, the split of 
taxable income between the provinces would make a difference in both operating cash flow 
and net income, It would also make a difference to the taxes collected by each province. 

The operating margin if the market price is used will be 10.59% for the transporta- 
tion division in Alberta and 3.16% for the refining division in Ontario. This would be the 
best after-tax choice for Northern Petroleum. The second-best choice would be at the 
negotiated transfer price, which will leave 8.43% of the operating income in Alberta and 
transfer 5.26% to Ontario. The least preferred choice from the company’s perspective is 
to use full cost because that leaves only 4.76% of operating income in the provincial juris- 
diction with the lowest tax rates (Alberta) and transfers 8.63% to the provincial jurisdic- 
tion with the highest tax rates in Canada (Ontario). 

Fortunately, the first choice from the company’s perspective also ranks first in the 
transfer price hierarchy of the OECD. The national and provincial governments prefer trans- 
fer prices at the market price because it is assured this transfer price is an arm’s-length 
price. In this situation there is no need for Northern Petroleum to approach either tax 
authority to obtain an advance transfer price arrangement (APA). APAs are a substitute 

for dispute resolution wherein the company and the tax authority can cooperate to 
prospectively agree on a transfer price method.” 

APAs are exceptionally important to sustain good corporate governance. In disputes 
between the tax authorities and corporations, fines alone can reach billions. This excludes 
legal expenses and opportunity costs of diverting resources to dispute resolution. Most 
MNCs will approach the tax authorities in all countries (or provinces) where related-party 
transfers of intermediate goods will occur. Most tax authorities, including CRA, will 
negotiate a tax method acceptable to them for some specified future time period. Compa- 
nies voluntarily undertake APAs, but the agreement is legally binding. 

The APA process is costly; however, complex, high-dollar-value related-party transac- 
tions should be negotiated in advance because it is exactly these transactions that tax 
authorities will most likely audit. The opportunity cost of a CRA transfer price audit is very 
high, especially if the company has failed internally to produce ongoing documentation. 
All related-party transfers are reportable in the corporate tax return. The maximum late-filing 
penalty is $10,000, and the maximum failure to file penalty is $12,000 for each infraction. 
Legislation authorizes provinces to levy the same penalties domestically.? When companies 
fail to provide acceptable documentation, a 10% penalty can be added to any transfer- 
pricing adjustment. The penalty is applied only if the transfer-pricing adjustment exceeds 
10% of the gross revenue prior to any transfer-pricing adjustments or $5 million.* 

Market-Based Transfer Prices 

Transferring products or services at market prices generally leads to optimal decisions 
when three conditions are satisfied: (1) The intermediate market is perfectly competitive, 
(2) interdependencies of subunits are minimal, and (3) there are no additional costs or 

benefits to the corporation as a whole in using the market instead of transacting internally. 
A perfectly competitive market exists when there is a homogeneous product with equiva- 
lent buying and selling prices and no individual buyers or sellers can affect those prices by 
their own actions. By using market-based transfer prices in perfectly competitive markets, 
a company can meet the criteria of goal-congruence, management effort, optimal subunit 
performance, and (if desired) subunit autonomy. 

Reconsider the Northern Petroleum example, assuming that there is a perfectly compet- 
itive market for crude oil in the Calgary area and that the market price is $85 per barrel. 

2M. Przysuski, “Advance Pricing Arrangements (APAs) in Canada,” Corporate Business Taxation Monthly, 6.2 (2004): 11-16, 
3M, Przysuski, S. Lalapet, and H. Swaneveld, “Transfer Pricing Filing in Canada,” Corporate Business Taxation Monthly, 6,7 

(2005); 25-28, 
4,J. Smith and PL, Kelley, “It’s an Art, Not a Science,” CA Magazine, 138.8 (2005): 44-46, 

LO® 
Assess the market-based 

transfer price method. 



896 Chapter 22 Transfer Pricing and Multinational Management Control Systems 

LO® 
Apply relevant costs and 

tax considerations to 

evaluate the selection of 

cost-based and negotiated 

transfer prices. 

As a result, the transportation division can sell and the refining division can buy as much 
crude oil as each wants at $85 per barrel. Northern, however, would like its managers to 
buy or sell crude oil internally. Think about the decisions that Northern’s division manag- 
ers would make if each had the option to sell or buy crude oil externally. 

If the transfer price between Northern’s transportation and refining divisions is set 
below $85, the manager of the transportation division will be motivated to sell all pro- 
duction to outside buyers at $85 per barrel. If the transfer price is set above $85, the 
manager of the refining division will be motivated to purchase all its crude oil require- 
ments from outside suppliers. A current market value transfer price of $85 could motivate 
both the transportation and refining division to buy and sell internally. 

In perfectly competitive markets, the minimum price the selling division is willing to 
accept from the buying division is the market price, because the selling division can always 
sell its output in the external market at that price. The maximum price the buying division 
is willing to pay to the selling division is the market price, because the buying division can 
always buy its input in the external market at that price. 

Distress Prices 

When supply outstrips demand, market prices may drop well below their historical aver- 
age. If the drop in prices is expected to be temporary, these low market prices are some- 
times called distress prices. Deciding whether a current market price is a distress price is 
often difficult. The market prices of several agricultural commodities, such as wheat and 
oats, have stayed for many years at what observers initially believed were temporary dis- 
tress levels. 

Which transfer-pricing method should be used for judging performance if distress 
prices prevail? Some companies use the distress prices themselves, but others use long-run 
average prices, or “normal” market prices. In the short run, the manager of the supplier 
division should meet the distress price as long as it exceeds the incremental costs of sup- 
plying the product or service; if not, the supplying division should stop producing, and the 
buying division should buy the product or service from an outside supplier. These actions 
would increase overall companywide operating income. If the long-run average market 
price is used, forcing the manager to buy internally at a price above the current market 
price will hurt the buying division’s short-run performance and understate its profitabil- 
ity. If, however, prices remain low in the long run, the manager of the supplying division 
must decide whether to dispose of some manufacturing facilities or shut down and have 
the buying division purchase the product from outside. 

Cost-Based and Negotiated Transfer Prices 

Cost-based transfer prices are helpful when market prices are unavailable, inappropriate, 
or too costly to obtain. For example, the product may be specialized or unique, price lists 
may not be widely available, or the internal product may be different from the products 
available externally in terms of quality and service. 

Full-Cost Bases 

In practice, many companies use transfer prices based on full costs. These prices, however, 
can lead to suboptimal decisions. Assume that Northern Petroleum makes internal trans- 
fers at 105% of full cost. The Sarnia refining division purchases crude oil from a local 
Sarnia supplier, who delivers the crude oil to the refinery; the freight-on-board (FOB) cost 
is $85 per barrel. To reduce crude oil costs, the refining division has located an indepen- 
dent producer in Calgary who is willing to sell crude oil at $79 per barrel, delivered to 
Northern’s pipeline in Calgary. 

Given Northern’s organization structure, the transportation division could purchase 
the 20,000 barrels of crude oil in Calgary, transport it to Sarnia, and then sell it to the 
refining division. The pipeline has excess capacity and can ship the 20,000 barrels at its 
variable costs of $1 per barrel. Will Northern Petroleum incur lower costs by purchasing 
crude oil from the independent producer in Calgary or by purchasing crude oil from the 
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Sarnia supplier? Will the refining division show lower crude oil purchasing costs by using 
oil from the Calgary producer or by using its current Sarnia supplier? 

The following analysis shows that operating income of Northern Petroleum as a 
whole would be maximized by purchasing oil from the independent Calgary producer. 
The analysis compares the incremental costs in all divisions under the two alternatives: 

a Alternative 1. Buy 20,000 barrels from the Sarnia supplier at $85 per barrel. 

Total costs to Northern Petroleum = 20,000 x $85 = $1,700,000 

a Alternative 2. Buy 20,000 barrels in Calgary at $79 per barrel and transport it to 
Sarnia at $1 per barrel variable costs or $80 per barrel. 

Total costs to Northern Petroleum = 20,000 x $80 = $1,600,000 

There is a reduction in total costs to Northern Petroleum of $100,000 by using the 
independent producer in Calgary ($1,700,000 — $1,600,000). 

In turn, suppose the transportation division’s transfer price to the refining division is 
105% of full cost. The refining division will see its reported division costs increase if the 
crude oil is purchased from the independent producer in Calgary: 

Purchase price Unit variable cost Unit fixed cost 
Transfer i ; 

: = 1.05 X | from Calgary + of transportation + of transportation 
rice ae ee 

P producer division division 

1.05 X ($79 + $1 + $3) = 1.05 X $83 = $87.15 per barrel 

a Alternative 1. Buy 20,000 barrels from the Sarnia supplier at $85 per barrel. 

Total costs to refining division = 20,000 x $85 = $1,700,000 (constant) 

a Alternative 2. Buy 20,000 barrels from the transportation division of Northern Petro- 
leum that are purchased from the independent producer in Calgary. 

Total costs to refining division = 20,000 X $87.15 = $1,743,000 

As a profit centre, the refining division can maximize its short-run division operating 
income by purchasing from the Sarnia supplier ($1,700,000 versus $1,743,000), 

The refining division looks at each barrel that it obtains from the transportation divi- 
sion as a variable cost of $87.15 per barrel; if 10 barrels are transferred, it costs the refin- 
ing division $871.50; if 100 barrels are transferred, it costs $8,715. In fact, the variable 

cost per barrel is $80 ($79 to purchase the oil in Calgary plus $1 to transport it to Sarnia). 
The remaining $7.15 (= $87.15 — $80) per barrel is the transportation division’s fixed 
cost and markup. The full cost plus a markup transfer-pricing method causes the refining 
division to regard the fixed cost (and the 5% markup) of the transportation division as a 
variable cost and leads to goal incongruence. 

A transfer price between the minimum and maximum transfer prices of $80 and $85, 
respectively, will promote goal congruence—both divisions will increase their own 
reported division operating income by purchasing crude oil from the independent pro- 
ducer in Calgary. In particular, a transfer price based on the full costs of $83 without a 
markup will achieve goal congruence. The transportation division will show no operating 
income and will be evaluated as a cost centre. Surveys indicate that managers prefer to use 
full-cost transfer pricing because it yields relevant costs for long-run decisions and because 
it facilitates pricing on the basis of full product costs. 

Variable Cost Bases 

Transferring 20,000 barrels of crude oil from the transportation division to the refining 
division at the variable cost of $80 per barrel achieves goal congruence, as shown in the 
preceding section. The refining division would buy from the transportation division 
because the transportation division’s variable cost (which is also the relevant incremental 
cost for Northern Petroleum as a whole) is less than the $85 price charged by outside 
suppliers. 

897 
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At the $80 per barrel transfer price, the transportation division would record an oper- 
ating loss and the refining division would show large profits because it would be charged 
only for the variable costs of the transportation division. One approach to addressing this 
problem is to have the refining division make a lump-sum transfer payment to cover fixed 
costs and generate some operating income for the transportation division while the trans- 
portation division continues to make transfers at variable cost. The fixed payment is the 
price the refining division pays for using the capacity of the transportation division. 
The income earned by each division can then be used to evaluate the performance of each 
division and its manager. 

Prorating the Difference Between Minimum and 

Maximum Transfer Prices 

An alternative cost-based approach is for Northern Petroleum to choose a transfer price that 
splits the $5 difference between the maximum transfer price the refining division is willing 
to pay and the minimum transfer price the transportation division wants on some equitable 
basis. Suppose Northern Petroleum allocates the $5 difference on the basis of the budgeted 
variable costs incurred by the transportation division and the refining division for a given 
quantity of crude oil. Using the data in Exhibit 22-2, the variable costs are as follows: 

Transportation division's variable costs to 
transport 100 barrels of crude oil ($1 x 100) $100 

Refining division's variable costs to refine 100 barrels of 
crude oil and produce 50 barrels of gasoline ($8 x 50) 400 

Total variable costs $500 

The transportation division gets to keep $100/$500 x $5 = $1, and the refining divi- 
sion gets to keep $400/$500 x $5 = $4 of the $5 difference. That is, the transfer price 
between the transportation division and the refining division would be $81 per barrel of 
crude oil ($79 purchase cost + $1 variable costs + $1 that the transportation division gets 
to keep). Essentially, this approach is a budgeted variable cost-plus transfer price; the 
“plus” indicates the setting of a transfer price above variable costs. 

To decide on the $1 and $4 allocation of the $5 contribution to total corporate oper- 
ating income per barrel, the divisions must share information about their variable costs. 

In effect, each division does not operate (at least for this transaction) in a totally decen- 

tralized manner, Because most organizations are hybrids of centralization and decentral- 
ization anyway, this approach deserves serious consideration when transfers are 
significant. Note, however, that each division has an incentive to overstate its variable 

costs to receive a more favourable transfer price. 

Negotiated Transfer Prices and MNC Issues 

Negotiated transfer prices arise as the outcome of a bargaining process between selling and 
buying divisions. Consider again the choice of a transfer price between the transportation 
and refining divisions of Northern Petroleum, The transportation division has excess capac- 
ity that it can use to transport oil from Calgary to Sarnia. The transportation division will 
be willing to “sell” oil to the refining division only if the transfer price equals or exceeds $80 
per barrel of crude oil (its variable costs). The refining division will be willing to “buy” crude 
oil from the transportation division only if the cost equals or is below $85 per barrel (the 
price at which the refining division can buy crude oil in Sarnia). 

Given the transportation division’s unused capacity, Northern Petroleum as a whole 
maximizes operating income if the refining division purchases from the transportation divi- 
sion rather than from the Sarnia market (incremental costs of $80 per barrel versus incre- 
mental costs of $85 per barrel). Both divisions would be interested in transacting with each 
other if the transfer price is set between $80 and $85. For example, a transfer price of $83 
per barrel will increase the transportation division’s operating income by $83 — $80 = $3 
per barrel. It will increase the refining division’s operating income by $85 — $83 = $2 per 
barrel because refining can now “buy” the oil for $83 inside rather than for $85 outside. 
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Comparison of Different Transfer-Pricing Methods 

Criteria Market-Based Cost-Based Negotiated 

Achieves goal Yes, when markets Often, but not always Yes 
congruence are competitive 

Useful for evaluating Yes, when markets Difficult unless Yes, but transfer 

subunit performance are competitive transfer price prices are affected by 

exceeds full cost and bargaining strengths 

even then is somewhat of the buying and 
arbitrary selling divisions 

Motivates Yes Yes, when based on Yes 

management effort budgeted costs; less 

incentive to control 

costs if transfers are 

based on actual costs 

Preserves subunit Yes, when markets No, because it is Yes, because it is 

autonomy are competitive rule based based on negotiations 

between subunits 

Other factors Market may not Useful for Bargaining and 

exist, or markets determining full cost negotiations take time 

may be imperfect of products and and may need to be 
or in distress services; easy to reviewed repeatedly 

implement as conditions change 

The key question is where between $80 and $85 the transfer price will be. The answer 
depends on the bargaining strengths of the two divisions. The transportation division has 
more information about the price less incremental marketing costs of supplying crude oil 
to outside refineries, while the refining division has more information about its other 
available sources of oil. Negotiations become particularly sensitive if Northern evaluates 
each division’s performance on the basis of divisional operating income. 

The price negotiated by the two divisions will, in general, have no specific relation- 
ship to either costs or market price. But cost and price information are often useful start- 
ing points in the negotiation process. Exhibit 22-3 compares the three methods of transfer 
pricing discussed. The full-cost-based transfer price is the most used and negotiated prices 
are the least frequently used transfer-pricing method worldwide. 

Dual Pricing 

There is seldom a single transfer price that simultaneously meets the criteria of promoting 
goal congruence, motivating management effort, evaluating subunit performance, and 

preserving subunit autonomy. As a result, some companies choose dual pricing, using two 
separate transfer-pricing methods to price each transfer from one subunit to another. 
An example of dual pricing arises when the selling division receives a full-cost-based price 
and the buying division pays the market price for the internally transferred products. 

Assume Northern Petroleum purchases crude oil in Calgary at $79 per barrel. One 
way of recording the journal entry for the transfer between the transportation division 
and the refining division is as follows: 

1. Debit the refining division (the buying division) with the market-based transfer price 
of $85 per barrel of crude oil. 

2. Credit the transportation division (the selling division) with the 105%-of-full-cost 
transfer price of $87.15 per barrel of crude oil. 

3. Debit a corporate cost account for the $2.15 (= $87.15 — $85) per barrel difference 
between the two transfer prices. 

The dual-pricing system promotes goal congruence because it makes the refining divi- 
sion no worse off if it purchases the crude oil from the transportation division rather than 
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from the external supplier at $85 per barrel. The transportation division receives a corpo- 
rate subsidy. In dual pricing, the operating income for Northern Petroleum as a whole is 
less than the sum of the operating incomes of the divisions. 

Dual pricing is not widely used in practice even though it reduces the goal incongru- 
ence associated with a pure cost-based transfer-pricing method. One concern with dual 
pricing is that it leads to problems in computing the taxable income of subunits located in 
different tax jurisdictions. 

A General Guideline for Transfer-Pricing Situations 

There exists no pervasive rule for transfer pricing that leads toward optimal decisions for 
the organization as a whole because the three criteria of goal congruence, management 
effort, and subunit autonomy must all be considered simultaneously. The following gen- 
eral guideline, however, has proven to be a helpful first step in setting a minimum transfer 
price in many specific situations: 

Minimum _ Additional incremental or outlay costs per unit _ Opportunity costs per unit 

transfer price incurred up to the point of transfer to the supplying division 

The term incremental or outlay costs in this context represents the additional costs 
that are directly associated with the production and transfer of the products or services. 
Opportunity costs are defined here as the maximum contribution forgone by the supply- 
ing division if the products or services are transferred internally. For example, if the sup- 
plying division is operating at capacity, the opportunity cost of transferring a unit 
internally rather than selling it externally is equal to the market price minus variable 
costs. We distinguish incremental costs from opportunity costs because the accounting 
system typically records incremental costs but not opportunity costs. We illustrate the 
general guidelines in some specific situations using data from the production and trans- 
portation divisions of Northern Petroleum. 

1. A perfectly competitive market for the intermediate product exists, and the selling 
division has no unused capacity. If the market for crude oil in Calgary is perfectly 
competitive, the transportation division can sell all the crude oil it transports to the 
external market at $85 per barrel, and it will have no unused capacity. 

The transportation division’s incremental cost (as shown in Exhibit 22-1) is either 
$73 per barrel (purchase cost of $72 per barrel plus variable transportation cost of 
$1 per barrel) for oil purchased under the long-term contract or $80 per barrel (pur- 
chase cost of $79 plus variable transportation cost of $1) for oil purchased at current 
market prices from the Calgary producer. The transportation division’s opportunity 
cost per barrel of transferring the oil internally is the contribution margin per barrel 
forgone by not selling the crude oil in the external market: $12 for oil purchased 
under the long-term contract (market price, $85, minus variable cost, $73) and $5 for 

oil purchased from the Calgary producer (market price, $85, minus variable cost, 
$80). In either case, 

Minimum transfer Incremental Opportunity 

price per barrel ~ cost per barrel costs per barrel 

= $73 + $12 = $85 
or 

= $80 + $5 = $85 

Market-based transfer prices are ideal in perfectly competitive markets when 
there is no idle capacity. 

2. An intermediate market exists that is not perfectly competitive, and the selling divi- 
sion has unused capacity. In markets that are not perfectly competitive, capacity 
utilization can be increased only by decreasing prices. Unused capacity exists because 
decreasing prices is often not worthwhile—it decreases operating income. If the trans- 
portation division has unused capacity, its opportunity cost of transferring the oil 
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internally is zero because the division does not forgo any external sales or contribu- 
tion margin from internal transfers. In this case, 

Minimum $73 per barrel for oil purchased under the 
Incremental 4 

+ long-term contract or $80 per barrel for oil transfer price = 1 ee eee 
0 iC. € 

P purchased from the Calgary producer per barrel 

Any transfer price above incremental cost but below $85—the price at which the 
refining division can buy crude oil in Sarnia—motivates the transportation division to 
transport crude oil to the refining division and the refining division to buy crude oil 
from the transportation division. In this situation, the company could either use a 
cost-based transfer price or allow the two divisions to negotiate a transfer price 
between themselves. 

Consider the following situation: Suppose the refining division receives an order 
to supply specially processed gasoline. The refining division will profit from this order 
only if the transportation division can supply crude oil at a price not exceeding $82 
per barrel. Suppose the incremental cost to purchase and supply crude oil is $80 per 
barrel. In this case, the transfer price that would benefit both divisions must be greater 
than $80 but less than $82 (rather than $85). 

3. No market exists for the intermediate product. This would occur, for example, in the 
Northern Petroleum case if oil from the production well flows directly into the pipe- 
line and cannot be sold to outside parties. 

Here, the opportunity cost of supplying crude oil internally is zero because the 
inability to sell crude oil externally means no contribution margin is forgone. At the 
transportation division of Northern Petroleum, the minimum transfer price under 
the general guideline would be the incremental costs per barrel of either $73 or $80. 
As in the previous case, any transfer price between the incremental cost and $85 
will achieve goal congruence. Knowledge of the incremental cost per barrel of crude 
oil would be helpful to the refining division for many decisions, such as short-run 
pricing. . 

In transfer-pricing situations, opportunity cost is the profit the selling division 
forgoes by selling internally rather than externally. Assume the selling division has no 
idle capacity for a particular product and can sell all it produces at $4 per unit. Incre- 
mental cost is $1 per unit. If the selling division sells internally, the opportunity cost 
is $3 per unit (= $4 revenue per unit — $1 incremental cost per unit). In contrast, if the 
selling division has unused capacity with no alternative use, no profit is forgone by 
selling internally (opportunity cost is $0). 

Multinational Corporation (MNC) Transfer 
Pricing and Tax Considerations 

Now we will consider factors affecting transfer prices among corporate subunits in differ- 
ent countries. Sales between corporate subunits are called sales between related parties, in 
contrast to external sales between a subunit and a nonrelated party termed arm’s-length 
transactions. The transfer prices have tax implications and therefore affect the govern- 
ment revenues of each country involved. Tax factors include income taxes, payroll taxes, 
customs duties, tariffs, sales taxes, value-added taxes, environment-related taxes, and 
other government levies. We focus on income tax factors as a key consideration in transfer- 
pricing decisions. 

The Income Tax Act of Canada (section 247) sets out the laws regarding transfer 
pricing. The most recent rules were introduced in 1998 after legislative changes in the 
United States and the publication of transfer price guidelines by the OECD. The CRA 
intends to achieve harmonization with OECD and US laws to reduce the costs of tax com- 
pliance for MNCs. The most important laws limit how companies set transfer prices to 
one of five methods. 

Transfer prices also have tax implications, particularly when products are transferred 
across country borders. Setting transfer prices is almost always a matter of judgment. 

LO® 
Analyze income tax 

considerations in 

multinational transfer 
pricing. 
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CONCEPTS 
IND NCA ETO). 

The mobile phone market is India is lucrative, with 
companies from all over the world seeking to maintain 
growth by gaining a foothold in a country where 
250 million mobile phones are sold every year. The 
British company Vodafone Group PLC is the second- 
largest mobile phone operator there as measured by 
subscribers. From the inception of Vodafone’s 
operations in India and continuing to the present, 
Vodafone established a transfer-pricing mechanism 
between its Indian subsidiary and Vodafone Mauritius 
Limited. The Indian government claimed that Vodafone 
had undervalued assets as part of the transfer-pricing 
policy and as a result had avoided $1.8 billion in 
taxes that should be due to the Indian government. 
Establishing the price one division in a company charges 
another division in the same company for products and 
services is often controversial, and governments often 
intervene to alter the company’s price charged, and 
thereby impact the taxes owed. In the case of India and 
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_ India Calls Vodafone on Transfer-Pricing Policy 

1 

Vodafone, the Indian government has created a law that 
allows it to retroactively assess taxes on transfer-pricing 
schemes. These cases are often expensive in terms of 
legal fees and time—such as the case of Microsoft and 
Denmark, where the dispute over taxes owed has lasted 
more than a dozen years. : 

Sources: D. Phelan. 2013. “The Indian Mobile Phone Market: An Alien 
World Where Seven-Inch Tablets Are Big Sellers,” The Independent 
(July 22) (http://www.independent.co.uk/life-style/gadgets-and-tech/features 
/the-indian-mobile-phone-market-an-alien-world-where-seveninch-tablets 
-are-big-sellers-8726573.html); “Government Seeks to Scrap 2 Billion Tax 
Dispute Talks with Vodafone,” The Economic Times, http://economictimes 
.indiatimes.com/news/news-by-industry/telecom/government-seeks-to- 
scrap-2-billion-tax-dispute-talks-with-vodafone/articleshow/30293912. 
cms; A. Mohan. 2012. “Income Tax Department Can Move against 
Vodafone in Transfer Pricing Dispute,” The Economic Times (February 12) 
(http://articles.economictimes.indiatimes.com/2014-02-12/news 
/47270080_1_shell-india-mauritius-based-group-company-revenue-undet 
-priced-shares); L. Clark. 2005. “Microsoft May Owe Denmark £660 Million 
in Tax,” Wired News (March 13) (http://www.wited.co.uk/news 
/archive/2013-03/05/microsoft-danish-billion-dollat-tax-bill). 

At no time, however, should management accountants choose transfer prices that do not 
adhere to the tax codes of different countries. The time and cost to resolve transfer-pricing 
disputes can be very high. 

Traditional transaction methods include the comparable uncontrolled price (CUP) 

method, resale price method (RPM), and cost-plus method (CPM). The CUP is analogous 
to the internal market-based price. The related-party transfer price reported by a corpora- 
tion is compared to prices for similar transactions among arm’s-length (nonrelated) par- 
ties and must fall within the middle two quartiles of this range of prices. 

The RPM requires that a company calculate the arm’s-length resale price. Distrib- 
utors of finished goods typically use this method when the cost of distribution is low 
relative to the value of the finished goods (i.e., almost non-value-added). Again the 
CRA compares the estimated transfer price to a range of prices for similar arm’s- 
length transactions and usually accepts transfer prices in the two mid-quartiles of this 
range. 

The CPM highlights the effect of the transfer price on the pre-tax income of each sub- 
unit. This method permits corporations the greatest discretion and most readily justified 
transfer price to the CRA because of the quality of information provided by management 
accounting and control systems. 

The transactional profit methods of setting a transfer price are the profit split method 
(PSM) and transactional net margin method (TNMM). The PSM requires understanding 
the value added by the functions performed by each related party and the resulting alloca- 
tion of profit and loss to each subunit. The fifth method, TNMM, is based on the return 
on assets (ROA) of the corporation as a whole and provides maximum discretion for 
establishing a transfer price. 

Consider the Northern Petroleum data in Exhibit 22-2. Assume that Northern operates 
a transportation division in Mexico that pays Mexican income taxes at 30% of operating 

income and that both the transportation and refining divisions based in Canada pay 
income taxes at 20% of operating income. Northern Petroleum would minimize its total 
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income tax payments with the 105% of full costs transfer-pricing method, as shown in the 
following table: 

Operating Income for 100 Barrels of Income Tax on 100 Barrels of 

Crude Oil Crude Oil 

Transportation Refining Transportation Refining 
Division Division Division Division 

Transfer-Pricing (Mexico) (Canada) Total (Mexico) (Canada) Total 

Method (1) (2) (3) = (1) + (2) (4) = 0.30 x (1) (5) = 0.20 x (2) = (6) = (4) + (5) 

Market price $900 $300 $1,200 $270 $60 $330 

105% of full costs 380 820 1,200 114 164 278 

Negotiated price 700 500 1,200 210 100 310 

Tax considerations raise additional issues that may conflict with other objectives of 
transfer pricing. Suppose that the market for crude oil in Calgary is perfectly competitive. 
In this case, the market-based transfer price achieves goal congruence and provides effort 
incentives. It also helps Northern to evaluate the economic profitability of the transporta- 
tion division. But it is costly from an income tax standpoint. 

Northern Petroleum would favour using 105% of full costs for tax reporting, but tax 
laws in Canada and Mexico constrain this option. In particular, the Mexican tax author- 
ities are fully aware of Northern Petroleum’s incentives to minimize income taxes by 
reducing the income reported in Mexico. They would challenge any attempts to shift 
income to the refining division through a low transfer price. 

The perfectly competitive market for crude oil in Mexico would probably force 
Northern Petroleum to use the market price for transfers from the production division to 
the transportation division. Northern Petroleum might successfully argue that the transfer 
price should be set below the market price because the production division incurs no mat- 
keting and distribution costs when “selling” crude oil to the transportation division. 
Northern Petroleum could-obtain advance approval of the transfer-pricing arrangements 
from the appropriate tax authorities. 

To meet multiple transfer-pricing objectives, a company may choose to keep one set 
of accounting records for tax reporting and a second set for internal management report- 
ing. The difficulty here is that tax authorities may interpret two sets of books as sugges- 
tive of the company manipulating its reported taxable income to avoid tax payments. 
Additional factors that arise in multinational transfer pricing include tariffs and customs 
duties levied on imports of products into a country. The issues here are similar to the 
income tax considerations discussed earlier—companies will have incentives to lower 
transfer prices for products imported into a country to reduce the tariffs and customs 
duties that those products will attract. MNC transfer prices are sometimes influenced by 
restrictions that some countries place on the payment of income or dividends to parties 
outside their national borders. By increasing the prices of goods or services transferred 
into divisions in these countries, companies can increase the funds paid out of these coun- 
tries without appearing to violate income or dividend restrictions. 

Pulling It All Together—Problem for Self-Study _ 
(Try to solve this problem before examining the solution that follows.) 

Problem 

The Pillercat Corporation is a highly decentralized company. Each division manager has 
full authority for sourcing and selling decisions. The machining division of Pillercat has 
been the major supplier of the 2,000 crankshafts that the tractor division needs each year. 
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Required @ 

«  Crankshafts 

The tractor division, however, has just announced that it plans to purchase all its 
crankshafts in the forthcoming year from two external suppliers at $200 per crankshaft. 
The machining division of Pillercat recently increased its price for the forthcoming year to 
$220 per unit (from $200 per unit in the current year). 

Juan Gomez, manager of the machining division, feels that the 10% price increase 
is fully justified. It results from a higher depreciation charge on some new specialized 
equipment used to manufacture crankshafts and an increase in labour costs. Gomez 
wants the president of Pillercat Corporation to direct the tractor division to buy all its 
crankshafts from the machining division at the price of $220. The additional incremen- 
tal costs per unit that Pillercat incurs to produce each crankshaft are the machining 
division’s variable costs of $190. Fixed cost per crankshaft in the machining division 
equals $20. 

pigs Sf BE Ss EAN ee Ses hiatal CB olan 
Es Number of crankshafts purchased by tractor division 2,000 

External supplier's market price per crankshaft 

| 3 |Variable cost per crankshaft in machining division 

| 4 | Fixed cost per crankshaft in machining division 

1. Compute the advantage or disadvantage (in terms of monthly operating income) to 
the Pillercat Corporation as a whole if the tractor division buys crankshafts internally 
from the machining division under each of the following cases: 

a. The machining division has no alternative use for the facilities used to manufacture 
crankshafts. 

b. The machining division can use the facilities for other production operations, 
which will result in monthly cash operating savings of $29,000. 

c. The machining division has no alternative use for the facilities, and the external 
supplier drops its price to $185 per crankshaft. 

2. As the president of Pillercat, how would you respond to Juan Gomez’s request to 
order the tractor division to purchase all of its crankshafts from the machining divi- 
sion? Would your response differ according to the scenarios described in parts (a), 
(b), and (c) of requirement 1? Why? 

3. Discuss the tax implications if the machining and tractor divisions were located in 
different countries. 

@@ 4. The best transfer price for performance evaluation may not be the most accept- 
able to tax authorities. In terms of good governance, what option is available to 
managers? 
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Solution 

1. Computations for the tractor division buying crankshafts internally for cases (a), (b), 
and (c) are 

6 | Opportunity costs of the machining division supplying 
crankshafts to the tractor division 

| 9 | Total purchase costs if buying from an external supplier 

| 10 | (2,000 shafts x $200, $200, $185 per shaft) 

Incremental costs of buying from the machining division 

(2,000 shafts x $190 per shaft) 
13 | Total opportunity costs of the machining division 

Total relevant costs 

15 | Annual operating income advantage (disadvantage) to 

| 16 | Pillercat of buying from the machining division 

$400,000 

380,000 | 380,000 | 380,000 

= 29,000 == 

380,000 | $409,000 | _380,000 

Using the general guideline as a first step in setting a transfer price highlights the 
alternatives: 

Incremental Cost per Opportunity Cost | External 

Unit Incurred to per Unit to the Transfer 

Point of Transfer Supplying Division Price 

$190.00 

$14.508 $204.50 

$ 0 $190.00 

Opportunity cost Total opportunity _ Number of 

per unit Ae costs ’ crankshafts = $29,000 = 2,000 = $14.50 

The tractor division will maximize monthly operating income of Pillercat Corpo- 
ration as a whole by purchasing from the machining division in case (a) and by pur- 
chasing from the external suppliers in cases (b) and (c). 

2. Pillercat Corporation is a highly decentralized company. If no forced transfer were made, 
the tractor division would use an external supplier, resulting in an optimal decision for 
the company as a whole in cases (b) and (c) of requirement 1, but not in case (a). 

Suppose that in case 1(a), the machining division refuses to meet the price of $200. 
This decision means that the company will be $20,000 worse off in the short run. 
Should top management interfere and force a transfer at $200? This interference would 
undercut the philosophy of decentralization. Many top management teams would not 
interfere because they would view the $20,000 as an inevitable cost of a suboptimal 
decision that occasionally occurs under decentralization. But how high must this cost be 
before the temptation to interfere would be irresistible? $30,000? $40,000? 

Any top management interference with lower-level decision making weakens 
decentralization. Of course, such interference may occasionally be necessary to pre- 
vent costly blunders. But recurring interference and constraints simply transform a 
decentralized organization into a centralized organization. 
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3. Pillercat management’s best transfer price choice would be the current market price 
or CUP because it conforms with the OECD hierarchy. The managers would be 
wise to negotiate an advance transfer price arrangement with tax authorities in 
both countries (APA). If there were no market for the intermediate product, then 
profit split (PSM) or transactional net margin methods (TNMM) could be 
negotiated. 

. Assuming that managers do achieve satisfactory standards of good governance, they 
will have access to relevant information as described in the CPEM and NI 52-109. 
This implies the presence of coordinated information systems that enable the develop- 
ment of dual accounting records. One management accounting system reports values 
used for performance evaluation purposes over which tax authorities have no con- 
cern. The second reports performance according to methods of transfer pricing 
acceptable to tax authorities. 

| BY =e) t-}(e) al eco) | alt 

The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives Guidelines 

1. What is a control system, and A control system is a means to organize or arrange elements into an 
how should it be designed? 

2. How are transfer-pricing 
methods ranked? 

3. What are the benefits of 
transferring products at 
current market price? 

4. How does cost-plus transfer 
pricing lead to suboptimal 
internal management 
decisions? 

orderly structure. Choices of organizational structure are constrained by 
legislation such as NI 52-109 and NI 58-201 in Canada as well as CRA 
tax legislation. The goal of control systems is to nurture and sustain good 
governance. 

To ease the compliance burden on MNCs, most countries worldwide 
have adopted the OECD Hierarchy of Methods for transfer pricing. The 
principle upon which the ranking is based is the arm’s-length principle. 
The most preferred transfer price is current market price of intermediate 
products. Other alternatives for internal control include cost-based and 
negotiated prices. 

Optimal internal management decisions to benefit the entire corporation 
are made if the intermediate market is perfectly competitive (homogeneous 
product and prices) and interdependencies among subunits are minimal. 

A transfer price based on full cost plus a markup may lead to suboptimal 
decisions because it leads the buying division to regard the fixed costs and the 
markup of the selling division as variable costs. The buying division may then 
purchase products from an outside vendor expecting savings in variable costs 
that, in fact, will not occur. 

5. What constraints are externally Transfer prices can reduce income tax payments by recognizing more income 
imposed to internal guidelines in low-tax-rate countries and less income in high-tax-rate countries. However, 
for determining a minimum 
transfer? 

tax regulations of different countries restrict the transfer prices that compa- 
nies can choose. Internal guidelines state that the minimum transfer price 
equals the incremental cost per unit incurred up to the point of transfer plus 
the opportunity cost per unit to the supplying division resulting from trans- 
ferring products or services internally. 
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Terms to Learn 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

advance transfer price arrangement formal management control system perfectly competitive market (p. 895) 

(APA) (p. 895) (p. 887) profit split method (PSM) (p. 902) 

arm’s-length transactions (p. 901) goal congruence (p. 887) related parties (p. 891) 

autonomy (p. 888) informal management control system resale price method (RPM) (p. 902) 

comparable uncontrolled price (CUP) (p. 887) subunit (p. 888) 

method (p. 902) intermediate products (p. 890) transactional net margin method 

cost-plus method (CPM) (p. 902) management control system (p. 887) (TNMM) (p. 902) 

decentralization (p. 888) motivation (p. 887) transfer price (p. 890) 

dual pricing (p. 899) Organisation for Economic 

effort (p. 888) Co-operation and Development (p. 891) 

yAN-t-V[elalaat=lal mi feitlarel| 

MyLabAccounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Short-Answer Questions 
22-1 What is a management control system? 

22-2 Describe three criteria you would use to evaluate whether a management control system is 
effective. 

22-3 Whatis the relationship among motivation, goal congruence, and effort? 

22-4 Name three benefits and two costs of decentralization. 

22-5 “Organizations typically adopt a consistent decentralization or centralization philosophy across all 

their business functions.” Do you agree? Explain. 

22-6 “Transfer pricing is confined to profit centres.” Do you agree? Why? 

22-7 What are the three general methods for determining transfer prices? 

22-8 What properties should transfer-pricing systems have? 

22-9 “All transfer-pricing methods give the same division operating income.” Do you agree? Explain. 

22-10 Under what conditions is a market-based transfer price optimal? 

22-11 Whatis one potential limitation of full-cost-based transfer prices? 

22-12 Give two reasons why a dual-price approach to transfer pricing is not widely used. 

22-13 “Under the general transfer-pricing guideline, the minimum transfer price will vary depending on 
whether or not the supplying division has idle capacity.” Do you agree? Explain. 

22-14 Why should managers consider income tax issues when choosing a transfer-pricing method? 

Exercises 

22-15 Terminology. A number of terms are listed below: 

advance transfer price arrangement (APA) market-based price 

comparable uncontrolled price cost based 

negotiated cost-plus 

cost-plus method (CPM) dual pricing 

goal congruence profit split method (PSM) 

related-party transactions resale price method (RPM) 

tax havens transactional net margin method (TNMM) 
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LO® 

LO® 

Loe 
1. a. China to South Korea, 

$450 per subunit 

Required 

Select the terms from the above list to complete the following sentences. 

1. The CRA constrains global transfer-pricing choices, and provincial tax authorities constrain the 

interprovincial transfer-pricing choice of management teams. A wise team will undertake an 

(_, ) to avoid future tax liabilities. 
2. There are two interprovincial transfer-price alternatives when no exists. 

The alternatives are either , which is a cost-plus approach, or transfer prices 

that fall between a market and cost-plus price. 

3. Of course a price may be either full absorption or variable cost based, and in the transfer the 

same company may use . The transferring division charges at a cost-based price while 

the receiving division pays at a market-based price. The difference is billed to a common corporate 

account rather than to the divisions. This method reduces __ problems between transferring 
divisions. 

4. There are three multinational corporate transfer-price alternatives. The respective tax authorities 

scrutinize these very carefully to ensure their jurisdictions receive the appropriate 

tax payments from each party in the transfer. The alternatives are the (CUP), 

(dare) (ame) (___), and hee. (__). In addition 
to negotiating APA with governments, corporations also minimize taxes by establishing legitimate sub- 

sidiariesin that share information with other governments. 

22-16 Evaluating management control systems, balanced scorecard. Adventure Parks Inc. 

(API) operates 10 theme parks throughout the United States. The company’s slogan is “Name Your Adven- 

ture,” and its mission is to offer an exciting theme park experience to visitors of all ages. API’s corporate 
strategy supports this mission by stressing the importance of sparkling clean surroundings, efficient crowd 

management, and, above all, cheerful employees. Of course, improved shareholder value drives this 
strategy. 

Required 

1. Assume that API uses a balanced scorecard approach to formulating its management control system. 

List three measures that API might use to evaluate each of the four balanced scorecard perspectives: 

financial perspective, customer perspective, internal-business-process perspective, and learning- 

and-growth perspective. 

2. How would the management controls related to financial and customer perspectives at API differ 

among the following three managers: a souvenir shop manager, a park general manager, and the cor- 

poration’s CEO? 

22-17 Cost centres, profit centres, decentralization, transfer prices. Fenster Corporation man- 

ufactures windows with wood and metal frames. Fenster has three departments: glass, wood, and metal. 
The glass department makes the window glass and sends it to either the wood or metal department where 

the glass is framed. The window is then sold. Upper management sets the production schedules for the 

three departments and evaluates them on output quantity, cost variances, and product quality. 

Required 

1. Are the three departments cost centres, revenue centres, or profit centres? 

2. Are the three departments centralized or decentralized? 

3. Cana centralized department be a profit centre? Why or why not? 

4. Suppose the upper management of Fenster Corporation decides to let the three departments set their 

own production schedules, buy and sell products in the external market, and have the wood and metal 

departments negotiate with the glass department for the glass panes using a transfer price. 
a. Will this change your answers to requirements 1 and 2? 

b. How would you recommend upper management evaluate the three departments if this change is 
made? 

