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This workbook started as a set of course notes and handouts that I used while teaching 
Introduction to Biostatistics. Although I love technology, I just think that “old school” 
is better for some things. I remember learning math in elementary school with work-
books. I am almost sure that none of my current students have even seen a workbook. 
Nonetheless, there is something about working through problems that helps people to 
grasp the concepts. We try to use examples in this workbook that are easy to under-
stand, and we walk through problems step by step.

This introductory workbook is designed like a good set of notes from the best stu-
dent in the class—the professor. Its outline format at the beginning of each chapter 
points to key concepts in a concise way, and chapters include highlights, bold text, 
and italics to point out other areas of focus. In addition, tables provide important 
information. Labs that include real-world clinical and public health examples walk 
readers through exercises, ensuring that students learn essential concepts and know 
how to apply them to data. The workbook provides the reader with the statistical 
foundation needed to pass medical boards and certification exams in public health. 
Also, those enrolled in online courses may find this workbook to be a great resource 
to supplement course textbooks. Researchers in the field, particularly those new to 
quantitative methods and statistical software (e.g., SAS or Stata), will find that this 
book starts at an appropriate level and covers a breadth of needed material with proper 
depth for a beginner. The workbook will also serve as a great reference to consult after 
the initial reading.

The workbook provides a solid foundation of statistical methods, allowing math-
phobic readers to do basic statistical analyses, know when to consult a biostatistician, 
understand how to communicate with a biostatistician, and interpret quantitative study 
findings in the contexts of the hypotheses addressed. Many introductory biostatistics 
books spend considerable time explaining statistical theory, but what students and 
researchers really need to know is how to apply these theories in practice. This work-
book walks readers through just that, becoming a lifelong reference.

This workbook covers the basics—from descriptive statistics to regression analysis—
providing a survey of topics, including probability, diagnostic testing, probability dis-
tributions, estimation, hypothesis testing (one-sample, two-sample, means proportions, 
nonparametric, and categorical), correlation, regression (linear and logistic), and survival 
analysis. Examples are used to teach readers how to conduct analyses and interpret the 
results. There is no fluff or extra verbiage. The workbook provides readers with exactly 
what they need to know and shows them how to apply their knowledge to a problem.

Introduction
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The workbook not only provides the reader with an introduction to statistical meth-
ods but also a step-by-step how-to guide for using SAS and Stata statistical software 
packages to apply these methods to data, using lots of practical hands-on examples.

Statistical package: A collection of statistical programs that describe data and perform 
various statistical tests on the data.

Some of the most widely used statistical packages include the following:

•	 SAS—used in this book
•	 R
•	 Stata—used in this book
•	 SPSS
•	 MATLAB®

•	 Mathematica
•	 Minitab
•	 Excel

In addition, this workbook provides a solid foundation with concisely written text 
and minimal reading required. Although it is designed for an academic course, the 
workbook can be used as a self-help book that allows the user to learn by doing. The 
real-world practical examples show the user how to place results in context and that 
outcomes of analysis do not always go the way that the researcher predicts.

The workbook walks the readers through problems, both by hand and with statisti-
cal software. Readers can learn how the software performs the calculations, and they can 
gain the ability to read and interpret SAS and Stata output. The SAS and Stata code 
provided in the workbook provide readers with a solid foundation from which to start 
other analyses and apply to their own datasets.

General overview

What is statistics?

Statistics

	 1	 “The science whereby inferences are made about specific, random phenomena on the 
basis of relatively limited sample material.”1

	 2	 “The art of learning from data. It is concerned with the collection of data, their 
subsequent description, and their analysis, which often lead to the drawing of 
conclusions.”2

The two main branches of statistics

	 1	 Mathematical statistics: The branch of statistics concerned with the development 
of new methods of statistical inference and requires detailed knowledge of abstract 
mathematics for its implementation.

	 2	 Applied statistics: The branch of statistics involved with applying the methods of 
mathematical statistics to specific subject areas such as medicine, economics, and 
public health.
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	 A	 Biostatistics: The branch of applied statistics that applies statistical methods to 
medical, biological, and public health problems. The study of biostatistics explores 
the collection, organization, analysis, and interpretation of numerical data.

Basic problem of statistics

Consider a sample of data x1, x2,…,xn where x1 corresponds to the first sample point and 
xn corresponds to the nth sample point. Presuming that the sample is drawn from some 
population P, what inferences or conclusions can be made about P from the sample? (See 
figure below.)

Data

Data are often used to make key decisions. Such decisions are said to be data driven. With 
the use of technology, we are able to collect, merge, and store large amounts of data from 
multiple sources. Data are often the core of any public health or clinical research study, 
which often starts with a research question and the collection and analysis of data to answer 
that question. It is important for researchers and practitioners to understand how to col-
lect (or extract from other sources), describe, and analyze data. Furthermore, the ability to 
understand and critique data and methods used by others is increasing in importance as 
the volume of research studies increases while the quality remains inconsistent.

Units and variables

In most instances, a dataset is structured as a data matrix with the unit of analysis (e.g., 
research participants, schools, research papers) in the rows and the variables in the columns.
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•	 Units (cases): The research participants or objects for which information is collected.
•	 Variables: Systematically collected information on each unit or research participant.

