CRITICAL
THINKING

Gary R. Kirby
Jeffery R. Goodpaster
Marvin Levine







Excerpts taken from:

Thinking, Second Edition,

by Gary R. Kirby and Jeffery R. Goodpaster
Copyright © 1999, 1995 by Prentice-Hall, Inc.
A Pearson Education Company

Upper Saddle River, New Jersey 07458

Effective Problem Solving, Second Edition,
by Marvin Levine
Copyright © 1994 by Prentice-Hall, Inc.

All rights reserved. No part of this book may be reproduced, in any form or by any means,
without permission in writing from the publisher.

This special edition published in cooperation with
Pearson Custom Publishing

Printed in the United States of America

10 9

Please visit our web site at www.pearsoncustom.com

ISBN 0-536-02865-6

BA 992062

Custom PEARSON CUSTOM PUBLISHING
Publishing 75 Arlington Street, Suite 300, Boston, MA 02116
A Pearson Education Company

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Contents

CHAPTER 1: WHAT ISTHINKING? ... ....ciiiiiiiiiinnnnnn 1
Our Cultural Legacy .......... .. .. i 1
Why Think? ... 2
Thinking Activity 1.1: Things More Important Than Thinking ... ... .. 2
Thoughts Richer Than Gold ... ........ ... . ... .......... 3
Thinking as Possibility ... ........ ... . ... .. .. ... ... ..... 4
Thoughts Accumulate .. .. ........ ... ... ... ... . .. .. .. ... 4

Life Without Thinking .. ....... ... .. ... .. .. ... ... 4
What Is Thinking? . .. ... ... .. 5
The Mystery . . .. ..o 5
Toward a Definition: Thinking as Communicating . ............. 5

The Centrality of Thinking .. ..... ... .. ... .. .. .. .. .. ... 6
Communicating: The Mirror of Thought ................. ... ... 6
Thinking as Writing: Clarity, Exactness, Awareness, Richness . . . . . ... 7
Thinking Activity 1.2: Thinking, Sensing, Writing .. ............... 8
Thinking as Dialogue: Validation and Insight . .. ............... 9
Misthinking . .. ... 10
SUMMATy . .o e 10
Thinking Challenges . ......... ... . . i 11
CHAPTER 2: PERSONAL BARRIERS ............c.c0ivvnnn. 13
Enculturation ... ... ... . 13
Sources of Enculturation . ......... ... ... .. ... ... . ...... 14

iii

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



Some Common American Beliefs ........... ... ... ... ... ... ... 15

Religion and Enculturation .......... ... ... .. ... ... ... .. ... 15
Thinking Activity 2.1: Our Own Enculturation .................. 16
Self-Concept . ... 19
Thinking Activity 2.2: The Ideaof Self .. .......... ... .. ... .... 20
Thinking Activity 2.3: Letting Go . .......... . ... 21
Ego Defenses .. ... 22
Denial ... ... .. .. . . . 22
Projection .. ...... ... . ... .. 22
Rationalization .. ...... ... ... . ... ... . .. .. . .. . ... .. .. 23
Self-Serving Biases .. ... ... ... 24
Other Attribution Errors ... ... ... o o L 25
Self-Serving Biases? ... ... ... ... 25
Thinking Activity 2.4: Owning Up to Our Dark Side .. ............ 26
The Role of Expectations and Schemata . ................. ... ... 27
Emotional Influences .. ..... ... ... . . . 29
ANGEr © 29
Passion . ... . ... 31
Depression . ... ... . 32
Thinking Activity 2.5: Five Thinking Errors . ....... ... ... ... ... 35
Striving for Cognitive Consistency . ...............c.cvuiuno... 36
SUrEsS .« o 38
Signs and Symptoms of Stress . .. .. ... L 39
Stress Management .. .. ......... .. .. .. ... . 40
iv

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Summary .. ... 42

Barrier Challenges .. ...... .. .. .. .. . . 42
CHAPTER 3: SENSING .......iiititiiiiiiininennnnnnnn 44
Sensual Beginnings . ....... ... .. ... .. i il 44
The Power of Our Senses . .......... ... ... 45
The Deception of Our Senses .. .. ..o, 45
Thinking Activity 3.1: Ideas: Innate or Learned? . ................. 46
Thinking Activity 3.2: Our Personal Sense Deceptions . ............ 47
Sharpening Our Senses . .. ........... ... ... . il 48
Thinking Activity 3.3: Seeing Anew . ....... ... ... . ... ....... 49
Powerful Listening . ........ .. ... ... ... .. . i 49
The Paradox of Powerful Listening .. ....................... 49