22-18 Multinational transfer pricing, effect of alternative transfer-pricing methods, global 

income tax minimization. User Friendly Computer Inc., with headquarters in Nepean, Ontario, manu- 
factures and sells a premium desktop computer system. User Friendly has three divisions, each of which is 

located in a different country: 

a. China division—manufactures memory devices and keyboards 

b, South Korea division—assembles desktop computers using internally manufactured parts and memory 
devices and keyboards from the China division 

c. Canada division—packages and distributes desktop computer packages 



Each division is run as a profit centre. The costs for the work done in each division for a single desk- 
top computer system are as follows: 

China division Variable costs = 1,000 yuan 

Fixed costs =1,800 yuan 

South Korea division Variable costs = 360,000 won 

Fixed costs | =480,000 won 

Canada division Variable costs =CA$100 

Fixed costs =CA$200 

Chinese income tax rate on China division’s operating income 20% 

South Korean income tax rate on South Korea division's operating income 20 

Canadian income tax rate on Canada division's operating income 30 

Each desktop computer package is sold to retail outlets in Canada for $3,200. Assume that the current 

foreign exchange rates are 

8 yuan = CA$1 

1,200 won = CA$1 

Both the China and South Korea divisions sell part of their production under a private label. The China 

division sells the comparable memory/keyboard package used in each User Friendly desktop computer to 
a Chinese manufacturer for 3,600 yuan. The South Korea division sells the comparable desktop computer 
package to a South Korean distributor for 1,560,000 won. 

Required 

1. Calculate the after-tax operating income per unit earned by each division under each of the following 
transfer-pricing methods: (a) market price, (b) 200% of full cost, and (c) 300% of variable cost. (Income 
taxes are not included in the computation of the cost-based transfer prices.) 

2. Which transfer-pricing method(s) will maximize the after-tax operating income per unit of User Friendly 

Computer Inc.? 

22-19 Transfer-pricing methods, goal congruence. British Columbia Lumber has a raw lumber 

division and a finished umber division. The variable costs are 

s Raw lumber division: $105 per 100 board feet of raw lumber 

a Finished lumber division: $130 per 100 board feet of finished lumber 

Assume that no board feet are lost in processing raw lumber into finished lumber. Raw lumber can be 

sold at $220 per 100 board feet. Finished lumber can be sold at $305 per 100 board feet. 

Required 

1. Should British Columbia Lumber process raw lumber into its finished form? Show your calculations. 
2. Assume that internal transfers are made at 120% of variable cost. Will each division maximize its 

division operating income contribution by adopting the action that is in the best interests of British 

Columbia Lumber as a whole? Explain. 
3. Assume that internal transfers are made at market prices. Will each division maximize its division 

operating income contribution by adopting the action that is in the best interests of British Columbia 

Lumber as a whole? Explain. 

22-20 Multinational transfer pricing, effect of alternative transfer-pricing methods. Valencia 
Orange manufactures bottles in its glass Division A, which are then transferred to its packaging Division B. In 

the upcoming month, 300,000 bottles will be transferred to Division B from Division A, where they are filled and 

then sold at $7 per bottle. The bottles can be sold from Division A to other bottlers at $5 per bottle. The costs 
below relate to total manufacturing budgeted costs for the 300,000 bottles. 

DivisionA Division B 

Total variable costs 100,000 90,000 

Total fixed costs 230,000 150,000 

330,000 240,000 
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Required 

1. Calculate the operating income for Division B under the market price transfer-pricing method. 

2. Calculate the opérating income for Division A under the market price transfer-pricing method. 

3. What are three benefits of the arrangement between Divisions A and B? 

LOO 22-21 Multinational transfer pricing, effect of alternative transfer-pricing methods (contin- 
1. Division operating incomeis -—suation of Exercise 22-20). Refer to Exercise 22-20. The manager of Valencia Orange has just come back from 

$1,513,500 a transfer-pricing conference where he learned about new methods. Use the following information to 
answer his questions below: 

DivisionA __ DivisionB 

€ Total variable costs 100,000 90,000 

Total fixed costs 230,000 150,000 

330,000 240,000 

Calculate the operating income for Division B using 105% of manufacturing cost as the transfer price. 

. Calculate the operating income for Division A using 105% of market value cost as the transfer price. 

3. If bonuses are calculated at 5% of operating income, what method will the manager of Division A pre- 

fer (market value or 105% of manufacturing cost)? 
4. Comment on the 105% of manufacturing costs compared to the $5 market value transfer price. What 

impacts on behaviours or attitudes might occur within divisions if the company switches from market 

value to 105% of manufacturing cost? 

RO — 

LO@ 22-22 Effect of alternative transfer-pricing methods on division operating income. (CMA, 

1. Method A metals division adapted) Ajax Corporation has two divisions. The mining division makes toldine, which is then transferred to 
operating income is $1,800,000 the metals division. The toldine is further processed by the metals division and is sold to customers at a 

price of $150 per unit. The mining division is currently required by Ajax to transfer its total yearly output of 

200,000 units of toldine to the metals division at 110% of full manufacturing cost. Unlimited quantities of tol- 

dine can be purchased and sold on the outside market at $90 per unit. 

The following table gives the manufacturing cost per unit in the mining and metals divisions for 

the year: 

Mining Division Metals Division 

€ Direct material cost $12 $ 6 

Direct manufacturing labour cost 16 20 

Manufacturing overhead cost 328 25° 

Total manufacturing cost per unit $60 $51 

®Manufacturing overhead costs in the mining division are 25% fixed and 75% Re 
Manufacturing overhead costs in the metals division are 60% fixed and 40% variable. 

Required 

1. Calculate the operating incomes for the mining and metals divisions for the 200,000 units of toldine 

transferred under the following transfer-pricing methods: (a) market price and (b) 110% of full manu- 
facturing cost. 

2. Suppose Ajax rewards each division manager with a bonus, calculated as 1% of division operating 

income (if positive). What is the amount of bonus that will be paid to each division manager under the 
transfer-pricing methods in requirement 1? Which transfer-pricing method will each division manager 
prefer to use? 

3. What arguments would Brian Jones, manager of the mining division, make to support the transfer- 
pricing method that he prefers? 

LO © 22-23 Transfer pricing, general guideline, goal congruence. (CMA, adapted) Quest Motors Inc. 
1, Minimum transfer price, $90 operates as a decentralized multidivision company. The tivo division of Quest Motors purchases most of its 

airbags from the airbag division. The airbag division's incremental cost for manufacturing the airbags is $90 

per unit. The airbag division is currently working at 80% of capacity. The current market price of the airbags 
is $125 per unit. 



Required 

1. Using the general guideline presented in the chapter, what is the minimum price at which the airbag 
division would sell airbags to the tivo division? 

2. Suppose that Quest Motors requires that whenever divisions with unused capacity sell products inter- 
nally, they must do so at the incremental cost. Evaluate this transfer-pricing policy using the criteria of 

goal congruence, evaluating division performance, motivating management effort, and preserving 
division autonomy. 

3. If the two divisions were to negotiate a transfer price, what is the range of possible transfer prices? 
Evaluate this negotiated transfer-pricing policy using the criteria of goal congruence, evaluating 
division performance, motivating management effort, and preserving division autonomy. 

4. Do you prefer the transfer-pricing policy in requirement 2 or requirement 3? Explain your answer briefly. 

22-24 Multinational transfer pricing, effect of altemative transfer-pricing methods, global 
income tax minimization. Tech Friendly Computer, Inc., with headquarters in San Francisco, manufactures 
and sells a desktop computer. Tech Friendly has three divisions, each of which is located in a different country: 

a. China division—manufactures memory devices and keyboards 
b. South Korea division—assembles desktop computers using locally manufactured parts, along with 

memory devices and keyboards from the China division 
c. US division—packages and distributes desktop computers 

Each division is run as a profit centre. The costs for the work done in each division for a single desktop 
computer are as follows: 

China division: Variable cost = 900 yuan 

Fixed cost = 1,980 yuan 

South Korea division: Variable cost = 350,000 won 

Fixed cost = 470,000 won 

US division: Variable cost = $125 

Fixed cost = $325 

= Chinese income tax rate on the China division's operating income: 40% 
= South Korean income tax rate on the South Korea division's operating income: 20% 
a US income tax rate on the US division's operating income: 30% 

Each desktop computer is sold to retail outlets in the United States for $3,800. Assume that the current 
foreign exchange rates are as follows: 

9yuan = $1 US 

1,000 won = $1US 

Both the China and the South Korea divisions sell part of their production under a private label. The China 
division sells the comparable memory/keyboard package used in each Tech Friendly desktop computer to 
a Chinese manufacturer for 4,500 yuan. The South Korea division sells the comparable desktop computer 

to a South Korean distributor for 1,340,000 won. 

Required 

1. Calculate the after-tax operating income per unit earned by each division under the following transfer- 
pricing methods: (a) market price, (b) 200% of full cost, and (c) 350% of variable cost. (Income taxes are 
not included in the computation of the cost-based transfer prices.) 

2. Which transfer-pricing method(s) will maximize the after-tax operating income per unit of Tech Friendly 

Computer? 

22-25 Multinational transfer pricing, global tax minimization. The Questron Company manu- 
factures telecommunications equipment at its plantin Scranton, Pennsylvania. The company has marketing 
divisions throughout the world. A Questron marketing division in Hamburg, Germany, imports 100,000 broad- 

band routers from the United States. The following information is available: 

US income tax rate on the US division's operating income 35% 

German income tax rate on the German division's operating income 40% 

German import duty 15% 

Variable manufacturing cost per router $275 

Full manufacturing cost per router $400 

Selling price (net of marketing and distribution costs) in Germany $575 
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Loe6 
1. Net cost (benefit) of purchasing 

from an external supplier, 

$30,000 

LO © 
1, Contribution margin from 

selling units to other customers, 

$60,000 

LO© 
1, Minimum transfer price per 

screen, $115 

Suppose the US and German tax authorities only allow transfer prices that are between the full manufactur- 

ing cost per unit of $400 and a market price of $475, based on comparable imports into Germany. The German 

import duty is charged on the price at which the product is transferred into Germany. Any import duty paid to 

the German authorities is a deductible expense for calculating German income taxes. 

Required t 

1. Calculate the after-tax operating income earned by the US and German divisions from transferring 

100,000 broadband routers (a) at full manufacturing cost per unit and (b) at market price of compa- 
rable imports. (Income taxes are not included in the computation of the cost-based transfer 

prices.) 
2. Which transfer price should the Questron Company select to minimize the total of company import 

duties and income taxes? Remember that the transfer price must be between the full manufacturing 

cost per unit of $400 and the market price of $475 of comparable imports into Germany. Explain your 

reasoning. 

22-26 Transfer-pricing dispute. The Goodwin Corporation, manufacturer of tractors and other heavy 

farm equipment, is organized along decentralized product lines, with each manufacturing division operating 

as a separate profit centre. Each division manager has been delegated full authority on all decisions involv- 

ing the sale of that division's output both to outsiders and to other divisions of Goodwin. Division C has in the 

past always purchased its requirement of a particular tractor-engine component from Division A. However, 

when informed that Division A is increasing its selling price to $150, Division C’s manager decides to pur- 

chase the engine component from external suppliers. 

Division C can purchase the component for $135 per unit in the open market. Division A insists that, 

because of the recent installation of some highly specialized equipment and the resulting high deprecia- 

tion charges, it will not be able to earn an adequate return on its investment unless it raises its price. 

Division A’s manager appeals to top management of Goodwin for support in the dispute with Division C and 

supplies the following operating data: 

C’s annual purchases of the tractor-engine component 2,000 units 

A's variable cost per unit of the tractor-engine component $ 120 

A’s fixed cost per unit of the tractor-engine component $ 20 

Required 

1. Assume that there are no alternative uses for internal facilities of Division A. Determine whether the 

company as a whole will benefit if Division C purchases the component from external suppliers for 

$135 per unit. What should the transfer price for the component be set at so that division managers 

acting in their own divisions’ best interests take actions that are in the best interest of the company 

as a whole? 

2. Assume that internal facilities of Division A would not otherwise be idle. By not producing the 2,000 

units for Division C, Division A’s equipment and other facilities would be used for other production oper- 

ations that would result in annual cash-operating savings of $18,000. Should Division C purchase from 
external suppliers? Show your computations. 

3. Assume that there are no alternative uses for Division A’s internal facilities and that the price from 

outsiders drops $20. Should Division C purchase from external suppliers? What should the transfer 

price for the component be set at so that division managers acting in their own divisions’ best interests 

take actions that are in the best interest of the company as a whole? 

22-27 Transfer-pricing problem (continuation of Exercise 22-26). Refer to Exercise 22-26. Assume 

that Division A can sell the 2,000 units to other customers at $155 per unit, with variable marketing cost of 

$5 per unit. 

Required 

Determine whether Goodwin will benefit if Division C purchases the 2,000 units from external suppliers at 

$135 per unit. Show your computations. 

22-28 General guideline, transfer pricing. Clover Inc. manufactures and sells television sets. Its 
assembly division (AD) buys television screens from the screen division (SD) and assembles the TV sets. 
The SD, which is operating at capacity, incurs an incremental manufacturing cost of $80 per screen. The SD 

can sell all its output to the outside market at a price of $120 per screen, after incurring a variable marketing 

and distribution cost of $5 per screen. If the AD purchases screens from outside suppliers at a price of 

$120 per screen, it will incur a variable purchasing cost of $3 per screen. Clover's division managers can act 
autonomously to maximize their own division's operating income. 



Required 

1. What is the minimum transfer price at which the SD manager would be willing to sell screens to the 
AD? 

2. What is the maximum transfer price at which the AD manager would be willing to purchase screens 

fromthe SD? 
3. Now suppose that the SD can sell only 80% of its output capacity of 10,000 screens per month on the 

open market. Capacity cannot be reduced in the short run. The AD can assemble and sell more than 

10,000 sets per month. 

a. Whatis the minimum transfer price at which the SD manager would be willing to sell screens to 
the AD? 

b. From the point of view of Clover’s management, how much of the SD output should be transferred 
to the AD? 

c. What transfer-pricing policy will achieve the outcome desired in requirement 3b? 

22-29 Pertinent transfer price. Europa Inc., has two divisions, A and B, which manufacture expen- 

sive bicycles. Division A produces the bicycle frame, and Division B assembles the rest of the bicycle onto 

the frame. There is a market for both the subassembly and the final product. Each division has been desig- 

nated as a profit centre. The transfer price for the subassembly has been set at the long-run average market 
price. The following data are available for each division: 

Selling price for final product $330 

Long-run average selling price for intermediate product 200 

Incremental cost per unit for completion in Division B 150 

Incremental cost per unit in Division A 120 

The manager of Division B has made the following calculation: 

Selling price for final product $330 

Transferred-in cost per unit (market) $200 

Incremental cost per unit for completion 150 3650 

Contribution (loss) on product $ (20) 

Required 

1. Should transfers be made to Division B if there is no unused capacity in Division A? Is the market price 

the correct transfer price? Show your computations. 

2. Assume that Division A’s maximum capacity for this product is 1,000 units per month and sales to the 

intermediate market are now 800 units. Should 200 units be transferred to Division B? At what transfer 

price? Assume that fcr a variety of reasons, Division A will maintain the $200 selling price indefinitely. 

That is, Division A is not considering lowering the price to outsiders even if idle capacity exists. 

3. Suppose Division A quoted a transfer price of $150 for up to 200 units. What would be the contribution 

to the company as a whole if a transfer were made? As manager of Division B, would you be inclined to 

buy at $150? Explain. 

22-30 Pricing in imperfect markets (continuation of Exercise 22-29). Refer to Exercise 22-29. 

Required 

1. Suppose the manager of Division A has the option of (a) cutting the external price to $195, with the 

certainty that sales will rise to 1,000 units or (b) maintaining the external price of $200 for the 800 units 
and transferring the 200 units to Division B at a price that would produce the same operating income 
for Division A. What transfer price would produce the same operating income for Division A? Is that 

price consistent with that recommended by the general guideline in the chapter so that the resulting 

decision would be desirable for the company as a whole? 

2. Suppose that if the selling price for the intermediate product were dropped to $195, sales to external 
parties could be increased to 900 units. Division B wants to acquire as many as 200 units if the transfer 
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price is acceptable. For simplicity, assume that there is no external market for the final 100 units of 

Division A's capacity. 
a. Using the general guideline, what is (are) the minimum transfer price(s) that should lead to the cor- 

rect economic decision? Ignore performance-evaluation considerations. 
b. Compare the total contributions under the alternatives to show why the transfer price(s) recom- 

mended lead(s) to the optimal economic decision. 

Problems 

LO®@ 22-31 Effect of alternative transfer-pricing methods on division operating income. Crango 

2.4, Harvesting division operating Products is a cranberry cooperative that operates two divisions: a harvesting division and a processing 
income is $139,998 division. Currently, all of Harvesting’s output is converted into cranberry juice by the processing division, 

and the juice is sold to large beverage companies that produce cranberry juice blends. The processing 

€ division has a yield of 1,900 litres of juice per 1,000 kilograms of cranberries. Cost and market price data for 
the two divisions are as follows: 

i Sea ee 
1 Harvesting Division Pf | sets «os Processing Division 202 C0" aa 
| 2 |Variable costs per kilogram of cranberries | $0.2205 rr Variable processing cost per litre of juice produced | $0.05263 per litre 

| 3 |Fixed cost per kilogram of cranberries 0.5511| | Fixed costs per litre of juice produced | 0.1053 per litre 

| 4 |Selling price per kilogram of cranberries | 1.3228| | Selling price per litre of juice 0.55263 per litre 

Required 

1. Compute Crango’s operating income from harvesting 181,440 kilograms of cranberries during June and 

processing them into juice. 
2. Crango rewards its division managers with a bonus equal to 5% of operating income. Compute the 

bonus earned by each division manager in June for each of the following transfer-pricing methods: 

a. 200% of full cost 
b. Market price 

3. Which transfer-pricing method will each division manager prefer? How might Crango resolve any con- 

flicts that may arise on the issue of transfer pricing? 

LO®@ 22-32 Goal-congruence problems with. cost-plus transfer-pricing methods, dual-pricing 

2. Harvesting division 200% system (continuation of Problem 22-31). Assume that Pat Borges, CEO of Crango, has mandated a transfer 
full costs operating income, price equal to 200% of full cost. Now she decides to decentralize some management decisions and sends 

$139,998 around a memo that states: “Effective immediately, each division of Crango is free to make its own decisions 
regarding the purchase of direct materials and the sale of finished products.” 

Required 

1. Give an example of a goal-congruence problem that will arise if Crango continues to use a transfer 
price of 200% of full cost and Borges’s decentralization policy is adopted. 

2. Borges feels that a dual transfer-pricing policy will improve goal congruence. She suggests that trans- 
fers out of the harvesting division be made at 200% of full cost and transfers into the processing divi- 

sion be made at market price. Compute the operating income of each division under this dual 

transfer-pricing method when 181,440 kilograms of cranberries are harvested during June and pro- 
cessed into juice. 

3. Why is the sum of the division operating incomes computed in requirement 2 different from Crango’s 
operating income from harvesting and processing 181,440 kilograms of cranberries? 

4, Suggest two problems that may arise if Crango implements the dual transfer prices described in 
requirement 2, 

loge6e0980 22-33 Multinational transfer pricing, global tax minimization. Supergrow, Inc., based in Des 
Moines, lowa, sells high-end fertilizers. Supergrow has two divisions: 

# North Italy mining division, which mines potash in northern Italy 
a US processing division, which uses potash in manufacturing top-grade fertilizer 

The processing division's yield is 50%: It takes 2 tons of raw potash to produce 1 ton of top-grade 

fertilizer. Although all of the mining division's output of 12,000 tons of potash is sent for processing in the 



United States, there is also an active market for potash in Italy. The foreign exchange rate is 0.80 Euro = 
$1 US. The following information is known about the two divisions: 

US dollars 

US dollars 

US dollars 

Required 

1. Compute the annual pre-tax operating income, in US dollars, of each division under the following 
transfer-pricing methods: (a) 150% of full cost and (b) market price. 

2. Compute the after-tax operating income, in US dollars, for each division under the transfer-pricing 

methods in requirement 1. (Income taxes are not included in the computation of cost-based transfer 
price, and Supergrow does not pay US income tax on income already taxed in Italy.) 

3. If the two division managers are compensated based on after-tax division operating income, which 

transfer-pricing method will each prefer? Which transfer-pricing method will maximize the total after- 

tax operating income of Supergrow? 

4, In addition to tax minimization, what other factors might Supergrow consider in choosing a transfer- 
pricing method? 

22-34 Pertinent transfer price, perfect and imperfect markets. Wheely, Inc., has two divisions, 

A and B, that manufacture expensive bicycles. Division A produces the bicycle frame, and Division B assem- 

bles the rest of the bicycle onto the frame. There is a market for both the subassembly and the final product. 
Each division has been designated as a profit centre. The transfer price for the subassembly has been set at 

the long-run average market price. The following data are available for each division: 

Selling price for final product $360 

Long-run average selling price for intermediate product 275 

Incremental cost per unit for completion in Division B 120 

Incremental cost per unit in Division A 90 

The manager of Division B has made the following calculation: 

Selling price for final product $360 

Transferred-in cost per unit (market) $275 

Incremental cost per unit for completion _120 _395 

Contribution (loss) on product (35) 

Required 

1. Should transfers be made to Division B if there is no unused capacity in Division A? Is the market price 

the correct transfer price? Show your computations. 

2. Assume that Division A’s maximum capacity for this product is 1,200 units per month and sales to 
the intermediate market are now 900 units. Should 300 units be transferred to Division B? At what 
transfer price? Assume that for a variety of reasons, Division A will maintain the $275 selling price 

indefinitely. That is, Division A is not considering lowering the price to outsiders even if idle capac- 

ity exists. 

3. Suppose Division A quoted a transfer price of $240 for up to 300 units. What would be the contribution 
to the company as a whole if a transfer were made? As manager of Division B, would you be inclined to 

buy at $240? Explain. 

Assignment Material 

€ 

LOo@@e 

915 



916 Chapter 22 Transfer Pricing and Multinational Management Control Systems 

4, Suppose the manager of Division A has the option of (a) cutting the external price to $270, with the 
certainty that sales will rise to 1,200 units, or (b) maintaining the external price of $275 for the 900 units 
and transferring the 300 units to Division B at a price that would produce the same operating income 

for Division A. What transfer price would produce the same operating income for Division A? Is that 
price consistent with that recommended by the general guideline in the chapter so that the resulting 

decision would be desirable for the company as a whole? 

LO@@6 22-35 Transfer pricing, goal congruence, ethics. Sustainable Industries manufactures cardboard 

containers (boxes) made from recycled paper products. The company operates two divisions, paper recy- 

cling and box manufacturing, as decentralized entities. The recycling division is free to sell recycled paper 
to outside buyers, and the box manufacturing division is free to purchase recycled paper from other sources. 
Currently, however, the recycling division sells all of its output to the manufacturing division, and the manu- 

facturing division does not purchase materials from outside suppliers. 
The recycled paper is transferred from the recycling division to the manufacturing division at 110% of 

full cost. The recycling division purchases recyclable paper products for $0.075 per pound. The recycling 

division uses 100 pounds of recyclable paper products to produce one roll of recycled paper. The division's 
other variable costs equal $6.35 per roll, and fixed costs at a monthly production level of 10,000 rolls are 

$2.15 per roll. During the most recent month, 10,000 rolls of recycled paper were transferred between the 
two divisions. The recycling division’s capacity is 15,000 rolls. 

With the increase in demand for sustainably made products, the manufacturing division expects to 
use 12,000 rolls of paper next month. Ecofree Corporation has offered to sell 2,000 rolls of recycled paper 

next month to the manufacturing division for $17.00 per roll. 

Required 

1. Compute the transfer price per roll of recycled paper. If each division is considered a profit centre, would 
the manufacturing manager choose to purchase 2,000 rolls next month from Ecofree Corporation? 

2, Is the purchase in the best interest of Sustainable Industries? Show your calculations. What is the 
cause of this goal incongruence? 

3, The manufacturing division manager suggests that $17.00 is now the market price for recycled paper 
rolls and that this should be the new transfer price. Sustainable’s corporate management tends to 
agree. The paper recycling manager is suspicious. Ecofree’s prices have always been much higher 

than $17.00 per roll. Why the sudden price cut? After further investigation by the recycling division 

manager, itis revealed that the $17.00 per roll price was a one-time-only offer made to the manufactur- 

ing division due to excess inventory at Ecofree. Future orders would be priced at $18.50 per roll. 
Comment on the validity of the $17.00 per roll market price and the ethics of the manufacturing 

manager, Would changing the transfer price to $17.00 matter to Sustainable Industries? 

LOg®6 22-36 Transfer pricing, perfect and imperfect markets. Letang Company has three divisions 

(R, S, and T), organized as decentralized profit centres. Division R produces the basic chemical Ranbax (in 
multiples of 1,000 pounds) and transfers it to Divisions S and T. Division S processes Ranbax into the final 
product Syntex, and Division T processes Ranbax into the final product Termix. No material is lost during 
processing. 

Division R has no fixed costs. The variable cost per pound of Ranbax is $0.18. Division R has a capacity 
limit of 10,000 pounds. Divisions S and T have capacity limits of 4,000 and 6,000 pounds, respectively. Divi- 
sions S and T sell their final product in separate markets. The company keeps no inventories of any kind. 

The cumulative net revenues (i.e., total revenues - total processing costs) for Divisions S and T at 
various output levels are summarized below, 

Division S 

Pounds of Ranbax processed in S 1,000 2,000 3,000 4,000 

Total net revenues ($) from sale of Syntex ~ $500 $850 $1,100 $1,200 

Division T 

Pounds of Ranbax processed in T 1,000 2,000 3,000 4,000 5,000 6,000 

Total net revenues ($) from sale of Termix $600 $1,200 $1,800 $2,100 $2,250 $2,350 

Required 

1. Suppose there is no external market for Ranbax. What quantity of Ranbax should the Letang Company 

produce to maximize overall income? How should this quantity be allocated between the two process- 
ing divisions? 

2. What range of transfer prices will motivate Divisions S and T to demand the quantities that maximize 

overall income (as determined in requirement 1), as well as motivate Division R to produce the sum of 
those quantities? 



3. Suppose that Division R can sell any quantity of Ranbax in a perfectly competitive market for $0.33 a 
pound. To maximize Letang’s income, how many pounds of Ranbax should Division R transfer to Divi- 
sions § and T, and how much should it sell in the external market? 

4. What range of transfer prices will result in Divisions R, S, and T taking the actions determined as opti- 
mal in requirement 3? Explain your answer. 

22-37 Transfer pricing, goal congruence. The Croydon Division of CC Industries supplies the Hauser 
Division with 100,000 units per month of an infrared LED that Hauser uses in a remote control device it sells. 
The transfer price of the LED is $8, which is the market price. However, Croydon does not operate at or near 
capacity. The variable cost to Croydon of the LED is $4.80, while Hauser incurs variable costs (excluding the 
transfer price) of $12 for each remote control. Hauser's selling price is $32. 

Hauser’s manager is considering a promotional campaign. The market research department of 

Hauser has developed the following estimates of additional monthly volume associated with additional 
monthly promotional expenses. 

Additional monthly promotional expenses: $80,000 $120,000 $160,000 

Additional monthly volume (units) 10,000 15,000 18,000 

Required 

1. What level of additional promotional expenses would the Hauser division manager choose? 

2. As the manager of the Croydon division, what level of additional promotional expenses would you like 
to see the Hauser division manager select? 

3. As the president of CC Industries, what level of spending would you like the Hauser division manager to 
select? 

4, What is the maximum transfer price that would induce the Hauser division to spend the optimal addi- 
tional promotional expense from the standpoint of the firm as a whole? 

22-38 International transfer pricing, taxes, goal congruence. Castor, a division of Gemini Corporation, 

is located in the United States. Its effective income tax rate is 30%. Another division of Gemini, Pollux, is located 
in Canada, where the income tax rate is 40%. Pollux manufactures, among other things, an intermediate prod- 
uct for Castor called IP-2014. Pollux operates at capacity and makes 15,000 units of IP-2014 for Castor each 

period, at a variable cost of $56 per unit. Assume that there are no outside customers for IP-2014, Because the 

IP-2014 must be shipped from Canada to the United States, it costs Pollux an additional $8 per unit to 
ship the IP-2014 to Castor. There are no direct fixed costs for IP-2014. Pollux also manufactures other products. 

A product similar to |P-2014 that Castor could use as a substitute is available in the United States for 
$77 per unit. 

Required 

1. What are the minimum and maximum transfer prices that would be acceptable to Castor and Pollux for 
IP-2014, and why? 

2. What transfer price would minimize income taxes for Gemini Corporation as a whole? Would Castor 
and Pollux want to be evaluated on operating income using this transfer price? 

3. Suppose Gemini uses the transfer price from requirement 2 and each division is evaluated on its own 
after-tax division operating income. Now suppose Pollux has an opportunity to sell 8,000 units of 
|P-2014 to an outside customer for $62 each. Pollux will not incur shipping costs because the customer 

is nearby and offers to pay for shipping. Assume that if Pollux accepts the special order, Castor will 
have to buy 8,000 units of the substitute product in the United States at $77 per unit. 
a. Will accepting the special order maximize after-tax operating income for Gemini Corporation as a 

whole? 

b. Will Castor want Pollux to accept this special order? Why or why not? 
c. Will Pollux want to accept this special order? Explain. 

d. Suppose Gemini Corporation wants to operate in a decentralized manner. What transfer price 
should Gemini set for IP-2014 so that each division acting in its own best interest takes actions with 

respect to the special order that are in the best interests of Gemini Corporation as a whole? 

Collaborative Learning Cases 

22-39 Transfer pricing, goal congruence. The Orsilo Corporation makes and sells 10,000 multisystem 
music players each year. Its assembly division purchases components from other divisions of Orsilo or from 

external suppliers and assembles the multisystem music players. In particular, the assembly division can 
purchase the CD player from the compact disc division of Orsilo or from Johnson Corporation. Johnson 
agrees to meet all of Orsilo’s quality requirements and is currently negotiating with the assembly division to 

supply 10,000 CD players at a price between $38 and $45 per CD player. 
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1, Contribution margin from new 

frame, $272 

A critical component of the CD player is the head mechanism that reads the disc. To ensure the qual- 

ity of its multisystem music players, Orsilo requires that if Johnson wins the contract to supply CD players, 

it must purchase the head mechanism from Orsilo’s compact disc division for $20 each. 

The compact disc division can manufacture at most 12,000 CD players annually. It also manufactures 

as many additional head mechanisms as can be sold. The incremental cost of manufacturing the head mech- 
anism is $15 per unit. The incremental cost of manufacturing a CD player (including the cost of the head 

mechanism) is $25 per unit, and any number of CD players can be sold for $35 each in the external market. 

Required 

1. What are the incremental costs minus revenues from sales to external buyers for the company as a 

whole if the compact disc division transfers 10,000 CD players to the assembly division and sells the 
remaining 2,000 CD players on the external market? 

2. What are the incremental costs minus revenues from sales to external buyers for the company as a 

whole if the compact disc division sells 12,000 CD players on the external market and the assembly 

division accepts Johnson’s offer at (a) $38 per CD player or (b) $45 per CD player? 
3. What is the minimum transfer price per CD player at which the compact disc division would be willing 

to transfer 10,000 CD players to the assembly division? 

4, Suppose that the transfer price is set to the minimum computed in requirement 3 plus $1, and the divi- 

sion managers at Orsilo are free to make their own profit-maximizing sourcing and selling decisions. 
Now, Johnson offers 10,000 CD players for $40.50 each. 

a. What decisions will the managers of the compact disc division and assembly division make? 

b. Are these decisions optimal for Orsilo as a whole? 

c. Based on this exercise, at what price would you recommend the transfer price be set? 

22-40 Goal-congruence, taxes, different market conditions. TECA Halifax makes kids’ bicycles. 

The frames division makes and paints the frames and supplies them to the assembly division, where the 

bicycles are assembled. TECA is a successful and profitable corporation that attributes much of its success 

to its decentralized operating style. Each division manager is compensated on the basis of division operat- 

ing income. 

The assembly division currently acquires all its frames from the frames division. The assembly divi- 

sion manager could purchase similar frames in the market for $480. 

The frames division is currently operating at 80% of its capacity of 4,000 frames (units) and has the 
following particulars: 

Direct materials ($150 per unit x 3,200 units) $480,000 

Direct manufacturing labour ($60 per unit x 3,200 units) 192,000 

Variable manufacturing overhead costs ($30 per unit X 3,200 units) 96,000 

Fixed manufacturing overhead costs 724,000 

All the frames division's 3,200 units are currently transferred to the assembly division. No frames are 

sold in the outside market. 

The frames division has just received an order for 2,000 units at $450 per frame that would utilize half 

the capacity of the plant. The order has to be either taken in full or rejected totally. The order is for a 

slightly different frame than what the frames division currently makes but takes the same amount of man- 

ufacturing time. To produce the new frame would require direct materials per unit of $100, direct manufac- 

turing labour per unit of $48, and variable manufacturing overhead costs per unit of $30. 

Instructions 

Form groups of two or three students to complete the following requirements. 

Required 

1. From the viewpoint of TECA Halifax as a whole, should the frames division accept the order for the 

2,000 units? ; 

2. What range of transfer prices result in achieving the actions determined to be optimal in requirement 1, 

if division managers actin a decentralized manner? 

3. The manager of the assembly division has proposed a transfer price for the frames equal to the full cost 

of the frames including an allocation of overhead costs. The frames division allocates overhead costs 

to engines on the basis of the total capacity of the plant used to manufacture the frames. 

a. Calculate the transfer price for the frames transferred to the assembly division under this arrangement. 

b. Do you think that the transfer price calculated in requirement 3a will result in achieving the actions 

determined to be optimal in requirement 1, if division managers act in a decentralized manner? 

c. Comment in general on one advantage and one disadvantage of using full costs of the producing 

division as the basis for setting transfer prices. 
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4, Now consider the effect of income taxes. 

a. Suppose the assembly division is located in a country that imposes a 10% tax on income earned 
within its boundaries, while the frames division is located in a country that imposes no tax on 
income earned within its boundaries. What transfer price would be chosen by TECA to minimize tax 
payments for the corporation as a whole? Assume that only transfer prices that are greater than or 

equal to full manufacturing costs and less than or equal to the market price of “substantially similar” 
frames are acceptable to the taxing authorities. 

b. Suppose that TECA announces the transfer price computed in requirement 4a to price all transfers 
between the frames and assembly divisions. Each division manager then acts autonomously to 

maximize division operating income. Will division managers acting in a decentralized manner 
achieve the actions determined to be optimal in requirement 1? 

5. Consider your responses to requirements 1 to 4 and assume the frames division will continue to have 
opportunities for outside business as described in requirement 1. What transfer-pricing policy would 

you recommend TECA use and why? Would you continue to evaluate division performance on the basis 
of division operating incomes? 

SOLUTION < TRY iil 

The raw lumber division generates $225 in revenue less $100 (division variable costs) = $125 in 
operating income for selling raw or finished lumber 

The finished lumber division only sells finished lumber, and the operating income is $375 

(revenue) — $225 (transferred in costs) — $125 (division variable costs) = $25. 
It is more profitable for the raw lumber division to sell directly to market and not transfer to the 

finished lumber division. 
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@ Analyze and evaluate 

alternative measures of 

financial performance. 

@ Evaluate current-cost and 
historical-cost asset 

measurement methods. 

© Analyze the technical difficulties 
that arise when comparing the 

performance of divisions 

operating in different countries. 

@ Evaluate the behavioural effects 
of salaries and incentives in 

compensation arrangements. 

@ Apply strategic concepts to 
analyze the four levers of 

control, and evaluate their 

usefulness. 
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This chapter covers material 

outlined in Section 3: 

Management Accounting of the 

CPA Competency Map. The 
Learning Objectives in this chapter 

have been aligned with the CPA 

Competency Map to ensure the 

best coverage possible. 

3.5.1. Performs sensitivity analysis 

3.5.2 Evaluates sustainable profit 

maximization and capacity 

management performance 

3.6.1 Evaluates performance using 

accepted frameworks 

3.6.2 Evaluates performance of 

responsibility centres 

3.6.3 Evaluates root causes of 

performance issues 

3.4.1 Evaluates sources and 

drivers of revenue growth 

*Reprinted from The Chartered Professional 
Accountant Competency Map, © 2012, with 
permission from the Chartered Professional 
Accountants of Canada, Toronto, Canada. 
Any changes to the original material are the 
sole responsibility of the author (and/or 
publisher) and have not been reviewed or 
endorsed by the Chartered Professional 
Accountants of Canada. 
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Multinational Performance 
Measurement and Compensation 

Qualitative and Nonfinancial 
Measures Are Relevant 
BCE, Canada’s largest telecommunications service provider, reported performance results 

in its 2018 annual report. BCE’s goal is to “be recognized by customers as Canada’s lead- 

ing communications company.” To achieve this, BCE outlined six strategic imperatives: 

u Invest in broadband networks and service. 

= Accelerate wireless growth. 

a Leverage wireline momentum. 

a Expand media leadership. 

= Improve customer service. 

= Achieve a competitive cost structure. 

The 2018 report then presented information that supported the achievement of 
these imperatives: 

= Bell invested more in advanced networks and services than any other company, 

with $3.97 billion in capital expenditures in 2018. 

= Total wireless base up 5% to almost 10 million. 

u Increased number of Fibe customers by 4.6 million. 

= Expanding subscriber base of Crave by 2.3 million. 

a Hiring of almost 2,000 new field technicians allowing service appointments to ser- 

vice customers 33% faster than in 2017. 

Costs reduced by $75 million and call centre volume down by 11%. 

Lowered after-tax cost of outstanding publicly issued debt securities to 3.1% 
through issuance of new debt and retirement of existing expensive debt. 

! BCE, 2015 Annual Report. BCE Inc. (p. 8). 



Financial and Nonfinancial Performance Measures 

All of these financial and nonfinancial measures were used to evaluate and calculate senior 
management’s executive compensation package. This combination of financial and nonfinan- 
cial measures supports both short-term and long-term planning and decision making. It is pos- 

sibly as a result of this broad-based approach to motivation and compensation that BCE is one 

of the most successful firms in this highly competitive industry. 

This chapter examines technical, governance, and behavioural issues in designing and 
implementing appropriate financial and nonfinancial performance measures. Performance 
measures should be a central component of a management accounting control system 
(MACS). To be effective, however, MACS must motivate not only internal goal congru- 
ence but also external governance requirements. 

Performance measurement of managers is used in decisions about their salaries, 
bonuses, future assignments, and career advancement. Moreover, the very act of measur- 
ing their performance can motivate managers to strive for the goals used in their evalua- 
tion and ignore achieving other equally important goals. At a higher level of analysis, 
performance measurement of an organization’s subunits is a prerequisite for allocating 
resources within that organization. 

Financial and Nonfinancial 

Performance Measures 

The information used in a MACS can be financial or nonfinancial (see Chapter 14 and 
Chapter 22). Many common financial performance measures, such as operating income, 
rely on internal financial and accounting information. Increasingly complex governance 
legislation, however, means companies must supplement internal financial with nonfinan- 
cial measures (e.g., manufacturing lead time) and external nonfinancial information (such as 
customer satisfaction). In addition, companies often benchmark (see Chapter 7 Appendix) 
their financial and nonfinancial measures against other companies that are regarded as 
“best performers.” 

Corporations adopting a balanced scorecard (BSC)* approach to performance mea- 
surement have progressed to include risk measures. Incorporating risk is most often in the 
form of probable financial outcomes. Enterprise risk planning software includes auto- 
mated collection of hundreds of possible financial and nonfinancial measures of perfor- 
mance. The advantage of enterprise risk planning software over a BSC is that more refined 
data discloses important interdependencies. There is less chance that either subunits or 
individuals will be unfairly rewarded or penalized for performance that depends on out- 
comes of other subunits or individuals. 

Some performance measures, such as the number of new patents developed, are struc- 
tural changes to intellectual capital, which have a long-run time horizon. It is sensible to 
provide a form of deferred compensation to individuals responsible for ensuring that 
expected benefits are realized. Other measures, such as direct materials efficiency variances, 
overhead spending variances, and yield, have a short-run time horizon. In this situation, 
immediate cash or noncash compensation elements are sensible. We will focus on the most 
widely used performance measures covering an intermediate to long-run time horizon. 

Governance and Compensation Decisions 

In recent years, corporate governance and compensation decisions have come under 
increasing scrutiny. When the financial meltdown of 2007-2009 threatened global eco- 
nomic prosperity, employees who had lost their jobs (because companies declared bank- 
ruptcy) reacted with anger to the news of executive salary, bonus, and severance payments 
(from those same bankrupt companies) that amounted to millions of dollars. In some 
countries, compensation policies appear to have systematically enriched a handful of 

2 R.S. Kaplan and D.P. Norton, The Strategy-Focused Organization: How Balanced Scorecard Companies Thrive in the New 
Business Environment (Boston: Harvard Business School Press, 2001); and R.S. Kaplan and D.P. Norton, Strategy Maps: 
Converting Intangible Assets into Tangible Outcomes (Boston: Harvard Business School Press, 2004). 
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Analyze and evaluate 
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financial performance. 
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executive millionaires at the expense of other corporate stakeholders. The situation in 
Canada may be in contrast to that belief. A recent Canadian study shows that for 81% of 
the S&P/TSX 60 companies, there was a significant (positive) correlation between CEO 
pay increases and total shareholder returns over the 2004-2011 time frame.? 