Types of variables

•	 Nominal: Unordered categories (e.g., male, female).
•	 Ordinal: Ordered categories (e.g., mild, moderate, severe).
•	 Ranked: Data transformation where numerical or ordinal values are replaced by the 

rank when the data are sorted (e.g., top five causes of death, top three favorite 
movies).

•	 Discrete: Has a finite number of values where both ordering and magnitude are 
important (e.g., number of accidents, number of new AIDS cases in a one-year 
period).

•	 Continuous: Has an infinite number of possible values between its minimum and 
maximum values (e.g., volume of tumor, cholesterol level, time).

In this book, we will discuss ways to describe and analyze a single variable and the 
relationship between two or more variables. We demonstrate and walk through key 
principles by hand and supplement this with the use of a statistical package. A statisti-
cal package does what the user tells it to do. It is important to understand key concepts 
so that you can arrive at accurate outcomes from a software package, read statistical out-
put, and properly interpret the results. In Chapter 1, we discuss methods for describing 
sample data, and, in the rest of the chapters, we discuss ways of analyzing data to test 
hypotheses.

References

	 1.	 Rosner B. Fundamentals of Biostatistics. 8th ed. Boston, MA: Cengage Learning. 2016.
	 2.	 Ross SM. Introductory Statistics. 2nd ed. Burlington, MA: Elsevier Academic Press. 2005.



1 Descriptive statistics

This chapter will focus on descriptive statistics and will include the following:

•	 Measures of central tendency (measures of location)
•	 Measures of spread (measures of dispersion)
•	 Measures of variability
•	 Graphic methods
•	 Outliers and standard distribution rules

Terms

•	 arithmetic mean (average)
•	 bar graph
•	 box plot
•	 Chebyshev Inequality
•	 decile
•	 descriptive statistics
•	 empirical rule
•	 geometric mean
•	 GIS map
•	 histogram
•	 interquartile range
•	 median

•	 mode
•	 outlier
•	 percentiles
•	 quartile
•	 quintile
•	 range
•	 scatterplot
•	 standard deviation
•	 stem-and-leaf plot
•	 tertile
•	 variance

Introduction

A complete statistical analysis of data has several components. A good first step in 
data analysis is to describe the data in some concise way, which allows the data analyst 
a chance to learn about the data being considered. Descriptive statistics is the part 
of statistics that is concerned with the description and summarization of data. Initial 
descriptive analysis quickly provides the researcher an idea of the principal trends and 
suggests where a more detailed look is necessary. The measures used in describing data 
include measures of central tendency, spread, and the variability of the sample. All of 
these measures can be represented in both tabular and graphic displays. We will go over 
different types of graphs and displays in this chapter.
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Measures of central tendency (Measures of location)

One type of measure that is useful for summarizing data defines the center, or middle, 
of the sample. Thus, this type of measure is called a measure of central tendency (also 
“measure of location”). Several measures of central tendency exist, but four measures of 
central tendency will be discussed in this section:

	 1	 Arithmetic mean (average)
	 2	 Median
	 3	 Mode
	 4	 Geometric mean

Arithmetic Mean: The sum of all observations divided by the number of observations.

•	 The arithmetic mean is what is commonly referred to as an average.
•	 This is the most widely used measure of central tendency. However, the arithmetic 

mean, or average, is oversensitive to extreme values, meaning that the mean can 
be influenced by a value that is much higher or much lower as compared to other 
values in the dataset.

•	 We use the notation μ to denote the mean of a population and x  to denote the 
mean of a sample.

Equation 1.1 shows the calculation of the arithmetic mean.

	 x
n

x
x x x

ni
n

i

n

= = + + … +

=
∑1 1 2

1

	 (1.1)

Because the mean is based on summation, knowing several properties of summation 
is often useful as you begin to analyze data, specifically as the data relate to the mean.

Median: The median is the value in the middle of the sample variable such that 50% 
of the observations are greater than or equal to the median and 50% of the observations 
are less than or equal to the median.

BOX 1.1  PROPERTIES OF THE SAMPLE MEAN

Equation 1.2 shows the multiplicative property of summations:

	 cx c xi

i

n

i

i

n

=
= =

∑ ∑
1 1

	 (1.2)

Three important properties of the arithmetic mean:

	 1.	 If yi = xi + c where i = 1,…,n then y x c= +
	 2.	 If yi = cxi where i = 1,…,n then y cx=
	 3.	 If yi = c1xi + c2 where i = 1,…,n then y c x c= +1 2
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•	 The median is an alternate measure of central tendency (measure of location) and is 
second to the arithmetic mean in familiarity.

•	 The median is useful in data that have outliers and extreme values; the median is 
insensitive to these values.

•	 Calculation of the median uses only the middle points in a sample and is less sensi-
tive to the actual numeric values of the remaining data points.

Calculation: Suppose that there are n observations in a sample and that these obser-
vations are ordered from smallest (1) to largest (n). The sample median is defined as 
follows:

If n is odd,

	 Median the observation= +





n
th

1

2

If n is even,

	 Median the average of the plus the=




 +




n n
th

2 2
1

th

observations

EXAMPLE PROBLEM 1.1

Calculate the arithmetic mean and median of Sample 1.
Sample 1: 2.15, 2.25, 2.30

To find the mean, we add all the values and divide the sum by n, which equals 3.