How to Listen . ......... ... ... ..o, 50
Thinking Activity 3.4: Developing an Action Plan . .. .............. 52
SumMmMAry .. ... 53
Sensing and Thinking Challenges .. .......... ... ... .. ... .. ... 53
CHAPTER 4: BRAINAND MEMORY ..............covu. 56
The MysStery . ..ot 56
Thinking and Our Brain . .......... .. ... .. ... .. ... .. .... 57
Thinking Activity 4.1: An Exercise in Mental Discipline . ........... 58
Food and Drugs .. ........ ... ... ... .. ... ... ... ... ..., 58

Sleep . .. oo 61
Thinking Activity 4.2: Critical Reading Before We Sleep ... ......... 61
Our Thinking Potential .. .............................. 62

\'J

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



Brainand Mind . ... ... 64

Thinking and Memory . ......... .. ... ... . i 65
The Changing Nature of Memory . .. ............. ... ... ... 66
Thinking Activity 4.3: Memories of Childhood .. ........ .. ... .. 66
Forgetting ... ....... .. ... .. 68
Recall Versus Recognition . . ... 69
Why We Forget .. .. ... 69
How to Improve Memory . ... ...... ... ... . ... .. 70
Thinking Activity 4.4: Using Mnemonics ....................... 71
Summary .. ... 73
Brain and Memory Challenges .. .......... .. .. ... ... .. ... ... 73
CHAPTER 5: LANGUAGE: OUR THINKING MEDIUM ........ 76
Thinking Activity 5.1: Language and Thinking .. ................. 77
Languageand OurMind ......... ... ... ... ... .. ... ... ..... 77
The Universalizing Power of Language . ... .................. 78
The Structuring Power of Language .. ...................... 78
Language and Society .. ........ .. ... .. i 79
Thinking Activity 5.2: A Brief Mind Sketch . ....... ... ... .. ... .. 80
The Metaphorical Power of Language . ......................... 82
What Is a Metaphor? ... ....... ... .. . . ... . i 82
Metaphorical Models Control Thinking . . .. .................. 82
Language, Lawyers, and Lawmakers ... ....... ... ... ... ... ... .. 84
The Limitations of Language ............ ... ... .. .. ... ...... 84
The Powerof English . . ... ... ... .. oo 85
Word Meanings .. ......... ... .. i 86
vi

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Thinking Activity 5.3: The Language in Our Mind ................ 86

Thinking Activity 5.4: Identifying Our Flame Words .............. 88
Word Order Creates Meaning ... ......................... 89

The Power Parts: Noun and Verb . .. ....................... 90
Thinking and the Context . ... ........... ..., 90
Clarity ... .. 91
Clearly Embarrassing .. ........ .. .. ... . i 91
The Pitfalls of English ....... ... .. ... .. .. .. .. .. . ... 91
Generalizations and Abstractions .. ... ..................... 91

High Specificity ........ ... ... 92
Wordiness ... ... ... . . 92
Redundancies . .. ....... ... ... .. . .. .. ... . .. . 92
Hlogicalities .. ....... ... ... ... . ... .. .. .. . ... ... 93
Clichés .. ... .. . . 93
Summary .. ... 94
Language Challenges .. .......... ... ... .. ... .. ... ... ..... 94
CHAPTER G: FEELING ........cititiiiiiiiinnenennnennn 97
Feelings and Thinking . .......... ... ... ... .. .. .. .. .. ... 97
Cultural Context ....... .. ... ... . i 98
Business ... ... ... 98
Church ... ... . . 98
Family . ... ... ... . 99

The Force Behind Our Thoughts . ............ ... .. .. ... ..., 99
Beneath the Rational Surface . .. .......................... 99

vii

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



The Importance of Tone . . ... ..., 100

Thinking Activity 6.1: Feelings Beneath Our Thoughts ............ 100
Generating Speech . ... .. . L 101
Generating Writing . ...... ... . it 102
The Inspiration Method .. ............................. 102
The Recollection Method . . ... .......................... 103
The Conscious Selection Method . ... ...................... 103
Feelings Toward Topic and Audience .. ...... ... .. ... .. .. ..... 103
Thinking Activity 6.2: Evoking Emotions . ..................... 104
Summary . ... 104
Thinking and Feeling Challenges ........... ... ... .. .. .... 105
CHAPTER 7: CREATIVE THINKING ............co0ivnnnn 107
What Is Creativity? . ... ..ottt 108
Metaphorical Thinking . . ........ ... . . i 108
Thinking Activity 7.1: Making Metaphors . ........ ... ... ... ... 109
Kinds of Creative Thinking .. .......... ... .. .. ... ... ...... 110
Who Can Think Creatively? .. ...... .. ... .. . . ... 110
Thinking Activity 7.2: Poetic Impressions ... ................... 111
Conditions and Limitations of Creativity ...................... 111
Beginning to Create . . .......vut ittt 112
Brainstorming .. ... .. ... .. 112
Starbursting . . .. ... 112
Coaxing Creativity .. ...ttt 114
Step 1: Desire .. .. ... 114
Step 2: Knowledge and Skills .. .. ........................ 114
viii