Various global stock exchanges have proposed sweeping changes to corporate gover- 
nance to require independence of the board of directors (BOD), the compensation com- 
mittee, and the procedures of the committee. In the United States, the major governance 
legislation is the Sarbanes-Oxley Act (SOX), which became law in 2002, primarily in 
response to the Enron scandal. This enhanced governance legislation is not without its 
costs. In the early years, the cost of compliance with SOX was estimated to average 
approximately US$4.3 million per firm and had been reported as high as US$40 million. 
More recent research shows a much lower compliance cost (less than US$1 million) for 
most firms.4 This may reflect the fact that the improved control and reporting require- 
ments of SOX have become so integral to most firms’ operations that it is difficult to dis- 
tinguish the extra (SOX-mandated) costs from normal audit costs. 

In Canada, Bill 198 (called C-SOX) accomplishes much the same objectives as US SOX. 
Canadian publicly traded companies are also requited to comply with CPA accounting and 
control standards, Toronto Stock Exchange (TSX) requirements for firms listed on the 
exchange, and Canadian Securities Administrators (CSA) rules for public issuers of shares. 
Interestingly, most large Canadian companies also abide by US SOX requirements because 
their shares are listed on a US stock exchange (in addition to being listed on the TSX). 

Some recent developments regarding corporate governance include a new internal 
control framework issued in 2013 by the Committee on Sponsoring Organizations of the 
Treadway Commission (COSO). This framework is used by most Canadian and US com- 
panies to evaluate their internal control. In Canada, the CSA’s Multilateral Instrument 
52-109 (Certificate of Disclosure in Issuer’s Annual and Interim Filings) includes control 
regulations that must be attested to each year by the CEO/CFO of the firm. The federal 
government continues its efforts to harmonize securities oversight across Canada. Instead 
of one security regulator (i.e., Securities and Exchange Commission) like in the United 
States, Canada has 13 regulators. In 2013, the federal government, joined by Ontario and 
BC, announced the formation of the Cooperative Capital Markets Regulators (CCMR). 
The federal government hopes that all the 13 regulators will join this group but it remains 
to be seen if Alberta and Quebec will become part of the cooperative. 

Governance oversight agencies, such as the CSA, and private shareholder activist 
groups, such as the Canadian Coalition for Good Governance (CCGG) and Institutional 
Shareholder Services Inc. (ISS), have intensified their scrutiny of corporate performance 
and compensation policies. At the global level, partially in response to the increasing pres- 
ence of multinational corporations (MNC), agencies such as the Organisation for Eco- 
nomic Co-operation and Development (OECD) have established global treaties and 
guidelines for corporate governance indices (CGI), enabling investors to review the strin- 
gency of governance practices required in different countries.> The more stringent the prac- 
tices and the higher the rate of successful enforcement, the lower the risk to the investor. 

Shareholders and government agencies have also turned their attention to the specif- 
ics of executive and BOD compensation policies. Once a subject that was rarely discussed 
in public and often with the air of an “old boys’ club,” compensation transparency is now 
widely considered to be essential to good governance practices. In the United States, the 
2011 Dodd-Frank Wall Street Reform and Consumer Protection Act ushered in a new era 
of mandated “say on pay” shareholder voting—a policy allowing shareholders to have 
mandated, real oversight on the compensation packages of top executives and directors. 

3 Clarkson Centre for Board Effectiveness, “Pay For Performance Observations S&P/TSX Composite Index—2011,” Rotman 
School of Management, University of Toronto, http://cm-www.rotman.utoronto.ca/FacultyAndReseatch/ResearchCentres 
/ClarksonCentreforBoardEffectiveness/~//-/media/Files/Programs-and-Atreas/Institutes/Clarkson/Pay % 20for%20Petformance% 
20Observations%202011%20-%20Tony %20-%20CCBE%20July %202012. pdf, 

* Protiviti, “Building Value in Your SOX Compliance Program,” http://www.protiviti.com/en-US/Documents/Surveys/2013-SOX 
-Compliance-Survey-Protiviti.pdf. 

5 C. Strenger, “The Corporate Governance Scorecard: A Tool for the Implementation of Corporate Governance,” Corporate 
Governance (January 2004): 11-15. 
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Both the United Kingdom and Switzerland have adopted similar, mandatory shareholder 
“say-on-pay” votes. Switzerland went so far as to eliminate bonuses to executives who were 
joining or leaving a firm. In Canada, “say on pay” shareholder voting is still voluntary for 
publicly traded companies, but perhaps this is because there does not seem to be the same 
disparity between corporate performance and executive pay. Currently, according to the 
Institute for Governance of Private and Public Organizations, 80% of the largest Canadian 
companies have adopted the practice voluntarily or as a result of pressure from investors.® 
Amendments in 2011 to the CSA’s Form 51-102F6 Statement of Executive Compensation 
require issuing firms to include explicit disclosure in their Compensation Discussion and 
Analysis (CD@A), which is filed as part of the firm’s annual Management Proxy Circular. 

Form 51-102F6 outlines specific disclosure requirements for the CD&A around exec- 
utive compensation. It includes elements such as performance metrics, components of 
compensation packages, value of compensation, risks associated with incentives, and how 
compensation packages are determined by the board. 

The CSA and Canada Revenue Agency (CRA) continue to discuss new legislation and 
recommendations. The provincial Ontario Securities Commission (OSC), TSX, and pri- 
vate watchdogs such as the Institute on Corporate Directors (ICD) Blue Ribbon Panel on 
the Governance of Executive Compensation in Canada have also weighed in, making 
recommendations to improve decisions made by boards of directors. The ICD recom- 
mends that, among other things, the practice of malus, or clawback, of previously awarded 
compensation be instituted when performance has been poor, along with full disclosure of 
any severance compensation, often referred to as a “golden parachute.” 

There are now many stakeholders involved in what used to be a purely internal, corpo- 
rate decision on performance and executive compensation, as illustrated in Exhibit 23-1. 
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6 Y. Allaire and F. Daughin. 2016. “Making Say-on-Pay Vote Binding: A Good Idea?” Igapp (September 13) (https://igopp.org 
/en/say-on-pay-binding-good-idea-2). 
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Along with discussion about governance and compensation policies, firms must 
define the performance measurement(s) needed to evaluate managers, executives, and the 
BOD. Deciding on a performance measure is a complex decision process wherein each 
decision informs and is interdependent with others. There are very few direct causal rela- 
tionships in a business, but the relationship between corporate performance measure- 
ments and executive compensation is one prominent example. 

The corporate management team must decide what performance measurement(s) will 
be used as the basis for executive and other compensation. This question of what metrics 
(measurement tools) to choose is one of the most difficult ones faced by senior manage- 
ment and BODs. That is because the efforts of the executive and the officers of the com- 
pany are not readily observed. In addition, executive effort can be overwhelmed by 
changes in external factors over which they have no control. This means that the need for 
best practices (i.e., metrics that are clearly linked to executive performance) is apparent, 

but the implementation (i.e., choosing the actual metrics) is often difficult because of the 
lack of clear causal relationships between executive effort and corporate performance. 

One commonly used form of corporate compensation avoids the whole question of 
what metric to use. It uses the same metric that most shareholders feel is most important: 
stock price. This form of executive (and BOD) compensation is the award of stock and/ 
ot stock options. Depending on how the award is structured, it can provide both short- 
and medium-term rewards. But many factors outside of the executive’s control could 
generate a short-term increase or decrease in share price, independent of the executive’s 
performance. 

For example, if external factors caused an increase in the share price, there would be 
a bonus, even though the executive didn’t deserve it. Conversely, the externalities could 
cause a decrease in the share price, which might result in no bonus or worse, malus (i.e., a 

clawback) of previous bonuses, even though the executive’s performance may have been 
superior (albeit during bad economic times). 

Conflict also exists between recommended best governance practices to focus on 
short-term over long-term performance measures. The nature of investment is to obtain 
return over the lifetime of the investments made in excess of the cost of the investments. 
But this entails risk because the future cannot be known. Pay for performance measures in 
the best interests of shareholders would, logically, include long-term achievement and 
deferred compensation. 

Deferred compensation could include the award of restricted stock options that exec- 
utives would. forfeit should they fail to meet the performance criteria within the specified 
time period. In theory, the executive who owns the right to purchase shares in the long 
term will work hard to improve the price of the shares. A complete discussion of this is 
beyond the scope of this text, in part due to the impact of the Canadian Income Tax Act 
(ITA) on this discussion, and also due to the fact that this area of the ITA is constantly 

changing. For example, while stock options were once very popular forms of executive 
compensation (restricted or not), they have fallen into disfavour in Canada due to their 
tax treatment and complexity. Instead, another form of compensation called restricted 
stock units (RSUs) is becoming popular. 

From the management team’s perspective, there is a set of interdependent decisions to 
be made in an ever-changing legislative environment. Each decision will influence those 
before and those made after it. The decisions are by no means sequential and the team 
must often retrace previous decisions before implementation of a compensation policy 
and selection of performance measures can be finalized. By and large, despite the avail- 
ability of nonfinancial performance measures and the principles of BSC, compensation 
remains determined by accounting measures. A typical series of decisions could be 

n Decide which accounting performance measures are best aligned with the executive 
team’s financial goals. For example, does operating income, net income, return on 
investment (ROI), or revenue best measure a subunit’s financial performance? 

= Decide on the time horizons of each performance measure, short or long term, strate- 
gic or operating. For example, should performance measures such as ROI be calcu- 
lated for one year or for a multiyear horizon? 
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ere) \(ey=1-4esm BP Shareholders Fight to Reject CEO’s Pay 
INE aslo §6Package 

At the end of the first quarter of 2016, British Petroleum 
(BP) recorded its worst annual loss in history—£4.5 billion 

(nearly C$8 billion). At the same time, the CEO of BP, Bob 
Dudley, was to be awarded a record compensation package 
totaling £14 million. At annual meetings, companies such as 
BP include on the agenda shareholder voting for important 
issues such as executive compensation. Disclosures for BP’s 
annual meeting included a formal notice and the Manage- 
ment Proxy Circular disclosing relevant information on vot- 
ing matters. 

Royal London Asset Management, an investment firm 

that owns nearly 1% of BP, took the position that Dudley’s 
pay package (which represented a 20% raise from the previ- 
ous year) was unreasonable, stating, “We consider the pay of 
the CEO to be simply too high, and particularly so in a year 
when the company suffered a record loss in 2015. Even so 
his pay went up by 20%. Part of the reason for the high pay 
was the excessively complex remuneration scheme.” The 
argument suggested the complicated performance scheme 
made it easier to “game” the ratings system and ensure a 

healthy bonus despite weakening corporate performance. 

Source: Copyright Guardian News & Media Ltd 2017. 

n Decide how to define the components of performance measure. For example, should 
assets be defined as total assets or net assets (total assets minus total liabilities) ? 

u Decide on the appropriate measurement method. For example, should assets be mea- 
sured at historical cost, current cost, or present value? 

u Decide on the criteria—the target against which to gauge the level of performance. 
For example, should all subunits have as a target the same required ROI? 

n Decide on the timing of feedback. For example, should performance reports be sent 
to top management daily, weekly, or monthly? 

s Decide on the elements of the compensation package. For example, the percentage of 
fixed and variable salary, share awards, option grants, pension, medical benefits, and 
perquisites such as personal accommodation and travel may all be elements of execu- 
tive compensation. 

Accounting Performance Measures 

Four measures are commonly used to evaluate the financial performance of organization 
subunits. These performance measures all use financial accounting information: 

# Return on investment (ROI) 

= Residual income (RI) 

a Economic value added (EVA) 

a Return on sales (ROS) 

We illustrate these measures using the example of Hospitality Inns, which owns and 
operates three motels located in Saskatoon, Saskatchewan; Brandon, Manitoba; and 

Hull, Quebec. Exhibit 23-2 summarizes data for each of the three motels for the most 
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ee Annual Financial Data for Hospitality Inns for 2021 
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recent year (2021). At present, Hospitality Inns does not allocate to the three separate 
motels the total long-term debt of the company. 

Exhibit 23-2 indicates that the Hull motel generates the highest operating income, 
$510,000. The Brandon motel generates $300,000; the Saskatoon motel, $240,000. But 

does this mean that the Hull motel is the most “successful”? Actually, the comparison of 
operating income ignores potential differences in the size of the investments in the differ- 
ent motels. An investment is a long-term cash-allocation decision intended to realize 
returns (see Chapter 20). The question is how large the return should be, given the 
resources that were used to earn it. 

Return on Investment 

Return on investment (ROI) is a performance measure that uses readily available financial 
accounting information. It takes accounting income (as measured by the income state- 

ment) and divides it by the firm’s investment in assets (as measured by the balance sheet): 

Income 
Return on investment = 

Investment 

The two components can be further broken down into their more basic parts to help 
understand how the various aspects of the income statement and balance sheet impact the 
ROI results. They are 

Income __ Revenue Income 

Investment Investment Revenue 

The two separate elements can be further “deconstructed” as follows: 

1. Income + Revenue (also known as return on sales (ROS), or profit margin) tells how 

much of each revenue dollar becomes income, with the goal being to get as much 
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income per revenue dollar as possible. Firms can choose a number of different 
“income” measures for the numerator portion of the equation (e.g., income from 
operations, income before discontinued operations and taxes, net income, etc.). Obvi- 

ously, the choice of which “income” figure to use will impact the ROI results. 

2. Revenue + Investment (also known as investment turnover or asset turnover) tells 

how many revenue dollars are generated by each dollar of investment in assets. The 
goal is to make each investment dollar “work harder” to generate more revenues. 
Similar to the income discussion above, the choice of which assets to include (e.g., total 
assets, property/plant/equipment, cost amount vs. depreciated amount, assets minus 
current liabilities, etc.) can have a dramatic impact on the ROI measurement. 

ROT is the most popular approach to incorporating the investment base into a man- 
agement performance measure. ROI appeals conceptually because it blends all the major 
ingredients of profitability (revenues, costs, and investments) into a single number. This 
approach is also known as the DuPont method of profitability analysis.’ Once calcu- 
lated, an ROI for one opportunity can be compared to the rates of return for other 
opportunities, either inside or outside the company. However, like any single perfor- 
mance measure, ROI should be used cautiously and in conjunction with other perfor- 
mance measures. 

ROI is also called the accounting rate of return (ARR) or the accrual accounting rate 
of return (AARR). Since accrual accounting measures are present in both the income and 

investment sections of the measurement, care needs to be taken when there are changes in 
the accounting standards or accounting policy choices. Either situation could change the 
ROI calculation, even though the underlying operations or effectiveness of the firm 
remains the same. Similarly, the choice of which balance sheet asset amount to use could 
have an impact on the ROI—that is 

= end-of-year amounts, or 

m average-for-the-year calculation, or 

w start-of-the-year figures. 

Since none of these choices is specified by accounting standards (unlike EPS calcula- 
tions, which are carefully defined by ASPE and IFRS), care must always be taken when 
comparing ROI figures calculated by different analysts or companies. 

Consider the ROI of each of the three Hospitality motels in Exhibit 23-2. For our 
calculations, we are using the operating income of each motel for the numerator and total 

assets of each motel for the denominator, 

Motel Operating Income + TotalAssets = ROI 

Saskatoon $240,000 + $1,000,000 = 24% 

Brandon 300,000 = 2,000,000 = 15 

Hull 510,000 + 3,000,000 = 17 

Using these ROI figures, the Saskatoon motel appears to make the best use of its total 
assets, 

Hospitality Inns can increase ROI by either increasing revenues or decreasing costs, 
since both of these actions will increase the ROI numerator. Similarly, a decrease in the 
amount invested (which would decrease the ROI denominator) would also increase the 
ROI. Assume that top management at Hospitality Inns adopts a 30% target ROI for the 
Saskatoon motel. How can this return be achieved? 

7 The DuPont method was originally developed around 1920 by the DuPont Powder Company. The model was used by top 
management at DuPont for planning and investment purposes. It can be significantly expanded to more detailed levels of 
analysis and can also be adapted to a return on equity (ROE) model. 
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Current Situation 

Alternatives 

The DuPont method shows how changes in specific components (i.e., income, reve- 
nue, or investments) can help the firm to reach its target ROI. The current situation and 
three possible approaches to achieving a 30% ROI are illustrated below. 

Operating Operating 
Operating Total Income + Revenue + Income + 
Income Revenue Assets Revenue x Total Assets = Total Assets 

(1) (2) (3) (4) = (1) + (2) (5) = (2) + (3) (6) = (1) + (3) 

$240,000 $1,200,000 $1,000,000 0.20 x 1.2 24% | Il 

A. Decrease assets (e.g., receivables), 
Revenue and operating income per 

dollar of revenue remain constant. $240,000 $1,200,000 $ 800,000 0.20 Ms 1.5 30% 

B. Increase revenues (e.g., sell more 

rooms). Assets and operating income 
per dollar of revenue remain constant. $300,000 $1,500,000 $1,000,000 0.20 x 1.5 30% 

C. Decrease costs (e.g., efficient 
maintenance) to increase operating 
income per dollar of revenue; assets 
remain constant. $300,000 $1,200,000 $1,000,000 0.25 x 1.2 30% 

ROT highlights the benefits that managers can obtain by reducing their investments in 
current or fixed assets. Most managers are conscious of the need to boost revenues or to 
control costs but pay less attention to reducing their investment base. Reducing invest- 
ments means decreasing idle cash, managing credit judiciously, determining proper inven- 
tory levels, and spending carefully on fixed assets. 

Operating income or earnings before interest and taxes (EBIT) is a measure of how 
well managers have deployed assets to generate an operating return. Incurring interest is 

not a result of any operating decisions made from day to day but rather a strategic deci- 
sion made by the CFO and the team in the finance subunit. The expanded DuPont mea- 
sure of ROI does contain a specific ratio to measure the effectiveness and efficiency of 
financial management. Tax is also the responsibility of the CFO and the management team 
in finance, not the operating managers. The expanded DuPont measure of ROI contains 

another specific ratio to measure the effectiveness and efficiency of tax management. 
To use net income (after-tax earnings) in the numerator of an ROI measure could 

misstate by a material amount the actual operating return generated by the operating 
investments. This is why the operating income (before interest and taxes) is more appro- 
priate than either earnings before tax or net income. 

Residual Income 

Residual income (RI) is income minus a required dollar return on the investment:§ 

Residual income = Income — (Required rate of return X Investment) 

The required rate of return (RRR) multiplied by investment is also called the imputed 
cost of the investment. Imputed costs are costs recognized in particular situations that are 
not regularly recognized by accrual accounting procedures. An imputed cost is not recog- 
nized in accounting records because it is not an incremental cost but instead represents the 
return forgone by Hospitality Inns as a result of tying up cash in various investments of 
similar risk. The RRR that management should use to calculate residual income is the 
company’s weighted average cost of capital (WACC). WACC equals the after-tax average 
cost of all the long-term funds used. 

Conceptually, it would be better to use the cost of capital based on each subunit’s risk 
level. For example, an oil-exploration division would warrant a higher required rate of 
return than an oil-refining division because the risk of failing to find oil is far higher than 
the risks of refining oil already being produced. Generally, the cost of capital based on 
each subunit’s risk level is not externally available. 

8 Just as in the case of ROI, companies using RI vary in the way they define income (e.g., operating income, pre-tax income, or 
net income) and investment (e.g., total assets or total assets minus current liabilities). 
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OPN \si/aimae Analysis of Operating Income Uncovers Strategies 
IND: eagle)’ _ to Improve Profitability and Sustainability 

differentiation through customer experience and add-on 
services, many consumers were drawn to the low prices 
of Amazon and other online retailers to buy flat-screen 
televisions, computers, and digital cameras. 

To turn the company around, Best Buy announced 
plans to reduce costs and prices by (1) closing some exist- 
ing big box stores and opening smaller stores focused 
on selling smartphones, including Samsung mini-shops 
inside 1,400 locations; (2) further expanding its online 
presence—and introducing a price-match guarantee—to 
compete better with Amazon. Best Buy’s focus on more 
sustainable strategies, with smaller physical footprints in 
combination with some large box store presence and an 
enhanced online market has allowed BestBuy to thrive in 
the modern economy. Forbes notes BestBuy has embraced 
the “Amazon Effect” and defined a new form of retailer. 

Best Buy had long enacted a successful strategy of aggres- The company has been able to leverage the different 

sive big box store expansion. However, by 2012, an forms of insights into customers learned from its different 
analysis of the company’s operating income revealed stra- means of reaching them (i.e., small kiosk; large store; and 
tegic challenges. Though revenue was growing, operating online) to evolve into a successful and advanced retailer. 
income fell by 50% from 2008 to 2012. Meanwhile, 
same-store sales were declining, and selling, general, Sources: David Trainer, 2018. “Best Buy Rising from Ashes to Lead 
and administrative expenses were rising, The reason? New Retail Paradigm.” Forbes, June ig (https://www.forbes.com/sites 

Seen p 5 : /greatspeculations/2018/06/07/best-buy-rising-from-ashes-to-lead-new 
E-commerce initiatives were eroding Best Buy’s tradi- -retail-paradigm/#776a05a3b443); K, Kelleher, 2013. “Best Buy: Not 
tional performance. While the company pursued strategic Your Standard Corporate Comeback,” Fortune (June 12). 

In our example, we will assume that each motel faces similar risks. Hospitality Inns 
defines residual income for each motel as motel operating income minus a required rate of 
return of 12% of the total assets of the motel: 

Operating Rigeete Rate ) Residual 
Motel Income — of Return < Investment/ = Income 

Saskatoon $240,000 — (12% x $1,000,000) = $120,000 

Brandon $300,000 — (12% x $2,000,000) = $ 60,000 

Hull ~ $510,000 = (12% x $3,000,000) = $150,000 

Given the 12% RRR, the Hull motel is performing best in terms of residual income. 
Generally, residual income is more likely than ROI to induce goal congruence. 

Some firms favour the residual-income approach because managers will concentrate 
on maximizing an absolute amount (dollars of residual income) rather than a percentage 
(ROI). The objective of maximizing residual income assumes that as long as a division 
earns a rate in excess of the RRR, that specific division should expand. In this regard, the 
RI measurement is superior to ROI. Having divisional managers focus on maximizing 

ROI (in contrast to maximizing RI) may lead them to reject projects that, from the view- 
point of the organization as a whole, should be accepted. However, from their subunit 
perspective, they may decide to reject a project because its ROI is lower than the average 
ROI for their unit (which would lower their unit’s average ROI and might negatively 
impact their bonus), despite the fact that the project ROI may be above the firm’s required 
rate of return. This is known as the “underinvestment” problem. 

To illustrate, assume that Hospitality’s RRR is 12%. Assume also that an expansion 
of the Saskatoon motel will increase its operating income by $160,000 and increase its 
total assets by $800,000. The ROI for the expansion is 20% (= $160,000 + $800,000), 
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which makes it attractive to Hospitality Inns as a whole. By making this expansion, how- 
ever, the Saskatoon manager will see that motel’s total ROI decrease: 

$240,000 

$1,000,000 
($240,000 + $160,000) — $400,000 

($1,000,000 + $800,000) ~ $1,800,000 

Pre-expansion RO] = = 24% 
1 

= 22.2% Post-expansion ROI = 

The annual bonus paid to the Saskatoon manager may decrease if ROI is a key com- 
ponent in the bonus calculation and the expansion option is selected. In contrast, if the 
annual bonus is a function of residual income, the Saskatoon manager will view the 
expansion favourably: 

Pre-expansion residual income = $240,000 — (.12 X $1,000,000) = $120,000 

Post-expansion residual income = $400,000 — (.12 x $1,800,000) = $184,000 

Goal congruence is more likely to be promoted by using residual income rather than 
ROI as a measure of the division manager’s performance. 

Economic Value Added 

Economic value added (EVA) is a specific type of residual-income calculation that attracted 
considerable attention during the dot-com boom of the late 1990s.’ The difference between 
this and other accounting performance measures is that this measure does not use a 
reported ASPE/IFRS accrual in the numerator. EVA substitutes the following numbers in 
the residual-income calculations: (1) adjusted income equal to after-tax operating income, 
(2) a required rate of return equal to the weighted average cost of capital, and (3) adjusted 
investment equal to total assets minus current liabilities.!° We use the Hospitality Inns 
data in Exhibit 23-2 to illustrate EVA. 

Peopopue _ Adjusted after-tax weighted average ees total Current )| 
value added = 2 whe = : x Se ay ee 

(EVA) operating income cost of capital assets liabilities 

The key calculation is the weighted average cost of capital (WACC). Hospitality Inns 
has two sources of long-term funds—long-term debt with a market and book value of 
$4.5 million issued at an interest rate of 10%, and equity capital that has a market value 
of $3 million (and a book value of $1 million).!! Because interest costs are tax-deductible, 
the after-tax cost of debt financing equals 0.10 (1 — tax rate) = 0.10 x (1 — 0.30) = 0.10 X 

0.70 = 0.07, or 7%. The cost of equity capital is the opportunity cost to investors of not 
investing their capital in another investment that is similar in risk to Hospitality Inns. 
Suppose that Hospitality’s cost of equity capital is 15%.!2 The WACC computation, 
which uses market values of debt and equity, is as follows: 

(0.07 X $4,500,000) + (0.15 x $3,000,000) 
$4,500,000 + $3,000,000 

__ ($315,000 + $450,000) _ $765,000 
$7,500,000 ~ $7,500,000 

= 0,102 or 10.2% 

WACC = 

? O’Byrne and D. Young, EVA and Value-Based Management: A Practical Guide to Implementation (New York: McGraw- 
Hill, 2000); J. Stein, J. Shiely, and I. Ross, The EVA Challenge: Implementing Value Added Change in an Organization (New 
York: John Wiley and Sons, 2001), 

10 When implementing EVA, companies make several adjustments to the operating income and asset numbers reported under 
generally accepted accounting principles, For example, when calculating EVA, costs such as R&D, restructuring costs, and 
leases that have long-run benefits are recorded as assets (which are then depreciated), rather than as current operating costs. 
The goal of these adjustments is to obtain a better representation of the economic assets, particularly intangible assets, used 
to earn income, Of course, the specific adjustments applicable to a company will depend on its individual circumstances. 

1 The market value of Hospitality Inns’s equity exceeds book value because book value, based on historical cost, does not mea- 
sure the current value of the company’s assets, and because various intangible assets, such as the company’s brand name, are 
not shown at current value in the balance sheet under ASPE/IFRS. 

! For details on calculating cost of equity capital adjusted for risk, see J. Van Horne, Financial Management and Policy, 12th 
ed. (Upper Saddle River, NJ: Prentice Hall, 2002), 



Financial and Nonfinancial Performance Measures 

The company applies the same WACC to all its motels, since it is assumed that each 
motel faces similar risks. 

Total assets minus current liabilities (see Exhibit 23-2) can also be computed as 

Total assets — Current liabilities = Long-term assets + (Current assets — Current liabilities) 

= Long-term assets + Working capital 

After-tax motel operating income is 

Motel operating 

income 
a cea SE ee Tian ane x (1 - 0.30) = eat sie: x 0.70 

EVA calculations for Hospitality Inns are as follows: 

After-Tax ple Average Total Current 
Motel Operating Income — Cost of Capital x \Assets -— Liabilities/|= EVA 

Saskatoon ($240,000 x 0.70) — [10.2% x ($1,000,000 — $ 50,000)] = $71,100 

Brandon ($300,000 x 0.70) — [10.2% X ($2,000,000 — $150,000)] = $21,300 

Hull ($510,000 x 0.70) — [10.2% X ($3,000,000 — $300,000)] = $81,600 

The Hull motel has the highest EVA. EVA, like residual income, charges managers for 
the cost of their investments in long-term assets and working capital. Value is created only 
if after-tax operating income exceeds the cost of investing the capital. 

To improve EVA, managers have three basic choices: 

« Earn more operating income using the same amount of capital. 

w Earn the same amount of operating income using less capital. 

a Invest in a different project that has a better return. 

Return on Sales 

The income-to-revenue-(sales) ratio—often called return on sales (ROS) or profit mar- 
gin—is a frequently used financial performance measure. ROS is one component of ROI 
in the DuPont method of profitability analysis. To calculate the ROS of each of Hospital- 
ity’s motels, we use operating income divided by revenues. The ROS for each motel is 

Operating 
Motel income + Revenues = ROS 

Saskatoon $240,000 oe $1,200,000 = 20.00% 

Brandon 300,000 = 1,400,000 = 21.43 

Hull 510,000 + 3,185,000 = 16.01 

The Brandon motel has the highest ROS, whereas its performance is rated worse than the 
other motels using performance measures such as ROI, RI, and EVA. However, similar to 

the other measurement methods discussed, there are problems with assessing manage- 
ment’s performance solely based on this tool. That is because subunit managers who are 
assessed primarily by ROS may be tempted to add assets to their unit that will help to 
generate more sales (e.g., increased lines of credit for account receivable customers, 

increased inventory selection, etc.). This would increase their sales, which would, all other 

things being equal, increase their ROS. This is known as the “overinvestment” problem. 
Some firms address this shortcoming by adding a shadow charge for financing receivables 
and inventories or by instituting specific policies that limit the levels of receivables and 
inventories. 

That being said, in markets where revenue growth is limited, ROS may be the most 
meaningful indicator of a subunit’s performance. 

Comparing Performance Measures 

The table on the next page summarizes the performance and ranking of each motel under 
each of the four performance measures: 
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Residual 

Motel RO! Rank Income Rank EVA Rank ROS Rank 

Saskatoon 24% | $120,000 2 $71,100 2 20.00% 2 

Brandon 15 3 60,000 3 21,300 3 21.43 1 

Hull 17 2 150,000 1 81,600 ] 16.01 3 

Note that the methods yield different types of metrics (measurements) and three 
unique rankings for the hotels (in our example, RI and EVA had the same rankings 
because essentially the same income and investment figures were used for both calcula- 
tions). The basic pros and cons of each method can be summarized as follows. 

Method Pros Cons 

Returnon wm Canbe calculated with readily available s Subject to manipulation depending 

investment financial statement information on which numbers are chosen for 
w Widely used and accepted as an “income” and “investment” 

internal and external evaluation tool m May cause “underinvestment” 
w May lead managers to reject projects 

that are below current ROI levels for the 
firm, but that should still be accepted 

because they are above the cost of capital 

= Ignores cost of capital 

Residual a Takes cost of capital into account = Subject to manipulation depending 
income a Focuses on absolute (dollar amount) on which numbers are chosen for 

returns instead of relative (percentage “income” and “investment” 

amount) returns = Cost of capital needs to be available/ 
e More likely to lead to unit goal congru- calculated 

ence with overall corporate objectives = More complex than ROI or ROS 

Economic Takes cost of capital into account e Subject to manipulation depending on 

value added # Focuses on absolute (dollar amount) what “adjustments” are made to the 

returns instead of relative (percentage accrual accounting figures 

amount) returns mu Cost of capital needs to be available/ 

e Adjusts financial accounting data, calculated 

which may better reflect the perfor- = Most complex and least understood 
mance of knowledge-based firms method 

a Not widely used for comparison purposes 

Returnon  Canbe calculated with readily available m Ignores the cost of capital 
sales financial statement information = Ignores the amount of assets needed 

s Easy to understand to earn the return 

& May be appropriate in situations where m May cause managers to “overinvest” 

sales growth is constrained in assets 

= Focuses on how well costs are man- 

aged compared to sales 

None of the methods discussed is uniquely superior to the others because each evalu- 
ates a different aspect of performance: 

= ROS measures how effectively costs are managed. 

= ROI measures which investment yields the highest return (measured as a percentage). 

=» RlIand EVA measure how much “extra” return (in dollar amounts) is generated after 
the cost of capital is considered. 

w EVA takes into account the limitations that financial accounting standards impose on 
the calculation of income and measurement of assets. 

Generally, most companies use multiple financial measures to evaluate performance. 

Selecting the Time Horizon 

Another consideration in designing accounting-based performance measures is choosing 
the time horizon of the measures. In our example, the ROI, RI, EVA, and ROS calculations 
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represent the results for a single time period, a year. Managers could take actions that 
cause short-run increases in these measures but are in conflict with the long-run interests 
of the organization. For example, managers could curtail R&D and plant maintenance in 
the last three months of a fiscal year as a way to achieve a target level of annual operating 
income. For this reason, many companies evaluate subunits on the basis of ROI, RI, EVA, 
and ROS over multiple years. 

The time horizon concern can also be addressed through the use of other manage- 
ment performance measurement systems (such as the BSC) that include forward-looking, 
nonfinancial measures in addition to more traditional lagging (backward-looking) mea- 
sures such as ROI and RI. 

Another reason for evaluating subunits over a multiyear time horizon is that the bene- 
fits of actions taken in the current period may not show up in short-run performance mea- 
sures such as the current year’s ROI or RI. For example, the investment in a new motel may 
adversely affect ROI and RI in the short run but benefit ROIs and RIs in the long run. 

A multiyear analysis highlights another advantage of the RI measure. The net present 
value of all the cash flows over the life of an investment equals the net present value of 
Rls.!3 This means that if managers use net present value analysis to make investment deci- 
sions, then they could use multiyear RI to evaluate if managers’ performances achieve the 
original forecasts. 

Another way that companies motivate managers to take a long-run perspective is by 
compensating them on changes in the market price of the company’s shares (in addition to 
using multiyear accounting-based performance measures). Why does this approach help 
to extend managers’ time horizons? Because finance theory tells us that share prices rap- 
idly incorporate the expected future period effects of current decisions. 

Defining “Investment” 

We use the different definitions of investment that companies use to illustrate the second 
phase of designing accounting-based performance measures. Definitions include the 
following: 

# Total assets available. Includes all business assets, regardless of their particular 
purpose. 

s Total assets employed. Defined as total assets available minus idle assets and minus 
assets purchased for future expansion. For example, if the Hull motel in Exhibit 23-2 
has unused land set aside for potential expansion, the total assets employed by the 
motel would exclude the cost of that land. 

= Working capital (current assets minus current liabilities) plus long-term assets. This 
definition excludes that portion of current assets financed by short-term creditors 
(which generally has zero financing cost associated with it). 

13 We are grateful to S. Reichelstein for pointing this out. To see this equivalence, suppose a $400,000 investment in the Brandon 
motel increases operating income by $70,000 per year as follows: Increase in operating cash flows of $150,000 each year for 
five years minus depreciation of $80,000 per year ($400,000 + 5), assuming straight-line depreciation and zero terminal dis- 
posal price equals annual operating income of $70,000. Depreciation reduces the investment amount by $80,000 each year. 
Assuming a required rate of return of 12%, net present values of cash flows and residual incomes ate as follows: 

Net Present 
Year 0 1 2 3 4 5 Value 

(1) Cash flow —$400,000 $150,000 $150,000 $150,000 $150,000 $150,000 

(2) Present value of $1 discounted 1 0.89286 0.79719 0.71178 0.63552 0.56743 
at 12% 

(3) Present value: (1) x (2) —$400,000 $133,929 $119,578 $106,767 $ 95,328 $ 85,115 $140,717 
—=—=—== 

(4) Operating income $70,000 $70,000 $70,000 $70,000 $ 70,000 

(5) Assets at start of year $400,000 $320,000 $240,000 $160,000  $ 80,000 

(6) Capital charge: (5) x 12% $ 48,000 $ 38,400 $ 28,800 $ 19,200 $ 9,600 

(7) Residual income: (4) — (6) $ 22,000  $ 31,600  $ 41,200 $50,800 $ 60,400 

(8) Present value of RI: (7) x (2) $ 19,643 $ 25,191 $ 29,325 $ 32,284 $ 34,273 $140,716 
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LOo® 
Evaluate current-cost and 

historical-cost asset 

measurement methods. 

a Shareholders’ equity. Use of this definition for each individual motel in Exhibit 23-2 
requires allocation of the long-term liabilities of Hospitality Inns to the three motels, 
which would then be deducted from the total assets of each motel. 

Most companies that employ ROI, residual income, or EVA for performance measure- 
ment use either total assets available or working capital plus long-term assets as the defini- 
tion of investment. However, when top management directs a division manager to carry 
extra assets, total assets employed can be more informative than total assets available. 
The most common rationale for using working capital plus long-term assets is that the divi- 
sion manager often influences decisions on the amount of short-term debt of the division. 

Evaluating Performance Measurement 
Alternatives 

Another issue that must be addressed when deciding which performance measure to use is 
the question of what accrual accounting measure is the best indicator of performance. When 
considering the investment component of the ROI, RI, and EVA metrics, should historic 
cost or current costs be used? Significant differences result, depending on which is chosen. 
The following example uses the Hospitality Inns data to demonstrate the impact of this choice. 

Current Cost 

Current cost is the cost of purchasing an asset today identical to the one currently held. 
It is the cost of purchasing the services provided by that asset if an identical asset cannot 
currently be purchased. Of course, measuring assets at current costs will result in different 
ROIs compared to the ROIs calculated based on historical costs. 

We illustrate the current-cost ROI calculations using the Hospitality Inns example 
(see Exhibit 23-2) and then compare current- and historical-cost-based ROIs. Assume the 
following information about the long-term assets of each motel: 

Saskatoon Brandon Hull 

Age of facility (at end of 2021) 8 years 4 years 2 years 

Gross book value of long-term assets $1,400,000 $2,100,000 $2,800,000 

Accumulated depreciation (straight-line) 800,000 600,000 400,000 

Net book value (at end of 2021) $ 600,000 $1,500,000 $2,400,000 

Depreciation expense for 2021 $ 100,000 $ 150,000 $ 200,000 

Hospitality Inns assumes a 14-year estimated useful life, assumes no terminal disposal 
price for the physical facilities, and calculates depreciation on a straight-line basis. 

An index of construction costs for the eight-year period that Hospitality Inns has 
been operating (year 0 = 100) is as follows: 

Year 1 2 3 4 5 6 7 8 

Construction cost index 110 122 136 144 152 160 174 180 

Earlier in this chapter we computed an ROI of 24% for Saskatoon, 15% for Brandon, 
and 17% for Hull. One possible explanation for the high ROI of Saskatoon is that this 
motel’s long-term assets are expressed in terms of year 0 construction price levels (eight 
years ago) and that the long-term assets for the Brandon and Hull motels are expressed in 
terms of the higher, more recent construction price levels, which depress ROIs for these 
motels. 

Exhibit 23-3 illustrates a step-by-step approach for incorporating current-cost esti- 
mates for long-term assets and depreciation into the ROI calculation. The aim is to 
approximate what it would cost today to obtain assets that would produce the same 
expected operating income as the subunits currently earn. (Similar adjustments to repre- 
sent current costs of capital employed and depreciation can also be made in the residual 
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RO! for Hospitality Inns: Computed Using Current-Cost Estimates as of the End of Year 8 for Depreciation 
and Long-Term Assets 

Step 1: Restate long-term assets from gross book value at historical cost to gross book value at 
current cost as of the end of 2021: Gices Book Velie 

Gross Book Value Construction Cost Construction of Long-Term Assets 
of Long-Term Assets Index in Cost Index in at Current Cost 

Motel at Historical Cost x 2021 + Construction Year / = at End of 2021 

Saskatoon $1,400,000 x (180 es 100) = $2,520,000 
Brandon 2,100,000 x (180 * 144) = 2,625,000 
Hull 2,800,000 x (180 + 160) = 3,150,000 

Step 2: Derive net book value of long-term assets at current cost as of the end of 2021. 
(Assume estimated useful life of each motel is 14 years.) 

Gross Book Value Net Book Value of 
of Long-Term Assets Estimated Estimated Long-Term Assets 

at Current Cost Remaining Total at Current Cost 
Motel at End of 2021 x |\Useful Life + Useful Life/ = at End of 2021 

Saskatoon $2,520,000 x (6 + 14) = $1,080,000 
Brandon 2,625,000 x (10 + 14) = 1,875,000 

Hull 3,150,000 x (12 + 14) = 2,700,000 

Step 3: Calculate the current cost of total assets at the end of year 8. 
(Assume the current assets of each motel are expressed in year 8 dollars.) 

Current Assets Long-Term Assets Current Cost of 

at End of 2021 Derived in Step 2 Total Assets at 
Motel (from Exhibit 23-2) + (above) = End of 2021 

Saskatoon $400,000 af $1,080,000 = $1,480,000 
Brandon 500,000 sf 1,875,000 = 2,375,000 
Hull 600,000 e 2,700,000 = 3,300,000 

Step 4: Calculate current-cost depreciation expense in 2021 dollars. 

Gross Book Value Current Cost of 
of Long-Term Assets Estimated Depreciation 

at Current Cost Total Expense in 2021 
Motel at End of 2021 + Useful Life = Dollars 

Saskatoon $2,520,000 + 14 = $180,000 
Brandon 2,625,000 = 14 = 187,500 

Hull 3,150,000 = 14 = 225,000 

Step 5: Calculate year 8 operating income using year 8 current-cost depreciation. 
Operating Income for 

Current Cost of 2021 Using Current- 

Depreciation Historical-Cost Cost Depreciation 

Historical-Cost Expense in 2021 Depreciation Expense in 2021 
Motel Operating Income — Dollars — Expense = Dollars 

Saskatoon $240,000 = ($180,000 Te $100,000) = $160,000 
Brandon 300,000 = (187,500 = 150,000) = 262,500 
Hull 510,000 cs (225,000 ES 200,000) es 485,000 

Step 6: Calculate ROI using current-cost estimates for long-term assets and depreciation expense. 