Mean = + + = =2 15 2 25 2 30

3

6 7

3
2 23

. . . .
.

To find the median, we put all values in numerical order and find the 
3 1

2
2

+



 =

th

nd value.

Median = 2nd value of Sample 1 (2.15, 2.25, 2.30) = 2.25.

PRACTICE PROBLEM 1.1

Calculate the arithmetic mean and median of Sample 2.
Sample 2: 2.15, 2.25, 2.30, 2.60

Mode: The mode is the observation that occurs most frequently.

•	 This measure of central tendency (measure of location) is not a useful measure if 
there are a large number of possible values, each of which occurs infrequently.

•	 Some distributions can have more than one mode. We can classify a distribution by 
the number of modes in the data.
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•	 If there is one mode, the distribution is unimodal. For example, in the follow-
ing sequence of numbers, there is one mode because 7 appears the most out of 
any data value:

–	 1  2  3  5  7  7  7  8  8  9
•	 If there are two modes, the distribution is bimodal. For example, the following 

sequence of numbers has two modes because 5 and 6 both appear the most out 
of any data value in the sequence:

–	 2  3  4  5  5  6  6  7  10
•	 If there are three modes, the distribution is trimodal. For example, the follow-

ing sequence of numbers has three modes because 1, 2, and 6 appear the most 
out of any data value in the sequence:

–	 1  1  2  2  5  6  6  8  9

Arithmetic mean versus median

Because the mean is sensitive to outliers and extreme values, it is important to deter-
mine when to use the arithmetic mean versus the median. The distribution of the data 
is a key factor in making this decision.

Arithmetic mean

For a symmetric distribution, the arithmetic mean is approximately the same as the 
median.

For a positively skewed distribution, the arithmetic mean tends to be larger than the 
median.

For a negatively skewed distribution, the arithmetic mean tends to be smaller than 
the median.

Median

If the distribution is symmetric, the relative position of the points on each side of the 
sample median is the same. The mean or median can be used to describe this 
sample.

If the distribution is positively skewed (skewed to the right), the points above the median 
tend to be farther from the median in absolute value than points below the 
median. This is sometimes referred to as “having a heavy right tail.”

If a distribution is negatively skewed (skewed to the left), points below the median tend 
to be farther from the median in absolute value than points above the median. 
This is sometimes referred to as “having a heavy left tail.”

See Figure 1.1 for a demonstration of the relationship between the arithmetic mean 
and the median and the skewed versus nonskewed distributions. The mode is also rep-
resented in the symmetric distribution on the figure.

Geometric Mean: The geometric mean is the antilogarithm of logx  (see Equation 1.3).
This measure of central tendency is not often used in practice but can be useful when 

dealing with biological or environmental data that are based on concentrations (e.g., 
biomarkers, blood lead levels, C-reactive protein [CRP], cortisol).
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Equation 1.3 shows the logx  calculation.

	 log logx
n

xi

i

n

=
=

∑1

1

	 (1.3)

Example of geometric mean using data from the 2014 National 
Health and Nutrition Examination Survey

The 2014 National Health and Nutrition Examination Survey (NHANES) measures 
participants’ blood lead levels.1 Using these data, we computed the geometric mean for 
the participants. The geometric mean for blood lead levels for the entire group of 2014 
participants with nonmissing data was 0.83 ug/mL compared to the arithmetic mean 
of 1.1 ug/mL. We also categorized participants into age groups and computed the geo-
metric mean of blood lead levels by age category (see Figure 1.2).

EXAMPLE PROBLEM 1.2

Calculate the geometric mean for the dataset in Sample 1 from Example Problem 1.1.
Log (2.15) = 0.33
Log (2.25) = 0.35
Log (2.30) = 0.36

log x = + + = =0 33 0 35 0 36

3

1 04

3
0 3467

. . . .
.

Geometric mean = antilog(0.3467) =100.3467= 2.22

Positive skew Negative skew

Symmetric distribution

Mean
Median
Mode

Figure 1.1  �Positively and negatively skewed distribution. In the distribution with a positive skew 
(top left) and the distribution with a negative skew (top right), the median is a better measure 
of central tendency than the mean. The mean more accurately captures the central tendency of 
the data when the distribution is symmetric (center bottom) with thin tails versus when the 
data is skewed. The mean follows the tail of a skewed distribution. The relationship between 
the sample mean and the sample median can be used to assess the symmetry of a distribution.
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PRACTICE PROBLEM 1.2

Calculate the geometric mean of Sample 2.

Measures of spread

Many variables can be well described by a combination of a measure of central tendency 
(measure of location) and a measure of spread. Measures of spread tell us how far or how 
close together the data points are in a sample. Six measures of spread will be discussed 
in this section:

	 1	 Range
	 2	 Quantiles
	 3	 Percentiles
	 4	 Interquartile range
	 5	 Variance
	 6	 Standard deviation

Range: The range is the difference between the largest and smallest observations of a variable.
The range measures the spread of a variable as the distance from the minimum to the 

maximum value. Although the range is very easy to compute, it is sensitive to extreme 
observations. The range depends on the sample size (n). The larger the n, the larger the 
range tends to be. This makes it hard to compare ranges from datasets of different sizes.