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Step 3: Edisonian Effort ... ... ... ... . . .. .. . ... 114

Thinking Activity 7.3: Prepcreation . ......................... 115
Step 4: Fermentation and Insight .. .................... ... 116

Step 5: Evaluation .. ......... .. ... ... ... .. .. ... .. ... 117
Summary . ... 117
Leonardoda Vinci ........ ... .. ... .. . i 117
Creative Thinking Challenges .. ........... ... ... .. .. .. ... 117
CHAPTER 8: ORGANIZING ......cvitiiinenennnnenennnn 119
Originsof Order ......... .. ... ... .. . i, 119
Natural/Mental Orders .. ... .o i i 120
Topical Order . .. .. ... .. . . . . 120
Analogical Order .. .. ... ... ... ... ... ... .. .. ..... 120
Chronological Order . ... ... ... .. ... ... .. ... ........ 120
Causal Order ... ... ... .. . . . . . . . . . . . . .. .. .. 121
Thinking Activity 8.1: Other Natural Orders? .. ................. 121
Thinking Activity 8.2: The Order of the Elements . .. ............. 121
Mental Orders .. .. ... 122
Thinking Activity 8.3: Other Mental Orders . ................... 123
Clarity and Memory . .. .. ... .. .. ... ... .. .. ... ....... 124

Steps in Organizing . ........ ...t 124
Clustering . .. ....... ... . . . . . 124
Analyzing .. ... .. .. 126
Thinking Activity 8.4: Analyzing the Clusters ................... 126
Priovitizing ... ... ... 127

ix

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



Using the Orders . ... i i 127

Thinking Activity 8.5: Creating a Seminal Structural Analogy ....... 131

Curtain Call ....... ... .. .. . . . . . .. .. .. ... 131
Summary ... .o 132
Organizing Challenges . ........ ... .. .. ... ... .. .. ..... 132
CHAPTER 9: LOGICALTHINKING ...........covvnvnnn. 134
Deductive Thinking: The Syllogism .. ........................ 134
Categorical Syllogisms . ...... ... . . 135

Three Kinds of Propositions . ........... ... .. ..c........ 137

Four Figures .. .. ... ... . 138
Thinking Activity 9.1: Drawing the Conclusion ................. 139
Thinking Activity 9.2: Finding Terms and Figures .. .............. 140

Validity of Categorical Syllogisms ... ...................... 141
Thinking Activity 9.3: Identifying Valid Categorical Syllogisms . . .. .. 142
Thinking Activity 9.4: Using Venn Diagrams ................... 142
Enthymemes and Syllogisms in Everyday Life ................ ... 147

Thinking Activity 9.5: Finding Multiple Syllogisms and False Premises .150

Soft Deductions . .......... ... ... 151
Thinking Activity 9.6: Challenging Soft Deductions .............. 154
Reasoning Errors in Categorical Syllogisms . . ... ................ 154
Undistributed Middle . . ............................... 154
Hlicit Process . ... ... ... .. .. ... 156
Thinking Activity 9.7: Finding Undistributed Terms ... ........... 159
The Four-Terms Fallacy . . .. ..... ... ... ... ... ...... 159
X

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Equivocation .. ........ .. ... ... ... ... .. .. . . ... 160

The Importance of Agreed Meaning . ......................... 161
Rules for the Categorical Syllogism ........................... 162
Thinking Activity 9.8: Identifying Invalid Syllogisms . ... .......... 163
Hypothetical Syllogisms .. .......... ... ... .. .. .. .. .. ... 163
Reasoning Errors in Hypothetical Syllogisms . .. ............... 165
Disjunctive Syllogisms . ...... ... .. .. ... . . i il 167
Reasoning Error in the Disjunctive Syllogism . .. .............. 168
Valid Conversions . ......... ..., 169
Thinking Activity 9.9: Writing Valid Conversions . ............... 171
Informal Deductive Fallacies . . .. ..... .. ... .. ... ... ... .. ... 171
The Fallacy of Division . .. ........... .. .. ... ......... 171
Circular Reasoning . .. ........ ... .. ... ... i, 172
The Either/Or Fallacy .. .. ...... .. ... ... .. ... ... ..... 172
Thinking Activity 9.10: Identifying the Either/Or Fallacy .......... 173
Reductio ad Absurdum . .. ... ... o L 174
Inductive Thinking . ....... .. .. ... ... .. .. 175
Thinking Activity 9.11: Distinguishing Between Inductive
and Deductive Arguments .. .......... . 178
Thinking Activity 9.12: Considering Past Errors . ................ 179
Analogical Argument . .......... ... i 179
Chuang Tzu’s Analogies .. ............ .. 180
Thinking Activity 9.13: Using Analogies . ...................... 181
Causation . ... ... 181
Xi