Operating Income for 

2021 Using Current- 
Cost Depreciation Current Cost of ROI Using 

Expense in 2021 Total Assets at Current-Cost 
Motel Dollars ia End of 2021 = Estimate 

Saskatoon $160,000 x $1,480,000 = 10.81% 
Brandon 262,500 ap 2,375,000 = 11.05 

Je ll Hull 485,000 3,300,000 14.70 
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Saskatoon 

Brandon 

Hull 

income and EVA calculations.) The current-cost adjustment dramatically reduces the ROI 
of the Saskatoon motel: 

Historical-Cost Current-Cost 
ROI ROI 

Saskatoon 24% 10.81% 

Brandon 15 11.05 

Hull 17 14.70 

Adjusting for current costs removes the differences in the investment base caused 
solely by differences in construction price levels. Consequently, compared to historical- 
cost ROI, current-cost ROI is a better measure of the current economic returns from the 

investment. For example, current-cost ROI indicates that taking into account current con- 
struction price levels, investing in a new motel in Saskatoon will result in an ROI closer to 
10.8% than to 24%. If Hospitality Inns were to invest in a new motel today, investing in 
one like the Hull motel offers the best ROI. 

A drawback of the current-cost method is that obtaining current-cost estimates for 
some assets can be difficult because the estimate requires a company to consider techno- 
logical advances when determining the current cost of assets needed to earn today’s oper- 
ating income.!4 

Long-Term Assets: Gross or Net Book Value? 

Because historical-cost investment measures are used often in practice, there has been 
much discussion about the relative merits of using gross book value (original cost) or net 
book value (original cost minus accumulated depreciation). Using the data in Exhibit 23-2, 
the ROI calculations using net book values and gross book values of plant and equipment 
are as follows: 

Net Book Value Gross Book 2021 RO! Using 2021 ROI Using 

Operating Income of Total Assets Accumulated Value of Net Book Value Gross Book Value of 
(from Exhibit 23-2) (from Exhibit 23-2) | Depreciation Total Assets of Total Assets Total Assets 

(1) (2) (3) (4) = (2) + (3) (5) = (1) + (2) (6) = (1) + (4) 

$240,000 $1,000,000 $800,000 $1,800,000 24% 13.33% 

300,000 2,000,000 600,000 2,600,000 15 11.54 

510,000 3,000,000 400,000 3,400,000 17 15.00 

Using the gross book value, the ROI of the older Saskatoon motel (13.33%) is lower 
than that of the newer Hull motel (15%). Those who favour using gross book value claim 
that it enables more accurate comparisons across subunits. The proponents of using net 
book value as a base maintain that it is less confusing because (1) it is consistent with the 
total assets shown on the conventional balance sheet and (2) it is consistent with net 

income computations that include deductions for depreciation. Surveys of company prac- 
tice report net book value to be the dominant asset measure used by companies in their 
internal performance evaluations. When using net book value, the declining denominator 
increases ROI as an asset ages, all other things being equal. A counter to that criticism of 
using net book value is that aging assets require more repairs and maintenance which will 
result in a lower operating income, thus offsetting the declining net asset base. Evaluating 
managers based on assets at net book value rather than gross book value increases incen- 
tives for retaining old property, plant, and equipment. This creates another “underinvest- 
ment” problem (in contrast to the potential “overinvestment” problem with ROS). 
Because older assets valued at net book value inflate ROI (particularly if investment is 
defined as net book value rather than gross book value), top management can compensate 
for this problem by setting higher target ROIs for divisions with older assets. 

4 When a specific cost index (such as the construction cost index) is not available, companies use a general index (such as the 
consumer price index) to approximate current costs. 
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Selecting Performance Goals 

We next consider the selection of criteria or goals. Recall that book value accounting mea- 
sures are often inadequate for evaluating economic returns on old investments and some- 
times create disincentives for new expansion. Despite these problems, book value ROIs 
can be used to evaluate current performance by adjusting target ROIs. Consider our Hos- 
pitality Inns example. The key is to recognize that the motels were built at different times, 
which in turn means they were built at different levels of the construction cost index. Top 
management could adjust the targets accordingly, perhaps setting Saskatoon’s ROI at 
26%, Brandon’s at 18%, and Hull’s at 19%. 

Nevertheless, the alternative of comparing actual to target performance is frequently 
overlooked in the literature. The budget, then, should be carefully negotiated with full 
knowledge of book value measurement bias. The desirability of tailoring a budget to a 
particular subunit and a particular accounting system cannot be overemphasized. 
For example, many problems of asset valuation and income measurement (whether based 
on book value or current cost) can be satisfactorily solved if top management gets every- 
body to focus on what is attainable in the forthcoming budget period—regardless of 
whether the financial measures are based on book value or some other measure, such as 
current costs. 

Selecting the Level of Relevance—The Timing 
of Feedback 

The final decision needed to create an effective performance measurement system is the 
timing of feedback. Timing of feedback depends largely on how critical the information is 
for the success of the organization, the specific level of management that is receiving the 
feedback, and the sophistication of the organization’s information technology. For exam- 
ple, motel managers responsible for room sales will want information on the number of 
rooms sold each day on a daily or, at most, weekly basis. A large percentage of motel costs 
are fixed costs, so achieving high room sales and taking quick action to reverse any declin- 
ing sales trends are critical to the financial success of each motel. Senior management, on 
the other hand, in their oversight role may look at information about room sales only on 
a monthly basis. 

Performance Measurement in Multinational 

Companies 

Comparing the performance of divisions of a company operating in different countries 
creates additional difficulties:1> 

a The economic, legal, political, social, and cultural environments differ significantly 
across countries. 

= Governments in some countries limit selling prices and impose controls on a compa- 
ny’s products. For example, developing countries in Asia, Latin America, and Eastern 
Europe impose tariffs and duties to restrict the import of certain goods. 

w Availability of materials and skilled labour—as well as costs of materials, labour, and 
infrastructure (power, transportation, and communication)—may also differ signifi- 
cantly across countries. 

» Divisions operating in different countries keep score of their performance in different 
currencies. Issues of inflation and fluctuations in foreign currency exchange rates then 
become important. 

The following discussion focuses on the last issue. 

15 M.Z. Iqbal, T. Melcher, and A. Elmallah, International Accounting—A Global Perspective (Cincinnati: Southwestern ITP, 
2002). 
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Calculating the Foreign Division’s ROI in the 

Foreign Currency 

Suppose Hospitality Inns notices that many of its Canadian customers also travel to 
Canctin, Mexico. Hoping to capitalize on its great reputation and large number of repeat 
customers, it decides to invest in a Mexican property in Canctin. The investment consists 
mainly of the cost of the land, buildings, and furnishings. Internally, Hospitality Inns 
refers to the project as Hospitality Inns-Mexico-Canctin, or HIMC for short. The eibehe 
hypothetical information is available: 

a The exchange rate at the time of Hospitality’s investment on December 31, 2020, is 
3 pesos = $1. 

s During 2021, the Mexican peso suffers a steady and steep decline in value. 

m The exchange rate on December 31, 2021, is 6 pesos = $1. 

= The average exchange rate during 2021 is [(3 + 6) + 2] = 4.5 pesos = $1. 

s The investment (total assets) in the Canctin motel = 9,000,000 pesos. 

s The operating income of the Canctin motel in 2021 = 1,800,000 pesos. 

What is the historical-cost-based ROI for the Canctin motel in 2021? Some specific 
questions arise. Should we calculate the ROI in pesos or in dollars? If we calculate the 
ROI in dollars, what exchange rate should we use? How does the ROI of Hospitality 
Inns-Mexico-Canctin (HIMC) compare with the ROI of Hospitality Inns-Hull (HIH), 
which is also a relatively new motel of roughly the same size? 

Operating income 1,800,000 pesos 
HIMCs ROI (calculated using pesos) = TF etates = 9,000,000 pesos = 20% 

’ ’ 

HIMC’s ROI of 20% is higher than HIH’s ROI of 17% (computed earlier in this 
chapter). Does this mean that HIMC outperformed HIH on the ROI criterion? Not neces- 
sarily, because HIMC operates in a very different economic environment than does HIH. 

In this example, the peso has declined steeply in value relative to the dollar in 2021. 
Research studies show that the peso’s decline is correlated with correspondingly higher 
inflation in Mexico relative to Canada.!® A consequence of the higher inflation in Mexico is 
that HIMC will charge higher prices for its motel rooms, which will increase HIMC’s oper- 
ating income and lead to a higher ROI. Inflation clouds the real economic returns on an 
asset and makes ROI calculated on historical cost of assets unrealistically high, because had 
there been no inflation, HIMC’s room rates and hence operating income would have been 
much lower. Differences in inflation rates between the two countries make a direct compar- 
ison of HIMC’s peso-denominated ROI with HIH’s dollar-denominated ROI misleading. 

Calculating the Foreign Division’s ROI in 

Canadian Dollars 

One way to achieve a more meaningful comparison of historical-cost-based ROIs is to 
restate HIMC’s performance in dollars. But what exchange rate(s) should be used to make 
the comparison meaningful? Assume operating income was earned evenly throughout 2021. 
We use the average exchange rate of 4.5 pesos = $1 to convert the operating income from 
pesos to dollars: 1,800,000 pesos + 4.5 = $400,000. The effect of dividing the operating 
income in pesos by the higher pesos-to-dollars exchange rate is that any increase in operat- 
ing income in pesos as a result of inflation is undone when converting back to dollars. 

At what rate should we convert HIMC’s total assets of 9,000,000 pesos? At the 
exchange rate prevailing when the assets were acquired on December 31, 2020, namely 
3 pesos = $1, because HIMC’s book value of assets is recorded at the December 31, 2020, 

16 W, Beaver and M. Wolfson. 1984. “Foreign Currency Translation Gains and Losses; What Effect Do They Have and What 
Do They Mean?” Financial Analysts Journal (March-April); F.D.S. Choi. 1994. “Resolving the Inflation/Currency Trans- 
lation Dilemma,” Management International Review, Vol. 34, Special Issue; H. Louis. 2003. “The Value Relevance of the 
Foreign Translation Adjustment,” The Accounting Review (October 2003). 
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cost and is not revalued as a result of inflation in Mexico in 2021. Since the book value of 
assets is unaffected by subsequent inflation, so should be the exchange rate used to convert 
it into dollars. Total assets would be converted to 9,000,000 pesos + 3 = $3,000,000. Then, 

Operating income __ $400,000 

Total assets $3,000,000 
HIMCs ROI (calculated using dollars) = = 13.33% 

These adjustments make the historical-cost-based ROIs of the two motels comparable 
because they negate the effects of any differences in inflation rates between the two coun- 
tries. HIMC’s ROI of 13.33% is less than HIH’s ROI of 17%. 

Residual income calculated in pesos suffers from the same problems as ROI calcu- 
lated using pesos. Instead, calculating HIMC’s residual income in dollars adjusts for 
changes in exchange rates and facilitates comparisons with Hospitality’s other motels: 

HIMC’s residual income = $400,000 — (12% X $3,000,000) 

= $400,000 — $360,000 

= $40,000 

This is also less than HIH’s residual income of $150,000. In interpreting HIMC’s and 
HIH’s ROI and residual income, note that they are historical-cost-based calculations. 
They do, however, involve relatively new motels. 

Aviatto Inc. has sales of $1,318 million, an operating income of $492 million, and 
$683 million dollars in assets. 

1. Compute the ROI. 

2. Compute the residual income assuming a required return of 25%. 

Levels of Analysis Differ Between Managers 

and Subunits” 

The performance evaluation of a manager should be distinguished from the performance 
evaluation of an organization subunit, such as a division of a company. For example, 
historical-cost-based ROIs for’a particular division can be used to evaluate a manager’s 
performance relative to a budget or over time, even though historical-cost ROIs may be unsat- 
isfactory for evaluating economic returns earned by the subunit. But using historical-cost 
ROIs to compare the performance of managers of different subunits can be misleading. 

In the Hospitality Inns example, Hospitality Inns-Hull’s (HIH’s) ROI of 17% exceeds 
Hospitality Inns-Mexico-Canctin’s (HIMC’s) ROI of 13.33% after adjusting for the 
higher inflation in Mexico. The ROIs may give some indication of the economic returns 
from each motel but do not mean that the manager of HIH performed better than the 
manager of HIMC. The reason is that, among other factors, HIMC’s ROI may have been 
adversely affected relative to HIH’s ROI because of externalities beyond the HIMC man- 
ager’s control, such as legal, political, and government regulations as well as economic 
conditions in Mexico. 

Consider another example. Companies often put the most skilful division manager in 
charge of the weakest division in an attempt to change its fortunes. Such an effort may take 
years to bear fruit. Furthermore, the manager’s efforts may result merely in bringing the 
division up to a minimum acceptable ROI. The division may continue to be a poor profit 
performer in comparison with other divisions, but it would be a mistake to conclude from 
the poor performance of the division that the manager is necessarily performing poorly. 

What dictates the intensity of the incentives? That is, how large should the incentive 
component be relative to salary? A key question is: How well does the performance 
measure capture the manager’s ability to influence the desired results? Measures of 

17 The presentations here draw (in part) on teaching notes prepared by S$. Huddart, N. Melumad, and S. Reichelstein. 
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performance that are superior change significantly with the manager’s performance and 
not very much with changes in factors that are beyond the manager’s control. We presented 
the reason for using operating margin instead of either pre-tax or net margin when 
measuring ROI. 

Superior performance measures motivate the manager but limit the manager’s expo- 
sure to uncontrollable risk and hence reduce the cost of providing incentives to get the 
manager to accept the incentive program. When possible, owners use performance evalu- 
ation measures that are closely linked to managers’ efforts. Managers are evaluated based 
on factors that they can affect, even if they are not completely controllable. For example, 
salespeople often earn commissions based on the amount of sales revenues they generate. 
They can affect the amount of sales they generate by working harder, but they cannot 
control other factors (such as the economy and competitors’ products) that also affect the 
amount of their sales. 

Continuing with our Hospitality Inns example, suppose that the chain is owned by 
Sally Fonda. Fonda, as the sole shareholder, has the challenge of designing a compensation 
package for each of her hotel managers. Roger Brett manages the Hospitality Inns- 
Saskatoon (HIS) motel. Suppose Brett has no authority to determine investments. Further, 
suppose revenue is determined largely by external factors such as the local economy. Brett’s 
actions influence only costs. Using RI as a performance measure in these circumstances 
subjects Brett’s bonus to excessive risk, because two components of the performance mea- 
sure (investments and revenues) are unrelated to his actions. The management accountant 
might suggest that, to create stronger incentives, Fonda consider using a different perfor- 
mance measure for Brett—perhaps HIS’s costs—that more closely captures Brett’s effort. 
Note that in this case, RI may be a perfectly good measure of the economic viability of the 
HIS submit, but it is not a good measure of Brett’s performance. 

The salary component of compensation should be large when performance measures 
sensitive to a manager’s effort are unavailable (as in the case of some corporate staff and 
government officials). This is not to say, however, that incentives are completely absent; pro- 
motions and salary increases do depend on some overall measure of performance, but the 
incentives are less direct. Employers give stronger incentives when superior measures of per- 
formance are available to them and when monitoring the employee’s effort is very difficult 
(real estate agencies, for example, reward employees mainly on commissions on houses sold). 

In evaluating Brett, Fonda could use measures from multiple perspectives of the BSC 
because nonfinancial measures on the BSC—employee satisfaction and the time taken for 
check-in, cleaning rooms, and providing room service—are more sensitive to Brett’s actions. 
Financial measures such as RI are less sensitive to Brett’s actions because they are affected 
by external factors such as local economic conditions that are beyond Brett’s control. 

Another reason for using nonfinancial measures in the BSC is that these measures 
follow Hospitality Inns’s strategy and are drivers of future performance. Evaluating man- 
agers on these nonfinancial measures motivates them to take actions that will sustain 
long-run performance. Therefore, evaluating performance in all four perspectives of the 
BSC promotes both short- and long-run actions. Surveys show that division managers’ 
compensation plans usually include.a mix of salary, bonus, and long-term compensation 
tied to earnings and share price of the company. The goal is to balance division and com- 
panywide, as well as short-term and long-term, incentives. 

If managers are evaluated on a single performance measure, they will treat other crit- 
ical success factors as secondary to that single measure. For example, managers might 
curtail advertising and maintenance to increase the current year’s ROI. This is why perfor- 
mance evaluation needs to be based on a variety of critical success factors such as those 
included in the BSC. 

Benchmarks and Relative Performance Evaluation 

Owners can also use benchmarks to evaluate performance. Benchmarks representing best 
practice may be available inside or outside the overall organization. In our Hospitality 
Inns example, benchmarks could be other similar motels, either within or outside the 
Hospitality Inns chain. Suppose Brett does have authority over revenues, costs, and 
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investments, In evaluating Brett’s performance, Fonda would want to use as a benchmark 
a motel of a similar size that is influenced by the same uncontrollable factors—for exam- 
ple, location, demographic trends, and economic conditions—that affect HIS. Differences 
in performances of the two motels occur only because of differences in the two managers’ 
performances, not because of random factors. Thus, benchmarking, also called relative 

performance evaluation, “filters out” the effects of the common noncontrollable factors. 
Can the performance of two managers responsible for running similar operations 

within a company be benchmarked against one another? Yes, but one problem is that the 
use of these benchmarks may reduce incentives for these managers to help one another. 
That is, a manager’s performance-evaluation measure improves either by doing a better 
job or by making the other manager look bad. Failing to work together as a team is, usu- 
ally, not in the best interests of the organization as a whole. In this case, using external 
benchmarks for performance evaluation would probably lead to better goal congruence. 

Executive Performance Measures 

and Compensation 

The performance evaluation of managers and employees often affects their compensation. 
Compensation arrangements run the range from a flat salary with no direct perfor- 
mance-based bonus (as in the case of government officials) to rewards based only on per- 
formance (as in the case of employees of real estate agencies). Most often, however, a 

manager’s total compensation includes some combination of salary and a performance- 
based bonus. An important consideration in designing compensation arrangements is the 
trade-off between creating incentives and imposing risk. 

People who become entrepreneurs (owners) are generally more risk-tolerant than 
those who decide to work for others (managers). The reason is that an entrepreneur has 
no guaranteed ROI. Entrepreneurs assume that, all other things being equal, their reward 
is linked to their effort—the harder they work, the higher the reward. What the entrepre- 
neur receives is the residual after all contracted obligations have been paid. 

Managers or employees, on the other hand, prefer the security of a salary and are 
willing to accept a lower but certain return for their hard work. Unfortunately, effort is 
no guarantee because uncontrollable factors also affect return. Whether or not compensa- 
tion is well designed depends in large part on how well the perforrnance measures reflect 
the manager’s efforts. For example, Barrick Gold’s shareholders complained when the 
recently appointed co-chair of the board, John Thornton, earned $17 million in a year 
when the company’s shares plummeted 50%. 

It is more cost efficient for owners to bear risk than managers, because managers 
demand a premium (extra compensation) for bearing risk. For risk-averse managers, an 

incentive is required to take the same level of risk as would an entrepreneurial owner. The 
objective of many compensation plans is to provide managers with incentives to work 
hard while minimizing the risk placed on them. We will illustrate this trade-off (creating 
incentives vs. imposing risks) in the context of our Hospitality Inns example. 

Assume that Fonda (owner of the Hospitality Inns chain) uses RI to measure perfor- 
mance. To achieve good results, as measured by RI, Fonda would like Brett (manager of 
the Saskatoon inn) to control costs, provide prompt and courteous service, and reduce 
receivables. But even if Brett does all those things, good results are by no means guaran- 
teed. HIS’s RI is affected by many factors outside Fonda’s and Brett’s control, such as a 
recession in the Saskatoon economy, or weather that might negatively affect HIS. Alterna- 
tively, noncontrollable factors might have a positive influence on HIS’s RI. These are 
known as windfall gains or losses. Either way, noncontrollable factors make HIS’s profit- 
ability uncertain and risky. 

Fonda (the owner) is an entrepreneur who does not mind bearing risk, but Brett does 
not like being subject to risk; that is why he chose to be an employee rather than an owner. 
One way of insuring Brett against risk is to pay Brett a flat salary, regardless of the actual 
amount of residual income attained. All the risk would then be borne by Fonda. There is 
a problem here, however, because the effort that Brett puts in is difficult to monitor. 

LO® 
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The absence of performance-based compensation provides Brett with no incentive to work 
harder or undertake any extra physical or mental effort beyond the minimum necessary to 
retain his job or to uphold his own personal values. 

Moral hazard!8 describes contexts in which, once risk is shared, the individual fails to 
make as much effort to avoid harm:as when risk is not shared. Effort is generally not 
observable in employees in management because it is primarily mental, not physical. 
Assume that managers prefer to exert less effort (or report biased measures of effort) than 
the effort (or unbiased measures) desired by the owner because the employee’s effort (or 
reported measures) cannot be accurately monitored and enforced. In employment con- 
tracting with managers, what the owner wants is performance measures highly correlated 
with effort. The finer the measures, the more completely will variation in those measures 
explain variation in effort. 

Paying no salary and rewarding Brett only on the basis of some performance mea- 
sure—RI, in our example—raises different concerns. Brett would now be motivated to 
strive to increase RI because his rewards would increase with increases in RI. But compen- 
sating Brett on RI also subjects Brett to risk because HIS’s RI depends not only on Brett’s 
effort, but also on external factors such as inflation or other changes in the economy over 
which Brett has no control. More succinctly, Brett’s management effort may be over- 
whelmed by good or bad luck associated with these changes in externalities. 

To compensate Brett, who is risk averse, for taking on the consequences of uncontrolla- 
ble risk, Fonda must pay Brett some extra compensation within the structure of the RI-based 
arrangement. Thus, using performance-based incentives will cost Fonda more money, on 
average, than paying Brett a flat salary. “On average” is appropriate because Fonda’s com- 
pensation payment to Brett will vary with RI outcomes. The motivation for having some 
salary and some performance-based bonus in compensation arrangements is to balance the 
benefits of incentives against the extra costs of imposing uncontrollable risk on the manager. 

Fonda could also consider using a BSC approach. With this approach, Brett would be 
compensated for satisfactory performance measured across multiple criteria, in contrast 
to the single measurement of only using RI. This means that if, due to an uncontrollable 
factor, performance decreases according to one measure, it may increase on another and 
Brett will be spreading his risk of financial loss over several measures. As a manager, 
moreover, Brett performs many business functions in the value chain. While the functions 
may be interdependent, if he excels at them all he should be rewarded more than another 
manager who excels at only a few. From Fonda’s perspective, greater reliance can be 
placed on a performance report where several measures converge to report the same level 
of performance. 

Team-Based Compensation Arrangements 

Many manufacturing, marketing, and design problems require employees with multiple 
skills, experiences, and judgments to pool their talents. In these situations, a team of 
employees achieves better results than employees acting on their own.!? 

Team-based incentive compensation encourages employees to work together to achieve 
common goals. This approach encourages cooperation among interdependent subunits. 
Individual-based incentive compensation rewards employees for their own performance, 
consistent with responsibility accounting. This approach encourages competition to excel 
and be the best. A mix of both types of incentives encourages employees to maximize their 
own performance while working together in the best interest of the company as a whole. 

Whether team-based compensation is desirable depends, to a great extent, on the cul- 

ture and management style of a particular organization. One criticism of teams is that 

'8 The term moral hazard originated in insurance contracts to represent situations in which insurance coverage, which relieves 
the owner of assets of part of the risks of loss and/or damage, caused insured parties to take less care of their properties than 
they would if they bore the full costs of replacement and/or repair. One response to moral hazard in insurance contracts is the 
system of deductibles (i.e, the insured pays for damages up to a specified amount), Therefore, in the event that the insured 
item is damaged, the owner still bears some of the cost burden. Insurance companies believe that this shared risk makes the 
owner of the asset more careful, or risk averse, with the insured asset. 

19 J, Katzenbach and D, Smith, The Wisdom of Teams (Boston: The Harvard Business School Press, 1993). 
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individual incentives to excel are dampened, harming overall performance. This problem 
becomes more acute when effort cannot be monitored. Unproductive team members con- 
tribute less than the effort expected (shirk); nevertheless, they share equally in the team’s 
reward, Shirking is a pervasive problem and you have probably experienced shirking at least 
once when you have worked with teams of students to obtain shared marks for output. 

Executive Compensation Arrangements 

The principles of performance evaluation also apply to executive compensation plans at 
the total-organization level. Executive compensation plans are typically based on both 
financial and nonfinancial performance measures and consist of a mix of (1) base salary; 

(2) annual incentives (e.g., cash bonus based on yearly net income); (3) long-term incentives 
(e.g., stock options based on achieving a specified return or share price by the end of a 

five-year period); and (4) fringe benefits (e.g., life insurance, an office with a view, or 

a personal secretary).?° Designers of executive compensation plans emphasize three factors: 
achievement of organizational goals, administrative ease, and the likelihood that affected 
managers will perceive the plan as fair. 

Well-designed plans use a compensation mix that carefully balances risk and short- 
and long-term incentives. For example, evaluating performance on the basis of annual 
ROI would sharpen an executive’s short-term focus. Using a rolling-average ROI and 
stock option plans over, say, five years would motivate the executive to take a long-term 
view as well. Stock options give executives and employees the right to buy company shares 
at a specified price (called the exercise price). 

Often stock option plans have a “vesting” period, which is a period of time before the 
executive gains control over the option. Suppose that on September 16, 2021, Canadian 
Pacific Railway (CPR) granted its CEO (as part of her compensation package) the option 
to buy 200,000 shares of the company at an exercise price of $175 for a five-year period, 
any time after September 16, 2022 (vesting date). Therefore, 2021 to 2022 represents a 
four-year vesting period. The option would allow the CEO to buy company shares 
(directly from the company) at the exercise price, regardless of the market price of the 
share at that time (i.e., any time after September 16, 2022). Obviously, the executive 

would want the (future) market price of the share to be greater than the exercise price, 
thus making a capital gain possible. The compensation theory is that the executive will 
make decisions in the current period (when she earns the options by meeting certain per- 
formance targets) and in future periods that will cause the company’s shares to increase to 
a price above the exercise price. 

Continuing with our CPR example, remember that the exercise price of the options 
was $175 per share. The market price of a share on September 16, 2021 (the granting 
date), was $150. Thus, when the option was granted, it wasn’t “in the money” because the 
exercise price was more than the current market price. If, over the next four years the 
company’s share price increases to, say, $200, the option would be “in the money” on 
September 16, 2022 (the vesting date), and the executive would probably exercise the 
option to buy the shares at the $175 price. If the executive then turned around and sold 
the shares, she would make a capital gain of $5 million (= ($200 — $175) x 200,000 shares), 
Alternatively, given that the options (in this situation) are good for a five-year period after 
September 16, 2022, the executive might decide to wait to see if share prices might go even 
higher before exercising the option. If, on the other hand, the company’s performance over 
the four-year vesting period is poor, the share price might never reach the $200 exercise 
price, in which case the executive would probably not use the options (Why buy a share 
using the $200 option if you can buy a share for less at the market price?), in which case, 
this part of the executive’s compensation package is worth nothing. 

There are many different permutations and combinations as to how stock option 
plans can be structured, but this example gives a basic outline of how they can work to 
motivate senior managers to consider the longer-term consequences of their current 
decisions. 

20 The Wall Street Journal/Mercer Human Resource Consulting, 2003 CEO Compensation Survey and Trends (May, 2004). 
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LOo® 
Apply strategic concepts to 

analyze the four levers of 
control, and evaluate their 

usefulness. 

The financial accounting treatment for options and the recognition and timing of 
their expense (to the firm) is dealt with in a variety of fashions, depending on the account- 
ing standards being followed (e.g., US GAAP, IFRS, etc.) and the specifics of the situation. 
Most intermediate financial accounting textbooks cover this topic in some detail. 

Strategy and Levers of Control! 
Given the management accounting focus of this text, this chapter has emphasized the role 
of quantitative financial and nonfinancial performance evaluation measures that compa- 
nies use to implement their strategies. These measures—such as ROI, RI, EVA, ROS, 
customer satisfaction, and employee satisfaction—monitor critical performance factors 
that help managers gauge progress toward attaining the company’s strategic goals. Because 
these measures help diagnose whether a company is performing to expectations, they are 
collectively called diagnostic control systems. 

Companies motivate managers to achieve these goals by holding managers account- 
able for and by rewarding them for meeting these goals. Recently, however, it has become 
clear that sometimes one consequence of the pressure to perform is that managers 
materially misstate financial measures in order to obscure actual performance (e.g., Enron, 
Nortel, Parmalat, WorldCom). This pressure to perform (as measured by the diagnostic 

control system) can be balanced by using the other “levers of control” available to the 
firm. In total, there are four control levers: 

w Diagnostic control system 

s Boundary system 

u Belief system 

» Interactive control system 

Boundary systems describe standards of behaviour and codes of conduct expected of 
all employees, especially actions that are off-limits. Ethical behaviour on the part of man- 
agers is paramount. In particular, numbers that subunit managers report should be free of 
overstated assets, understated liabilities, fictitious revenues, and understated costs. 

The broad scope of Canadian legislation on corporate governance includes the 
requirement that the CEO accept full responsibility for any material misstatement of 
financial information. Under Sarbanes-Oxley, companies must publish their codes of eth- 
ics and conduct as part of the material audited for their annual report. Regulations are 
one set of boundary systems that mandate specific actions. 

Belief systems articulate the mission, purpose, and core values of a company. They 
describe the accepted norms and patterns of behaviour expected of all managers and 
employees with respect to each other, shareholders, customers, and communities. A great 

example of one company’s approach to describing its belief system is Johnson & John- 
son’s credo,”* which specifically mentions the follow groups: 

a Doctors, nurses, and patients [J&]J’s customers] 

« Employees 

» Communities where J&J operates and the world community 

a Stockholders 

Johnson & Johnson’s credo is intended to inspire managers and employees to do their 
best. Values and culture generate organizational commitment, pride, and belonging and 
are an important source of intrinsic motivation, which is the desire to achieve self-satis- 
faction from good performance regardless of external rewards such as bonuses or 
promotion. 

Codes of business conduct signal appropriate and inappropriate individual behaviour. 
The following are specific excerpts from the Vancouver City Savings Credit Union 

*1 For a more detailed discussion see R. Simons, “Control in an Age of Empowerment,” Harvard Business Review (March- 
April 1995). 

2 Johnson & Johnson website, http://www.jnj.com/about-jnj/jnj-credo, 
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(Vancity) Group Code of Conduct for Employees, which all new employees must learn 
and sign (and re-sign annually): 

= You are required to be aware of the laws and regulations relating to the business 
that the Vancity Group conducts and specifically for the areas in which you work. 
No employee is ever expected to commit or condone an illegal act or instruct others 
to do so on behalf of Vancity Group. 

w» You must ensure that your conduct in and outside of the workplace does not tarnish 
or negatively impact Vancity’s reputation in the community. 

« Unethical business solicitation and/or acceptance activity is forbidden. You cannot 
accept cash payments of any sort at any time. 

m You are expected to act in accordance with the Vancity Group Respect in the Work- 
place Policy. Any breach of this and related may result in disciplinary measures up to 
and including dismissal.” 

Division managers often cite enormous pressure from top management “to make the 

budget” as excuses or rationalizations for not adhering to ethical accounting policies and 
procedures. A healthy amount of motivational pressure is desirable, as long as both the 
“tone from the top” and the codes of conduct communicate the absolute need for all man- 
agers to behave ethically at all times. Managers should train employees to behave ethi- 
cally, and promptly and severely reprimand unethical conduct, regardless of the benefits 
that might accrue to the company from unethical actions. 

Many organizations also set explicit boundaries precluding actions that harm the 
environment. Environmental violations (such as water and air pollution) carry heavy fines 
and are offences punishable by imprisonment under Canadian laws and those of other 
countries. But in many companies, environmental responsibilities extend beyond legal 
requirements. There are also many international indices of environmental performance, 
such as the Dow Jones Sustainability Index in the United States or Corporate Knights in 
Canada. Some companies, such as TransCanada Corporation (a Canadian natural gas 

transportation company) and Unilever Group (a US manufacturer of consumer products) 
believe that a high ranking in these indices is sufficiently important to positively affect 
share price, and they announce their rankings on the internet and in formal press releases. 

Socially responsible companies, such as Tim Hortons, also report specific perfor- 
mance measures to affirm their commitment to human rights and fair pricing. Many exist- 
ing sets of global principles, such as the Sullivan Principles, can be used to compare 
corporate performance in the area of social responsibility. 

Interactive control systems are formal information systems that managers use to 
focus organization attention and learning on key strategic issues. An excessive focus on 
diagnostic control systems and critical performance variables can cause an organization 
to ignore emerging threats and opportunities—changes in technology, customer prefer- 
ences, regulations, and industry competition that can undercut a business. 

Interactive control systems track strategic uncertainties that businesses face, such as 
the emergence of online shopping in the case of traditional retailers like The Bay and 
Canadian Tire, airline deregulation in the case of Air Canada and WestJet, and the shift in 

customer preferences for mini- and microcomputers in the case of IBM. The result is 
ongoing discussion and debate about assumptions and action plans. New strategies 
emerge from the dialogue and debate surrounding the interactive process. Interactive con- 
trol systems force busy managers to step back from the actions needed to manage the 
business today and to shift their focus forward to positioning the organization for the 
opportunities and threats of tomorrow. 

Measuring and rewarding managers for achieving critical performance variables is an 
important driver of corporate performance. But these diagnostic control systems must be 
counterbalanced by the other levers of control—boundary systems, belief systems, and 
interactive control systems—to ensure that proper business ethics, inspirational values, and 
attention to future threats and opportunities are not sacrificed to achieve business results. 

23 Excerpt from Vancity Group Code of Conduct for employees. Copyright © 2013, Used by permission of Vancity Group. 
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CONCEPTS IN 
ACTION— GOVERNANCE 

The managers of for-profit corporations face intense pres- 
sures. Not the least of these are the contractual require- 
ments to achieve performance measures such as those 
specified in long-term debt covenants and compensation 
contracts and the more informal requirements in operat- 
ing and capital budgets. Banks and bondholders are not 
charitable institutions, and the intent of covenants is to 

alert creditors of possible risk to their investment. These 
covenants are often based on ratios derived from accrual 
accounting such as times interest earned, operating cash 
flow, and debt to equity. 

What can be the harm in, say, calling a supplier and 
asking for a few days’ delay in sending an invoice to pre- 
vent reporting the additional expense in a quarterly state- 
ment of earnings if it avoids contravening a times interest 
earned ratio and gives the corporation another 90 days to 
recover? It would postpone recognizing the expense on 
the actual operating performance report as well and 
avoid a negative variance. If the cause of the shortfall is 
uncontrollable, surely the company’s owners and 

Chapter 23 Multinational Performance Measurement and Compensation 

Courage—Boundaries and Beliefs 

t 

managers should not be penalized by a contract rigidity, 
especially if the only issue is one of timing. 

This type of reasoning leads to earnings manage- 
ment, whereby managers use their discretion to bias both 
internal and external performance reports. The ethical 
problem is clear—it is the professional duty of accoun- 
tants to present unbiased reports—but their managers, 
who may not be accountants, are not bound to the same 
ethical standard. The logical problem is also clear—if 
uncontrollable factors have caused the shortfall in reve- 
nue over expenses, how can managers be assured time 
will fix the problem? They cannot be sure, nor can 
accountants avoid their professional duty to act in the 
best interests of the public, not the corporate managers. 
Where boundary systems fail, professional belief systems 
can prevail.? 

For a full discussion of earnings management refer to Chapter 11 of 
W.R. Scott, Financial Accounting Theory 6th edition (Toronto; 
Prentice Hall, 2012). ; 

| Pulling It All Together—Problem for Self-Study 

(Try to solve this problem before examining the solution that follows.) 

Problem 

Budgeted data of the baseball manufacturing division of Home Run Sports for the year- 
end, February 28, 2020, are as follows: 

Current essets $ 400,000 

Long-term assets 600,000 

Total assets $1,000,000 

Production output ~ 200,000 baseballs 

Target ROI (operating income ~ total assets) 30 % 

Fixed costs A: $ 400,000 

Variable costs $ 4 per baseball 

Required @ 1. Compute the minimum unit selling price necessary to achieve the 30% target ROI, 
assuming ROI is based on total assets. 

@ 2. Using the selling price from requirement 1, separate the target ROI into its two com- 
ponents using the DuPont method. 

@ 3. Pamela Stephenson, division manager, receives 5% of the residual income of the base- 
ball manufacturing division as a bonus. Compute her bonus for the year-end, February 
28, 2020, using the selling price from requirement 1. Home Run Sports uses a 12% 
required rate of return on total division assets when computing division residual income. 
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4, What behavioural issues arise from compensation contracts based on a single perfor- © 
mance measure? = 

5. If Pamela recommends an investment in new equipment, and for reasons beyond her @ 
control revenue is not realized but she has the opportunity to postpone recognition of 
expenses until the next reporting period, what levers of control can reduce the likeli- 
hood she will do so? 

Solution 

As Target operating income = 30% of $1,000,000 
= $300,000 

Let P= Selling price 

Sales — Variable costs — Fixed costs = Operating income 

200,000P — (200,000 x $4) — $400,000 = $300,000 

200,000P = $300,000 + $800,000 + $400,000 = $1,500,000 

P = $7.50 

Proof: Sales, 200,000 x $7.50 $1,500,000 

Variable costs, 200,000 x $4 800,000 

Contribution margin 700,000 

Fixed costs 400,000 

Operating income $ 300,000 

Revenues Income _ Income 

Investment Revenues Investment 

$1,500,000 $300,000 $300,000 

$1,000,000 = $1,500,000 + $1,000,000 

OHS 0.2 =0.300r30% 

hs Residual income = Operating income — Required return on investment 
$300,000 — (0.12 x $1,000,000) 
$300,000 — $120,000 

= $180,000 

Stephenson’s bonus is $9,000 (5% of $180,000). 
4. This bonus is a cash bonus based on short-term operations. Should Pamela have the 

opportunity to invest in more efficient equipment, the investment will reduce ROI in 
the short term in two ways. First, the operating costs will increase before the revenues 
are realized because there is a lag between production and sales. Operating income 
will decrease and it is possible revenue will also decrease. Investment will increase, 
and in combination with reduced revenue and income it is unlikely that the 30% ROI 
will be achieved, If Pamela cares about her bonus, she will not invest. 

5. If Pamela is a professional accountant, the belief system embodied in the professional 
ethical code is one lever of control to constrain the likelihood she will manage earn- 
ings. If she is not, then a public statement of the corporate code of ethics, its core 
values, and the tone at the top from examples set by top management, can also con- 
strain her. 

pVe)el-lalel> @r-4e) 

Power BI 

This appendix is available at MyLab. 



948 Chapter 23 Multinational Performance Measurement and Compensation 

| BY =leol=j(e) am ere) i aia 

The following question-and-answer format summarizes the chapter’s learning objectives. Each point presents a key 
question, and the guidelines are the answer to that question. 

Learning Objectives Guidelines 

1. What financial and Financial measures such as ROI, RI, and EVA measure aspects of both manager 
nonfinancial measures do 

companies use to evaluate 

performance? 

. What is the current cost of 

an asset? 

. What difficulties arise when 

comparing the performance 
of divisions in different 
countries? 

. How do salaries and 

incentives work together in 
compensation arrangements? 

. What are the levers of control, 
and why does a company 
need to implement them? 

performance and organization-subunit performance. In many cases, financial 

measures are supplemented with nonfinancial measures of performance, such as 
customer satisfaction ratings, number of defects, and productivity. 

The current cost of an asset is the cost now of purchasing an asset identical to 
the one currently held. Historical-cost measurement methods consider the 
original cost of the asset net of accumulated depreciation. 

Comparing the performance of divisions operating in different countries is 
difficult because of legal, political, social, economic, and currency differences. 

ROI calculations for subunits operating in different countries need to be 
adjusted for differences in inflation between the two countries and changes in 
exchange rates. 

Organizations create incentives by rewarding managers on the basis of 
performance. But managers may face risks because random factors beyond the 
managers’ control may also affect performance. Owners choose a mix of salary 
and incentive compensation to trade off the incentive benefit against the cost 
of imposing risk. 

The four levers of control are diagnostic control systems, boundary systems, 
belief systems, and interactive control systems. Implementing the four levers 
of control helps a company simultaneously strive for performance, behave 
ethically, inspire employees, and respond to strategic threats and opportunities. 

a i=)eegt-wcem mstolae 

This chapter and the Glossary at the end of the book contain definitions of the following important terms: 

belief systems (p. 946) 

Bill 198 (C-SOX) (p. 924) 

boundary systems (p. 946) 

current cost (p, 936) 

diagnostic control systems (p. 946) 

economic value added (EVA) (p. 932) 

imputed cost (p. 930) 

interactive control systems (p. 947) 

intrinsic motivation (p. 946) 

malus (p. 925) 

moral hazard (p. 944) 

residual income (RI) (p. 930) 

return on investment (ROI) (p. 928) 

return on sales (ROS) (p. 933) 

| Assignment Material 

MyLab Accounting Make the grade with MyLab Accounting: Select end-of-chapter questions 
can be found on MyLab Accounting. You can practise them as often as you want, and most 
feature step-by-step guided instructions to help you find the right answer. 