Quantiles and Percentiles: Quantiles and percentiles are measures of spread that are deter-
mined by the numerical ordering of the data. They are cut points that divide the frequency 
distribution into equal groups, each containing the same fraction of the total population.

Quantiles and percentiles can also be used to describe the spread of a variable. They 
are less sensitive to outliers and are not greatly affected by the sample size, which is an 
advantage over the range.
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Figure 1.2  �Geometric mean of blood lead levels by patients’ age category for participants of 
the 2014 National Health and Nutrition Examination Survey (NHANES). (Data 
from the National Health and Nutrition Examination Survey, Centers for Disease Control 
and Prevention website, https://wwwn.cdc.gov/Nchs/Nhanes/Search/nhanes13_14​.aspx, 
accessed February 23, 2016.)

https://wwwn.cdc.gov
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•	 The most useful percentiles are often determined by the sample size and subject matter.
•	 The pth percentile is the value Vp such that p percent of the sample points is less than 

or equal to Vp.
•	 The median, which we learned about previously in this chapter, is the 50th 

percentile.
•	 Other frequently used percentiles include the following:

•	 Tertiles: Two points that divide and order a sample variable into three categories, 
each containing a third of the population (e.g., high, medium, low). The 33rd 
and 66th percentiles of a sample variable are used to categorize it into tertiles.

•	 Quartiles: Three points that divide and order a sample variable into four cat-
egories, each containing a fourth of the population. The 25th, 50th, and 75th 
percentiles of a variable are used to categorize it into quartiles.

•	 Quintiles: Four points that divide and order a sample variable into five catego-
ries, each containing a fifth of the population. The 20th, 40th, 60th, and 80th 
percentiles of a variable are used to categorize it into quintiles.

•	 Deciles: Nine points that divide and order a sample variable into ten categories, 
each containing a tenth of the population. The 10th, 20th, 30th, 40th, 50th, 60th, 
70th, 80th, and 90th percentiles of a variable are used to categorize it into deciles.

The pth percentile is defined by the following:

	1.	 The (k + 1)th largest sample point if 
np

100  is not an integer. (k is the largest integer 

less than np
100 ).

	2.	 The average of the 
np

th

100





  and the 

np
th

100
1+





  largest observations if 

np
100  is 

an integer.

Interquartile Range: The interquartile range is between the 75th and 25th percentiles. 
This measure of spread encompasses the middle 50% of observations and is not easily 
influenced by extreme values.

EXAMPLE PROBLEM 1.3

Calculate the range and interquartile range using the dataset in Sample 1 in 
Example Problem 1.1.

Range = − =2 30 2 15 0 15. . .

75
100

3 75

100
2 25 2 3075

th Vp
np= = × = → =. .

25
100

3 25

100
0 75 2 1525

th Vp
np= = × = → =. .

V V75 25 2 30 2 15 0 15− = − =. . .

The range is equal to 0.15, and the interquartile range is also equal to 0.15.
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PRACTICE PROBLEM 1.3

Calculate the range and interquartile range for the dataset in Sample 2 from Practice 
Problem 1.1.

Measures of variability

•	 Measures of variability are measures of spread that tell us how varied our data points 
are from the average of the sample.

•	 Measures of variability include the variance and the standard deviation (S).

Variance: The variance is a measure that will inform us how values in our dataset differ 
from the mean.

•	 A high variance indicates a wide range of values; a low variance indicates that values 
are closer to the mean.

•	 Equation 1.4 shows us how to calculate the variance.

	 S
x x

n

i
i

n

2

2

1

1
=

−

−
=∑ ( )

	 (1.4)

	 where xi is the sample observation for variable X, x  is the mean of X, and n is 
the number of units (observations) in the sample. Variance is also noted as σ2 
in some instances; S2 refers to a sample variance, and σ2 refers to a population 
variance.

Standard Deviation: The standard deviation is the square root of the variance.

•	 The standard deviation is similar to the variance in that it also tells us how much 
variation around the mean there is in the dataset. The standard deviation is more 
commonly used than the variance because, in many cases, the standard deviation 
has the same units as the mean, whereas the variance has units squared, which can 
complicate interpretation.

•	 Equation 1.5 shows us how to calculate the standard deviation. Similar to the nota-
tion of variance, in some instances, the standard deviation will be noted as σ, which 
refers to the population standard deviation. When the standard deviation for a sam-
ple is being referred to, S is typically used.

	 S
x x

n
Variance

i
i

n

=
−

=
==∑ ( )2

1

1
	 (1.5)
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EXAMPLE PROBLEM 1.4

Calculate the variance and standard deviation of the dataset in Sample 1 in 
Example Problem 1.1.

	

S2
2 2 22 15 2 23 2 25 2 23 2 30 2 23

3 1

0

= − + − + −
−

=

( . . ) ( . . ) ( . . )

.00064 0 0004 0 0049

2

0 0117

2
0 00585

+ + = =. . .
.

	 S = =0 00585 0 076. .

PRACTICE PROBLEM 1.4

Calculate the variance and standard deviation of Sample 2 from Practice Problem 1.1.

Grouped Data: Grouped data refers to data that are given as a count of observations 
within an interval of a continuous variable.