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



Thinking Activity 9.14: Thinking About Causation . .............. 182

Informal Inductive Fallacies ......... .. ... ... ... ... ... ... 182
Hasty Generalization . ........... .. ... ... i, 182
Post Hoc Ergo Propter Hoc . ... ......... ... ... ... ........ 183
Extravagant Hypothesis ... ........ ... ... ... ... ....... 184
False Analogy . .. .. ... .. . . . 185
The Fallacy of Composition ... .......................... 185
Slippery Slope . . . .. ... 186
Other Reasoning Fallacies . .. .......... .. ... ... .. . .. ... 186
Appeal to Authority . ... ... ... ... 187
Appeal to Tradition . .. ........ ... ... ... ... ... .. .. ... 188
Bandwagon Appeal . . ... ... ... ... o 189
Appeal to Ignorance . .. ......... .. .. .. ... . 189
Summary . ... 190
Logic Challenges ............ .. ... ... .. .. . 190
CHAPTER 10: SCIENTIFICTHINKING ..........co0uvunn. 193
The Scientific Method .. ... ... .. .. ... .. . i 194
Observation . . ......... ... ... ... . i, 194
Hypothesis . .. ... 194
Experimentation . . .. ... ... ... ... . e 195
Verification .. ....... ... . . .. ... ... 195
Science and Other Ways of Knowing ... ................. ... 196
Copernicus and Galileo ...... ... ... .. o i il 197
The Empirical Nature of Science . ............ ... ... .. .. .... 198
Xii

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Erroneous Operational Definitions ... ..................... 198

Operational Debates . ... .......... .. ... .....c..... 199

The Limits of Science ... ...... ... ... . ... 199
Thinking Activity 10.1: Creating Operational Definitions .......... 200
Thinking Activity 10.2: The Domain of Science ................. 201
Science and the Understanding of Human Nature . ............... 201
Determinism as Foundation . .. ............ .. ... ........ 202
Human Beings and Determinism ... ...................... 202
Determinism and Probability ............ ... ... .. . 0L 205
ProvingaTheory ..... ... ... .. . .. 205
Controlled Experiments .. ............. ... ... .. .. . ... 207
Correlational Designs . . ........ .. ... .. .. i i 208
Significance .. .. .. 211
Sizeable Effects . .. .. ..o 213
Experimenter Bias .. ... ... .. ... . i 213
The Placebo Effect ... ... 215
Casesof Fraud ........ .. ... .. .. .. .. . . i 216
The Survey . ... 216
Case Studies .. ..ot 220
Pseudoscience . .......... ... 221
Summary . ... 222
Scientific Thinking Challenges ... .......... ... ... ... .. ... ... 224
CHAPTER 11: PERSUASIVE THINKING ...........covuunn 226
What Is Persuasion? .. ..... ... ...t 226
xiii

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



The Ethics of Persuasion . .. ... ... 227

Thinking About What Moves Us . .......... ... ... ... .. .... 227
Confucius, Christ, and Kant . .. .. ..o 228
Knowledge . ... ... .. . . . . . . .. 228
Objectivity and Honesty .. ...... ... .. ... ... .. ... ..... 228
Biases . ... . 228
Likability . . ..o oo 229
Motivation and Purpose .. ......... ... ... .. .. .. .. .. ... 229
The Rational Appeal . . ... ...... ... ... .. .. ... .. ... ..... 230
The Emotional Appeal: The Root Elements ... ............... 230
Thinking About What Moves Our Audience . ................... 231
Demographics . . .......... ... 232
Thinking Activity 11.1: A Demographic Analysis ................ 232
Values and Needs .. ... ... ... .. . . . . . . . . . .. 233
Thinking Activity 11.2: Identifying Values and Needs ............. 233
Adjusting Our Goals . .. ...... ... .. .. ... ... 234
Organizing for Persuasion . ........... .. .. ..., 234
Thinking Activity 11.3: Motivation Mountain . ................. 235
Step 1: Establishing Credibilizy . . .. ....................... 236
Step 2: Acknowledging the Audience’s Position ... ............. 236
Thinking Activity 11.4: Recognizing the Other Side .. ............ 237
Step 3: Constructing Our Rationale .. ..................... 238
Step 4: Transplanting the Root Elements .. .. ................ 238
Step 5: Asking for the Response . .. ........................ 238
xiv

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Defending Ourselves Against Deceitful Persuasion ... ............. 239