Sarbanes-Oxley Act (SOX) (p. 924) 

say on pay (p. 924) 

Sullivan Principles (p. 947) 

weighted average cost of capital 

(WACC) (p. 930) 



Short-Answer Questions 

23-1 Give two examples of financial performance measures and two examples of nonfinancial perfor- 
mance measures. 

23-2 What are the six steps in designing an accounting-based performance measure? 

23-3 What factors affecting ROI does the DuPont method highlight? 

23-4 “Residual income is not identical to ROI, although both measures incorporate income and investment 
into their computations.” Do you agree? Explain. 

23-5 Describe economic value added. 

23-6 Give three definitions of investment used in practice when computing ROI. 

23-7 Distinguish among measuring assets based on present value, current cost, and historical cost. 

23-8 What special problems arise when evaluating performance in multinational companies? 

23-9 Why is it important to distinguish between the performance of a manager and the performance of the 
organization subunit for which the manager is responsible? Give examples. 

23-10 Describe moral hazard. 

23-11 Explain the management accountant’s role in helping organizations design stronger incentive 
systems for their employees. 

23-12 Explain the role of benchmarking in evaluating managers. 

23-13 Explain the incentive problems that can arise when employees have to perform multiple tasks as part 
of their jobs. 

23-14 Describe each of the levers of control and their interrelation with strategy. 

Exercises 

23-15 Terminology. A number of terms are listed below: 

belief systems boundary systems 

economic value added (EVA) imputed cost of investment 

interactivity intrinsic motivation 

malus return on investment (RO!) 

say on pay social responsibility 

weighted average cost of capital (WACC) 

Required 

Select the terms from the above list to complete the following sentences. 

1. Governance, or the management stewardship of assets management does not own, according to laws 
and regulations is more closely scrutinized than before. Legal reform in the United States now man- 
dates a shareholder vote on any executive compensation packages, referred to as a 

. While we are very familiar with executive bonus, a new clawback of previous compensation, or 
a___, is becoming a feature of compensation. 

. One important performance measure that could determine a bonus or malus is the account- 

ing (___), calculated by dividing the net income by the investment made, Another 
measure is the RRR, also called the ______, which represents a return forgone from tying 
up cash in existing investments. A third measureisthe = ==———————(_), whichis calculated by 
subtracting the total assets minus current liabilities multiplied bythe = = == _(_) from 
the after-tax operating income. 

. But executive performance is not the only factor or even the most important factor affecting 

corporate profitability, excellent governance, and corporate . Good management 

control systems will separate the effects of good luck from good management on performance. 
Additional considerations when designing a good management control system include 

} 5 ,and 

23-16 ROI, comparisons of three companies. ROI is often expressed as follows: 

Income _ Income Revenue 

Investment Revenue Investment 

Assignment Material 

LOo® 
2, Revenue company C, 

$ 10,000,000 
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Required 

1. What advantages are there in the breakdown of the computation into two separate components? 

2. Fill in the following blanks: 

Companies in Same Industry 

A B C 

Revenue $1,000,000 $500,000 ? 

Income $ 100,000 $ 50,000 i 

Investment $ 500,000 ? $5,000,000 

Income as a percentage of revenue ? ? 0.5% 

Investment turnover 2 ? 2 

ROI ? 1% ? 

After filling in the blanks, comment on the relative performance of these companies as thoroughly as the 
data permit. 

23-17 Analysis of return on invested assets, comparison of two divisions, DuPont 

method. Learning World Inc. has two divisions: Test Preparation and Language Arts. Results (in millions) 
for the past three years are partially displayed here: 

Operating Operating 

Operating 
_| Income 

Operating 
Revenue | Assets 

Income/ 

Operating 
Revenue 

Operating 

Revenue/ 

Total Assets 

Income/ 

Total 

Assets 

Test Preparation Division 

2020 

2021 

? $ 680 $ 7,960 | $1,920 

2 10% 840 ee eee ee | 
2022 1,160 | ? 11% 

Language Arts Department 

2020 $ 620 ? 

2021 22% 

2022. 

Learning World Inc. 

2020 

2021 

$10,320 
2 

Loo 
1, ROI, 20% 

2022 2 

Required 

1. Complete the table by filling in the blanks. 

2. Use the DuPont method of profitability analysis to explain changes in the operating-income-to-total- 

assets ratios over the 2020 through 2022 period for each division and for Learning World as a whole. 

Comment on the results. 

23-18 ROI and RI. The Outdoor Sports Company produces a wide variety of outdoor sports equipment. 
Its newest division, Golf Technology, manufactures and sells a single product: AccuDriver, a golf club that 

uses global positioning satellite technology to improve the accuracy of golfers’ shots. The demand for Accu- 
Driver is relatively insensitive to price changes. The following data are available for Golf Technology, which 

is an investment centre for Outdoor Sports: 

Total annual fixed costs $32,000,000 

Variable cost per AccuDriver $ 400 

Number of AccuDrivers sold each year 140,000 

Average operating assets invested in the division $50,000,000 
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Required 

1, Compute Golf Technology's ROI if the selling price of AccuDrivers is $700 per club. 
2. If management requires an ROI of at least 25% from the division, what is the minimum selling price that 

the Golf Technology Division should charge per AccuDriver club? 

3. Assume that Outdoor Sports judges the performance of its investment centres on the basis of RI rather 
than ROI. What is the minimum selling price that Golf Technology should charge per AccuDriver if the 
company's required rate of return is 15%? 

23-19 ROI and RI with manufacturing costs. Ohms Motor Company makes electric cars and has LOO 
only two products, the Simplegreen and the Superiorgreen. To produce the Simplegreen, Ohms Motor 1, RO!, 16.5% 

employed assets of $15,500,000 at the beginning of the period and $15,900,000 of assets at the end of the 
period. Other costs to manufacture the Simplegreen include 

Direct materials $8,200 per unit 

Setup 1,700 per setup-hour 

Production 445 per machine-hour 

General administration and selling costs total $8,200,000 for the period. In the current period, Ohms Motor 
produced 11,500 Simplegreen cars using 5,800 setup-hours and 181,000 machine-hours. Ohms Motor sold 
these cars for $17,000 each. The company bases its ROI on average invested capital. 

Required 

1. Assuming that Ohms Motor defines investment as average assets during the period, whatis the ROI for 
the Simplegreen division? 

2. Calculate the RI for the Simplegreen division if Ohms Motor has a required rate of return of 14% on 
investments. 

23-20 Goal incongruence and ROI. McCall Corporation manufactures furniture in several divisions, LO @ 

including the patio furniture division. The manager of the patio furniture division plans to retire in two years. 1, ROI In year 5 Is 10.91% 
The manager receives a bonus based on the division's ROI, which is currently 10%. 

One of the machines that the patio furniture division uses to manufacture the furniture is rather old, 

and the manager must decide whether to replace it. The new machine would cost $50,000 and would last 
10 years. It would have no salvage value. The old machine Is fully depreciated and has no trade-in value. 
McCall uses straight-line depreciation for all assets. The new machine, being new and more efficient, 
would save the company $8,000 per year in cash operating costs. The only difference between cash flow 

and net income is depreciation. The internal rate of return of the project is approximately 10%. McCall 

Corporation's weighted average cost of capital is 4%. McCall is not subject to any income taxes. 

Required 

1. Should McCall Corporation replace the machine? Why or why not? 
2. Assume that “investment” is defined as average net long-term assets after depreciation. Compute the 

project's ROI for each of its first five years. If the patio furniture manager is interested in maximizing his 
bonus, would he replace the machine before he retires? Why or why not? 

3. What can McCall do to entice the manager to replace the machine before retiring? 

23-21 ROI, RI, EVA. Civic Auto Company operates a New Car Division (that sells high-performance LO ® 
sports cars) and a Parts Division (that sells performance improvement parts for family cars). Some division 1, ROI New Car Division, 7.5% 
financial measures for the year are as follows: 

eee ee ee Bae are) a 
New Car Performance 

Division _| Parts Division 

| 2 |Total assets $33,000,000 | $28,500,000 
| 3 |Current liabilities $ 6,600,000 | $ 8,400,000 
| 4 |Operating income $ 2,475,000 | $ 2,565,000 
| 5 [Required rate of return 

Required 

1. Calculate ROI for each division using operating income as a measure of income and total assets as a 

measure of investment. 
2. Calculate RI for each division using operating income as a measure of income and total assets minus 

current liabilities as a measure of investment. 
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LOo® 
Radnor ROI using gross book 

value, 11.84% 

LO ® 
1. a. Operating income, 

$1,200,000 

Loe 
1, ROI clothing = 25% 

€ 
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3. William Abraham, the New Car Division manager, argues that the Performance Parts Division has 
“loaded up ona lot of short-term debt” to boost its Rl. Calculate an alternative Rl for each division that 

is not sensitive to the amount of short-term debt taken on by the Performance Parts Division. Comment 

on the result. 

. Civic Auto Company, whose tax rate is 40%, has two sources of funds: long-term debt with a market 

value of $18,000,000 at an interest rate of 10%, and equity capital with a market value of $12,000,000 and 
a cost of equity of 15%. Applying the same weighted average cost of capital (WACC) to each division, 

calculate EVA for each division. 
5. Use your preceding calculations to comment on the relative performance of each division. 

23-22 ROI, Rl, measurement of assets. Bailey Corporation recently announced a bonus plan to be 

awarded to the manager of the most profitable division. The three division managers are to choose whether 

RO! or RI will be used to measure profitability. In addition, they must decide whether investment will be 

measured using gross book value or net book value of assets. Bailey defines income as operating income 

and investment as total assets. The following information is available for the year just ended: 

Gross Book Value of Accumulated 

Division Assets Depreciation Operating Income 

Radnor $1,200,000 $645,000 $142,050 

Easttown 1,140,000 615,000 137,550 

Marion 750,000 420,000 92,100 

Bailey uses a required rate of return of 10% on investment to calculate RI. 

Required 

Each division manager has selected a method of bonus calculation that ranks his or her division number 

one. Identify the method for calculating profitability that each manager selected, supporting your answer 

with appropriate calculations. Comment on the strengths and weaknesses of the methods chosen by each 
manager. 

23-23 Multinational performance measurement, ROI, RI. The Grandlund Corporation manufac- 

tures similar products in Canada and Norway. The Canadian and Norwegian operations are organized as 

decentralized divisions. The following information is available for 2023; ROI is calculated as operating 

income divided by total assets: 

Canadian Division Norwegian Division 

Operating income ? 8,100,000 kroner 

Total assets $8,000,000 52,500,000 kroner 

ROI 15% ? 

Both investments were made on December 31, 2022. The exchange rate at the time of Grandlund’s 
investment in Norway on December 31, 2022, was 6 kroner = $1. During 2023, the Norwegian krone 

decreased steadily in value so that the exchange rate on December 31, 2023, is 7 kroner = $1. The average 

exchange rate during 2023 is [(6 + 7)/2] =6.5 kroner = $1. 

Required 

1. a. Calculate the Canadian division's operating income for 2023. 

b. Calculate the Norwegian division's ROI for 2023 in kroner. 

2. Top management wants to know which division earned a better ROI in 2023. What would you tell them? 
Explain your answer. 

3. Which division do you think had the better RI performance? Explain your answer. The required rate of 

return on investment (calculated in Canadian dollars) is 12%. 

23-24 ROI, RI, EVA, and performance evaluation. Lucy Manufacturing makes fashion products 

and competes on the basis of quality and leading-edge designs. The company has $3,200,000 invested in 
assets in its clothing manufacturing division. After-tax operating income from sales of clothing this year is 

$800,000. The cosmetics division has $7,500,000 invested in assets and an after-tax operating income this 
year of $1,800,000. Income for the clothing division has grown steadily over the past few years. The weighted- 
average cost of capital for Lucy is 11%. The CEO of Lucy has told the manager of each division that the 
division that “performs best” this year will get a bonus, 



Required 

1. Calculate the RO! and residual income for each division of Lucy Manufacturing, and briefly explain 

which manager will get the bonus. What are the advantages and disadvantages of each measure? 

2. The CEO of Lucy Manufacturing has recently heard of another measure similar to residual income 

called EVA. The CEO has the accountant calculate EVA adjusted incomes of clothing and cosmetics 
and finds that the adjusted after-tax operating incomes are $938,000 and $1,147,200, respectively. Also, 

the clothing division has $520,000 of current liabilities, while the cosmetics division has only $330,000 of 
current liabilities. Using the preceding information, calculate EVA and discuss which division manager 

will get the bonus. 

3. What nonfinancial measures could Lucy use to evaluate divisional performances? 

23-25 Risk sharing, incentives, benchmarking, multiple tasks. The Dexter division of AMCO 
sells car batteries. AMCO's corporate management gives Dexter management considerable operating and 

investment autonomy in running the division. AMCO is considering how it should compensate Jim Marks, 

the general manager of the Dexter division. Proposal 1 calls for paying Marks a fixed salary. Proposal 2 calls 

for paying Marks no salary and compensating him only on the basis of the division's ROI, calculated based 

on operating income before any bonus payments. Proposal 3 calls for paying Marks some salary and some 

bonus based on ROI. Assume that Marks does not like bearing risk. 

Required 

1. Evaluate the three proposals, specifying the advantages and disadvantages of each. 

2. Suppose that AMCO competes against Tiara Industries in the car battery business. Tiara is approxi- 

mately the same size as the Dexter division and operates in a business environment that is similar to 

Dexter's. The top management of AMCO is considering evaluating Marks on the basis of Dexter's ROI 

minus Tiara’s RO|. Marks complains that this approach is unfair because the performance of another 

company, over which he has no control, is included in his performance-evaluation measure. Is Marks's 
complaint valid? Why or why not? 

3. Now suppose that Marks has no authority for making capital-investment decisions. Corporate man- 

agement makes these decisions. ls RO! a good performance measure to use to evaluate Marks? Is RO! 
a good measure to evaluate the economic viability of the Dexter division? Explain. 

4. Dexter's salespeople are responsible for selling and providing customer service and support. Sales are 

easy to measure. Although customer service is important to Dexter in the long run, it has not yet imple- 

mented customer-service measures. Marks wants to compensate his sales force only on the basis of 

sales commissions paid for each unit of product sold. He cites two advantages to this plan: (a) It cre- 

ates strong incentives for the sales force\to work hard, and (b) the company pays salespeople only 

when the company itself is earning revenues. Do you like his plan? Why or why not? 

23-26 Executive compensation, balanced scorecard. Mercantile Bank recently introduced a 

new bonus plan for its business unit executives. The company believes that current profitability and cus- 

tomer satisfaction levels are equally important to the bank’s long-term success. As a result, the new plan 

awards a bonus equal to 1% of salary for each 1% increase in business unit net income or 1% increase 

in the business unit's customer satisfaction index. For example, increasing net income from $3 million to 

$3.3 million (or 10% from its initial value) leads to a bonus of 10% of salary, while increasing the business 

unit's customer satisfaction index from 70 to 73.5 (or 5% from its initial value) leads to a bonus of 5% of 
salary. There is no bonus penalty when net income or customer satisfaction declines. In 2022 and 2023, 

Mercantile Bank's three business units reported the following performance results: 

Retail Banking Business Banking Credit Cards 

2022 2023 2022 2023 2022 2023 

Net income $3,600,000 $3,912,000 $3,800,000 $3,940,000 $3,550,000 $3,499,000 

Customer satisfaction 73 75.48 68 75.9 67 78.88 

Required 

1. Compute the bonus as a percent of salary earned by each business unit executive in 2023. 

2. What factors might explain the differences between improvement rates for net income and those for 

customer satisfaction in the three units? Are increases in customer satisfaction likely to result in 

increased net income right away? 
3. Mercantile Bank’s board of directors is concerned that the 2023 bonus awards may not actually reflect 

the executives’ overall performance. In particular, the bank is concerned that executives can earn 
large bonuses by doing well on one performance dimension but underperforming on the other. What 
changes can it make to the bonus plan to prevent this from happening in the future? Explain briefly. 
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23-27 Multinational firms, differing risk, comparison of profit, ROI, and RI. Zeiss Multina- 
tional, Inc., has divisions in Canada, Germany, and New Zealand. The Canadian division is the oldest and 
most established of the three and has a cost of capital of 6.5%. The German division was started 3 years ago 

when the exchange rate for the euro was 1 euro = $1.40. The German division is a large and powerful divi- 
sion of Zeiss, Inc., with a cost of capital of 10%. The New Zealand division was started this year, when the 

exchange rate was 1 New Zealand Dollar (NZD) = $0.75. Its cost of capital is 13%. Average exchange rates 
for the current year are 1 euro =$1.50 and 1 NZD = $0.60. Other information for the three divisions includes 

Canada Germany New Zealand 

Long-term assets $24,214,700 11,897,321 euros 7,343,744 NZD 

Operating revenues $23,362,940 6,250,000 euros 5,718,750 NZD 

Operating expenses $18,520,000 4,200,000 euros 4,250,000 NZD 

Income tax rate 40% 35% 25% 

Required 

1. Translate the German and New Zealand information into dollars to make the divisions comparable, Find 
the after-tax operating income for each division and compare the profits. 

2. Calculate RO! using after-tax operating income. Compare among divisions. 

3. Use after-tax operating income and the individual cost of capital of each division to calculate residual 
income and compare. 

4, Redo requirement 2 using pre-tax sperath income instead of net income. Why is there a big differ- 

ence, and what does it mean for performance evaluation? 

23-28 Multinational performance measurement, ROI, RI. The Mountainside Corporation manu- 
factures similar products in the United States and Norway. The US and Norwegian operations are organized 

as decentralized divisions. The following information is available for 2023; ROI is calculated as operating 
income divided by total assets: 

US Division Norwegian Division 

Operating income ? 7,560,000 kroner 

Total assets $8,000,000 54,000,000 kroner 

ROl 13.75% 2 

Both investments were made on December 31, 2022. The exchange rate at the time of Mountainside’s 
investment in Norway on December 31, 2022, was 6 kroner = $1. During 2023, the Norwegian kroner 

decreased steadily in value so that the exchange rate on December 31, 2023, is 8 kroner = $1. The aver- 
age exchange rate during 2023 is [(6 + 8) + 2] = 7 kroner = $1. 

Required 

1, a. Calculate the US division's operating income for 2023. 
b. Calculate the Norwegian division’s ROI for 2023 in kroner. 

2. Top management wants to know which division earned a better RO! in 2023. What would you tell them? 
Explain your answer. 

3. Which division do you think had the better RI performance? Explain your answer. The required rate of 
return on investment (calculated in US dollars) is 13%. 

Problems 

23-29 ROI, Ril, DuPont method, investment decisions, balanced scorecard. Green News 

Group has two major divisions: Print and Internet. Summary financial data (in millions) for 2021 and 2022 are 
as follows: 

Pee Fn ay a ee ee 
_ rOporetsy TEE Revenue Total Assets 

2021 2022 2021 2022 2021 2022 

4 Print $3,780 | $4,620 $18,900 | $19,320 $18,480 | $20,580 
Internet| 546 672 25,200 | 26,880 11,340 | 12,600 

The two division managers’ annual bonuses are based on division ROI (defined as operating income 
divided by total assets). If a division reports an increase in ROI from the previous year, its management is 

automatically eligible for a bonus; however, the management of a division reporting a decline in ROI has to 

present an explanation to the Green News Group board and is unlikely to get any bonus. 



Carol Mays, manager of the Print Division, is considering a proposal to invest $800 million in a new com- 

puterized news reporting and printing system. Itis estimated that the new system’s state-of-the-art graphics 

and ability to quickly incorporate late-breaking news into papers will increase 2023 division operating income 

by $120 million. Green News Group uses a 15% required rate of return on investment for each division. 

Required 

1. Use the DuPont method of profitability analysis to explain differences in 2022 ROIs between the two 
divisions. Use 2022 total assets as the investment base. 

2. Why might Mays be less than enthusiastic about accepting the investment proposal for the new sys- 

tem, despite her belief in the benefits of the new technology? 

3. Murdoch Turner, CEO of Green News Group, is considering a proposal to base division executive com- 

pensation on division RI. 

a. Compute the 2022 RI of each division. 

b. Would adoption of an RI measure reduce Mays's reluctance to adopt the new computerized system 

investment proposal? 
4, Turner is concerned that the focus on annual RO! could have an adverse long-run effect on Green News 

Group's customers. What other measurements, if any, do you recommend that Turner use? Explain briefly. 

23-30 Division managers’ compensation (continuation of Problem 23-29). Murdoch Turner seeks 

your advice on revising the existing bonus plan for division managers of Green News Group. Assume divi- 
sion managers do not like bearing risk. Turner is considering three ideas: 

ew Make each division manager's compensation depend on division RI. 

m Make each division manager's compensation depend on companywide RI. 

m Use benchmarking, and compensate division managers on the basis of their division’s RI minus the 

RI of the other division. 

Required 

1. Evaluate the three ideas Turner has put forth using performance-evaluation concepts described in this 
chapter. Indicate the positive and negative features of each proposal. 

2. Turner is concerned that the pressure for short-run performance may cause managers to cut corners. 

What systems might Turner introduce to avoid this problem? Explain briefly. 

3. Turner is also concerned that the pressure for short-run performance might cause managers to ignore 

emerging threats and opportunities. What system might Turner introduce to prevent this problem? 

Explain briefly. 

23-31 Residual income and EVA; timing issues. Doorharmony Company makes doorbells. It has a 

weighted average cost of capital of 5% and total assets of $5,900,000. Doorharmony has current liabilities of 

$750,000. Its operating income for the year was $690,000. Doorharmony does not have to pay any income taxes. One 

of the expenses for accounting purposes was a $120,000 advertising campaign. The entire amount was deducted 

this year, although the Doorharmony CEO believes the beneficial effects of this advertising will last four years. 

Required 

1. Calculate residual income, assuming Doorharmony defines investment as total assets. 
2. Calculate EVA for the year. Adjust both the assets and operating income for advertising assuming that 

for the purposes of economic value added the advertising is capitalized and amortized on a straight- 

line basis over four years. 
3. Discuss the difference between the outcomes of requirements 1 and 2 and which measure is preferred. 

23-32 ROI performance measures based on historical cost and current cost. Nature's Juice 

Corporation operates three divisions that process and bottle natural fruit juices. The historical-cost account- 
ing system reports the following information for 2023: 

Passion Fruit Division Kiwi Fruit Division Mango Fruit Division 

Revenues $1,300,000 $1,800,000 $2,400,000 

Operating costs 550,000 1,050,000 900,000 
(excluding plant depreciation) 

Plant depreciation 270,000 175,000 290,000 

Operating income $ 480,000 $ 575,000 $1,210,000 

Current assets $ 425,000 $ 600,000 $ 700,000 

Long-term assets—plant 540,000 1,575,000 3,190,000 

Total assets $ 965,000 $2,175,000 $3,890,000 
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Nature’s Juice estimates the useful life of each plant to be 12 years, with no terminal disposal value, The 

straight-line depreciation method is used. At the end of 2023, the passion fruit plantis 10 years old, the kiwi 

fruit plant is 3 years old, and the mango fruit plant is 1 year old. An index of construction costs over the 

10-year period that Nature's Juice has been operating (2013 year-end =100) is as follows: 

sh 

2013 2020 2022 2023 

100 120 185 200 

Given the high turnover of current assets, management believes that the historical-cost and current-cost 

measures of current assets are approximately the same. 

Required 

1. Compute the ROI ratio (operating income to total assets) of each division using historical-cost mea- 

sures. Comment on the results. 

2. Use the approach in Exhibit 23-3 to compute the ROI of each division, incorporating current-cost esti- 

mates as of 2023 for depreciation expense and long-term assets. Comment on the results. 

3. What advantages might arise from using current-cost asset measures as compared with historical- 

cost measures for evaluating the performance of the managers of the three divisions? 

23-33 Evaluate accrual measures. Mineral Waters Ltd. operates three divisions that process and 

bottle sparkling mineral water. The historical-cost accounting system reports the following data for 2022: 

Calistoga Alpine Springs Rocky Mountains 
Division Division Division 

Revenues $600,000 $ 840,000 $1,320,000 

Operating costs 360,000 456,000 720,000 

(excluding depreciation) 

Plant depreciation 84,000 120,000 144,000 

Operating income $156,000 $ 264,000 $ 456,000 

Current assets $240,000 $ 300,000 $ 360,000 

Fixed assets—plant 168,000 1,080,000 1,584,000 

Total assets $408,000 $1,380,000 $1,944,000 

Mineral Waters estimates the useful life of each plant to be 12 years with a zero terminal disposal 

price. The straight-line depreciation method is used. At the end of 2022, the Calistoga plant is 10 years old, 

the Alpine Springs plantis 3 years old, and the Rocky Mountains plant is 1 year old. 
An index of construction costs of plants for. mineral water production for the 10-year period that 

Mineral Waters has been operating (2012 year-end = 100) is 

2012 2016 2019 2021 2022 

100 125 135 140 150 

Given the high turnover of current assets, management believes that the historical-cost and 

Current-cost measures of current assets are approximately the same. 

Required 

1. Compute the RO! (operating income to total assets) ratio of each division using historical-cost mea- 
sures. Comment on the results. 

2. Use the approach in Exhibit 23-3 to compute the ROI of each division, incorporating current-cost esti- 

mates as of 2022 for depreciation and fixed assets. Comment on the results. 

3. What advantages might arise from using current-cost asset measures as compared with historical-cost 

measures for evaluating the performance of the managers of the three divisions? 

23-34 Financial and nonfinancial performance measures, goal congruence. (CMA, adapted) 

Precision Equipment specializes in the manufacture of medical equipment, a field that has become increas- 
ingly competitive. Approximately 2 years ago, Pedro Mendez, president of Precision, decided to revise the 

bonus plan (based, at the time, entirely on operating income) to encourage division managers to focus on 
areas that were important to customers and that added value without increasing cost. In addition to a prof- 

itability incentive, the revised plan includes incentives for reduced rework costs, reduced sales returns, and 
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on-time deliveries. The company calculates and rewards bonuses semiannually on the following basis: A 
base bonus is calculated at 2% of operating income; this amount is then adjusted as 

a. (i) Reduced by excess of rework costs over and above 2% of operating income 

(ii) No adjustment if rework costs are less than or equal to 2% of operating income 
b. (i) Increased by $4,000 if more than 98% of deliveries are on time and by $1,500 if 96-98% of deliv- 

eries are on time 

(ii) No adjustment if on-time deliveries are below 96% 
c. (i) Increased by $2,500 if sales returns are less than or equal to 1.5% of sales 

(ii) Decreased by 50% of excess of sales returns over 1.5% of sales 

Note: \f the calculation of the bonus results in a negative amount for a particular period, the manager 
simply receives no bonus, and the negative amount is not carried forward to the next period. 

Results for Precision’s Central division and Western division for 2022, the first year under the new 

bonus plan, follow. In 2021, under the old bonus plan, the Central division manager earned a bonus of 

$20,295 and the Western division manager a bonus of $15,830. 

Central Division Western Division 

Jan, 1, 2022, to July 1, 2022, to Jan. 1, 2022, to July 1, 2022, to 

June 30, 2022 Dec. 31, 2022 June 30, 2022 Dec. 31, 2022 

Revenues $3,150,000 $3,300,000 $2,137,500 $2,175,000 

Operating income $ 346,500 $ 330,000 $ 256,500 $ 304,500 

On-time delivery 95.4% 97.3% 98.2% 94.6% 

Rework costs $ 8,625 $ 8,250 $ 4,500 $ 6,000 

Sales returns $ 63,000 $ 52,500 $ 33,560 $ 31,875 

Required 

1. Why did Mendez need to introduce these new performance measures? That is, why does Mendez 

need to use these performance measures in addition to the operating income numbers for the period? 

2. Calculate the bonus earned by each manager for each six-month period and for 2022. 

3. What effect did the change in the bonus plan have on each manager's behaviour? Did the new bonus 

plan achieve what Mendez wanted? What changes, if any, would you make to the new bonus plan? 

23-35 ROI, measurement alternatives for performance measures. Appleton's owns and operates LOO 
a variety of casual dining restaurants in three cities: St. Louis, Memphis, and New Orleans. Each geographic 

market is considered a separate division. The St. Louis division includes four restaurants, each built in early 

2013. The Memphis division consists of three restaurants, each built in January 2017. The New Orleans 
division is the newest, consisting of three restaurants built four years ago. Division managers at Appleton’s 

are evaluated on the basis of ROI. The following information refers to the three divisions at the end of 2022: 

gay ee Ae ee ee Be Pee Cr Pe Dae Po Be 
[Seis | Memphis New leans Tota 

Division revenues $17,336,000 | $12,050,000 | $10,890,000 | $40,276,000 

| 3 {Division expenses 15,890,000 | 11,042,000 | 9,958,000 | 36,890,000 
| 4 | Division operating income 1,446,000 | 1,008,000 932,000 | 3,386,000 
6 | Gross book value of long-term assets 9,000,000 7,500,000 8,100,000 | 24,600,000 

6 | Accumulated depreciation 6,600,000 3,500,000 2,160,000 12,260,000 

Current assets 1,999,600 1,536,400 1,649,200 5,185,200 

| 3. Depreciation expense 600,000 500,000 540,000 1,640,000 

8. Construction cost index for year of construction 100 110 

Required 

1. Calculate ROI for each division using net book value of total assets. 

2. Using the technique in Exhibit 23-3, compute ROI using current-cost estimates for long-term assets and 
depreciation expense. The construction cost index for 2022 is 122. Estimated useful life of operational 

assets is 15 years, 
3. How does the choice of long-term asset valuation affect management decisions regarding new capital 

investments? Why might this choice be more significant to the St. Louis division manager than to the 

New Orleans division manager? 
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23-36 Historical-cost and current-cost ROI measures. Corners Ltd. owns and manages three 

convenience stores. The following information has been collected for the year: 

Jane and Major Mackenzie Weston and 

Rutherford and Keele Langstaff 

Operating income $ 28,000 $ 33,000 $15,000 

Historical cost of investment $ 50,000 $100,000 $30,000 

Current cost of investment $120,000 $135,000 $80,000 

Age of store 5 2 4 

Required 

1. Compute the ROI for each store, where investment is measured at (a) historical cost and (b) current 
cost. 

2. How would you judge the performance of gach store? 

23-37 ROI, Rl, decision making. The following data refer to the successful Munger division of 

Buffett, Inc. Munger makes and sells high-end cordless drills. The drills sell for $80 each, and Munger expects 
sales of 300,000 units in the year. Munger's annual fixed costs are $4 million. The variable cost per drill is $48. 

Buffett evaluates Munger based on residual income. The total investment attributed to Munger is 

$16 million, and Buffett has a required rate of return on investment of 20%. 

Ignore taxes and depreciation expense. Answer each of the following parts independently, unless 

otherwise stated. 

Required 

1. What is the expected residual income for the year? 

2. Munger receives an external special order for 100,000 units at $60 each. If the order is accepted, 

Munger will have to incur incremental fixed costs of $850,000 and invest an additional $2 million in 
various assets. 

What is the effect on Munger's residual income of accepting the order? 

3. One of the components Munger manufactures for its drill has a variable cost of $4. An outside vendor 

has offered to supply the 300,000 units required at a cost of $5.25 per unit. If the component is pur- 

chased outside, fixed costs will decline by $200,000 and assets with a book value of $760,000 will be 
sold at book value. 

Will Munger decide to make or buy the component? Explain your answer. 

4. One of Munger's regular customers asks for a special drill made of tempered steel. The customer 

requires 15,000 drills. Munger estimates its variable cost for these special units at $54 apiece. Munger 

will also have to undertake new investment of $1,500,000 to produce the drills. 

What is the minimum selling price that will make the deal acceptable to Munger? 

5. Assume the same facts as in requirement 4. Also suppose that the customer has offered $82 for each 
special drill. In addition, the customer has indicated that its purchases of the existing product will drop 
by 6,000 units. ‘ 

a. What is the net change in Munger’s residual income from taking the offer, relative to its planned 
situation for the year? 

b. At what drop in unit sales of the regular drill would Munger be indifferent to the offer? 

23-38 Ethics, levers of control. Best Moulding is a large manufacturer of wood picture frame moulding. 
The company operates distribution centres in Dallas and Philadelphia. The distribution centres cut frames 
to size (called “chops”) and ship them to custom picture framers. Because of the exacting standards and 

natural flaws of wood picture frame moulding, the company typically produces a large amount of waste in 

cutting chops. In recent years, the company’s average yield has been 78% of length moulding. The remain- 

ing 22% is sent to a wood recycler. Best's performance-evaluation system pays its distribution centre man- 

agers substantial bonuses if the company achieves annual budgeted profit numbers, In the last quarter of 

the year, Stuart Brown, Best's controller, noted a significant increase in yield percentage of the Dallas dis- 
tribution centre, from 76% to 87%. This increase resulted in a 6% increase in the centre's profits. 

During a recent trip to the Dallas centre, Brown wandered into the moulding warehouse. He noticed 

that much of the scrap moulding was being returned to the inventory bins rather than being placed in the 

discard pile. Upon further inspection, he determined that the moulding was in fact unusable. When he 

asked one of the workers, he was told that the centre's manager had directed workers to stop scrapping 

all but the very shortest pieces. This practice resulted in the centre overreporting both yield and ending 

inventory. The overstatement of Dallas inventory will have a significant impact on Best's financial 
statements. 
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Required 

1. What should Brown do? You may want to refer to the /MA Statement of Ethical Professional Practice, 
page 18. 

2. Which lever of control is Bast emphasizing? What changes, if any, should be made? 

23-39 RI, EVA, measurement alternatives, goal congruence. Refresh Resorts, Inc. operates health LO® 
spas in Key West, Florida; Phoenix, Arizona; and Carmel, California. The Key West spa was the company’s 
first and opened in 2007. The Phoenix spa opened in 2010, and the Carmel spa opened in 2020. Refresh 
Resorts has previously evaluated divisions based on RI, but the company is considering changing to an EVA 

approach. All spas are assumed to face similar risks. Data for 2023 are 

eee ee Ne ee Boas ee 
P| Key West Phoenix Carmel Total 

Aa" Revenues $4,100,000 ae $4,380,000 $3,230,000 _|_ $11,710,000 

| 3 | Variable costs 1,600,000 1,630,000 955,000 4,185,000 

| 4 | Fixed costs 1,280,000 aly 1,560,000 980,000 3,820,000 

hig Operating income 1,220,000 1,190,000 1,295,000 3,705,000 

| 6 | Interest costs on long-term debt at 8% 368,000 416,000 _ 440,000 | _ 1,224,000 

Income before taxes | __ 855,000 

| 3 | Net income after 35% taxes 553,800 503,100 555,750 1,612,650 

Net book value at 2023 year-end: 

ae Current assets $1,280,000 $ 850,000 | $ 600,000 $ 2,730,000 

Long-term assets 4,875,000 5,462,000 6,835,000 17,172,000 

13 | Total assets 6,155,000 | 6,312,000 | 7,435,000 

15 Current liabilities 330,000 | 265,000 84,000 679,000 

16 | Long-term debt 4,600,000 5,200,000 5,500,000 15,300,000 

Shareholders’ equity 1,225,000 847,000 1,851,000 3,923,000 

Total liabilities and shareholders’ equity {| 6,155,000 <u) 6,312,000 7,435,000 19,902,000 
—— 

| 20 Market value of debt $4,600,000 | $5,200,000 $5,500,000 $15,300,000 

21 | Market value of equity 2,400,000 2,660,000 2,590,000 7,650,000 

| 22 | Cost of equity capital lee | 14% 

Required rate of return 11% 

24 | Accumulated depreciation on long-term assets | $2,200,000 $1,510,000 $ 220,000 

Required 

1. Calculate RI for each of the spas based on operating income and using total assets as the measure of 
investment. Suppose that the Key West spa is considering adding a new group of saunas from Finland 

that will cost $225,000. The saunas are expected to bring in operating income of $22,000. What effect 
would this project have on the RI of the Key West spa? Based on RI, would the Key West manager 
accept or reject this project? Why? Without resorting to calculations, would the other managers accept 

or reject the project? Why? 

2. Why might Refresh Resorts want to use EVA instead of RI for evaluating the performance of the three 

spas? 
3. Refer back to the original data. Calculate the WACC for Refresh Resorts. 

4, Refer back to the original data. Calculate EVA for each of the spas, using net book value of long-term 
assets. Calculate EVA again, this time using gross book value of long-term assets. Comment on the 

differences between the two methods. 
5, How does the selection of asset measurement method affect goal congruence? 
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Lo@ed 
1, ROS, 15% 

Logo 
Total bonus electronic circults, 

$75,000 

Collaborative Learning Cases 

23-40 ROI, RI, division manager’s compensation, nonfinancial measures. In 2022, the Mandarin 

Division of Key Products Corporation generated an operating income of $3,000,000 from $20,000,000 of sales 

revenues and using assets worth $15,000,000. 

Mandarin managers are evaluated and rewarded on the basis of ROI defined as operating income 

divided by total assets. Key Products Corporation expects its divisions to increase ROI each year. 

The year 2023 appears to be a difficult year for Mandarin. Mandarin Division had planned new invest- 
ments to improve quality but, in view of poor economic conditions, has postponed the investment. ROI for 

2022 was certain to decrease had Mandarin made the investment. Management is now considering ways 

to meet its target ROI of 22% for next year. It anticipates revenue to be steady at $20,000,000 in 2023. 

Instructions 

Form groups of two or more students to complete the following requirements: 

1. Calculate Mandarin Division return on sales (ROS) and RO! for 2022. 

2. a. By how much would Mandarin have to cut costs in 2023 to achieve its target ROI of 22% in 2023, 
assuming no change in total assets between 2022 and 2023? 

b. By how much would Mandarin have to decrease total assets in 2023 to achieve its target ROI of 22% 

in 2023, assuming no change in operating income between 2022 and 2023? 

3. Calculate Mandarin’s RI in 2022 assuming a required rate of return on investment of 18%. 

4, Mandarin wants to increase RI by 30% in 2023. Assuming it could cut costs by $30,000 in 2023, by how 

much would Mandarin have to decrease total assets in 2023? 

5. Key Products Corporation is concerned that the focus on cost cutting and asset sales will have an 

adverse long-run effect on Mandarin's customers. Yet Key Products Corporation wants Mandarin to 
meet its financial goals. What other measurements, if any, do you recommend that Key Products use? 

Explain briefly. 

23-41 ROI, RI, division manager's compensation, nonfinancial measures. (CGA, adapted) Home 

Appliance (HA) builds coffeemakers and battery-powered small tools. For a long time, HA held a reputation 

for strong, durable, and reliable appliances. This reputation began to decline, however, when increased 

competition forced HA to cut costs, and this was handled poorly. For a moderate period following the cost 

cutting, as long as it was able to take advantage of its reputation, HA’s sales remained relatively steady. This 

effect then all but disappeared. The loss of reputation, coupled with increased overseas competition, 

caused HA’s sales to plummet sharply. 

On January 1, 2021, HA began a massive effort directed toward rewarding for quality. In the two years 

that followed, sales failed to go up, but remained steady at around $10 million per year. A significant 

amount of money was spent on testing equipment, increasing inspection, setting up a statistical process 

control system, reworking or throwing out defective items, and paying incentives. The results of the effort 

are presented in the following table: 

Quality Costs as a % of 
Sales for the Years Ended: 2020 2021 2022 

External failure costs 8.20 2.40 5 

Internal failure costs 2.80 4.00 3.40 

Appraisal costs 2.00 3.20 3.39 

Prevention costs 1.20 2.60 2.79 

Total quality costs 14.20 12.20 10.73 

Also on January 1, 2021, HA organized into three divisions: electronic circuits, coffeemakers, and 

battery-powered small tools. Electronic circuits were used by the other two divisions, and 100% of its 

production was transferred at full cost plus an 8% markup (this is the standard practice in the electronic 

components industry) to coffeemakers and battery-powered small tools. All rejections made by coffee- 

makers and small tools were treated in the quality control system as internal failures, but most of the time 

they were not reported simply because electronic circuits replaced them immediately in the production 
lines. 

Each division had a bonus pool with 50% based on quality performance and 50% based on financial 

performance. The 50% based on financial performance is equal to 20% of the divisional residual income 

(the minimum required rate of return is the ROI of the worst-performing division). The 50% based on quality 
performance is calculated as: (Internal Failures as % of sales — External Failures as % of sales) X HA’s net 

profit. 
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Given the results of last year, the manager of the coffeemaker division asked the top managers to 

review the current compensation system, because he was having the feeling that his division had been 

subsidizing those “lazy” fellows of electronic circuits. He supported his claim with the following: 

Battery-Powered 
2022 Electronic Circuits Coffeemakers Small Tools 

Net profit $ 500,000 $ 700,000 $ 660,000 

Investment $2,500,000 $7,000,000 $6,000,000 

External failures 0% of sales 1.2% of sales 2.4% of sales 

Interna! failures 5% of sales 2% of sales 3.2% of sales 

Appraisal costs 0% of sales 5.2% of sales 3.1% of sales 

Prevention costs 1% of sales 7% of sales 4.2% of sales 

Instructions 

Form groups of two or more students to complete the following requirement. 