Suppose that data were given to us in a frequency table, such as the data in Table 1.1, but we 
wanted to know the mean and variance of those data. Table 1.1 contains a pair of frequency 
distributions of weight (lbs.) for a group of people who reported asthma and a group of people 
who reported no asthma. These data are from the 2014 Behavioral Risk Factor Surveillance 
System (BRFSS)2 data and are limited to participants residing in the state of Missouri.

Note that the continuous measure of weight for each subject is not given; instead, the 
weight of each subject is within one of three ranges of weight. Suppose that you want to 
calculate the mean and standard deviation for these subjects. You can do this by using 
the formulas for the grouped mean and grouped variance.

Grouped mean

Equation 1.6 shows us how to calculate the grouped mean.

	 x
m f

f

i i
i

k

i
i

k
= =

=

∑
∑

1

1

	 (1.6)

where k is the number of intervals, mi is the midpoint of the ith interval, and fi is the 
frequency associated with the ith interval.

BOX 1.2  PROPERTIES OF THE SAMPLE VARIANCE

	 1.	Suppose there are two samples, x1,…,xn and y1,…,yn, where yi = xi + c, i = 1,…,n, 
and Sx

2 and Sy
2 are the respective variances, then S Sx y

2 2= .
	 2.	 Suppose there are two samples, x1,…,xn and y1,…,yn, where yi = cxi, i = 1,…,n, and 

Sx
2 and Sy

2 are the respective variances, then S c Sy x
2 2 2=  and Sy = cSx if c > 0 or Sy = −cSx 

if c < 0.
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Grouped variance

Equation 1.7 shows us how to calculate grouped variance.

	 S
m x f

f

i i
i

k

i
i

k

2

2

1

1
1

=
−





 −

=

=

∑
∑

( )
	 (1.7)

To get the grouped standard deviation, we could simply take the square root of the 
grouped variance.

EXAMPLE PROBLEM 1.5

Calculate the grouped mean and grouped standard deviation for the group with 
asthma (Table 1.1).

x = + + = + +110 206 178 394 468 290

890

22660 70132 135( ) ( ) ( ) 7720

890

228512

890
256 8= = . lbs

S2
2 2110 256 8 206 178 256 8 394 468 256 8= − × + − × + −( . ) ( . ) ( . ))2 290

890 1

×
−

BOX 1.3  SIDE NOTE ON GROUPED MEAN

Side Note: f ni

i

k

=
=

∑ ,
1

 where n is the number of observations in the sample.

Side Note: Zero is an integer; it is not a positive integer.

Table 1.1  Asthma status by weight group

Weight group, lbs Weight group midpoint
Asthma

(n = 890)
No asthma
(n = 5834)

70–150 110 206 1786
151–205 178 394 2699
206–730 468 290 1349

Source:	 Behavioral Risk Factor Surveillance System (BRFSS), Centers for Disease Control and Prevention, 
http://www.cdc.gov/brfss/annual_data/annual_2014.html, 2014. Accessed February 23, 2016. 

Note:	 The 2014 Behavioral Risk Factor Surveillance System (BRFSS) survey asked participants if they were 
“(ever told) you had asthma?” The response values were yes, no, don’t know/not sure, or refused. Those who 
answered the latter two responses were excluded from the data presented in Table 1.1. Survey partici-
pants were also asked, “About how much do you weigh without shoes?” Those who did not give 
weight were excluded from the data presented in Table 1.1. Also, weights given in kilograms were 
converted to pounds. The data presented in Table 1.1 are limited to residents of the state of Missouri.2

http://www.cdc.gov
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= − × + − × + ×( . ) ( . ) ( . )146 8 206 78 8 394 211 2 290

889

2 2 2

= × + × + ×21550 24 206 6209 44 394 44605 44 290

889

. . .

= + +4439349 44 2446519 36 1295577 6

889

. . .

= 22296 3 2. lbs

S = 22296 3.

= 149 3. lbs

PRACTICE PROBLEM 1.5

Calculate the grouped mean and grouped standard deviation for the group without 
asthma (Table 1.1).

Types of graphs

•	 Graphic displays provide a quick overall impression of the data, which is sometimes 
difficult to obtain with numeric measures.

•	 Several types of graphs are shown in this section, including bar graphs, histograms, 
stem-and-leaf plots, scatterplots, box plots, and GIS maps.

What makes a good graphic or tabular display?

To make a good graphic or tabular display, the material should be as self-contained as 
possible and should be understandable without the need for additional text. These attri-
butes require clear labeling, including the title, units, and axes on graphs or figures. The 
statistical terms used in tables and figures should be well defined. Keep in mind these 
important attributes of good displays.

Bar Graph: A widely used method for displaying grouped data, a bar graph is a picto-
rial representation of a frequency distribution for either nominal or ordinal data.

•	 Nominal data are represented by categories that have no order. An example of nom-
inal data is type of food. We could have categories of spicy, bland, or flavorful.

•	 Ordinal data are also represented in categories; however, the categories are ordered. 
An example of ordinal data is price category of food. The dishes can be cheap, 
affordable, moderately expensive, or pricey.
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With nominal or ordinal data, the bar graph is constructed by dividing the data into 
groups. For each group, a rectangle is constructed with a base of a constant width and a 
height proportional to the frequency within that group. The main problem with using a 
bar graph to present nominal or ordinal data is that the sense of the actual sample points 
in the respective groups is lost.