Manipulative Tactics ... .. ...... ... ... .. .. ... .. ... ... 239
Thinking Activity 11.5: Your Vulnerability to Fear Appeals ......... 243
Erroneous Attacks . .. ... ... 244
Abuse of Language .. .. ...... ... .. .. .. ... .. .. .. ... ... 246
Summary . ..o 247
Persuasion Challenges . . ...... ... ... .. ... ... o il 248
CHAPTER 12: PROBLEM SOLVING .........cociviuvnennn. 251
Defining the Problem . . ...... ... ... .. o 252
Discovering Causes ... ............. i 253
Problems Without a Cause . . .. ....... ... ... ... . 254
Removing Barriers .......... ... . . L o 254
The Myth of Perfection .. ......... ..., 254

The Myth of Genius . ... ..., 255
Generating Solutions .. ...... ... .. . . i 255
Gathering Information ... .......... .. .. ... .. .. ... ..... 255
Thinking Activity 12.1: Identifying Problem Components . ......... 257
Creating a Healthy Communication Climate ................... 258
Creative Thinking . ...... ... ... .. . . 259
Thinking Activity 12.2: Functional Fixedness ................... 260
Selecting Solutions .. ...... ... . 260
Preliminary Evaluation . ... ............................ 260
Chaotic Systems . .. . ..ottt 262
Prosand Cons . ....... .. .. . . . . .. i 262

XV

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



Rejections on Minor Grounds .. ........ ... . i 263

Thinking Activity 12.3: Weighing Pros and Cons .. .............. 264
Subgoal Analysis . ... ... ... .. 264
Trial and Error ... ... ... .. .. . ... 265
Working Backwards .. ...... ... ... ... ... ... ... ... .. 265
Problem-Solving Tips .. .......... ... ... ... ... ... ... 266

Evaluating Solutions . ......... .. ... ... ... ... .. . L 267

Summary ... 267

Problem-Solving Challenges . ......... ... ... .. ... ... ..., 268

CHAPTER 13:

THE CHALLENGE TO GO ONTHINKING ................ 270

CHAPTER 14:

DESCRIPTIVE AND PRESCRIPTIVE PRINCIPLES .......... 273

CHAPTER 15:

THE PRINCIPLE OF INTIMATE ENGAGEMENT ........... 275

CHAPTER 16: EXTERNALIZE:
THE INTIMATE ENGAGEMENT OF

MATHEMATICAL AND LOGICAL PUZZLES ............... 283
Straight-Line Problems ... ........ .. ... ... .. .. ....... 286
Matrix Problems . ... ....... ... .. . . . . .. .. . 286
Function Generating Problems . ... ....................... 290

CHAPTER 17: VISUALIZE:

THE PROBLEM OF COMPREHENSION .................. 293

CHAPTER 18: VISUALIZE:

COMMITTING INFORMATION TO MEMORY ............. 300
Exercises for Intimate Engagement ... ..................... 308

CHAPTER 19:

SPECIAL FEATURES OF THE PROBLEM SPACE ............ 315

XVi

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

CHAPTER 20: GOTO THE EXTREMES ................... 326

CHAPTER 21: SIMPLIFY THE PROBLEM ................. 332
Exercises for Special Features . ... ........................ 341
CHAPTER 22: DON'TBEBLIND .......covviiiiiinnnnn.. 345
CHAPTER 23: FACILITATE FLEXIBILITY ................. 352
Brainstorming . ... ... 353

The Intermediate Impossible .. .. ........................ 355
Random Associations . ... ........ .. ... ... ... ... ... ... 356
Analogies or Metaphors . .. ......... . ... .. .. . ... 358

Sleep on It .. ... ... 360
Exercises for Lateral Thinking ... ........................ 362
APPENDIX: PROPOSITIONAL LOGIC .........covvvvnnn. 369
APPENDIX A .. ittt ittt erennanaeennns 372
APPENDIX B ..ttt iiiiiiiiiiiannnnnans 382
REFERENCES FORCHAPTERS 1-13 .......ciiivtvvnnnnnn 388
REFERENCES FOR CHAPTERS 14-23 ..........cc0ivvnnn. 393
xvii

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.






0-536-80589-X

Preface

We are but thinking reeds, but because we know, we are superior to
the universe. Thought constitutes our greatness.

—PASCAL

THE CHALLENGE

This is a book about our thinking. If we begin to think more actively, some
stunning changes are possible: we can know ourselves better, we can have more
options in life, we can distinguish fact from fiction and hype from hope, we
can begin to think more decisively as we choose liferoads to walk down, and
we can become more persuasive as we listen and talk to our fellow thinkers.

We often define ourselves by our actions. In a way, we are what we do,
but perhaps more than we realize, we are what we think. For instance, if peo-
ple pretend to like someone whom they hate, is it their hateful thinking or
their false acting (or both) that really represents what they are? “Whether a
thought is spoken or not, it is the real thing and has power” (Herbert, 1987,
p- 257).