Calculate the bonus paid to each division. Explain to the upper management if the money is being spent 

effectively and if the claims of the divisional manager are correct. 

SOLUTIONS < TRY It! 

1. ROI = Operating income/Total assets = $492/$683 = 72% 

2. Residual income = Operating income — (Target rate of return x Total assets) 

= $492 million — (25% $683 million) = $321.25 million 
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Notes on Compound Interest 

and Interest Tables 

Interest is the cost of using money. It is the rental charge for funds, just as renting a build- 
ing and equipment entails a rental charge. When the funds are used for a period of time, 
it is necessary to recognize interest as a cost of using the borrowed (“rented”) funds. This 
requirement applies even if the funds represent ownership capital and if interest does not 
entail an outlay of cash. Why must interest be considered? Because the selection of one 
alternative automatically commits a given amount of funds that could otherwise be 
invested in some other alternative. 

Interest is generally important, even when short-term projects are under consideration. 
Interest looms correspondingly larger when long-run plans are studied. The rate of interest 
has significant enough impact to influence decisions regarding borrowing and investing 
funds. For example, $100,000 invested now and compounded annually for 10 years at 8% 
will accumulate to $215,900; at 20%, the $100,000 will accumulate to $619,200. 

Interest Tables 

Many computer programs and pocket calculators are available that handle computations 
involving the time value of money. You may also turn to the following four basic tables to 
compute interest. 

Table 1—Future Amount of $1 

Table 1 shows how much $1 invested now will accumulate in a given number of periods at 
a given compounded interest rate per period. Consider investing $1,000 now for 3 years at 
8% compound interest. A tabular presentation of how this $1,000 would accumulate to 
$1,259.70 follows: 

Cumulative Interest 
Called Compound Total at End 

Year Interest per Year Interest of Year 

0 $ ae $ — $1,000.00 

1 80.00 (0.08 x $1,000) 80.00 1,080.00 

2 86.40 (0.08 x $1,080) 166.40 1,166.40 

3 93.30 (0.08 x $1,166.40) 259.70 1,259.70 

This tabular presentation is a series of computations that could appear as follows, where 
S is the future amount and the subscripts 1, 2, and 3 indicate the number of time periods. 

S, = $1,000(1.08)! 

Sy = $1,000(1.08)" 

S; = $1,000(1.08)° 

The formula for the “amount of 1,” often called the “future value of $1” or “future 

amount of $1,” can be written 

S = PL +r)" 
S = $1,000(1 + 0.08)? = $1,259.70 

where S is the future value amount; P is the present value, $1,000 in this case; r is the rate 
of interest; and 1 is the number of time periods. 

Appendix A 
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Table 2—Present Value of $1 

In the previous example, if $1,000 compounded at 8% per year will accumulate to 
$1,259.70 in 3 years, then $1,000 must be the present value of $1,259.70 due at the end 
of 3 years. The formula for the present value can be derived by reversing the process of 
accumulation (finding the future amount) that we just finished. 

If S = P(1 + 1)” 

S 
then | P= a@s+n 

PRED 
= bh 0 = $1,000 

(1.08) 

Table 3—Amount of Annuity of $1 

An (ordinary) annuity is a series of equal payments (receipts) to be paid (or received) at 
the end of successive periods of equal length. Assume that $1,000 is invested at the end of 
each of 3 years at 8%: 

0 il y) 3 

End of Year Amount 

ist payment $1,000.00 ———» $1,080.00 ———» $1,166.40, which is $1,000(1.08)? 

2nd payment $1,000.00 ———» 1,080.00, which is $1,000(1.08)' 

3rd payment 1,000.00 

Accumulation (future amount) $3,246.40 

The general formula for the amount of an ordinary annuity of $1 is 

Giese Air = il 

(f 
S, = 

Table 4—Present Value of an Ordinary Annuity of $1 

Using the same example as for Table 3, we can show how the formula of P,,, the present 
value of an ordinary annuity, is developed. 

0 1 2 3 

End of Year 

irene 100 _§ 925.93 <———— $1,000 
(1.08) 

2nd payment 1,000 
=$ 857.34 <________________ $000 

(1.08)? 

3rd payment 1,000 
=$ 793.83 <—__—___4H4—_______ $1,000 

+ eU.08 

Total present value $2,577.10 

For the general case, the present value of an ordinary annuity of $1 may be expressed as 

SNM | poeta Son 
P= 31 =a 

The tables for annuities are not essential. With Tables 1 and 2, compound interest and 
compound discount can readily be computed. It is simply a matter of dividing either of these 
by the rate to get values equivalent to those shown in Tables 3 and 4. 
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Abnormal spoilage Spoilage that would not arise under effi- 
cient operating conditions; it is not inherent in a particular pro- 
duction process. 

Absorption costing Also known as full absorption costing, this 
is a method of inventory valuation in which inventory 
“absorbs” both variable and fixed manufacturing costs as 
inventoriable costs, but all nonmanufacturing costs are classi- 
fied as period costs. 

Account analysis method Cost accounts are classified in the 
ledger as variable, fixed, or mixed with respect to the cost 
driver. 

Accounting rate of return Also known as accrual accounting 
rate of return (AARR), or return on investment (ROI); an 

accounting measure of income divided by an accounting mea- 
sure of investment. 

Accrual accounting rate of return (AARR) Also known as 

accounting rate of return, or return on investment (ROI); an 
accounting measure of income divided by an accounting mea- 
sure of investment. 

Activity An event, task, or unit of work with a specified purpose. 

Activity-based budgeting (ABB) A strategy to identify and 
control costs that focuses on the cost of activities necessary to 
produce and sell products and services. 

Activity-based costing (ABC) A refined costing system that 
focuses on activities as the fundamental cost objects. 

Activity-based management (ABM) A cost leadership strategy 
to eliminate non-value-added activities, which are those activi- 
ties failing to add value for which customers will pay. 

Activity cost driver In activity-based costing (ABC) systems, 

these are cost allocation bases. 

Activity cost pool The dollar value of the cost of activities at a 

specified level. 

Activity cost rate The activity cost pool divided by the total 
quantity consumed of the activity cost driver. 

Activity level The cost object that specifies the scope of changes 
in cost, which may cause a change in the cost of single units, 
batches, and entire products. 

Actual cost Cost incurred (a historical or past cost), as distin- 

guished from a budgeted or forecasted cost. 

Actual costing Tracing direct costs to each job by multiplying 
each actual unit direct cost rate by the quantity of the direct 
input used. 

Actual indirect cost allocation rate The average cost per unit 
of shared resources used by all types of jobs calculated by 
dividing the actual MOH cost pool by the actual total quantity 
of the cost allocation base. 

Adjacencies Opportunities to expand to markets related to the 
core business. 

Glossary 

Adjusted allocation rate approach This approach restates all 

overhead entries in the general ledger and subsidiary ledgers 
using actual cost rates rather than budgeted cost rates. 

Adjusted cost base (ACB) The cost of a property plus any 
expenses to acquire it. 

Advance transfer price arrangement (APA) A substitute for 

dispute resolution wherein the company and the tax authority 
can cooperate to prospectively agree on a transfer price 
method. 

Agility The ability for a service company to excel simultane- 
ously in quality, delivery time, customization, and cost in a 
coordinated way. 

Allowable cost A cost that the contract parties agree to include 
in the costs to be reimbursed. 

Appraisal costs Costs incurred to detect which of the individ- 
ual units of products do not conform to specifications. 

Arm’s-length principle A transfer price should be the same as 
it would be if the two subunits were independent companies. 

Arm’s-length transactions Transactions between a corporate 

subunit and a nonrelated party. 

Artificial costs Also called complete reciprocated costs; the 
actual costs incurred by a support department plus a part of the 
costs of the other support departments that provide service to it. 

Autocorrelation A type of systematic dependence that arises 
when the current value of X depends upon the value of X either 
immediately prior (lagged) to it or immediately after (leading) 
it in time. 

Autonomy The degree of freedom to make decisions; the 
greater the freedom, the greater the autonomy. 

Average cost Also called a unit cost, average cost is calculated 
by dividing the total prime cost pool by physical units con- 
sumed. 

Average waiting time The average amount of time that an 
order will wait in line before it is set up and processed. 

Backflush costing A costing system that omits recording some 
or all journal entries relating to the cycle from purchase of 
direct materials to the sale of finished goods. 

Balanced scorecard (BSC) A document that translates an orga- 

nization’s mission and strategy into a comprehensive set of per- 
formance measures that provide the framework for 
implementing its strategy. 

Batch-level costs Resources sacrificed on activities that are 
related to a group of units. 

Belief systems An articulation of the mission, purpose, and 

core values of a company. 

Behavioural considerations Considerations that motivate 
managers and other employees to aim for the goals of the 
organization. 
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970 Glossary 

Benchmark The best possible performance achieved anywhere 
in any industry using a similar process. 

Benchmarking reports Reports based on the costs of other com- 
panies that can be developed for many activities and products. 

BEP in revenue See Breakeven point (BEP), revenue. 

BEP in units A quantity of units sold in which total revenues 
equal total costs where the operating income is zero. 

BEP in volume See Breakeven point (BEP), volume. 

Bill 198 (C-SOX) Canadian corporate governance legislation 
that accomplishes much the same objectives as the U.S. 
Sarbanes-Oxley Act (SOX) (see Sarbanes-Oxley Act (SOX)). 

Board of directors The independent group who hold the exter- 
nal auditors, CEO, CFO, and COO accountable for both the 
quality of financial information and organizational outcomes. 

Book value The original acquisition cost of a long-term asset 
minus accumulated depreciation. 

Bottleneck An operation where the work required to be per- 
formed approaches or exceeds the available capacity. 

Boundary systems An articulation of standards of behaviour 
and codes of conduct expected of all employees, especially 
actions that are off-limits. 

Breakeven point (BEP) Quantity of output at which total rev- 
enues and total costs are equal; that is, where the operating 
income is zero. 

Breakeven point (BEP), revenue Level of sales in dollars at 

which total revenues and total costs are equal; that is, where 
the operating income is zero. 

Breakeven point (BEP), volume Level of sales in units at which 

total revenues and total costs are equal; that is, where the oper- 
ating income is zero. 

Budget A quantitative expression for a set time period of a 
proposed (future) plan of action by management. 

Budget constraints The combination of limitations on non- 
financial and financial resources within a company’s manage- 
ment control. 

Budgetary slack The practice of underestimating budgeted 
revenues (or overestimating budgeted costs) to make budgeted 
targets easier to achieve. 

Budgeted cost Predicted or forecasted cost (future cost) as dis- 

tinguished from an actual or historical cost. 

Budgeted indirect-cost rate For each cost pool, the budgeted 
annual indirect costs divided by the budgeted annual quantity 
of the cost-allocation base. 

Budgeting cycle The process of budgeting: planning perfor- 
mance, providing a frame of reference, investigating variations 
from plans, and adjusting plans as necessary. 

Business function costs The sum of all the costs (variable costs 
and fixed costs) in a particular business function in the value 
chain. 

Byproducts A product that has a low sales value compared 
with the sales value of the main or joint product(s). 

Capacity The quantity of outputs that can be produced from 
long-term resources available to the company. 

Capacity cost The cost of maintaining a certain plant capacity—a 
fixed overhead cost. It is often a cost pool grouping all fixed 
overhead costs. 

Capital budgeting The process of collating information in a 
familiar pro forma financial accounting format. 

Capital intensive companies Companies with a high percent- 
age of fixed costs in their cost structure. 

Capital cost allowance (CCA) The legally required income 
tax counterpart to annual depreciation expense in financial 
reporting. 

Capital gain Arises when the selling price of a capital property 
exceeds the total ACB plus sales’ expenses. 

Capital loss Arises when the selling price of a capital property 
is less than the total ACB plus sales’ expenses. 

Carrying costs These costs arise when a business holds inven- 
tories of goods for sale. 

Cash budget A schedule of expected cash receipts and dis- 
bursements. 

Cash cycle Also known as a self-liquidating cycle, working 
capital cycle, or operating cycle; the movement of cash to 
inventories, to receivables, and back to cash. 

Cause-and-effect diagram A diagram that identifies potential 
causes of failures or defects. 

Chief executive officer (CEO) This person is independent of 
and legally accountable to the board of directors for all organi- 
zational outcomes. 

Chief financial officer (CFO) Also called the finance director, 
this is the senior officer empowered with overseeing the finan- 
cial operations of an organization. 

Chief operating officer (COO) This person is accountable to 
the CEO for all operating results. 

Coefficient a Coefficient a represents the fixed cost component 
in the linear cost function Y = a + bX, which is constant and 
unavoidable even if the value of X is 0. b is the coefficient of the 
slope, or rate of change in y (or Y) when X changes by 1 unit. 

Coefficient of determination r? Measures the percentage of 
variation in an outcome variable explained by one or more pre- 
dictor variables. 

Collusive pricing Companies in an industry conspire in their 

pricing and output decisions to achieve a price above the com- 
_ petitive price. 

Combined-variance analysis Also called three-variance analy- 
sis; combines variable-cost and fixed-cost variances when 
reporting overhead cost variances. 

Common costs Costs of operating a facility, operation, activ- 
ity, or like cost object that are shared by two of more users. 

Comparable uncontrolled price (CUP) method A transfer price 
that is analogous to the internal market-based price. 

Composite unit A hypothetical unit with weights based on the 
mix of individual units. 

Conference method Develops cost estimates based on analysis and 
opinions gathered from various departments of an organization. 

Confidence level The probability that the conclusion based on 
the student t-statistic is wrong. 

Conformance quality The performance of a product or setvice 
according to design and production specifications. 

Confusion matrix A matrix that shows the predicted versus 
actual classifications, for example, defaults and repay loans, at 
a given threshold value. 



Constant A factor that does not vary. 

Constant gross margin percentage of NRV method The gross 
margin (based on the overall gross margin percentage) and sep- 
arable costs deducted from the final sales value of units pro- 
duced for each product. The residual amount for each product 
is its allocation of joint costs. 

Constraint (as a limiting factor) A factor or operation that 

limits production or causes a bottleneck. 

Constraint (of an LP problem) In linear programming tech- 
niques, a mathematical inequality or equality that must be sat- 
isfied by the variables in a mathematical model. 

Continuous improvement A strategy whereby a budgeted cost 
is successively reduced over succeeding time periods. 

Contribution statement of comprehensive income Income 
statement that groups line items by cost-behaviour pattern to 
highlight the contribution margin. 

Contribution margin (CM) Revenues minus all costs of the 

output (a product or service) that vary with respect to the num- 
ber of output units. 

Contribution margin per unit The difference between selling 
price and variable cost per unit. 

Contribution margin percentage Contribution margin per unit 

divided by unit selling price, or total contribution margin 
divided by total revenue. 

Contribution margin ratio The contribution margin per unit 
divided by the selling price per unit. Also called contribution 
margin percentage. 

Control Coordinated action that companies take to implement 
their planning decisions, evaluate actual against expected per- 
formance, and provide timely feedback on current results. 

Control chart Graphs a time series of successive observations 

of a particular step, procedure, or operation taken at regular 
time intervals. In addition to actual results, the expected range 
of specified results is also presented. 

Controllability The degree of authority that a specific manager 
has over costs, revenues, or other items in question. 

Controllable cost Any cost that is primarily subject to the 
authorization of a specific manager of a specific responsibility 
centre for a specific time span. 

Controller The financial executive primarily responsible for 
both management accounting and financial accounting. 

Conversion costs Any manufacturing costs (may include direct 
labour) other than direct material costs. 

Core (operating) division (department, production depart- 

ment) This core division or department, also called an operat- 
ing division, or, in manufacturing companies, a production 
division or department, adds value that is observable by a cus- 
tomer to a product or service. 

Corporate governance Mandatory compliance with existing 

laws, regulations, and standards. 

Corporate social responsibility (CSR) The voluntary integra- 
tion by companies of social and environmental concerns into 
their business operation. 

Correlation (or covariance) Identifies two events that system- 
atically vary together, 

Cost Resource sacrificed or forgone to achieve a specific objective. 

Glossary 971 

Cost accounting Measures, analyzes, and reports financial and 
nonfinancial information relating to the costs of acquiring or 
using resources in an organization. It provides information for 
both management accounting and financial accounting. 

Cost accumulation The collection (accumulation) of actual 
cost data in an organized way. 

Cost allocation (or cost application) A method to attribute or 
assign relevant indirect costs to each job. 

Cost allocation base (or cost application base) An input factor 
that systematically links some proportion of each indirect cost 
pool to each job or cost object. 

Cost allocation rate A unit average cost of an input common 
to all jobs. It is the result of dividing a cost pool by its cost- 
allocation base. 

Cost application (or cost allocation) A method to attribute or 
assign relevant indirect costs to each job. 

Cost application base A synonym for cost allocation base. 

Cost assignment The multiplication of the cost-allocation rate 
by the specific quantity of inputs in the denominator that is 
consumed by the specific job. 

Cost-benefit approach Promotes decision making in which the 
perceived net benefits from spending corporate resources 
should exceed their perceived expected costs. 

Cost centre A responsibility centre for which managers are 
accountable for costs only, not revenue lost or gained. 

Cost cross-subsidization (or cross-subsidization) A result that 
arises when at least one miscosted product results in miscosting 
at least one other product in the organization. 

Cost driver A variable, such as the level of activity or volume, 
that causally affects costs over a given time span. 

Cost function A mathematical description of how a cost changes 
with changes in the level of an activity relating to that cost. 

Cost hierarchy The name given to the management-accounting 
logic used to separate one indirect cost pool into one of four 
possible cost pools according to the level at which activities 
contribute to producing output. 

Cost incurrence Costs are incurred when a resource is sacri- 

ficed or consumed. 

Cost leadership An organization’s ability to achieve low costs 
relative to competitors through productivity and efficiency 
improvements, elimination of waste, and tight cost control. 

Cost management The approaches and activities of managers 
who undertake both short-run and long-run planning and con- 
trol decisions to increase value to customers and to achieve 
organizational goals. 

Cost object Anything for which it is desirable to measure the 
costs. 

Cost of capital The required rate of return, which is the minimum 
acceptable annual rate of return on an investment; also called the 
discount rate, hurdle rate, or opportunity cost of capital. 

Costs of goods manufactured (COGM) Cost of goods brought 
to completion, whether they were started before or during the 
current accounting period. 

Costs of goods sold (COGS) The accumulation of all costs 

incurred to manufacture the finished products that have been 
sold during a specific time period. 
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Costs of quality (COQ) Costs incurred to prevent or rectify 

the production of a low-quality product. 

Costs of sales (COS) The accumulated purchase costs for mer- 

chandise sold by merchandising companies. 

Cost-plus method (CPM) A method of determining a transfer 

price that highlights the effect of the transfer price on the pre- 
tax income of each subunit. 

Cost-plus pricing Pricing in which the gross margin equals a 
certain percentage of the price. 

Cost pools The accumulation of relevant costs from general 
ledger accounts. 

Cost smoothing A costing system that spreads the costs of con- 
version and inputs uniformly. 

Cost tracing The method of assigning direct costs to a distinct 
cost object. 

Cost—volume-profit (CVP) analysis Examines the behaviour 

of total revenues, total costs, and operating income as changes 
occur in the output level, selling price, variable costs per unit, 
ot fixed costs; a single revenue driver and a single cost driver 
are used in this analysis. 

Critical value A benchmark value for the student t-statistic 

such that if the calculated value of t for the values of the coeffi- 
cients a and 6 exceed the critical value, then at a specificconfi- 
dence level, the values of a and b are not due to chance. 

Cross-sectional data Data that has been systematically col- 
lected simultaneously at many different locations. 

Cross-subsidization (or cost cross-subsidization) The situation 

that, when a simple average method is used, one output, batch, or 
product will be undercosted and at least one output, batch, 
or product will be overcosted. 

Cross-validation The process of comparing predictions and 
choosing among different (data science) models on a new set of 
data for which the actual outcomes are already known. 

Cumulative average-time learning model Depicts a relation- 

ship such that the cumulative average time per unit declines by 
a constant percentage each time the cumulative quantity of 
units produced doubles. 

Cumulative eligible capital (CEC) This pool is the balance of 
the eligible capital property remaining after deducting CECA. 

Cumulative eligible capital amount (CECA) The annual CRA 
deduction permitted on intangible assets, calculated at 7% on 
a declining-balance basis. 

Current cost The cost of purchasing an asset today identical to 
the one currently held. 

Curvilinear cost function Depicts in arithmetic notation a non- 

linear relationship between consumption of a resource and a 
cost. When the data points are joined they form a curve. 

Cushion Excess capacity. 

Customer life-cycle costing Costing that focuses on the exter- 
nal customer’s costs to acquire, maintain, and dispose of the 
product or services. 

Customer perspective This perspective identifies the targeted 
market segments and measures the company’s success in these 
segments. 

Customer preference map A graphical analysis with various 
desirable attributes that customers perceive as adding value to 

a product on one axis, and ratings of those attributes on the 
other axis. 

Customer profitability analysis The reporting and analysis of 

customer revenues and customer costs. 

Custamer-response time The amount of time between when a 

customer places an order for a product or requests a service 
and when the product or service is delivered to the customer. 

Customer service Providing after-sale support to customers. 

Data science Use of data analytics to draw conclusions from data. 

Decentralization A strategic response made by organizations 
that enables individual discretion. Primarily useful to organiza- 
tions that face great uncertainties in their diverse environments, 
require detailed local knowledge for performing various jobs, 
and have few interdependencies among subunits. 

Decision model A formal method of making a choice that 
often involves both quantitative and qualitative analyses. 

Decision tree A data science technique for segmenting the tar- 
get variable into different regions based on a set of rules. 

Degree of operating leverage Contribution margin divided by 
operating income. 

Degrees of freedom, df A way to properly classify a critical 
value for each sample size. 

Delivery time How long it takes to deliver a completed order 
to a customer. 

Denominator-level variance A production-volume or output- 
level variance equal to the difference between budgeted fixed 
overhead and the assigned fixed overhead for the actual quan- 
tity of outputs. 

Dependent variable The cost to be predicted and managed in 
cost function estimation. 

Design of products, services, or processes The detailed plan- 
ning and engineering of products, services, or processes. 

Designed-in costs (or locked-in costs) Costs that have not yet 
been incurred but that will be incurred in the future on the 

basis of decisions that have already been made. 

Diagnostic control systems Measures that help diagnose 
whether a company is performing to expectations. 

Differential approach This approach analyzes only relevant 
cash flows—those future cash outflows and inflows that differ 

between alternatives. 

Differential cost (or net relevant cost) The difference in total 
cost between two alternatives. 

Differential revenue The difference between the total revenue 

of two or more alternatives. 

Direct allocation method This cost allocation method applies 
each support division’s costs directly to the operating divisions. 

Direct costing Inaccurately describes the inventory costing 
(valuation) method we call variable costing. 

Direct costs Costs related to a particular cost object that can 
be traced to that object in an economically feasible way. 

Direct labour (DL) cost The compensation of all period labour 
that can be traced to a cost object in an economically feasible 
way but are vot part of cost of goods sold. 

Direct machine-hour costs The quantity of machine-hours 
used when a product is manufactured. 



Direct manufacturing labour (DML) cost The compensation 
of all manufacturing labour that can be traced to a cost object 
(work in process and then finished goods) in an economically 
feasible way. 

Direct materials (DM) cost Acquisition costs of all materials 

that eventually become part of the cost object (work in process 
and then finished goods), and that can be traced to the cost 
object in an economically feasible way. 

Direct materials inventory Materials in stock and awaiting use 
in the manufacturing process. 

Direct materials mix variance The difference between two 

amounts: (1) the budgeted cost for the actual mix of the total 
quantity of direct materials used, and (2) the budgeted cost of the 
budgeted mix of the actual total quantity of direct materials used. 

Direct materials yield variance The difference between two 
amounts: (1) the budgeted cost of direct materials based on the 
actual total quantity of all direct materials inputs used, and 
(2) the flexible-budget cost of direct materials based on the 
budgeted total quantity of direct materials inputs for the 
actual output, holding the budgeted input mix constant. 

Direct method (also called the direct allocation method) Allo- 

cates each support department’s costs directly to the operating 
departments. 

Discontinuous cost function Arises when, within the relevant 

range of production inputs, the graph of total costs with a sin- 
gle resource consumed does not form a straight line with a con- 
stant slope (also called step fixed cost). 

Discount rate Also known as hurdle rate, (opportunity) cost of 

capital, or required rate of return (RRR); the minimum accept- 
able rate of return on an investment. 

Discounted cash flow (DCF) Two methods are net present 

value (NPV) and internal rate of return (IRR). 

Discretionary costs These costs arise from periodic (usually 
yearly) decisions regarding the maximum amount to be 

incurred; they have no clearly measurable cause-and-effect 
relationship between output and resources used. 

Distribution Delivering products or services to customers. 

Downside risk (also called upside potential risk/return, cost/ 
benefit) Used to make resource allocations such that the 
expected benefits exceed the expected costs. 

Downsizing (or rightsizing) An integrated approach to config- 
ure processes, products, and people to match costs to the activ- 
ities needed to be performed to operate efficiently and 
effectively in the present and future. 

Downstream cost Costs incurred after production. 

Downward demand spiral A progressive reduction in sales and 
production that leads to an increase in the fixed overhead rate. 
As sales decrease, the realized quantity in the denominator of 
any fixed overhead cost rate decreases but the fixed cost pool is 
constant. Diminishing sales must bear higher costs per unit, 
which leads to diminishing sales. 

Dual pricing Using two separate transfer pricing methods to 
price each interdivision transaction. 

Dual-rate method This method first classifies costs in the cost 
pool into two pools (typically into a variable-cost pool and a 
fixed-cost pool), and each poo! has a different allocation rate 
or base. 
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Dumping A non-Canadian company sells goods in Canada at 
a price below the market value in the home country or receives 
a government subsidy and this action materially injures or 
threatens to materially injure an industry in Canada. 

Dysfunctional decision making Also known as goal-incongruent 

decision making, or suboptimal decision making; arises when a 
decision’s benefit to one subunit is more than offset by the 
costs or loss of benefits to the organization as a whole. 

Economic order quantity (EOQ) A decision model that calcu- 
lates the optimal quantity of inventory to order. 

Economic plausibility The cost drivers under consideration as 

predictor variables are actually consumed when the indirect 
costs are incurred. 

Economic substance The financial outcome of all the different 
types of business transactions that happened in a specified time 
period, 

Economic value added (EVA) A calculation that substitutes 

the following numbers in the residual-income calculations: 
(1) income equal to after-tax operating income, (2) a required 
rate of return equal to the weighted-average cost of capital, and 
(3) investment equal to total assets minus current liabilities. 

Economies of scale Given a specific fixed cost of capacity, the 
greater the volume of output in the relevant range, the lower 

the unitized fixed cost of any one output. 

Economies of scope These economies are achieved if a com- 
pany designs different products that can be produced using the 
same equipment and plant. 

Effectiveness The degree to which a predetermined objective 
or target is met. 

Efficiency The relative amount of inputs used to achieve a 
given level of output. 

Efficiency variance The difference between the actual quantity 
of input used and the budgeted quantity of input that should 
have been used multiplied by the budgeted input price. 

Effort Exertion toward a goal. Effort goes beyond physical 
exertion, such as a worker producing at a faster rate, to include 
all conscientious actions (physical and mental). 

Eligible capital expenditure The acquisition cost of an intangi- 
ble asset. 

Eligible capital property 75% of the acquisition cost of an 
intangible asset. 

Engineered costs These costs arise specifically from a clear 
cause-and-effect relationship between output (or cost driver) 

and the (direct or indirect) resources used to produce that 

output. 

Enterprise resource planning (ERP) system System that 

improves internal business process flows of information 
enabling effective inventory cost control. 

Enterprise risk management (ERM) Aligns strategy with risk 
management and evaluates how management initiatives have 
improved the overall risk profile of the company. 

Equivalent units (EU) Derived amount of output units that 
(a) takes the quantity of each input (factor of production) in 
units completed and in incomplete units of work in process and 
(b) converts the quantity of input into the amount of completed 
output units that could be produced with that quantity of 
input. 
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Ethical guidelines Guidelines that help members of a profession 
reason through an appropriate response to an ethical issue. 

Ethics Agreed-upon standards of honesty and fairness that 
apply to everyone in all their dealings with one another. 

Excess present value index (or profitability index) The total 
present value of future net-cash inflows of a project divided by 
the total present value of the net initial investment. 

Expected monetary value The sum of the weighted outcomes 
as measured in monetary terms. 

Expected value The sum of multiplying each cash inflow, a;, by 

the probability or 5)-,E(a) = D(pi) X aj. 

Experience curve A cost function that shows how full product 
costs per unit (including manufacturing, marketing, 

distribution, and so on) decrease as total quantity produced 
increases. 

Explanatory power A change in the quantity of an activity 

cost driver will explain the change in cost of a distinct type of 
output. 

External failure costs Costs incurred to detect a nonconform- 

ing product after it is shipped to customers. 

Facility-sustaining costs The cost of activities that cannot be 
traced to individual products or services but support the orga- 
nization as a whole. 

False negatives (FN) Actual positives (for example, default 
loans) in a classification model incorrectly predicted as nega- 
tives (repay loans) at a given threshold value. 

False positive rate Fraction of actual negatives (for example, 
repay loans) in a classification model incorrectly predicted as 
positives (default loans) at a given threshold value. 

False positives (FP) Actual negatives (for example, repay loans) 

in a classification model incorrectly predicted as positives 
(default loans) at a given threshold value. 

Favourable (F) variance A favourable variance results when 

actual operating income exceeds the budgeted amount. 

Finance director (or chief financial officer) The senior officer 
empowered with overseeing the financial operations of an 

organization. 

Financial accounting Measures and records business transac- 
tions and provides financial statements that are based on gen- 
erally accepted accounting principles. It focuses on reporting to 
external parties such as investors and banks. 

Financial budgets That part of the master budget that com- 

prises the capital budget, cash budget, budgeted balance sheet, 
and budgeted statement of cash flows. 

Financial perspective This perspective highlights achievement 
of financially strategic goals. 

Fineness A characteristic of reliable information that enables 
users of that information to better predict how one factor will 
change with a change in another factor. 

Finished goods inventory Unsold finished goods. 

First-in, first-out (FIFO) process-costing method A method of 

process costing that assigns the cost of the previous accounting 
period’s equivalent units in beginning work-in-process inven- 

tory to the first units completed and transferred out of the pro- 
cess, and assigns the cost of equivalent units worked on during 
the current period first to complete beginning inventory, next 

to start and complete new units, and finally to units in ending 
work-in-process inventory. 

Fixed cost A cost that remains unchanged in total for a partic- 
ular time period despite wide changes in the related level of 
total activity or volume. 

Fixed overhead rate variance The difference between the bud- 
geted fixed manufacturing overhead cost minus the actual 
fixed manufacturing overhead cost. 

Flexible budget A budget that is adjusted in accordance with 
ensuing changes in either actual output or actual revenue and 
cost drivers. 

Flexible-budget variance The difference between the actual 

(realized) results and the flexible-budget (pro forma) amount 
for the actual levels of the revenue and cost drivers. 

Formal management control system Includes explicit rules, 
procedures, performance measures, and incentive plans that 
guide the behaviour of its managers and other employees. 

Full absorption costing A method of inventory valuation in 
which inventory “absorbs” both variable and fixed manufac- 
turing costs as inventoriable costs, but all nonmanufacturing 
costs are classified as period costs. 

Full product costing Recovering all the costs generated by all 
business functions in the value chain. 

Full product costs The sum of all the costs in all the business 
functions in the value chain (R&D, design, production, mar- 

keting, distribution, and customer service). 

Gini impurity A metric in decision tree analysis to measure the 
purity of a collection of observations in a tree branch. 

Goal congruence Exists when individuals and groups work 
towards the publicly declared organization goals. 

Goal-incongruent decision making Also known as dysfunc- 
tional decision making, or suboptimal decision making; 
arises when a decision’s benefit to one subunit is more than 
offset by the costs or loss of benefits to the organization as a 
whole. 

Goodness of fit The term statisticians use to describe the pro- 
portion of change in an outcome variable Y that is explained 
by a predictor variable X. 7 is the statistic or measure of good- 
ness of fit. 

Gross margin Revenue minus cost of goods sold (or cost of 
sales); Rev —- COGS (or COS). 

Gross margin percentage (GM%) The result obtained from 
dividing the gross margin by the total revenue. 

Gross profit percentage See operating margin percentage. 

Half-year rule Assumes that all net additions are purchased in 
the middle of the year, and thus only one-half of the stated 
CCA rate is allowed in the first year. 

Heterogeneous cost pool A mix of different types of costs 
caused by different cost drivers that may contain both variable 
and fixed costs. 

High-low method Uses only the highest and lowest observed 
values of the common input within the relevant range. The line 
connecting these two points becomes the estimated cost 
function. 

Human capital The value added by people with skill and expe- 
rience gained from working together. 



Hurdle rate Also known as discount rate, (opportunity) cost of 
capital, or required rate of return (RRR); the minimum accept- 
able rate of return on an investment. 

Hybrid-costing system Costing system that blends characteris- 
tics from both job-costing systems and process-costing 
systems, 

Hyperparameter A parameter that cannot be learned by run- 
ning a decision model but must be chosen prior to building the 
model. 

Idle time Wages paid for unproductive time caused by lack of 
orders, machine breakdowns, material shortages, poor sched- 
uling, and the like that interrupt production. 

Imputed costs Costs recognized in particular situations that 
are not regularly recognized by accrual accounting procedures. 

Incremental cost allocation method This method ranks the 
individual cost objects and then uses this ranking to allocate 
costs among those cost objects. 

Incremental cost Also known as out-of-pocket costs, or outlay 
costs; additional costs made to obtain either additional 
resources or sales, 

Incremental revenue Any additional total revenue from one 
alternative. 

Incremental revenue-allocation method A method that ranks 
the individual products in a bundle and then uses this ranking 
to allocate the bundled revenues to these individual products. 
The first-ranked product is termed the primary product in the 
bundle, 

Incremental unit-time learning model The incremental unit 
time (the time needed to produce the last unit) declines by a 
constant percentage each time the cumulative quantity of units 
produced doubles. 

Independent variable The factor used to predict the dependent 
variable, 

Indirect costs Costs related to a particular cost object that can- 
not be traced to that object in an economically feasible way. 

Indirect cost allocation rate The result of dividing an 

indirect cost pool by the quantity of resources in the indirect 
cost-allocation base. It is the estimated unit or average cost of 
indirect inputs. 

Industrial engineering method This work measurement begins 
with an analysis of the relationship between quantities of phys- 
ical inputs and physical outputs. 

Inflation The decline in the general purchasing power of the 
monetary unit. 

Informal management control system Includes shared values, 
loyalties, and mutual commitments among members of the 
organization; company culture; and the unwritten norms about 
acceptable behaviour for managers and other employees. 

Infrastructure costs These costs arise from having property, 
plant, and equipment and a functioning organization. 

Input-efficiency variance The difference between the actual 
quantity of input used and the budgeted quantity of input that 
should have been used multiplied by the budgeted input 
price, 

Input mix The determination of the standard combination and 
proportion of very similar direct material inputs that may be 
substituted for one another. 
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Input price variance The difference between the actual price 
and the budgeted price multiplied by the actual quantity of 
input in question, 

Insource To produce goods or provide services within the 
organization. 

Inspection point Stage of the production process at which 
products are examined to determine whether they are accept- 
able or unacceptable units. In the situation of process costing, 
spoilage is typically assumed to occur at the stage of comple- 
tion where inspection takes place. 

Intellectual capital This comprises human, structural, and 

relational capital. 

Interactive control systems Formal information systems that 
managers use to focus organization attention and learning on 
key strategic issues. 

Intermediate products Unfinished products transferred from 
one subunit to another subunit of the same organization in a 
multi-stage production process, 

Internal-business-process perspective This perspective requires 
analysis of how to improve internal operations, which impli- 
cates the entire value chain of business functions. 

Internal failure costs Costs incurred to detect a nonconform- 
ing product before it is shipped to customers. 

Internal rate of return (IRR) The discount rate at which the 

present value of expected cash inflows from a project equals 
the present value of expected cash outflows of the project (also 
called time-adjusted rate of return). 

International financial centres Countries with very low income 

tax rates that have tax treaties with Canada. 

Intrinsic motivation The desire to achieve self-satisfaction 
from good performance regardless of external rewards such as 
bonuses or promotion, 

Inventoriable costs All costs of a product that are considered 
as assets in the balance sheet when they are incurred and that 
become cost of goods sold only when the product is sold. 

Inventory management The planning, coordinating, and con- 

trol activities related to the flow of inventory into, through, 
and from the organization. 

Invested capital Total assets plus current assets required to 
fund a specific project. 

Investment centre A responsibility centre for which managers 
are accountable for investments, revenues, and costs. 

Investment decision Also known as investment program, or 
investment project; a long-term cash allocation decision. 

Investment program Also known as investment, or investment 
project; a long-term cash allocation decision, 

Investment project Also known as investment, or investment 

program; a long-term cash allocation decision. 

Job A distinct output unit or set of units. 

Job-cost record (or job-cost sheet) The document where the 
costs for a job are recorded and accumulated. Jobs usually 

require some type of direct materials input. 

Job-cost sheet See job-cost record. 

Job-costing system A system where costs are assigned to a 

distinct unit, or set of units, of a product or service called a 
job. 
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Joint costs The costs of a production process that yields multi- 
ple main products simultaneously. 

Joint products Products that have relatively high sales value 

but are not separately identifiable as individual products until 
the splitoff point. 

Just-in-time (JIT) production (or lean production) A demand- 

pull system in which each component in a production line is 
produced immediately as the next step in the production line 
needs the component. 

Just-in-time (JIT) purchasing A strategy to purchase goods or 

materials such that a delivery immediately precedes demand 
or use. 

Kaizen budgeting Budgeting to implement a strategy of sys- 
tematic elimination of waste in every business process. 

Key performance factor Interdependent BSC factors most rele- 
vant to implementing a strategy successfully. Also called key 
success factors (KSF). 

Key success factors Strategic factors that require close atten- 
tion and control to assure an organization will survive and 
thrive. 

Labour intensive Labour costs are a significant proportion of 
total costs. 

Labour-time sheet A source document recording the type of 
labour, quantity of time, unit labour rate, and total cost of 

labour for each job. 

Lagged relationship The cost driver activity occurred the time 
period (t — 1) before the costs were recorded in the cost pool. 

Leading relationship Costs were prepaid or incurred the time 
period before the cost driver activity occurred in the time 
period (¢ + 1). 

Lean accounting A costing method that supports creating 
value for customers by costing the value streams, as distin- 
guished from individual products or departments, thereby 
eliminating waste in the accounting process. 

Lean production (or JIT production) A demand-pull system 
in which each component in a production line is produced 
immediately as the next step in the production line needs the 
component. 

Learning Arises from examining actual performance and sys- 
tematically exploring how to make better informed predic- 
tions, decisions, and plans in the future. 

Learning and growth perspective A field of study on the iden- 
tification, development, retention, and valuation of intellectual 

capital, which comprises human, structural, and relational cap- 
ital. 

Learning curve A curvilinear mathematical production func- 
tion that shows how the ratio of quantity produced increases at 
a faster rate than the rate at which the time spent in activities 
of production decreases (OQ, output + O; DLH). 

Life-cycle budgeting A form of budgeting that requires that 
managers estimate full product costs across the entire value 
chain of business functions. 

Life-cycle costing This process tracks and accumulates the 
actual costs attributable to each product from start to finish. 

Life-cycle pricing Cradle-to-grave pricing that includes the 
environmental costs of production, reclamation, recycling, and 
reuse of materials. 

Line management Managers (for example, in production, 
marketing, or distribution) who are directly responsible for 

attaining the goals of the organization. 

Linear cost function Can be depicted on a graph as a straight 
line of the equation y = a + bX. 

Linear programming An optimization technique used to max- 
imize total contribution margin (the objective function) given 
multiple constraints. 

Locked-in costs (or designed-in costs) Costs that have not yet 

been incurred but that will be incurred in the future on the 

basis of decisions that have already been made. 

Main product One product with a high sales value relative to 
the other products that a single process yields. 

Make/buy decision The decision whether to insource or out- 
source a business service or product. 

Malus The clawback of previously awarded compensation 
from an executive because of poor performance. 

Management accountants Accountants who measure, analyze, 
and report financial and nonfinancial information to internal 
managers. 

Management accounting Measures, analyzes, and reports 
financial and nonfinancial information that helps managers 
make decisions to fulfill the goals of an organization. It focuses 
on internal reporting. 

Management accounting control system (MACS) A system 
that provides relevant information as a basis for assurance of 
effective control. 

Management by exception The practice of focusing manage- 
ment attention on areas not operating as expected (such as a 

cost overrun on a project) and giving less attention to areas 
operating as expected. 

Management control system A means of gathering and using 
information to aid and coordinate the planning and control 
decisions throughout an organization and to guide the 
behaviour of its managers and other employees. 

Management information system (MIS) Sometimes called a 
data warehouse, these databases consist of small, detailed bits 
of information that can be used for several purposes. 

‘Manufacturing cells A grouping of all the different types of 
equipment used to make a given product. 

Manufacturing cycle efficiency (MCE) The ratio of value- 
added manufacturing cycle time divided by the total manufac- 
turing cycle time. 