Figure 1.3 shows an example of a bar graph with nominal data. In this graph, we can 
see that family practitioners perform the majority of care for most of the respondents in 
the sample, and general practitioners/internists are in a close second.

Histogram: The most commonly used type of graph, the histograms depicts the sym-
metry and spread of a single variable. It shows the frequency distribution for discrete or 
continuous data. It allows for identification of intervals with high levels of frequency, 
gaps in the data, and values that are far from others.

•	 Discrete or continuous are ways to classify numerical data (see also Chapter 4).
•	 Whereas discrete variables can have only whole number values, continuous vari-

ables can have decimals.
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or internist

Other Surgeon or oncologist

Type of doctor

Figure 1.3  �Type of doctor providing the majority of care per patients’ responses. Data used to 
create the figure are from participants’ responses to the question, “What type of doctor pro-
vides the majority of your healthcare?” The responses were cancer surgeon, family practitioner, 
general surgeon, gynecologic oncologist, general practitioner/internist, plastic surgeon/reconstructive 
surgeon, medical oncologist, radiation oncologist, urologist, other, or don’t know/not sure. Some did 
not answer the question. Note that urologist and other were combined to make the other 
category in the figure. Don’t know/not sure and abstentions were excluded from the figure. 
(Data from the Behavioral Risk Factor Surveillance System (BRFSS), Centers for Disease 
Control and Prevention website, http://www.cdc.gov/brfss/annual_data​/annual_2014​
.html, 2014, accessed February 23, 2016.)

http://www.cdc.gov
http://www.cdc.gov
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•	 Examples of discrete data include the following:
–	 The number of Zika virus cases in a state. These would be discrete numeri-

cal data because we can have only a whole number of Zika cases (e.g., 12 
Zika cases). It would not be possible to have 11.6 Zika cases in a state.

–	 The number of live births at a hospital in a given year.
–	 The temperature of the water in a river on a given day.

•	 Examples of continuous data include the following:
–	 Concentration of lead in the blood of a patient.
–	 Parts per million of water contamination.
–	 Length of time a cancer patient survives after diagnosis.

•	 When there are a large number of discrete possibilities, the line between discrete 
and continuous data can be blurry. Rounding of measurement can also make con-
tinuous data appear discrete.

On the basis of the histogram in Figure 1.4, would you say the distribution of age in 
this sample is skewed or symmetric?3–6

This is a random sample that is based on a modest sample size (n = 93) from a 
real dataset; nevertheless, the distribution is fairly symmetric. However, the left tail is 
heavier than the right tail, suggesting a left skew.

Stem-and-Leaf Plot: In this type of plot, the actual sample values are preserved, and a 
grouped display of the data is presented. The collection of leaves takes on the general 
shape of the distribution of sample points. The stem-and-leaf plot can be used to over-
come problems with bar graphs. From the stem-and-leaf plot, it is easy to compute the 
median and other quantiles.

To construct a stem-and-leaf plot, follow these steps:

	 1	 Separate each data point into a stem component and a leaf component.
	 a	 The stem component consists of the number formed by all but the rightmost digit.
	 b	 The leaf component consists of the rightmost digit.
	 2	 Write the smallest stem in the dataset in the upper left-hand corner of the plot.
	 3	 Write the second stem, first stem + 1, below the first stem.
	 4	 Continue with Step 3 until you reach the largest stem in the dataset.
	 5	 Draw a vertical bar to the right of the column of stems.
	 6	 For each number in the dataset, find the appropriate stem, and write the leaf to the 

right of the vertical bar.

The data3–6 on age of the sample of patients from Figure 1.4 were used to create the 
stem-and-leaf plot in Figure 1.5.

EXAMPLE PROBLEM 1.6

Create a stem-and-leaf plot for Sample 3, which consists of the following observed 
data points: 234, 235, 243, 246, 247, 248, 250, 263, 274, 275.

To create the stem-and-leaf plot pictured in Figure 1.6, we first start by separating 
all of the data points into stem-and-leaf components. Here, we have stems of 23, 24, 
25, 26, and 27. Next, we place the stems in numerical order—which they already hap-
pen to be in—starting with the top of the left column labeled Stem. Now, we draw our 
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vertical bar to the right of the stem values and fill in the leaf for each data point in the 
column we label Leaf.

PRACTICE PROBLEM 1.6

Create a stem-and-leaf plot for Sample 4, which consists of the following observed data 
points: 348, 345, 342, 347, 374, 369, 350, 368, 364, 358, 359, 365, 373, 354, 352, 
358, 372, 366, 364, 355.