We want you, the reader, to wuse this book, to challenge your mind, to
strengthen your thinking ability. Says Dr. Arnold Scheible, director of the
Brain Research Institute at UCLA, “If you decrease input you decrease struc-
ture. The brain is just like a muscle—use it or lose it.”

We have used our brain to explore the universe, and the sciences of physics
and astronomy are now firmly established. But exploring our brain will be

Xix
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more difficult. The neurosciences are still at an early stage, even though knowl-
edge of the brain has leapt exponentially. We have already identified many of
the neurotransmitters that control neural activity, and our ability to look inside
the brain has progressed from anatomy to EEG to CAT to MRI to PET.
Still, unlike the DNA code in genetics, the brain code has not been deciphered.
If we use physics as a measure, brain research is still at the pre-Newtonian
stage of knowledge.

Complicating this puzzle is our brain’s enormous intricacy: Over a tril-
lion cells compose it; 100 billion of them are neurons devoted to our think-
ing process. Each of these, on the average, reaches out to make thousands
and thousands of other contacts. If we could walk along this marvelous
labyrinth, the number of different journeys we could take may exceed the
number of atoms in the universe! The neurons cannot communicate to quite
that extent, but the number of real, potential pathways in the brain is still
absolutely unimaginable! With such tremendous complexity, can our think-
ing brain even begin to comprehend itself?

And that, perhaps, is the greatest obstacle of all: we are attempting to
know our mind with our mind. That is like a pair of pliers trying to grasp
itself. How can the instrument of thinking grasp itself? While this obstacle
may seem theoretically insurmountable, practically we do experience the abil-
ity to reflect on our thought; and in an attempt to escape from this cyclic
conundrum, we will frequently stress communicating our thinking in writ-
ing and in dialogue so that we can objectively analyze the results of our think-
ing. One of the best ways to understand what is in our mind is by what comes
out of it: our expressed thinking.

THE INTERDISCIPLINARY CHALLENGE

This book is not pitched towards a specific discipline: students of all disci-
plines think. No one area of research or academic discipline owns a monop-
oly on thinking: the more we share our knowledge the better thinking we
can do. In this text we have begun at our classical wellspring of thought, and
we have drawn ideas on thinking from every subsequent period of history
from the philosophers, the poets, the scientists, the psychologists, the linguists,
and more recently the neuroscientists.

Teachers of philosophy will find a large chapter on logic replete with syl-
logisms and fallacies, and will see contributions throughout this text from
Parmenides, Heraclitus, Plato, Aristotle, Seneca, Marcus Aurelius, Ockham,
Anselm, Aquinas, Montaigne, Pascal, Descartes, Bacon, Locke, Hume, Kant,
Schopenhauer, Dewey, Russell, and Wittgenstein.
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Preface XXi

English teachers will find that our definition of thinking focuses on the
expressed thought of writing: writing is called the mirror of our mind. Most
of the chapters are directly applicable to writing. For instance, “Language”
heightens word awareness, deepens knowledge about crafting a structure,
and stresses clarity and brevity, thus assisting expository writing. “Sensing and
Listening” helps the writer perceive more acutely and describe more vividly;
thus it demonstrates the descriptive paper. “Feeling” helps writers infuse pulse
and tone into their writing. “Creative Thinking,” which addresses the begin-
ning point of discovery that incorporates classical topics and invention, helps
writers solve the fundamental hurdle of saying something strong and original.
“Organizing” supports writing a research paper by demonstrating what all
good writing needs: a clean structure. “Persuasive Thinking” presents power-
ful methods to move other minds that can be used in writing a persuasive
paper. All of these chapters have been successfully used in writing classes,
and there are over three hundred thinking challenges which can be given as
writing assignments.

Science teachers will find a full chapter on scientific thinking as well as
chapters dealing with each step of the scientific method: observation corre-
lates with the chapter on sensing, hypothesis with creativity, experimenta-
tion with action, and validation with evaluation. Additionally, there are
references to neuroresearch, to the chaos theory, and to giants such as Galileo,
Newton, Darwin, Mendeleev, Einstein, and Watson and Crick.

Psychology teachers will find that we deal with the whole person, address-
ing the cognitive, behavioral, and affective dimensions. The chapter “Personal
Barriers” covers important cultural and psychological barriers to clear think-
ing. “Brain and Memory” addresses the neurological basis of thinking, the
effects of drugs, and some characteristics of memory and forgetting. The chap-
ter “Scientific Thinking” examines controlled experiments, correlational stud-
ies, surveys, case studies, and the assumptions of the scientific method. In
addition, throughout this text we draw upon psychological research and such
psychological thinkers as Freud, Jung, James, Skinner, and Maslow.