Manufacturing cycle time The sum of waiting time plus pro- 

duction cycle time. 

Manufacturing lead time The sum of waiting time plus manu- 
facturing time for the order. 

Manufacturing overhead (MOH) See indirect costs. 

Manufacturing overhead allocated The amount of manufactur- 
ing overhead costs allocated to distinct types of jobs based on 
the budgeted rate multiplied by the actual quantity of the allo- 
cation base used. Also called manufacturing overhead applied. 

Manufacturing overhead applied See manufacturing overhead 
allocated. 

Manufacturing-sector companies Companies that purchase 
materials and components and convert them into various fin- 
ished goods. 



Margin of safety The excess of forecasted or budgeted reve- 
nues over the breakeven revenues. 

Marginal income tax rate The tax rate paid on additional 
amounts of pretax income. 

Market-share variance The difference between two amounts: 
(1) the budgeted amount based on actual market size in units, 

actual market share, and budgeted contribution margin per 
composite unit for the budgeted mix, and (2) the budgeted 

amount based on actual market size in units, budgeted market 
share, and budgeted contribution margin per composite unit 
for the budgeted mix. 

Market-size contribution margin variance The difference 
between two amounts: (1) the budgeted amount based on 

actual market size in units, budgeted market share, and bud- 
geted contribution margin per composite unit for budgeted 
mix, and (2) the static budget amount based on the budgeted 

market size in units, budgeted market share, and budgeted con- 
tribution margin per composite unit for budgeted mix. 

Marketing Promoting and selling products or services to cus- 
tomers or prospective customers. 

Master budget Summarizes the financial projections of all the 
organization’s individual schedules and subunit budgets 
required to produce an operating budget. 

Master-budget capacity The level of output that will satisfy 
customer demand for a single budget cycle and complies with 
Canada Revenue Agency (CRA) for tax purposes. 

Materials requirements planning (MRP) A demand push- 
through system that manufactures finished goods for inventory 
on the basis of demand forecasts. 

Materials-requisition record A source document recording the 
job for which materials are needed. 

Matrix A way of succinctly communicating relevant informa- 
tion in rows and columns. 

Merchandising-sector companies Companies that purchase and 
then sell tangible products without changing their basic form. 

Mix variance A measurement of the variance of actual from 

expected input mix. 

Mixed cost A cost pool that comprises both variable and fixed 
costs. 

Moral hazard Describes contexts in which, once risk is shared, 

the individual fails to make as much effort to avoid harm as 

when risk was not shared. 

Motivation The desire to attain a selected goal (the 
goal-congruence aspect) combined with the resulting drive or 
pursuit towards that goal (the effort aspect). 

Multicollinearity When two or more predictor variables are 
highly correlated with each other. 

Multiple regression The technique used to measure the 

strength of relationships among at least two predictor variables 
and the outcome variable. 

Net addition Arises when the purchase price of new equip- 
ment exceeds proceeds of disposition of the old equipment. 

Net income margin (or net profit margin) An alternative tech- 
nical term for net income. 

Net income margin percentage Net income divided by revenue. 

Net present value (NPV) A method that calculates the expected 

net monetary gain or loss from a project by discounting all 
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expected future cash inflows and outflows to the present point 
in time, using the required rate of return. 

Net realizable value (NRV) method A method that allocates 

joint costs on the basis of the relative estimated net realizable 
value (expected final sales value in the ordinary course of busi- 
ness minus the expected separable costs of production and 
marketing of the total production of the period). 

Net relevant cost (or differential cost) The difference in total 
cost between two alternatives. 

Nominal approach An internally consistent approach to incor- 
porating inflation that predicts cash inflows and outflows in 
nominal (stated) monetary units avd uses a nominal rate as the 
required rate of return. 

Nominal rate of return The rate of return required to cover 
investment risk and the anticipated decline, due to inflation, in 

the general purchasing power of the cash that the investment 
generates. 

Nonfinancial budgets Budgets that report on both the timing 
and quantity of resources required to achieve predicted finan- 
cial results. 

Nonlinear cost function Arises when, within the relevant range 
of production inputs, the graph of total costs with a single cost 
driver does not form a straight line. 

Non-productive idle capacity A capacity level that incorpo- 
rates downtime for setups. 

Non-value-added activities Activities that fail to contribute to 
the customer’s value proposition. 

Non-value-added cost A cost that, if eliminated, would not 

reduce the value customers obtain from using the product or 
service. 

Normal capacity The level of output that will satisfy average 
customer demand over a specified time period and complies 
with GAAP. 

Normal costing The use of standard or predetermined or bud- 
geted indirect cost-allocation rates to assign overhead costs but 
actual direct cost rates to assign direct costs. 

Normal spoilage Spoilage inherent in a particular production 
process that arises even under efficient operating conditions; 
often a locked-in cost. 

Objective function The objective or goal to be maximized 
expressed by a linear program. 

Off-limits idle capacity A capacity level that accounts for 
unavoidable operating interruptions such as scheduled mainte- 
nance time, shutdowns for holidays, safety inspections, and so on. 

On-time performance Situations in which the product or 
service is actually delivered at the time it is scheduled to be 
delivered. 

Operating budget (or pro forma net income statement) When the 
income statement refers to the future and not the past, it is an 
operating budget, also referred to as a pro forma net income 
statement. The operating budget presents the results of operations 
in many value-chain business functions prior to financing and 

taxes. 

Operating cycle Also known as a self-liquidating cycle, work- 
ing capital cycle, or cash cycle; the movement of cash to inven- 
tories, to receivables, and back to cash. 

Operating department See operating division. 
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Operating (core) division (department, production depart- 
ment) This core division or department, also called in manufac- 

turing companies, a production division or department, adds 
value that is observable by a customer to a product or service. 

Operating leverage The effects that different fixed costs (FC) 
have on changes in operating income (OI) as changes occur in 
the quantity (Q) available and sold, and hence on either the 
unit or total contribution margin. 

Operating margin Total revenues from operations minus total 
costs from operations (excluding interest and income tax 
expenses), including inventoriable and period costs. 

Operating margin percentage (or gross profit percentage) The 
result obtained from dividing the operating income by the total 
revenue. 

Operation A standardized method or technique that is per- 
formed repetitively, often on different materials, resulting in 

different finished goods. Operations are usually conducted 
within departments. 

Operations The activities that convert various resources into a 

product or service ready for sale. 

Opportunity cost The contribution to income that is forgone 
(rejected) by not using a limited resource in its next-best alter- 
native use, 

Opportunity cost of capital Also known as discount rate, hur- 
dle rate, or required rate of return (RRR); the minimum accept- 
able rate of return on an investment. 

Optimization technique A way to find the best answer using a 
mathematical model. 

Order delivery time The time it takes distribution to pick up 
the order from manufacturing and deliver it to the customer. 

Order receipt time The time it takes the marketing department 
to send engineering and other specifications to the manufactur- 
ing department. 

Ordering costs The costs to prepare and issue a purchase order. 

Ordinary least squares (OLS) linear regression. A method that 
computes a formal measure of goodness of fit, called the coef- 
ficient of determination. 

Organic revenue growth Growth obtained without mergers or 
acquisitions, 

Organisation for Economic Co-operation and Development An 
organization that promotes policies that will improve the eco- 
nomic and social well-being of people around the world. 

Organizational structure An arrangement of centres of respon- 
sibility within an entity. 

Out-of-pocket costs Also known as incremental costs, or out- 
lay costs; additional costs made to obtain either additional 
resources or sales. 

Outcome variable Any value (Y), that increases and decreases 
after a change in the value of another factor (X). 

Outcomes Refer to the company and are uncertain if they are 
possible-but-unidentified consequences from different combi- 
nations of actions and events, 

Outlay costs Also known as incremental costs, or out-of- 
pocket costs; additional costs made to obtain either additional 
resources or sales. 

Outliers Actual observations outside the specified limits that 
are ordinarily regarded as nonrandom and worth investigating. 

Output-level overcosting A unit, batch, or product consumes a 
relatively low level of input materials and conversion activities 
but is reported to have a relatively high total cost. 

Output-level overhead variance A production-volume or 
denominator-level variance equal to the difference between 
budgeted fixed overhead and the assigned fixed overhead for 
the actual quantity of outputs. 

Output-level undercosting A unit, batch, or product consumes 
a relatively high level of input materials and conversion activi- 
ties but is reported to have a relatively low total cost. 

Output unit-level costs Costs that arise when activities con- 
tribute to the cost of each unit of a product or service. 

Outsource The process of purchasing goods and services from 
outside vendors rather than producing the same goods or pro- 
viding the same services within the organization. 

Overallocated indirect costs Also known as overapplied indi- 
rect costs or overabsorbed indirect costs; costs that occur when 

the allocated amount of indirect costs in an accounting period 
is greater than the actual (incurred) amount in that period. 

Overabsorbed indirect costs less overhead costs incurred than 
expected. Thus, higher cost is applied to a centre or object than 
actually incurred. Recognition of expense is reduced in the cur- 
rent period, which increases profits. 

Overapplied indirect costs Actual expenses incurred are less 
than budget. 

Overfitting Occurs when a data science model adheres too 
closely to the specific details of a training dataset such that, in 
addition to signal, the model captures noise from random chance. 
The model does a poor job of predicting on new data sets. 

Overtime premium The wage rate paid to workers for any 
labour in excess of their straight-time wage rates. 

P-value The probability that, regardless of the statistical 
significance of the t-Stat, we are wrong to conclude that either 
4 or b are not random. 

Padding The practice of underestimating budgeted revenues 
(or overestimating budgeted costs) to make budgeted targets 
easier to achieve. 

Paralysis by analysis A phrase that describes situations where 
_ managers delay making a decision because they decide to wait 
for more information. 

Pareto diagram (frequency chart) This diagram indicates how 
frequently each type of failure (defect) occurs. 

Pareto principle Expresses materiality in a straightforward way— 
for many events, 80% of effects arise from 20% of the causes. 

Partial productivity This most frequently used productivity 
measure compares the quantity of output produced with the 
quantity of an individual input used. 

Payback method A method that measures the time it will take 
to recoup, in the form of net cash inflows, the net initial invest- 

ment in a project. 

Peak-load pricing The practice of charging a higher price for 
the same product or service when demand approaches physical 
capacity limits. 

Peanut-butter costing A costing system that spreads the costs 
of conversion and inputs uniformly. 

Perfectly competitive market Exists when there is a homogeneous 
product with equivalent buying and selling prices and no individ- 
ual buyers or sellers can affect those prices by their own actions. 



Period costs All costs incurred to generate revenue during a 
specific time period except the costs of manufacturing accumu- 
lated as cost of goods sold. 

Perverse incentive Rewards inappropriate management 

behaviour to present the appearance of cost-effective perfor- 
mance instead of to achieve actual cost-effective performance. 

Physical measure method This method allocates joint costs on 
the basis of their relative proportions at the splitoff point, 
using a common physical measure such as weight or volume of 
the total production of each product. 

Physical units The units present at any given point in time in a 
production process. 

Planning Selecting organizational goals, predicting results 
under various ways of achieving those goals, deciding how to 

attain the desired goals, and communicating the goals and how 
to attain them to the entire organization. 

Practical capacity The amount of output possible if idle time for 
maintenance, safety inspections, and holidays is scheduled. 

Predatory pricing A company sells products at unreasonably 
low prices that either tend to substantially lessen competition 
or were designed to have that effect. 

Predictive modelling A data science technique used to make 
predictions based on past or current data. 

Predictor variable(s) X Measured first for changes; then associ- 
ated changes are measured for the outcome variable Y. 

Prevention costs Costs incurred to preclude the production of 
products that do not conform to specifications. 

Previous department costs Costs incurred in previous depart- 
ments that are carried forward as the product’s costs when it 
moves to a subsequent process in the production cycle (also 
called transferred-in costs). 

Price discounting The reduction of selling prices below listed 
levels to encourage an increase in purchases by customers. 

Price discrimination The practice of charging some customers 
a higher price than is charged to other customers. 

Prime costs May include only direct materials, or may include 
all direct manufacturing costs including direct labour. 

Pro forma statements Budgeted, forecasted, or estimated 

financial statements. 

Probability Likelihood an actual or realized value, event, or 

outcome will differ from an expected or budgeted value, event, 

or outcome. 

Process-costing system A system where costs are assigned to 

masses of similar units produced during a specific time period. 

Product Any output that has a positive sales value (or an out- 
put used internally that enables an organization to avoid incur- 
ring costs). 

Product bundle A combination of two or more different prod- 
ucts, two or more different services, or products combined 
with services. 

Product cost Sum of the costs assigned to a product for a spe- 
cific purpose. 

Product-cost cross-subsidization When a cost is uniformly 
spread (broadly averaged) across multiple products without 
recognizing the amount of resources consumed by each product. 
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Product differentiation A company’s ability to offer products 
or services perceived by its customers as~being superior and 

unique relative to those of its competitors. 

Product life cycle From the viewpoint of the producer, the 
product life cycle spans the time from initial R&D to the time 
at which support to customers is withdrawn. 

Product overcosting A product consumes a low level of 
resources but is reported to have a high cost per unit. 

Product-sustaining costs (or service-sustaining costs) Resources 

sacrificed on activities undertaken to support product lines, 
not batches of product lines or units of product. 

Product undercosting A product consumes a high level of 
resources but is reported to have a low cost per unit. 

Production Acquiring, coordinating, and assembling resources 
to produce a product or deliver a service. 

Production denominator level (or production denominator 
volume) A measure of capacity. The denominator can be one 
of four choices. 

Production department See operating division. 

Production (core, operating) division (department, production 

department) This core division or department, also called an 
operating division, or, in manufacturing companies, a produc- 
tion department, adds value that is observable by a customer to 
a product or service. 

Production-volume variance A denominator-level or output- 
level variance equal to the difference between budgeted fixed 
overhead and the assigned fixed overhead for the actual quan- 
tity of outputs. 

Productivity Measurement of the relationship between actual 
inputs used (both quantities and costs) and actual outputs pro- 
duced. 

Professional codes of conduct Codes that specify how the pro- 
fessions must behave in professional practice. 

Profit centre A responsibility centre for which managers are 
accountable for revenues and costs and have some authority 
over others who decide upon key factors affecting both reve- 
nue and cost. 

Profit split method (PSM) A transactional profit method of 
setting a transfer price that requires understanding the value 
added by the functions performed by each related party and 
the resulting allocation of profit and loss to each subunit. 

Profitability index (or excess present value index) The total 

present value of future net cash inflows of a project divided by 
the total present value of the net initial investment. 

Proration An allocation method that uses the percentages of 
manufacturing overhead allocated based on normal costing to 
allocate the underallocation or overallocation among the rele- 

vant accounts. 

Pruning A technique in which a decision tree is not grown to its 
full size but instead is only allowed to grow to a certain depth. 

Purchase order lead time The time between the placement of 
an order and its delivery. 

Purchasing costs The acquisition costs of goods acquired from 

suppliers including freight in, the transportation costs. 

Qualitative factors Outcomes that cannot be measured in 

numerical terms. 
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Quality of design Measures how closely the characteristics of 
products or services match the needs and wants of customers. 

Quantitative factors Outcomes that are measured in numerical 
terms. 

r* (or coefficient of determination r°) Measures the percentage 
of variation in an outcome variable explained by one or more 
predictor variables. 

Rate of return (ROR) The ratio of the predicted cost inflow 

minus outflow divided by the total outflow for the investment. 

Rate variance The difference between the actual price and the 
budgeted price multiplied by the actual quantity of input in 
question. 

Real approach An internally consistent method of incorporat- 
ing inflation into the NPV method that predicts cash inflows 
and outflows in real monetary units and uses a real rate as the 
required rate of return. 

Real rate of return The rate of return required to cover only 
investment risk. 

Recapture of CCA If, upon sale of the last of a specific asset 
class, the calculation results in a negative UCC balance, CRA 

deems this a recapture of CCA and it is taxed as normal busi- 
ness income for the calendar year of the transaction. 

Receipt time How long it takes the marketing department to 
specify to the manufacturing department the exact require- 
ments in the customer’s order. 

Receiver operating characteristic (ROC) curve A graph of the 
false positive rate on the x-axis and the true positive rate on the 
y-axis in data science analyses. 

Reciprocal allocation method Allocates costs by explicitly 
including the mutual services provided among all support 
departments. 

Reciprocated cost This is also known as an artificial cost pool 
for each support services division, It identifies the output from 
an intermediate step used in Excel Solver and in Excel matrix 
calculations to eventually calculate the results of reciprocal 
cost allocation. 

Redesigning The fundamental rethinking and redesign of busi- 
ness processes to achieve improvements in critical measures 
such as cost, quality, speed, and customer satisfaction. Also 
called reengineering. 

Reengineering The fundamental rethinking and redesign of 
business processes to achieve improvements in critical mea- 
sures of performance such as cost, quality, service, speed, and 

customer satisfaction. 

Refined costing system A costing system that improves the 
measure of non-uniformity in the use of an organization’s 
shared resources, 

Regression analysis A statistical method that measures the 
average amount of change in the dependent variable associated 
with a unit change in one or more independent variables. 

Related parties Corporate subunits conducting sales activity 
between one another, 

Relevant costs Forecast future costs that differ because of a 
decision. 

Relevant range Band of normal activity level or volume in 
which there is a specific relationship between the level of activ- 
ity or volume and the cost in question. 

Relevant revenues Forecast future revenues that differ because 
of a decision. 

Reorder point The quantity level of the inventory on hand that 
triggers a new order. 

Required rate of return (RRR) Also known as discount rate, 

hurdle rate, or (opportunity) cost of capital; the minimum 
acceptable rate of return on an investment. 

Resale price method (RPM) This transaction method requires 

a company calculate the arm’s-length resale price. 

Research and development (R&¢D) Generating and experiment- 

ing with ideas related to new products, services, or processes. 

Residual income (RI) Income minus a required dollar return 
on the investment. 

Residual term Also called the disturbance or the error term, 
The residual is calculated as e = Y — y and graphically it 
appears as the vertical deviation of the actual data point (X, Y) 
from the estimated data point (X, y). 

Responsibility accounting A system that measures the plans 
(by budgets) and actions (by actual results) of each responsibil- 
ity centre. 

Responsibility centre A part, segment, or subunit of an organi- 
zation whose manager is accountable for a specified set of 
activities. 

Return on investment (ROI) Also known as accounting rate of 

return, or accrual accounting rate of return (AARR); an 

accounting measure of income divided by an accounting mea- 
sure of investment. 

Return on sales (ROS) The income-to-revenue (sales) ratio and 

a frequently used financial performance measure. 

Revenue allocation Allocation that occurs when revenues must 
be assigned to distinct types of sales, but it is not economically 
feasible-to trace the revenue (which would result in a more 

accurate assignment of revenues to products). 

Revenue centre A responsibility centre for which managers are 
accountable for revenues only, not costs incurred to generate 
the revenues. 

Revenue driver Any factor that affects revenues. 

Rework Unacceptable units of production that are subse- 
“quently reworked into good units and sold. 

Rightsizing (or downsizing) An integrated approach to config- 
ure processes, products, and people to match costs to the activ- 
ities needed to be performed to operate efficiently and 
effectively in the present and future. 

Risk The probability that actual future results will differ from 
budgeted or expected results. Risk is uncertainty quantified as 
a probability. 

Risk aversion Low risk tolerance. 

Risk loving High risk tolerance. 

Risk neutral The decision maker will feel as much pain at los- 
ing a dollar as joy at gaining a dollar. 

Risk tolerance The risk of loss measured in percent that a per- 
son or team is willing to take. 

Risk-weights Probabilities of a particular outcome occurring; 
that is, the probability of receiving a financial payout from 
pursuing a specific course of action. 



Rolling budget A budget or plan that is always available for a 
specified future period by adding a month, quarter, or year in 
the future as the month, quarter, or year just ended is dropped. 

Safety stock Inventory held at all times regardless of inventory 
ordered using EOQ. 

Sales mix The relative contribution of quantities of products 
ot services that constitutes total revenues. 

Sales-mix contribution margin variance The difference between 
two amounts: (1) the budgeted amount for the actual sales mix 

and (2) the budgeted amount for the budgeted sales mix. 

Sales-quantity variance The difference between two amounts: 
(1) the budgeted contribution margin based on actual units 
sold of all products and the budgeted mix, and (2) the contri- 
bution margin in the static budget (which is based on the bud- 
geted units to be sold of all products and the budgeted mix). 

Sales value at splitoff method This method allocates joint costs 
on the basis of the relative sales value at the splitoff point of 
the total production in the accounting period for each product. 

Sales-volume variance The difference between the flexible- 

budget amount and the static-budget amount; unit selling 
prices, unit variable costs, and fixed costs are held constant. 

Sarbanes-Oxley Act (SOX) A law that took effect in the United 

States in 2002 and that is the U.S. equivalent of Canada’s Bill 
198 (C-SOX). 

Say on pay A requirement that shareholders vote for or against 
executive compensation packages. 

Scaleability Adding one computer chip to another in a single 
circuit to increase the speed and power of the device. 

Scrap Outputs that have minimal sales value, or, residual mate- 
rial left over when making a product. Some outputs can have a 
negative revenue when their disposal costs are considered. 

Self-liquidating cycle Also known as a working capital cycle, 
cash cycle, or operating cycle; the movement of cash to inven- 
tories, to receivables, and back to cash. 

Semivariable cost A cost that has both fixed and variable ele- 

ments; also called a mixed cost. 

Sensitivity analysis Uses percentage changes to understand 
what changes cause the largest effect on profit. 

Separable costs Costs incurred beyond the splitoff point that 
can be assigned to one or more individual products. 

Sequential method Often called the step-down or step alloca- 
tion method; allows for partial recognition of the services ren- 
dered by support departments to other support departments. 

Sequential tracking Any product costing method in which the 
accounting system entries occur in the same order as actual 

purchases and production (also called synchronous tracking). 

Service department A support department providing services 
that assist other internal departments in the company. 

Service-sector companies Companies that provide services 
(intangible products)—for example, legal advice or audits—to 
their customers. 

Service-sustaining costs Resources sacrificed on activities 
undertaken to support service lines, not batches of service lines 
or units of service. 

Shrinkage costs Costs that arise from theft, embezzlement, 
misclassifications, and clerical errors. 
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Simple regression An analysis of the relationship between 
alternative cost drivers X,, and the total indirect cost pool y, 
one at a time. 

Single-rate method Pools all costs in one cost pool and allo- 
cates them to cost objects using the same rate per unit of the 
single allocation base. 

Slope coefficient b Represents the rate of change in total vari- 
able cost Y, when the variable cost driver X changes by one 
unit. 

Source document An original record, such as a time sheet for 
an employee whete the hours worked per job ate recorded as 
well as the cost per hour. 

Specification analysis The testing of the assumptions of regres- 
sion analysis. 

Splitoff point The juncture in the process when one or more 
products in a joint cost setting become separately identifiable. 

Spoilage Units of production that do not meet the specifica- 
tions required by customers for good units and that are dis- 
carded or sold at reduced prices. Partially completed or fully 
completed units of output may be spoiled. 

Spurious correlation A repetitive but useless coincidence. 

Staff management Staff, such as management accountants and 
human resources managers, who provide advice and assistance 
to line management. 

Stand-alone cost-allocation method Uses information pertain- 
ing to each cost object as a separate operating entity to deter- 
mine the cost-allocation weights. 

Stand-alone revenue-allocation method An allocation method 
that uses product-specific information pertaining to products 
in the bundle to determine the weights used to allocate the bun- 
dled revenues to those individual products. The term stand- 
alone tefers to the product as a separate (nonsuite) item. 

Standard A carefully determined price, cost, or quantity used 
for judging performance; frequently refers to amounts esti- 
mated from either engineering or time-motion studies. Stan- 
dard and budgeted amounts are often interchangeable for the 
purpose of calculating variance. 

Standard cost A carefully predetermined cost. Standard costs 
can relate to units of inputs or units of outputs. 

Standard-costing method A predetermined average cost per 
input or a predetermined average total input cost per unit of 
output. 
Standard error of the estimated coefficient An indicator of 
how much the estimated value, 0, is likely to be affected by 
random factors. The t-value of the b coefficient measures how 
large the value of the estimated coefficient is relative to its stan- 
dard error. 

Standard error of the regression The variance of the residuals, 
used as a measure of the goodness of fit and how well the pre- 
dicted values match actual observations. 

Standard input A carefully predetermined quantity of inputs 
(such as kilograms of materials or hours of labour time) 
required for one unit of output. 

Static budget A budget that is based on one level of output; 
it is not adjusted or altered after it is set, regardless of ensuing 
changes in either actual output or actual revenue and cost 
drivers, 
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Step allocation method See step-down method. 

Step cost function A nonlinear cost function in which the cost 
remains the same over various ranges of the level of activity, 
but the cost increases by discrete amounts—that is, increases in 
steps—as the level of activity increases from one range to the 
next. 

Step-down method Sometimes called the step allocation 
method, or sequential method; allows for partial recognition of 

the services rendered by support departments to other support 
departments. 

Step fixed (discontinuous) cost function (or discontinuous cost 

function) Arises when, within the relevant range of production 
inputs, the graph of total costs with a single resource consumed 
does not form a straight line with a constant slope. 

Step variable cost function A function in which the cost is con- 
stant over various ranges of the predictor variable, but the cost 
increases by discrete amounts (that is, in steps) as the range of 
the predictor variable changes from one set of values to another 
set of values. 

Stockout costs Costs that occur when a company runs out of 
an item for which there is customer demand. 

Strategic analysis Evaluation of how well an organization has 
combined its own capabilities with the competitive environ- 
ment to progress toward its future. 

Strategic management Cost management that focuses on stra- 
tegic issues. 

Strategy Specifies how an organization matches its own capa- 
bilities with the opportunities in the marketplace to accomplish 
its objectives. 

Strategy map A diagram that describes how an organization cre- 
ates value by connecting strategic objectives in explicit cause- 

and-effect relationships with each other in the financial, customer, 
internal business process, and learning and growth perspectives. 

Stretch goals Goals that challenge managers to achieve excel- 
lent performance rather than maintain the status quo. 

Student’s ¢ (or t-Stat, test of statistical significance) The ratio 
of how large the estimated value of the coefficient a or b is 
relative to its standard error. 

Suboptimal decision making Also known as dysfunctional 
decision making, or goal-incongruent decision making; arises 
when a decision’s benefit to one subunit is more than offset by 
the costs or loss of benefits to the organization as a whole. 

Substitutable inputs Inputs for which the manufacturer can 
readily replace one with the other. 

Subunit Any part of an organization. 

Sullivan principles A set of principles that can be used to com- 
pare corporate performance in the area of social responsibility. 

Sunk costs Past costs that cannot be changed, no matter what 
action is taken. 

Super-variable costing (or throughput costing) A costing 
method that treats all costs except variable direct materials as 
period costs that are expensed when they are incurred. Only 
variable direct materials costs are inventoriable. 

Supply chain An integrated system of suppliers, subcontrac- 
tors, manufacturers, distributors, and retailers collaborating 

with the purpose of adding value to the output for the customer. 

Supply-chain strategy A strategy that transforms external sup- 
pliers into internal partners with the buyer. 

Support department Departments which do not work directly 
on a product or service, but are necessary for the organization’s 
operations. 

Synchronous tracking Any product costing method in which 
the accounting system entries occur in the same order as actual 
purchases and production. Also called sequential tracking. 

t-Stat (or Student’s t, test of statistical significance) The ratio 
of how large the estimated value of the coefficient a or b is 
relative to its standard error. 

Target cost per unit The estimated long-run cost per unit of a 
product (or service) that, when sold at the target price, enables 
the company to achieve the target operating income per unit. 

Target leakage Refers to data that are not available at the time 
of making a decision and should be excluded from the model 
building analyses. 

Target margin percentage Determined by management teams 
based on the target price. Then the costs must be such that the 
target price minus costs equals the target margin percentage. 

Target operating income per unit The operating income that a 
company wants to earn on each unit of a product (or service) sold. 

Target price The estimated price for a product or service that 
potential customers will pay. 

Target pricing Pricing based on what customers are willing to pay. 

Target rate of return on investment (ROI) The target operat- 
ing income that an organization must earn divided by invested 
capital. 

Tax havens Countries that have no tax agreements with Can- 
ada and share no information, which will increase the costs of 

any tax audit for the company. 

Tax shield formula An efficient way to calculate the present 
value of the tax savings as a result of deducting CCA. 

Technical considerations Considerations that help managers 
make wise economic decisions by providing them with costs in 
the appropriate format and at the preferred frequency. 

Terminal loss When the last property in a specific asset class is 
sold but the calculation results in a positive UCC balance for 
the asset class, the remainder is called a terminal loss. 

Test of statistical significance (also known as t-Stat or stu- 
dent’s t) The ratio of how large the estimated value of the coef- 
ficient a or b is relative to its standard error. 

Theoretical capacity The amount of output theoretically pos- 
sible if there were never any delays or interruptions; a 24/7/365 
quantity. 

Theory of constraints (TOC) This theory describes methods to 
maximize operating income when faced with some bottleneck 
and some nonbottleneck operations. 

Throughput costing (or super-variable costing) A costing 
method that treats all costs except variable direct materials as 
period costs that are expensed when they are incurred. Only 
variable direct materials costs are inventoriable. 

Time-adjusted rate of return The discount rate at which the 
present value of expected cash inflows from a project equals 
the present value of expected cash outflows of the project (also 
called internal rate of return (IRR)). 

Time driver Any factor where change in the factor causes a 
change in the speed with which an activity is undertaken. 

Time-series data The collection of historical data over a long 
time horizon about the same process. 



Time value of money A dollar (or any other monetary unit) 

received today is worth more than a dollar received at any 
future time. 

Total factor productivity (TFP) The ratio of the quantity of 
output produced to the costs of all inputs used, where the 
inputs are combined on the basis of current period prices. 

Total-project approach Calculates the present value of all future 
cash inflows and outflows under each alternative separately. 

Total quality management (TQM) All members of an organiza- 
tion contribute to improving processes, products, services in an 
effort focused on improved customer experience. 

Toxic waste Process byproducts that are potentially harmful 
and that have negative revenue when the costs of remediation 
and reclamation are considered. 

Traditional costing Also known as cost smoothing, or peanut- 
butter costing; a costing system that spreads the costs of con- 
version and inputs uniformly. 

Transactional net margin method (TNMM) A transactional 

profit method of setting a transfer price that is based on the 
return on assets (ROA) of the corporation as a whole and 
provides maximum discretion for establishing a transfer 
price. 

Transfer price The price one subunit of an organization 
charges for a product (tangible or intangible) or service sup- 
plied to another subunit of the same organization. 

Transferred-in costs Costs incurred in previous departments 
that are carried forward as the product’s costs when it moves 
to a subsequent process in the production cycle. (Also called 
previous department costs.) 

Trigger point A stage in the cycle going from purchase of 
direct materials (Stage A) to sale of finished goods (Stage D) at 
which journal entries are made in the accounting system. 

Triple bottom line This type of reporting is a formal response 
to the Global Reporting Initiative (GRI) and augments stan- 
dard financial reports with specific environmental and social 
sustainability reports. 

True negatives (TN) Actual negatives (for example, repay 
loans) in a classification model correctly predicted as negatives 
at a given threshold value. 

True positive rate Fraction of actual positives (for example, 
default loans) in a classification model correctly predicted as 
positives at a given threshold value. 

True positives (TP) Actual positives (for example, default 
loans) in a classification model correctly predicted as positives 
at a given threshold value. 

Unamortized capital cost (UCC) The balance of a capital 
expenditure after the allowable CCA has been deducted. 

Underallocated indirect costs (or underapplied indirect costs, 

underabsorbed indirect costs) Costs that occur when the allo- 

cated amount of indirect costs in an accounting period is less 
than the actual (incurred) amount in that period. 

Underabsorbed indirect costs higher overhead costs incurred 
than expected. Thus, lower cost is applied to a centre or object 
than actually incurred. Recognition of expense is increased in 
current period, which decreases profits. 

Underapplied indirect costs Actual expenses incurted are more 
than budget. 
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Unfavourable (U) variance A variance that results in an actual 

operating income that is less than the budgeted amount. 

Unit cost Also called the average cost, it is calculated by divid- 
ing the total prime cost pool by physical units consumed. 

Unused capacity The amount of productive capacity available 
overt and above the productive capacity employed to meet con- 
sumer demand in the current period. 

Upside potential Also called downside risk, risk/return, cost/ 
benefit; used to make resource allocations such that the 
expected benefits exceed the expected costs. 

Upstream costs Costs incurred prior to production. 

Usage variance The difference between the actual quantity of 
input used and the budgeted quantity of input that should have 
been used multiplied by the budgeted input price. 

Value-added activities Activities that contribute directly to the 
customet’s value proposition. 

Value-added cost A cost that, if eliminated, would reduce the 

value customets obtain from using the product or service. 

Value analysis With the purpose of reducing costs, an analysis 
that focuses on the product design stage, where there is the 
greatest opportunity to change design, materials, and manufac- 
turing processes. 

Value chain The sequence of business functions in which cus- 
tomer usefulness is added to products or services. 

Value engineering An analysis of the entire value chain of all 
business functions to determine where non-value-added costs 
can be eliminated. 

Value leadership A strategy of developing and sustaining the 
unique characteristics of a product or service for which con- 
sumets will pay because there is a price inelasticity of 
demand. 

Value proposition A distinct benefit for which customers will pay. 

Value streams All the value-added activities needed to design, 
manufacture, and deliver a given product or product line to 
customers. 

Variable cost A cost that changes in total in proportion to 

changes in the related level of total activity or volume. 

Variable costing A method of inventory valuation in which 
only variable manufacturing costs are included as inventoriable 
costs, All fixed and all nonmanufacturing costs are classified as 
period costs expensed during the specific time period they are 
incurred. 

Variable overhead efficiency variance A measure of the effi- 

ciency with which the cost allocation base is used. 

Variable overhead rate variance The difference between actual 
variable overhead cost per unit of the cost allocation base and 
budgeted variable overhead cost per unit of the cost allocation 
base. 

Variance The difference between actual (realized) and bud- 

geted (pro forma) results. 

Variance analysis An exceptions-based approach to management. 

Vertical integration A company that incorporates as much of 
the value chain as possible within itself is vertically integrated. 

Volume Amount of product or measure of capacity. 

Weighted-average cost of capital (WACC) Equals the after-tax 
average cost of all the long-term funds used. 
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Weighted-average (WA) process-costing method Method of pro- 
cess costing that assigns the equivalent-unit cost of the work done 
to date (regardless of the accounting period in which it was done) 
to equivalent units completed and transferred out of the process 
and to equivalent units in ending work-in-process inventory. 

Work-in-process (WIP) inventory Goods partially worked on 
but not yet completed. Also called work in progress. 

Work in progress Goods partially worked on but not yet com- 
pleted. Also called work-in-process inventory. 

Work-measurement method This industrial engineering 
method begins with an analysis of the relationship between 
quantities of physical inputs and physical outputs. 

Working capital cycle Also known as a self-liquidating cycle, 
cash cycle, or operating cycle; the movement of cash to inven- 
tories, to receivables, and back to cash. 

Yield The proportion of output obtained from a specified 
quantity of input. 

Yield variance A measurement of the variance of the actual 
from expected yield of outputs obtained from expected quan- 
tity of inputs. 