Stem Leaf
2
3
4
5
6
7
8

0376
011233445557789
01223456788999
0000001112222223334444455666666777889
0001222244456667
00127
23

Figure 1.5  �Stem-and-leaf plot of age of sample of primary care clinic patients. The data are from the 
same random sample of 93 patients (from a total of 1380 patients) represented in Figure 1.4. 
(From Goodman, M. S., Griffey, R. T., Carpenter, C. R., Blanchard, M., and Kaphingst, 
K. A., J Am Board Fam Med., 28(5), 584–594, 2015, doi:10.3122/jabfm.2015.05.150037.)
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Figure 1.4  �Age of a random sample (n = 93) of primary care clinic patients seen between 
July 2013 and April 2014. The data are from a random sample of 93 participants in a 
study conducted in a primary care clinic in St. Louis, MO. Participants were recruited 
from the waiting room of the clinic, and they completed the survey in English. A total of 
1380 patients participated in the study. (From Goodman, M. S., Griffey, R. T., Carpenter, 
C. R., Blanchard, M., and Kaphingst, K. A., J Am Board Fam Med., 28(5), 584–594, 2015, 
doi:10.3122/jabfm.2015.05.150037.)
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Box Plots: Box plots show the relationship among the median, upper quartile (75th per-
centile), and lower quartile (25th percentile) to demonstrate the skewness of a distribu-
tion. The box represents the middle 50% of observations (interquartile range) with the 
lower end of the box at the 25th percentile and the upper end of the box at the 75th 
percentile. The line in the middle of the box is the median (50th percentile). From the 
bottom of the box is a line with a horizontal bar at the 5th percentile, and from the top 
of the box is a line with a horizontal bar at the 95th percentile.

If the distribution is symmetric, the 75th and 25th percentiles should be approxi-
mately equally spaced from the median.

If the 75th percentile is farther from the median than the 25th percentile, the distribution 
is positively skewed.

If the 25th percentile is farther from the median than the 75th percentile, the distribution 
is negatively skewed.

Box plots will also show the presence of outliers. In the box plot in Figure 1.7, we can 
see that there is one outlier in the non-Hispanic white category. This is represented by 
the point above the upper horizontal bar representing the 95th percentile.

•	 Does the box plot in Figure 1.7 give you a sense of the mean of the BMI in the two 
groups?
•	 Yes, the mean is represented by the small diamonds inside the box plots.

•	 Does the box plot in Figure 1.7 give you a sense of the median BMI in the two groups?
•	 Yes, the median is represented by the bars through the middle of the boxes.

•	 Does the box plot in Figure 1.7 give you a sense of the mode(s) of BMI in the two groups?
•	 No, we do not get a sense of the mode from a box plot.

•	 How would you compare the distribution of BMI among non-Hispanic white par-
ticipants and non-Hispanic black participants based on Figure 1.7?
•	 The distributions appear similar between the two groups. The BMI distribu-

tion for non-Hispanic blacks has a larger spread than the BMI distribution for 
non-Hispanic whites.

Scatterplots: Scatterplots represent data by depicting single points for each observation.

•	 There are two types of scatterplots: a one-way scatterplot and a two-way scatterplot.
•	 A one-way scatterplot uses a single horizontal axis to display the relative position 

of each data point in a group. This plot is not often used in practice.
•	 A two-way scatterplot is used to depict the relationship between two continuous 

measurements. Each point on the graph represents a pair of values.

LeafStem
23
24
25
26
27

45

45

3678
0
3

Figure 1.6  �Stem-and-leaf plot of Sample 3. The stem-and-leaf plot shows the distribution of the 
data in Sample 3 from Example Problem 1.6.
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Figure 1.8 shows an example of a two-way scatterplot. The two continuous variables 
being represented in the graph are waist circumference and body mass index.

Is there a relationship between the two variables?
We can see, on the basis of the scatterplot, that as body mass index goes up, waist 

circumference also goes up.

GIS Map: Graphical information system (GIS) maps show data that have some kind of 
geospatial attribute.

•	 There are two main types of geospatial data: Vector data and raster data.
•	 Types of vector data:

–	 Points, such as longitude and latitude
–	 Polygons, such as city boundaries
–	 Lines, such as streets

•	 Types of raster data:
–	 Elevations
–	 Temperature

•	 Figure 1.9 shows an example of a GIS map from a study on playground safety in the 
neighborhoods of St. Louis, Missouri.7
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Figure 1.7  �Distribution of BMI by race. BMI indicates body mass index. The box plot shows 
BMI by race for a random sample (n = 100) of non-Hispanic white and non-Hispanic 
black participants in the 2014 NHANES survey. (Data from the National Health and 
Nutrition Examination Survey, Centers for Disease Control and Prevention website, 
https://wwwn​.cdc.gov/Nchs/Nhanes/Search​/nhanes13_14.aspx, accessed February 23, 
2016.)

https://wwwn.cdc.gov
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Outliers and standard distribution rules

Outlier: An outlying value is a value x such that either of the following is true: 
(1) x > upper quartile + 1.5*(interquartile range) or 
(2) x < lower quartile – 1.5*(interquartile range)

•	 An extreme outlying value is a value x such that either of the following is true: 
(1) x > upper quartile + 3.0*(interquartile range) or
(2) x < lower quartile – 3.0*(interquartile range)

•	 Outliers can influence measures of data and should be considered when presenting 
descriptive statistics.

Empirical Rule: The empirical rule describes a unimodal and symmetric distribution 
using the mean and standard deviation.