CHAPTER ARRANGEMENT: THINKING BASES

Thinking is a whole and cannot be chopped into chapters. Yet because we
need some way to reflect upon and understand what is going on in our mind,
we have organized this book according to “thinking bases,” places to anchor
and check a “part” of our thinking. Some of the major bases, or thinking plat-
forms, are sensing, feeling, language, creating, organizing, logical thinking,
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judging, deciding, and acting. All of these bases interrelate and most of our
thinking involves many of these fundamental bases.

Although the chapters on these bases are arranged somewhat “chrono-
logically” from the original perception to the final result of thinking (deci-
sion and action), our thinking can begin at any point and jump to any other
point. Rarely do we move systematically from one base to the next; sometimes
we start with our memory and not with our senses. Except for repetition, each
of our thinking acts is unique, just as each of us is unique. Pardon us then,
this artificial, analytical act of chopping thinking into chapters.

THINKING SUPPORTS: PRACTICAL AND PERSONAL

To actively engage, enlarge, and enrich your thinking, to help you adapt and
personalize the chapter concepts, and to provide meaningful in-class and
out-of-class assignments, we have placed over three hundred thinking chal-
lenges throughout the book, arranged into three kinds:

1. At the end of each chapter there are over a dozen thinking challenges,
most of which can be easily used for group discussions, a journal entry,
a personal reflection essay, a research paper, or a class presentation.

2. Within each chapter there are major thinking activities to help stu-
dents practice or apply a particular aspect of thinking. These, too, can
be used in multiple ways.

3. Also inside each chapter are brisk ventures into thinking called “Think
About It.” These summons to think can also be used flexibly. All of the
thinking supports in this book can greatly enliven a classroom.

In addition, the book contains selections from students and some high-
lighted material on great thinkers like Leonardo da Vinci or on systems of
thought like #he chaos theory. Each chapter has an introduction that weaves
the coming sections together and a summary to reinforce and bring the con-
cepts home.

As you read this text, we encourage you to pause and think often, to use
this book as a beginning place to understand your thinking and to improve
it, and then to go on to discover, create, and apply your thinking toward a
richer life.

ASSUMPTIONS

While the fundamental epistemological and pedagogical assumptions that
underlie this book will be discussed, a single statement can get us started: we
believe that we can learn to think better with an honest effort at self-reflec-
tion and practice, tested and honed whenever possible in the dialogue of
expressed thought.
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We have presented one approach to understand and to sharpen think-
ing, and have attempted to avoid being dogmatic. The vast and largely
unknown arena of the mind would be a foolish place in which to be dogmatic.
We encourage you to think about the ideas in this book, to find the hidden
assumptions, to challenge the stated positions, and most importantly, to adapt
these thoughts into a better way of thinking for yourself.
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What Is Thinking?

We are such stuff as thoughts are made on.

—ADAPTED FROM SHAKESPEARE

OUR CULTURAL LEGACY

In this book we encourage you to engage your mind and plunge into think-
ing. But first, let’s meet some powerful thinkers who have preceded us.
Humans were speaking, and thus thinking, many millennia before the
Sumerians, the Egyptians, and the Phoenicians learned to write their thoughts.
The Greeks took their alphabet and burst forth into song, literature, philos-
ophy, rhetoric, history, art, politics, and science. Corax of Syracuse, perhaps
the first rhetorician, taught us how to use words to pierce into other minds.
The sophists, skeptics, and cynics asked us to question everything, including
our own questioning. Socrates probed and prodded the Athenians to think:
“The unexamined life is not worth living,” he said. And he threw down to
us the ultimate gauntlet: “Know thyself.” Plato was so caught up with Socrates
and with the pure power of the mind that he thought we were born with ideas
and that these innate ideas were as close as we could come to divinity. Plato’s
pupil, Aristotle, sharpened his senses to make impressive empirical observa-
tions that climbed toward first principles; then he honed his mind into the
absolute logic of the syllogism that stepped inexorably, deductively downward.
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The Roman rhetoricians Cicero, Tertullian, and Quintilian built mas-
sive structures of the mind and legal mentalities that rivaled Rome’s archi-
tectural vastness.

The medieval thinkers, mental to a point that matched their ethereal goals,
created mental structures mainly based on Plato, fortified with the logic of
Aristotle. Aquinas, in his Summa, forged an unmatched mental creation that,
if one grants his premises, still stands as an unassailable mountain of the mind.
In contrast to much of this abstraction was the clean cut of Ockham’s razor,
slicing off unnecessary entities, and the welcome freshness of Anselm, who
preempted Descartes by stating, “I doubt, therefore I know.”

The Renaissance thinkers turned their minds and energies to earthly nav-
igation, sidereal science, art, pleasure, and empire. Some of these thinkers, like
Leonardo da Vinci, returned to the Greeks (Archimedes); some like Montaigne
recovered rich ore in the Romans, sifted by the skepticism described on a
medal around his neck: Que sais je? (“What do I know?”).