Zero-sum game A game in which what one gains the other loses. 
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job costing and, 779 

absorption costing, 1867, 321 

breakeven point (BEP) under, 
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see also accrual accounting rate of 

return (AARR)); return on 
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accrual accounting, 439 
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under, 439 

accrual accounting rate of return 
(AARR), 844, 858, 860, 

861, 927 

performance evaluation and, 
861-862 

see also accounting rate of return 
(ARR); return on investment 

(ROI) performance measure 
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activity-based budgeting, 175-176 
benefits from, 207 

logical order, 208 

activity-based costing (ABC) system, 

31, 134, 139-140, 146 
activity-based management (ABM) 

and, 148-149 
benefit of, 146-147 

to calculate manufacturing costs, 

522 
cause-and-effect relationships 

criterion in, 596 

considerations in implementing, 146 

e 
ively. 

cost-allocation base rates computa- 

tion process, 143 

cost-allocation bases selection 
process, 142, 143 

cost hierarchy in, 142, 596 

customer mix analysis and, 695 

direct cost identification process, 143 

flexible budgeting and, 245-247 
implementing, 143-146 
indirect costs allocation process, 143 

indirect costs computation 
process, 145 

product identification process, 143 

in service and merchandising 

companies, 150-151 

theory of constraints (TOC) vs., 437 

total product cost computation 
process, 145-146 

variance analysis for FMOH, 

295-296 
activity-based costing (ABC) systems 

variance analysis, 683 
activity-based management (ABM), 

148-151 
cost reduction decisions and, 

148-149 
design decisions and, 149 

pricing decisions and, 148 
process improvement decisions and, 

148-149 
product-mix decisions, 148 

actual cost, 25 

actual costing system, 103-104 
actual cost rate, 597 

actual market share, 689 

adjusted allocation-rate approach, 
111-112 

adjusted net annualized return, 472 

advanced pricing agreement (APA), 

890 
advance transfer price arrangement 

(APA), 895 
costs of, 895 

advertisement, decision for, 65-66 

agility, 300 
allocation base 

actual versus budgeted cost 

choices, 603 

budgeted fixed costs based on actual 

usage, 604 
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budgeted rates and, 603 

fixed cost based on budgeted rates 

and actual usage, 603-604 

fixed cost based on budgeted rates 

and usage, 604 

allowable cost, 617 

alternative fixed-cost structures, 68 

alternative inventory-costing 

methods, 343-344, 343e 

alternative reporting, 15 

analytics techniques, 522 
annuity, 846 

applied, 107 
appraisal costs, 379, 379e 
arm’s length transactions, 901 

artificial cost, 610-611 

artificial intelligence (AI), 31, 471 

ASPE/IFRS standards, 32, 33, 41, 44, 

595, 816, 826 

accrual accounting, 844 

backflush costing, 822-824 
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joint cost allocation, 639, 643 
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process-costing methods, 725, 

726-727 
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autonomy, 888 
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average cost, 28 
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as alternative to sequential tracking, 

816 

examples of, 817-819 
just-in-time (JIT) purchasing 

and, 816 

special considerations in, 

822-824 
trigger points and, 817-819 
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balanced scorecard (BSC), 555-556, 

561 
cost and value leadership and, 567 

customer perspective, 561 

enterprise risk management (ERM) 

and, 564 : 
environmental perspective, 563 
features of good design, 565-566 
financial perspective, 561 

implementation of, 565 

internal-business-process 

perspective, 561 

key performance factors (KPFs) 

and, 561 

learning-and-growth perspective, 563 

legal perspective, 563 

links short-term operating outcomes 

to long-run goals, 561 

management accountants design and 

implementation of, 565 

as measure of competitive corporate 

strategy, 556 

measure of performance, 561 

multi-dimensional performance 

measurement, 921 

nonfinancial measures and, 563-564 

relationship scorecards and, 563 
revenue allocation and, 674 

social perspective, 563 

strategy map as first step in 

designing, 559-560 

and time-based measures, 377-378 

translates corporate strategy into 
performance measures, 556 

barcode scanner, 254 

barcode scanner information, 803 

batch-level costs, 142 
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behavioural considerations, 9 

belief systems, 944, 946 

benchmark, 174, 253 

for relative performance, 940-941 

standard vs., 254 

benchmarking, 7, 253 

not-for-profit, 256-257, 258e 
variance analysis and, 256 

benchmarking reports, 253 
bias-variance tradeoff, 489 

big data, 471 
Bill 198 (C-SOX), 922 
board of directors (BOD), 11 

compensation policies for, 922 
independence of, 922 

book value, 437 

bottlenecks, 373 

actions to relieve, 436-437 

quality and, 437 

theory of constraints (TOC) and, 435 

in wired world, 808 

boundary systems, 944 

breakeven point (BEP), 57 

absorption costing, 344-346 

in revenue, 62, 278 

in units, 278 L 

variable costing, 344-346 

broad averaging, 134 
overcosting and undercosting 

products or services 
from, 134 

product-cost cross-subsidization and, 

134-135 
budgetary slack, 182 

budget constraints, 173 
budgeted average contribution margin 

(CM), 689 
budgeted cost, 25 
budgeted income statement, 188-189 

budgeted indirect-cost rate, 98 

budgeted indirect costs, 110 

budgeted market share, 689 

budgeted rate, 597 

allocation base and, 603 

compared to actual usage, 603 

dual-and single-rate methods 

for, 603 

use of, 597 

budgeting 

activity-based budgeting, 175-176, 

207-208 
approaches to, 175-176 

criticisms and proposals for 

change, 201e 
human aspects of, 199-200 
Kaizen, 176, 207 

priority approach, 175 
process in transition, 200 

strategic analysis and, 175 

traditional (historic) incremental/ 

decremental approach, 175 

zero-based budgeting, 175 

see also capital budgeting 
budgeting cycle, 174 

steps in, 174 

budgets, 7, 173 

advantages of, 174-175 

capital, 842-870 
cash, see cash budgets 
coordination, 176-177 

costing of products and services 
in, 595 

cost of goods sold, 187 

decision processes, 173-174 
definition of, 173 

direct materials purchases, 184 

direct materials usage, 183 

ending inventory, 186 

flexible. see flexible budget 

as future predictions, 173-174 

limits of using past performance 

measures, 176 

as major part of management control 
systems, 174 

manufacturing overhead, 184-186 

nonproduction costs, 188 

operating, 173 

padding, 182 

prevalence of, 174 

priority approach, 175 

production, 182 

as profit plan, 173 
pro forma statements, 173 

revenue, 181-182 

rolling, 177 

sensitivity analysis, 206-207 

static, 231 

strategies, 206-217 

business function costs, 424 

byproduct accounting methods, 
653-654 

production byproduct method, 

653-654 
sale byproduct method, 653, 654 

byproducts, 637-638 
accounting for, 651-654 

scrap and, 782 
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Canada Revenue Agency (CRA), 850, 

886, 891 

capital cost allowance (CCA), 850 

depreciation, 850 

51-102F6 form, 923 

Multilateral Instrument, 922 

transfer pricing and, 891, 892, 895, 

901, 902 
Canadian Coalition for Good 

Governance (CCGG), 922 

Canadian Securities Administrators 

(CSA), 726, 922, 923 

capacity, 279 

fixed costs and, 575 

master-budget capacity, 319, 
B234e27, 

non-productive idle, 322 

normal, 319, 323, 327 

practical, 319, 326, 331-332, 
599-600 

supply or demand measure, 
600-601 

theoretical, 319, 321-322, 326 

unused, 576 

capacity cost, 279 

denominator-level issues and, 329 

capacity decisions, and denominator- 

level decisions, 329 

capital and resource allocation 
processes, 850 



capital budgeting, 842 

capital cost allowance (CCA) in, 

850-851 
capital sources, 844 
as control tool, 842-843 

customer value and, 860-861 

as decision-making tool, 842-843 
different methods used by Japanese 

and American companies, 860 

discounted cash flow (DCF) and 

income taxes in, 849-850 

five decision-making (SDM) model 

for, 842-844 

global expansion strategies and, 862 

half-year rule in, 851 
investment timing, 844 

management control, 861-863 

non-discounted cash flows methods 

of, 856-857 
payback method of, 856-857 

performance evaluation, 861-862 
post-investment audit, 862-863 

predicting costs factor in, 859 
relevant cash flows in, 852, 854 

strategic factors in, 859 

undepreciated capital cost (UCC) 
in, 850 

see also capital investment 
capital budgeting analysis 

cash flows in life of investment, 842 

compared to life-cycle budgeting and 

costing, 842 

capital cost allowance (CCA) 
income tax and, 850 

as tax shield, 851 

undepreciated capital cost (UCC) 

and, 850 
capital intensive companies, 69 
capital investment, 841 

after-tax cash flow from asset 
disposal, 852-853, 854, 855 

cash flow from operations, 853, 854 

net initial investment cash flow, 

853-854 
strategic decisions in, 859 

capital sources, 844 

carrying costs, 772 

of inventory, 432-434 
cash budget, 173, 179, 190, 193e 
beginning cash balance section, 192 

cash disbursements section, 192-193 

ending cash balance section, 194 

financing requirements section, 

193-194 
preparing, 190-192 

cash cycle, 194 
cash flow from operations, 853, 854 

capital cost allowance (CCA) saving 
component of, 854 

recurring operations after-tax 

component of, 854 

cause-and-effect diagram, 

383-384, 383e 
cause-and-effect relationship, 

363-364, 523 
engineered costs from, 576 

Chartered Institute of Management 

Accountants (CIMA), 13 

chief executive officer (CEO), 11, 

678, 922 
chief financial officer (CFO), 10, 11, 

11e, 678, 922 

audit responsibility, 10 
capital budgeting decisions 

and, 849n 

controllership responsibility, 10 

investor relations responsibility, 10 

risk management responsibility, 10 

taxation responsibility, 10 

treasury responsibility, 10 
chief operating officer (COO), 11 

Code of Professional Ethics, 42 

coefficient of determination, 389 

collusive pricing, 537, 683 

Committee on Sponsoring 

Organizations of the Treadway 

Commission (COSO), 922 

common costs, 614-615 

features of, 614-615 

incremental cost allocation method 

for, 615-616 
communication, 176-177 

comparable uncontrolled price (CUP) 

method, 892, 902 
compensation policies, 921-924 

board of governors and 

executives, 922 

conflict between short- and long- 

term measures, 924 

corporate management team and, 
924-925 

deferred compensation, 924 

executive performance measures for, 

941-944 
financial and nonfinancial plans for 

executives, 943 

stock and/or stock options form, 924 

team-based, 942-943 

Competition Act, 535, 537 

competition/competitors 

competitors as force for strategic 
alternatives, 556, 557 

economic forces that shape, 
556-557, 557e 

equivalent products and, 556, 557 

influence on pricing strategies, 520 

potential market entrants and, 556, 

557 
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price-setting power of customers 

and, 556, 557 

price-setting power of suppliers and, 

59650017 

competitive advantage, 801 

competitive corporate strategy, 556 

competitive markets, 525 

companies operating in, 525 

competitor analysis, 525 

reverse engineering and, 525 

competitor’s products, 525 

composite unit, 687 

computer-integrated manufacturing 

(CIM) technology, 859 

conference method, 365 

confusion matrix, 494-496, 494e 

constant, 362 

constant gross margin percentage of 
net realizable value (NRV) 

method, 639, 643 
steps in, 646 

constant variance of residuals, 

391-392, 391e 

constraint, 443 

continuous improvement, 249-250 

continuous processes, 723 

homogenous characteristic of, 723 

contracts/contracting, 616 

allowable costs in, 616 

reimbursement of costs in, 616 

revenue-sharing, 671 

royalty, 671 

contribution margin, 63 

contribution margin method, 61 
contribution margin percentage, 62 

contribution margin per unit, 59 

contribution margin ratio, 62 

contribution margin variance analyses, 
682-683 

interpretation of level 4, 691-692 

interpretation of levels 1 and 2 

in, 687 
market-share, 689 

market-size, 690-690 

sales-mix, 687-688, 690e 

sales-quality, 688, 690e 
contribution-margin (CM) variances, 

684-687, 688¢ 
level 1, 684-687, 688e 

level 2, 684-687, 688e 

market-share, 689 

market-size, 690-690 

sales-mix, 687-688, 690e 

sales-quantity, 688, 690e 

sales-volume, 686 

static-budget, 684 
contribution statement of comprehen- 

sive income, 59, 60e 

control, 7 
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control charts, 382-383 

controllability, 198 
difficulties of pinpointing, 199 

controllable cost, 198 

controller, 10 

conversion costs, 27,28 _ 

Cooperative Capital Markets 
Regulator (CCMR), 922 

cooperative principles, 15, 15e 
coordination, 176-177 

core divisions, 597 

operating, 597 

production, 597 

corporate governance, 11, 921-924 

advanced transfer price arrangement 
(APA) and, 895 

changes to, 922 

levers of control, 944-945 

multinational companies (MNCs) 

and, 921-923 

corporate management team, 924 

corporate social responsibility (CSR), 

13-14 

corporate sustainability, 563 

cost(s), 25 

actual, 25 

allowable, 617 

analysis of, 527 

appraisal, 379, 379e 

average, 28 

budgeted, 25 

budgeted indirect, 110 

business function, 424 

capacity, 279, 329 

carrying category, 802 

classification of, 40, 41-42 

common, 614-615 

controllable, 198 

conversion, 27, 28 

current, 934, 936 

designed-in, 528 

difference between engineered and 

discretionary, 576 

differential, 428 

direct, 26 

direct labour (DL), 26 

direct manufacturing labour, 25, 26 

direct material, 25, 26 

discretionary, 576 

downstream, 26 

engineered, 576 

external failure, 379, 379e 

facility-sustaining, 142 
factors affecting direct/indirect 

classifications, 27 

fixed, 28-29, 29e, 575 

fixed overhead, 279-280 

full product, 424 

incremental, 428, 900 

incurrence, 528 

indirect manufacturing, 26 
influence on pricing 

strategies, 520 

internal failure, 379, 379e, 
inventoriable, 33, 35 

irrelevant, 522 

joint, 637 
labour, 40-41 

life-cycle budgeted, 534 
locked-in, 528 

manufacturing, 25-26 
materiality or significance of, 27 
mixed, 29, 30e, 361e, 362 

non-value-added, 299, 529 

opportunity, 802, 900 (see also 
opportunity costs) 

ordering category, 802 
outlay, 900 

output unit-level, 142 
overallocated indirect, 110 

period, 35-36, 595 

prevention, 379, 379e 

previous department, 746 
product, 41, 41e 

product-sustaining, 142 
purchasing category, 802 
relevant, 521 

rework, 528 

semi-variable, 362 

separable, 638 

service-sustaining, 142 

shrinkage category, 803 

standard, 232, 254 

stockout category, 802-803 
sunk, 423 

time, 371-374 

transferred-in, 745-751 

underallocated indirect, 110 

unit, 28, 31-32 
value-added, 529 

variable, 28 

cost accounting, 2, 616 

cost accumulation, 25 

cost allocation, 26, 96, 606 

advantages and disadvantages of 
methods of, 613 

budgeted versus actual usage, 603 

capacity supply basis, 600 

of common costs, 614 
criteria for decisions about, 

595-597, 596e 
direct method, 606, 607-608 

dual-rate method, 597-599 

fixed cost based on budgeted rates 

and actual usage, 604 

fixed cost based on budgeted rates 

and usage, 603-604 

incremental method, 615-616 

job-costing method compared to 

process costing method, 723 

of manufacturing costs, 594-595 

manufacturing overhead (MOH) 

costs, 604-605 

of non-manufacturing costs, 

594-595 

for normal spoilage, 776-778 

period, 594e 

process-costing method of, 
722-723 ; 

purposes of, 594-595 

reciprocal method, 606, 610-611, 

610e 

Shapley value method, 615 

single-rate compared to dual-rate 

method, 601 

single-rate method, 597-598 
stand-alone method, 615 

step-down method, 606, 608-610, 

609e 

cost-allocation base, 96, 139 

cost-allocation decisions, 595-597, 

596e 

ability to bear criteria, 596, 596e 

benefits received criteria, 596, 596e 

cause and effect criteria, 596, 596e 

fairness or equity criteria, 596, 596e 

cost analysis, 527 

accounting-period dimension, 
842, 844e 

project dimension of, 842, 844e 

cost and efficiency, 5 

cost application, 593 
cost-application methods, 593 
cost assignment, 25, 96 

cost-based approach, 525 
cost-based transfer prices, 891, 

896-897 

full-cost, 896-897 

negotiated costs, 896-897 

prorating between minimum and 
maximum prices, 898 

variable costs, 897-898 

cost-benefit approach, 9 
downside risk in, 9 

upside potential in, 9 
cost centre, 197 

cost classification 

direct vs. indirect, 26-27 

limits to flexibility in, 41-42 
relevant range for, 363 
systems, 42 

time horizon in, 362-363 

cost driver, 30-31, 363, 523 

collect data on, 367 

evaluating, 367 

identifying, 366-367 

level of, 363 



multiple, 74 
in process-costing method, 723 

regression output to choose cost 
functions of, 393 

time as, 371-374 

cost estimation methods, 364-366 

account analysis method, 365-366 
conference method, 365 

industrial engineering method, 
364-365 

quantitative analysis method, 366 
cost functions, 361 

assumptions about, 361 

cause-and-effect relationship and, 
363-364 

database for quantitatively 

estimating, 384-385 

estimating and evaluating cost 

driver, 367 

estimating using quantitative 

analysis, 366-367 

forms of, 370e 

linear, 361-362 

nonlinear, 370-371 

regression output to choose cost 
drivers of, 393 

role of, 361-362 

step, 371 

step fixed-cost, 371 

step variable-cost, 371 

cost hierarchies, 142, 679 

activity-based costing (ABC), 142 

in activity-based costing (ABC) 

systems, 596 

customer mix analysis, 695-696 

multiple regression and, 394-396 

cost incurrence, 528 

as key term in value analysis, 528 

cost-incurrence curve, 528, 529e 

costing systems, 538-539 

activity-based costing (ABC), 

139-141 
backflush, 816 

benefits of refining, 595 

building blocks of, 96-98 

comparing alternative, 146-147 

cost-allocation bases guideline for 
refining, 139 

direct-cost tracing guideline for 

refining, 139 

guideline for refining, 139, 146 

indirect-cost pools guideline for 
refining, 139 

lean accounting, 824-826 

long-run, 520 

normal costing, 98-102 

before refining, 595 

sequential tracking in traditional, 816 

short-run, 521 

simple, 135-139 

standard, 826 

synchronous tracking in standard, 826 

traditional, 826 

womb-to-tomb, 533 

cost leadership strategy, 3, 37, 556, 

557, 558 
balanced scorecard (BSC) and, 567 

decision framework and choice of, 558 

cost management, 519-520 

cost object, 25 

customer as, 679 

direct costs of, 26 

indirect costs of, 26 

cost of capital, 845 

cost of goods available for sale 

(COGAS), 803-805 
when to order decision, 805 

cost of goods manufactured (COGM), 

32-33, 732, 890 
normal spoilage and, 768-769 

rework costs and, 780 

cost of goods sold (COGS), 32-33, 33, 

532, 726, 802 
cost of goods sold budget, 187 

cost of sales (COS), 34, 35 

cost-plus method (CPM), 902 

cost-plus pricing strategy, 520, 

530-531 
alternative, 531-532 

compared to target pricing, 533 

cost driver identification role in, 533 

cost information role in, 533 

return on investment (ROI), 531 

cost pools, 25, 96, 523 

conversion, 723, 724, 725 

direct materials (DM), 723 

overhead, 522 

costs of quality (COQ), 379 

appraisal costs category, 379, 379e, 
803 

external failure costs category, 379, 
379e, 803 

internal failure costs category, 379, 
379e, 803 

nonfinancial measures of, 381-384 

observation range and, 382e 

preparing reports on, 379, 380e 

prevention costs category, 379, 379e, 

803 
costs prediction, 859 

cost tracing, 96 

cost-volume-profit (CVP) analysis, 57 

to calculate target operating income, 

62-63 
complex decisions and, 65-69 

contribution margin, 63 

contribution method to understand 

relationships, 61 
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decision framework, 58 

decision making and, 65 

decision models and uncertainty, 

70-72 

equation method to understand 

relationships, 60 

essentials of, 57-62 

example, 58-59 

expressing the relationships, 60-62 

graph method to understand 

relationships, 61-62, 61e 

gross margin, 63 

net income margin, 63 

net income margin percentage, 63 

net profit margin, 63 

in non-profit organizations, 74-75 

operating margin, 63 

in public sector organizations, 74-75 

target operating income calculation, 

62-63 
cradle-to-grave, 533 

cradle-to-grave costing strategy, 533 

cradle-to-grave pricing strategy, 520 

credit score, 475 

cross-sectional data, 367 

cross-validation, 484 

C-Suite, financial analytics in, 6 

cumulative average-time learning 

model, 397, 398e 

cumulative eligible capital amount 

(CECA), 850” 
current cost, 934, 936 

drawback of, 936 

return on investment (ROI) perfor- 

mance measure, 934, 936 

customer activity-based costing (ABC) 

categorization of shared costs in, 679 

cost hierarchy concept in, 679 

customer batch-level costs category 

in, 679 
customer output unit-level costs 

category in, 679 

customer-sustaining costs 

category, 679 

distribution-channel costs 

category, 679 

facility/corporate-sustaining costs 

category, 679 

as revenue-allocation method, 678 

customer growth potential, 695 

customer life-cycle, 533 
customer life-cycle costing, 533 

customer mix analysis, 695-696 

activity-based costing (ABC) systems 

and, 695 

branch adding or dropping, 698 

cost hierarchy in, 696 

customer adding, 697-698 

customer dropping, 696 
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customer perspective, 561 

customer preference map, 558 

customer profitability analysis, 679, 
680e, 693-694, 695e, 696e 

assessing customer value, 694-695 

factors in allocating resources across 

customers, 694-695 

customer relationship management 
(CRM), 5 

customer requirements, 526 

customer-response time, 371 

components of, 372e 

managing, 372 

customer retention likelihood, 694 

customer service, 5 

customers, influence on pricing 

strategies, 520 

customer’s perceived value, 525 
importance of understanding, 525 

D 
data algorithms and models, 474 

continuing to build the tree, 479-482 
decision tree, 475 

decision tree algorithm, 475-477 

measuring impurity, 477-479 

data privacy, 474 
data science, 469 

components of, 469e 

framework, 470-471 

gaining a business understanding of 
the problem, 471-472 

obtaining and exploring relevant 

data, 472-473 

outcome prediction, 469 
value creation, 469-470 

data science models, evaluating, 491 

confusion matrix, 494-496, 494e 

evaluating the model, 491-497 

feature variables, evaluation of, 491 

likelihood values, magnitude of, 491 

misclassifications, identifying, 
491-492 

payoff matrix, 496-497, 497e 

PeerLend Digital (PD) data, working 

with, 498-502 

receiver operating characteristic 

(ROC) curve, 493-494, 493e, 

498, 500e 

visualizing and communicating 

insights, 497-498 

data science models, using, 502 

cutoff values, 502-503 

data issues, 502 

deploying the model, 502-503 
dataset features, 473-474 

decentralization, 888 

cost responsibility centres in, 
889-890 

costs of, 888 

decision-making by subunits benefit 
of, 888 

focuses subunit benefit of, 888 

investment responsibility centres in, 
889-890 

management development benefit 
of, 888 

motivation of subunits benefit of, 

888 

in multinational companies (MNCs), 

888-889 
profit responsibility centres in, 

889-890 

responsiveness to subunit benefit 
of, 888 

revenue responsibility centres in, 

889-890 

transfer pricing in multistage produc- 

tion, 890-891 

see also multi-stage production 
process 

decision framework for appropriate 

strategy 
cost or value leadership strategy 

step, 559 

future predictions step, 558-559 
implementation and evaluation 

step, 559 

information gathering and 
analysis, 558 

problem identification step, 558 
tracking cash flows and revising 

step, 843 

decision framework for capital 
budgeting 

alternative choices step in, 843 
forecasting predictions step in, 842 

obtaining funding and make 

investments step in, 843, 859 

obtaining information step in, 
842, 859 

project identification step in, 842 

decision framework for capital 
budgeting review 

alternative choices step in, 863 
funding and investing step in, 863 

identification step in, 863 

obtaining information step in, 863 
prediction step in, 863 
revision step in, 864 

decision framework for joint cost 

allocation 
evaluation step, 648 
future outcome forecasting step, 640 

implementation of available alterna- 
tives step, 648 

information gathering step, 639-640 
problem identification step, 639 

sell or process further decision, 

649-650 

decision framework for process 

costing, 723-724 

alternative choices decision step 

in, 725 

evaluation step in, 725 

future options forecasting step in, 

724-725 
information gathering step in, 

723-724 
problem identification step in, 723 

decision making, 7-9 

cost estimation, 364 

CVP analysis for, 65 
guidelines, 9-10 

relevant information and, 421 

see also five-step decision-making 

process 
decision-making process, 471 
decision models, 421 

expected value, 70-72 
five decision making (SDM) model 

for capital budgeting, 842-844 

five decision making (SDM) model 

for capital budgeting review, 

863-864 

performance evaluation and, 
439-440 

role of, 70 

uncertainty and, 70 

decision tree, 475 

first cut for, 476e 

fully grown, 481e, 485, 

486-487, 487e 

pruned, 483¢e, 485-486, 486-487, 

487e, 488, 492e 

second cut of, 479e 

third cut of, 480e 

decision tree algorithm, 475-477 

decision tree, refining, 482 

overfitting, 482-483 

pruning, 483-484 

decision trees, 475 

degree of operating leverage, 69 

delivery time, 372 
demand measures, 323 

master-budget capacity, 323 

normal capacity, 323 
denominator-level decisions 

capacity decisions and, 329 

choices for, 319-321, 320e 

decision framework, 321-323 

future predictions step in, 323-324 
implementing one of available 

alternatives, 324-326 

master-budget capacity, 319 

normal capacity, 319 
performance evaluation, 328-329 



practical capacity, 319 
product pricing, 326-328 
theoretical capacity, 319 

denominator-level variance, 282 
dependent variable, 366 
designed-in costs, 528 

design of products, services, or 
processes, 4 

diagnostic control systems, 944 
differential cost, 428 

differential revenue, 428 

differentiation strategy, 3 
digital subscriber lines (DSLs), 558 

direct allocation method, 606, 

607, 608e 

advantages and disadvantages 
of, 613 

direct costing, 329 
direct costs, 26 

direct-cost tracing, 139 
direct engineered costs, 576 
direct labour (DL) cost, 26 
direct machine-hours (DMH), 232 

direct manufacturing costs, 522, 523e 

direct manufacturing labour costs 
(DML), 25, 26 

direct manufacturing labour hours 
(DMLH), 102, 523 

direct material (DM) costs, 25, 26, 523 

direct materials 

efficiency variance, 260, 260e 

mix variance, 260 

purchases budget, 184 
rate variance, 260, 260e 

usage budget, 183 
yield variance, 260 

direct materials inventory (DM), 34 

direct method, 606, 607-608, 608e 

advantages and disadvantages of, 613 
discounted cash flow (DCF), 844-845 

analysis, 860 
annuity factor in, 846 

discounted cash flow analysis, 844 
focus on cash inflows and 

outflows, 844 

global expansion and, 862 
income taxes and, 850 

internal rate-of-return (IRR) 

method, 845 
net present value (NPV) method, 845 

relevant cash flows and, 852-856 

sensitivity analysis for, 848-849 
time horizon and, 845 

time value of money as key feature 
of, 844 

discount rate, 845 

discretionary costs, 576 
features of, 576 

identifying unused capacity for, 576 

research and development (R&D) 
as, 576 

distress prices, 896 
distribution, 5 

Dodd-Frank Wall Street Reform 
and Consumer Protection 

Act, 922 

downside risk, 9 

downsizing, 577 
downstream costs, 26 

downward demand spiral, 327-328 
dual pricing, 899-900 

dual-rate cost-allocation method, 597 

dual-rate method, 597, 598-599 

benefits of, 601 

budgeted rates in, 601 

compared to single-rate 
method, 601 

resource consumption accounting 

(RCA) and, 601, 6011 

dumping, 537 
DuPont method, 927n, 928, 

930e, 931 

E 
earnings before interest and taxes 

(EBIT), 928 

e-commerce, 531 

economic order quantity (EOQ) 

procurement model, 803 
accurate estimates of cost parameters 

used in, 810 

analysis ignores purchasing, stockout 

and quality costs, 803 
goal-congruenice issues in, 811 

just-in-time (JIT) purchasing and, 

811-814 
prediction errors in, 810 

using, 803-805 

economic sectors, 33 

economic substance, 2 
economic value added (EVA) perfor- 

mance measure, 925, 

930-931, 932 
economies of scope, 558 

efficiency variance, 238-239 
direct materials, 260, 260e 

flexible-budget, 246-247 
input illustration, 239-242 
input presentation, 243-245 

interpretation of level 3 result of 
analysis, 242-243 

variable setup overhead, 295 
effort, 888 

ending inventory budget, 186 
ending WIP inventory (EI WIP), 726, 

729-730 
end-of-accounting-year adjustments, 

110 
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end-of-period adjustments, 256 
engineered costs, 576 

cause-and-effect relationship 
result, 576 

identifying unused capacity 
for, 576 

enterprise resource planning (ERP) 
system, 2, 815-816 

customization of, 816 

inventory cost control by, 815 
just-in-time (JIT) purchasing 

and, 815 

materials requirements planning 
(MRP) and, 815 

supply chain strategy for, 815 
enterprise resource planning (ERP) 

systems, 771 

enterprise risk management 

(ERM), 564 
balanced scorecard (BSC) 

and, 564 

corporations and, 564 
identifies risk, 564 

triple bottom line responsibility 
and, 564 

efivironmental sustainability, 
538-539 

performance measures, 944-945 
equation method, 60 
equivalent unit (EU), 724, 726 

equivalent units in beginning WIP 
inventory (BI WIP), 726 

equivalent units in ending WIP 
inventory (EI WIP), 726 

estimated net realizable value (NRV) 

method, 639, 645, 648 

as ptedominant choice, 648 
ethical issues, 12 
ethical standards, 42, 944 

exchange rates, influence on pricing 
strategies, 520 

expected value, 70-72 
exploratory data analysis, 472 
external failure costs, 379, 379e 

F 

facility-sustaining costs, 142 

factory overhead costs. see 

manufacturing overhead 
costs (MOH) 

fairness of pricing, 617 
false negatives (FN), 495 

false positives (FP), 495 
feature variables, evaluation of, 491 

financial accounting, 2 
joint cost allocation for 

decision-making, 639 
joint cost allocation in, 639 
management accounting vs., 2-3, 3e 
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financial budgets, 173 

financial performance measures of 

organization subunits 

benchmarks for, 940-941 

comparing performance measures, 
931-932 

current cost accrual accounting 
measure for, 934, 936 

defining investment for, 933-934 

distinguish division from a manager, 

939-940 
economic value added (EVA) 

measure, 925, 930-931, 932 

feedback timing, 937 
gross or net book value, 936 

historical-cost investment measures, 

934, 936 
for multinational companies 

(MNCs), 937-941 

residual income (RI) measure, 925, 

928-930, 932 
return on investment (ROI) measure, 

925, 926-928 
return on sales (ROS) measure, 925, 

Crete, Sey 
selecting performance goals, 937 

time horizon for, 931-932 

financial perspective, 561 
fineness, 232 

finished goods (FG) inventory, 34, 723 

first incremental product, 675 
first-in, first-out (FIFO) process-costing 

method, 725, 726, 736-740 
spoilage in, 771-772, 775 

transferred-in costs and, 748-751 

five-step decision-making process, 7-9, 

8e, 20, 422e 
benchmarking, 7 

capital budgeting, 842-844, 859 

classifying costs using, 41-42 

cost estimation, 364 

costing system, 138-139 

job costing, 97-98 

performance evaluation, 6-9, 8 

predictions about future, 7 
problem identification, 7 

see also decision models 

fixed cost (FC), 28-29, 29e 

advertising as, 65 

alternative structures, 68 

calculating per unit, 532 

cost allocation based on budgeted 

rates and actual usage, 604 

cost allocation based on budgeted 

rates and usage, 603-604 

total costs line, 61 

unitized, 102, 532 

fixed cost coverage, 533 

fixed-cost pool, 597 

fixed manufacturing overhead 
_(FMOR) costs, 265 

ABC variance analysis, 295-296 
assignment of, 280 

journal entries for, 284-286 

fixed manufacturing overhead 

(FMOH) cost variance 

calculation and analysis, 280-281 

journal entries for, 284-286 

fixed manufacturing overhead (FMOH) 

rate variance, 281, 282e 

fixed overhead costs, effective 

planning of, 279-280 

fixed setup overhead rate variance, 

295-296 

flat rate target profit percentage, 520 

flexible budget, 232 
activity-based costing (ABC) systems, 

245-247 

developing from cost data, 235-238 

flexible-budget contribution margin 

(CM), 684-687 
variance, 684-687 

flexible-budget manufacturing 
overhead (MOH) cost 

variances, 278-279 

flexible-budget variable overhead 

variances, 287-292 

flexible-budget variance, 236, 684-687 

rate and efficiency, 246-247 

formal management control 

system, 887 

fraud, 42 

full absorption costing, 1867 
full product costing, 532, 594 

full product costs, 424 

fully grown decision tree, 485, 

486-487 
functional relationship model, 475 
continuing to build the tree, 479-482 

decision tree,475 ~ 

decision tree algorithm, 475-477 

measuring impurity, 477-479 

future, predictions about, 7 

G 
gambling revenue, 671 

general ledger (GL), 105, 106e 

generally accepted accounting 
principles (GAAP), 2, 2 

estimated net realizable value (NRV) 
method and, 645 

Gibson, Rebecca, 471” 

Gini impurity, 477-480, 479e 

Global Reporting Initiative (GRI), 14 

goal congruence, 887 

issues, 811 

management accounting control 

systems (MACS) and, 921 

residual income (RI) performance 

measure and, 929, 930 

goods for sale 
appraisal costs category, 803 

carrying costs category in, 802 

costs of quality (COQ) category, 803 
external failure costs category, 803 
internal failure costs category, 803 

ordering costs category in, 802 

prevention costs category, 803 

purchasing costs category in, 802 

shrinkage category, 803 

stockout costs category in, 802-803 
Grady, Barbara, 471” 

graph method, 61-62, 61e 

Grenzplankostenrechnunk (GPK), 601n 

gross book value, 936 

gross margin, 63 

gross margin percentage, 63 

growth component (of operating 

income), 568-569, 571-573 
cost effect, 569 

revenue effect, 568 

H 
half-year rule, 851 
heteroscedasticity, 392 

high-low method, 367, 368 
advantages of, 368 

disadvantages of, 368 

regression analysis vs., 368-370 

historical-cost investment measures, 

934, 936 

holdout sample, 487 
human capital, 279-280 
hurdle rate, 845 

hybrid costing systems, 745 
hypothetical budget. see flexible budget 

| 
idle time, 41 

bottlenecks and, 436 

impact on operating income, 234 

imputed cost, 928 
see also required rate of return (ROR) 

income, sales mix and, 72-73 

income score, 475 

Income Tax Act (ITA) of Canada, 850, 

901, 924 

income taxes, 64 

capital cost allowance (CCA) and, 850 

as cash flow consideration, 849 

generally accepted accounting 
principles (GAAP) and, 850 

operating cash flows and, 850 

tax shield implications, 851 

incremental cost, 428, 900 

incremental cost allocation method, 

615-616 



Shapley value method as variation 
on, 615 

incremental party, 615 
incremental revenue, 428 

incremental revenue-allocation 
method, 675-676 

methods of product ranking in, 
675-676 

product ranking in, 675 
ranking as key factor in, 676 
Shapley value method, 676-677 
weighted Shapley value method, 676 
zero-sum game and, 676 

incremental unit-time learning model, 
397, 398e, 399-400 

independence of residuals, 
392-393, 392e 

independent variable, 366-367 
indirect-cost pools, 139 

indirect costs, 26 
budgeted, 110 
computing total cost of job by 

adding, 101 
of cost object, 26 
cost pool, 96 
customer-level, 679 

factors affecting classifications, 27 
job-cost allocation rates calculation, 

102-103 
underallocated, 110-113 

indirect engineered costs, 576 
indirect manufacturing costs, 26 

industrial engineering method, 364-365 
informal management control 

system, 887 

information gain, 477 
information technology (IT) 

reliability and timeliness of inventory 
data, 803 

standard costing and, 254-255 
innovation, 5 

input-efficiency variances, 239 
input price variance, 238 

inspection point, 770 

Institute on Corporate Directors (ICD) 

Blue Ribbon Panel on the 
Governance of Executive 

Compensation in Canada, 923 
Institutional Shareholder Services Inc. 

(ISS), 922 

intangible benefits, 566 
intangible costs, 566 
integrated management structure, 563 
intellectual capital, 566, 921 
interactive control systems, 945 
intermediate products, 890 
internal-business-process perspective, 

561, 563 
innovation process in, 561 

operations process in, 563 

post sales-service process, 563 
internal failure costs, 379, 379e 

internal rate-of-return (IRR) method, 

844, 845, 846-848, 860 

compared to net present value (NPV) 
method, 848 

computer software for, 846-848 

steps to calculate net present value 
(NPV), 848 

internal transfer prices, 891 
International Financial Reporting 

Standards (IFRS) 

post-investment review, 863 

interpolation, 848 

intrinsic motivation, 944 

inventoriable costs, 33, 35 

period costs and, 39 
inventory, carrying costs of, 432-434 

inventory management, 802, 824 

appraisal costs category, 803 
catrying costs category in, 802 

costs of quality (COQ) category, 803 

external failure costs category, 803 
internal failure costs category, 803 

just-in-time (JIT) model, 807-809 

materials requirements planning 

(MRP), 814-815 

otdering costs category in, 802 
prevention costs category, 803 

purchasing costs category in, 802 
shrinkage costs category, 803 

stockout costs category in, 802-803 
investment 

shareholders’ equity definition, 934 
total assets available definition, 933 

total assets employed definition, 933 
working capital definition, 933 

investment centre, 197 

investment financing, 844 

information-gathering process for, 844 
rate of return (ROR), 844 

soutces of, 844 

investment returns, 844-845 

discounted cash flow (DCF) 

methods, 845 

required rate of return (RRR) in, 845 

investment timing, 844 

irrelevant data (information) 
equipment replacement, 437-439 

past costs, 437-439 

iteration, 611” 

J 
job-cost allocation rates, 102-103 
seasonal patterns, 102 
unitized fixed costs, 102 

job costing, 96 
abnormal spoilage and, 779 
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appropriate situations for, 723 

compared to processing method, 723 
evaluation, 97-98 

expected spoilage and, 779 
flow of costs in, 104~105, 105e 

future prediction step in 
decision-making, 97 

implementation, 97-98 

implementation step in 

decision-making process, 97-98 
non-manufacturing costs and, 110 
normal spoilage and, 779 
normal spoilage attributable to a 

specific job, 780 
normal spoilage common to all jobs 

and, 780 

obtain information step in 
decision-making process, 97 

problem identification step in 
decision-making process, 97 

scrap and, 782-783 
in service organizations, 114-115 

job-cost record, 98 
joint cost allocation methods 
comparison of methods, 646-648 

cofistant gross margin percentage of 
net realizable value (NRV) 

method, 639, 645, 646 

decision framework for, 639 

estimated net realizable value (NRV) 

method, 639, 645 

irrelevance of in decision making, 648 
physical measure method, 

639, 641 
sales value at splitoff method, 639, 

642-643, 646 

joint cost processes, 638 

joint costs, 637 

industries that incur, 638e 

reasons for allocation of, 637-638 

joint products, 637 
just-in-time (JIT) methods, 810 
just-in-time (JIT) purchasing, 807-809 
backflush costing and, 816 
demand-pull approach, 814 
economic order quantity (EOQ) and, 

811-814 

enterprise resource planning (ERP) 

system and, 816 
lean accounting and, 824 
performance measures for, 814 

problem-solving urgency, 809 
total quality management (TQM) 

and, 809 

value streams and, 824 

K 
Kaizen budgeting, 176, 207 

key performance factors (KPFs), 561 



1000 = Subject Index 

key success factors (KSF), 5, 560 

balanced scorecard (BSC) and, 565 

cost and efficiency, 5 

innovation, 5 

management accountants and, 6 

quality, 5 

as tier in strategy map, 560 

time, 5 

L 
labour costs 

direct, 40 

idle time, 41 

indirect, 40 

measuring, 40-41 

overhead, 40 

overtime premium, 40-41 

rework labour, 40 

lean accounting, 824-826 

criticism of, 826 

potential limitation of, 826 

simpler than traditional product 
costing, 826 

lean manufacturing, 809 

lean production systems, 809 

features of, 809 

lean systems, 810 

learning and growth perspective, 563 
learning curves, 397-400 

cumulative average-time learning 
model, 397, 398e 

incorporating effects into prices and 

standards, 400 

incremental unit-time learning 

model, 397, 398e, 

399-400 

plotting, 399e 

levers of control, 944-945 

belief system, 944, 945 

boundary system, 944 

diagnostic control system, 944 
interactive control system, 944, 945 

life-cycle, 533-535, 534 

life-cycle budgeted costs, 534, 534e 

compared to capital budgeting 
analysis, 842 

toxic waste as, 638 

life-cycle budgeting, 534 

life-cycle costing, 533 

life-cycle costing system, 533-534, 
538-539 

life-cycle pricing, 520 

likelihood values, magnitude of, 491 

Lineage Logistics, 319 

linear equation method, 611-612 
steps in, 611-612 

linear integrated circuit devices 
(LICDs), 556, 557 

linearity within the relevant range, 391 

linear programming (LP), 442-444 

constraint specification step in, 443 

determine objective step in, 443 
optimal solution computation step 

in, 444 
using Excel Solver spreadsheet 

software for, 445-449 

line management, 10 

liquidity, 856 

loan grade, 472, 472e 
locked-in cost curve, 528, 529e 

locked-in costs, 528, 535 

at design stage, 528 

long-run costing decisions, 522, 523 

long-run customer profitability, 694 

long-run price cutting, 532 

long-run pricing decisions, 520 

builds long-run relationships with 
customers, 522 

calculating product costs for, 

§22-523 
cost-based approach to, 525 

market-based approach to, 525 
relevant costs and, 521 

long-term assets, 936 

long-term capital, 844 
long-term investments, 844 

machine learning, 471 

main products, 637 
make/buy decision, 426 

malus (clawback), 923 

management accountants, 2 

balanced scorecard (BSC) design and 

implementation, 565 

conflict between cost concepts used 

for decision making and 
performance evaluation, 

650-651 
cost implications of alternative 

design choices, 528 

information to control just-in-time 

(JIT) purchasing, 814 

strategy decisions and, 3-4 
management accounting, 2 

financial accounting vs., 2-3, 3e 

strategic decisions and, 3-4, 20-21 

management accounting control 

system (MACS), 921 

financial information used in, 921 

nonfinancial information used in, 

il 
management by exception, 231 
management control system, 887-888 

designed to help organizational 

responsibilities of individual 
managers, 887 

effective strategies for, 887 

formal and informal systems, 887 

goal congruence in, 887 

management effort in, 888 

motivation in, 887 

transfer prices and subunits in, 890 

management information system 

(MIS), 2, 679 

customer profitability analysis, 694 
opportunity costs and, 802 

manufacturing cells, 809 

manufacturing costs, 25-26 
direct manufacturing labour costs 

(DML), 25 

direct material costs (DM), 25 

indirect manufacturing costs, 26 

manufacturing overhead costs, 26 

manufacturing cycle 
efficiency (MCE), 372 

manufacturing cycle time, 372-373 
affecting revenues and costs, 375-377 

manufacturing lead time, 809 
manufacturing overhead budget, 

184-186 

manufacturing overhead (MOH) costs, 

26, 890 
cost allocation of, 604-605 

manufacturing-sector companies, 33 
margin of safety, 66-67 
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845-846, 848e 
relevant information collection step 

in, 845, 848e 
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prevention costs, 379, 379e 

previous department costs, 746 

price discounting, 683 
multiple factors in, 683 

price discrimination, 536 

elements of laws, 536 

price-recovery component (of operat- 
ing income) 

cost effect, 570 

revenue effect, 570 

pricing strategies, 519-520 

advantages for using unitized fixed 
costs in, 532 

for companies in competitive 

markets, 525 

for companies in less competitive 

markets, 520, 524 

for companies in non-competitive 
markets, 525 

for companies selling commodity 
products, 520-521 

competitor influences on, 520, 525 

cost-based approach, 525 
cost-plus, 520, 530-531 

cost-plus compared to target, 533 
costs influence on, 520 

cradle-to-grave, 520 
customer influences on, 520 

factors in, 520-521 

fairness of, 617 

full product costing, 532 | 
full product cost recovery advantage 

ihely O}ay2 

life-cycle, 520 

market-based approach, 525 
multiyear client perspective, 533 
predatory, 536 
price stability advantage in, 532 

qualitative factors in, 533-534 
return on investment (ROI) cost- 

plus, 531 

simplicity advantage in, 532 

target, 520 

time and materials, 533 

time horizon and, 520-521 

unreasonably low, 536 

primary party, 615 

primary product, 675 
prime costs, 27-28 

priority approach to budgeting, 175 
process-costing method of cost 

allocation, 722-723 

accounting challenges, 723, 724 

compared to job-costing 

method, 723 

comparing weighted-average and 
FIFO methods, 740-742 

conversion cost pool, 723 

decision-making steps in, 723-724 

direct materials (DM) cost pool, 723 

first-in, first-out (FIFO) method, 

725, 736-740 
hybrids, 743, 745 

standard-costing method, 725, 

736-740 

transferred-in costs in, 745-746 

variances in, 743 

weighted average (WA), 725 

process-costing system, 96 

journal entries for, 731-732 

procurement models, 803 
assumptions by, 803 
economic order quantity (EOQ), 

803-804 

product bundle, 673 

revenue allocation from, 673 

product cost, 41, 41e 
Product-cost cross-subsidization, 

134-135 
product costing, 326-328 
downward demand spiral, 327-328 
mastet-budget capacity, 327 
normal capacity, 327 
practical capacity, 326 
product costing, 326-328 
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short-term, 424 

production-volume variance (PVV), 282 

calculation and analysis, 282-283 
interpretation of, 283-284 

productivity component (of operating 
income), 570-573 

partial productivity, 573, 574e 
productivity improvement measures, 

573-574 
total factor productivity (TFP), 574 

product life cycle, 533 
product life-cycle budget, 534 
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revenue centre, 197 

restricted stock units (RSUs), 924 

return on assets (ROA), 902 

return on equity (ROE) model, 927n 
return on investment (ROI), 531, 

556, 858 
target, 593 

return on investment (ROI) cost-plus 

pricing method, 531 
return on investment (ROJ) 

performance measure, 925, 

926-928, 932 
calculating foreign division in foreign 

currency, 938-939 

calculating foreign division in local 

currency, 938-939 

current cost and, 934, 936 

incorporates investment base into 

management performance 

measure, 927 

see also accounting rate of return 

(ARR); accrual accounting rate 
of return (AARR) 

return on sales (ROS) performance 

measure, 925, 931, 932 

revenue(s), 672 
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byproducts and, 782 
common to all jobs, 783 

inventory costing for, 782 

physical tracking of, 782 

planning and control of, 782 
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