When dealing with a unimodal and symmetric distribution, the empirical rule states that

•	 Mean ± 1 standard deviation covers approximately 67% of observations.
•	 Mean ± 2 standard deviation covers approximately 95% of observations.
•	 Mean ± 3 standard deviation covers approximately all observations.
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Figure 1.8  �Two-way scatterplot of BMI by waist circumference for a random sample (n = 100) 
of non-Hispanic white and non-Hispanic black participants in the 2014 NHANES 
Survey. NHANES indicates National Health and Nutrition Examination Survey. The body 
mass index (BMI) variable was calculated using participants’ measured weight and height. The 
waist circumference variable is the participants’ measured waist circumference in centimeters. 
All measures were collected by trained health professionals. (Data from the National Health 
and Nutrition Examination Survey, Centers for Disease Control and Prevention website, 
https://wwwn.cdc.gov​/Nchs/Nhanes/Search/nhanes13_14.aspx, accessed February 23, 2016.)

https://wwwn.cdc.gov
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N

Playground scores

Percent vacant houses

High (77.0–100)

Medium (61.6–76.9)

Low (15.3–61.5)

7%–11%

12%–19%

20%–28%

29%–73%

No data

0 1 2 4 Miles

Esri, HERE, DeLorme, MapmyIndia, © OpenStreetMap contributors,
and the GIS user community

Figure 1.9  �GIS map from playground safety study in St. Louis, MO. The graphic information 
system (GIS) map shows levels of playground safety in neighborhoods in St. Louis, MO, 
and the percent of vacant houses in each neighborhood. (Data on playground scores from 
Arroyo-Johnson, C., Woodward, K., Milam, L., Ackermann, N., Goodman, M. S., and 
Hipp, J. A., J Urban Heal., 93(4), 627-638, 2016, doi:10.1007/s11524-016-0063-8; data 
on percentage of vacant housing from Neighborhood Data Gateway, RISE Community 
Development, http://www.datagateway.org, accessed on June 15, 2015. The cartography 
is licensed as CC BY-SA. For more information visit http://openstreetmap.org, http://open​
datacommons.org, and http://creativecommons.org.)

http://www.datagateway.org
http://openstreetmap.org
http://opendatacommons.org
http://opendatacommons.org
http://creativecommons.org
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Chebyshev Inequality: The Chebyshev Inequality states that at least 1
1

2

−




k

 of the x 
observations lies within k standard deviations of the mean.

•	 The Chebyshev Inequality makes no assumptions about the distribution of the vari-
able. That is, when we have a dataset that does not have a unimodal and symmetric 
distribution, the Chebyshev Inequality still applies, whereas the empirical rule is 
no longer valid.

•	 The Chebyshev Inequality still holds for unimodal and symmetric data but is more 
conservative than the empirical rule.

PRACTICE PROBLEM 1.7

Fill in Table 1.2 using the information provided.
The mean age of the study participants discussed in Figures 1.4 and 1.5 is 51.3 years 

with a standard deviation of 12.7 years.3–6 Use Figure 1.5 to fill in the column of Table 
1.2 with the heading Actual.

	 x k SD± × ( )

PRACTICE PROBLEM 1.8

Suppose that the scale for a dataset is changed by multiplying each observation by a 
positive constant, c.

	A	 What is the effect on the median?

	B	 What is the effect on the mode?

	C	 What is the effect on the geometric mean?

	D	 What is the effect on the range?

Table 1.2  Practice Problem 1.7 blank table

k Left limit Right limit Empirical rule, % Chebyshev, % Actual, %

1
2
3

Note:	 This table should be filled in with the appropriate values based on the data provided in Practice 
Problem 1.7 and Figure 1.5.
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	E	 What is the effect on the arithmetic mean?

	F	 What is the effect on the variance?

	G	 What is the effect on the standard deviation?

PRACTICE PROBLEM 1.9

State whether each of the following observations is an example of discrete or continuous 
data.

	A	 The number of Zika diagnoses in Puerto Rico during May of 2016.

	B	 The weight of a newborn infant.

	C	 The concentration of albumin in a sample of blood.

	D	 The number of children injured on playgrounds in 2015.

Table 1.3  Pulse rate by shortness of breath status

Pulse rate, 60-second pulse rate

Shortness of breath on stairs/inclines No shortness of breath on stairs/inclines

76 76
76 68
72 64
62 84
74 68
82 58
70 82
80 74
80 58
64 74

Source:	 National Health and Nutrition Examination Survey, Centers for Disease Control and 
Prevention, https://wwwn.cdc.gov/Nchs/Nhanes/Search/nhanes13_14.aspx. Accessed 
February 23, 2016.

Note:	 The data are from a stratified random sample of 20 participants from the 2014 National Health 
and Nutrition Examination Survey. Participants over age 40 were asked, “{Have you/Has SP} 
had shortness of breath either when hurrying on the level or walking up a slight hill?” 
Respondents who answered don’t know or who refused were excluded from this sample. In a 
separate setting, participants also had their pulse rate measured by a trained health technician.

https://wwwn.cdc.gov
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PRACTICE PROBLEM 1.10

In Table 1.3 are data from a stratified random sample of participants in the 2014 
NHANES survey.1 The first column lists pulse rates, measured as beats per 60 seconds, 
for those who reported a shortness of breath while on stairs or an incline. The second 
column lists pulse rates for those who reported no shortness of breath while on stairs or 
an incline.

Fill in Table 1.4 (descriptive statistics table).

	A	 Is the typical pulse rate per minute larger for those who experience a shortness of 
breath when walking up stairs or an incline or for those who do not?

	B	 Which of the two groups has a greater amount of variability in the measurement?
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