Pascal called his whole book of aphorisms 7houghts. Descartes echoed
Anselm—"T think, therefore I am”—and challenged our pride by telling us
that “it is not enough to have a good mind. The main thing is to use it well”
(Les Discours, Vol. 1). Those were the French rationalists.

No less rational, the British empiricists progressed from Locke’s Aristotelian
focus on the senses (the mind as a tabula rasa), to Berkeley’s idea that we can
be sure only of our perceptions to Hume’s radical skepticism.

Hegel looked on all history as an idea unfolding, and Marx concretized
and capitalized that idea.

Twentieth-century thinkers like Wittgenstein, Whorf, and Chomsky all
enter the open, unfolding, and marvelous arena of the mind. They welcome
us to come, enter with them, and think. . . .

WHY THINK?

Is anything more important than thinking? Is anything important that is not
connected with thinking? STOP! Did you think about the first question before
you read the second one? Our guess is that many of you kept reading; con-
sequently, you may have missed a chance to think.

THINKING ACTIVITY 1.1
Things More Important Than Thinking

Let’s start thinking now. Can you list anything more important than thinking?
1.
2.

(continued)
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Thinking Activity 1.1

Things More Important Than Thinking
3.
4.

What is on your list? How did you determine its value?

Thoughts Richer Than Gold

Take a look at the following very different lists. Are the items on any one list
more important than thinking?

List A List B List C
1. money breathing goodness
2. good job eating life
3. nice house exercising love
4. new car mating truth

Think about list A. Although money is high on the list of American
dreams, it cannot be earned or spent without the ability to think. Imagine a
chimpanzee (limited ability) or a mannequin (no ability) trying to earn money
or even spend it. Thinking is often behind the making of money. Larry Ellison,
one of computer software’s financial giants, says: “I observe and I plan and I
think and I strategize.” (Ramo, 1997, p. 58) Clearly, the ability to think is
more important than money, jobs, houses, or cars.

What about list B? Is breathing more important than thinking? At this
point we need to think more sharply and define the word important. If impor-
tant means a sequentially first or necessary condition for something else to
exist, then breathing is more important than thinking, for without oxygen the
thinking brain quickly dies. But if 7mportant means a higher order or value,
then thinking is of a higher order than breathing because breathing “serves”
the brain (which, by the way, uses a disproportionately large amount of the
oxygen). Rarely, however, does the cerebral cortex “serve” breathing, such as
when one is studying to be a respiratory therapist.

Another way to understand that thinking is of a higher order than breath-
ing is to realize that many philosophers since Aristotle have defined humans
as “thinking animals.” In other words, horses and horseflies breathe, but think-
ing makes us human; if humans are of a higher order than animals, it is our
thinking that makes us so. As a quality of a higher order, thinking is more
important than eating, mating, or breathing.

And what do we think about list C? Are not goodness, life, love, and truth
vast concepts of great importance? To weigh their importance against that of
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thinking would take many pages and much thought; but to judge quickly
the worth of thinking, we can again ask the question, is anything important
that is not connected with thinking?

If we have thought of anything, we have just used our thinking process;
thus we have connected thinking to the item we thought of, regardless of how
important the item is. Similarly, love, life, truth, and goodness are necessarily
connected with thinking. We may be able to mate without much thinking, like
two fireflies, but we cannot love without thinking. Thus we think as we live life.

Just how important is thinking in relation to life? Since we think largely
with language, consider how Wittgenstein connects life and thinking: “The
limits of my language are the limits of my life.” Is this an accurate statement?
Does language limit life so strictly? If so, does this limitation show the impor-
tance of language and thinking? We will meet this idea again in chapter 5,
“Language: Our Thinking Medium.”

Thinking as Possibility

Our life at this moment, as we read this book and make choices about our
actions today, is strictly limited by how much we have learned and by the
thinking patterns we have developed. We can only choose to do what we know;
for example, we simply cannot search for a sunken treasure unless we know
that it sank. And the more we know and the better we can think with our
knowledge, the more successful we are likely to be. If we know that a Spanish
galleon, laden with Inca gold, sank in the Caribbean, and if we can think
about the route it might have followed, the ocean currents, and its last reported
sighting, then we might find the gold. More importantly, by thinking we might
find the gold in our own lives.

Thoughts Accumulate

Tennyson tells us that “we are a part of all that we have met.” Likewise, we
are also part of all that we have thought; to a degree, we have become what
we have thought about, and who we will become is limited by how and what
we think. If we reflected earlier about language limiting life, we probably real-
ized that our thinking has set the boundaries for our past choices in life. We
have chosen from what we have known and how we have been able to think
about our knowledge.

Life Without Thinking

What if we acquired no new thoughts for the next ten years? Could we hold
our jobs? What would we think about quarks and nanotechnology? How
well would we talk to people?
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If in the next ten years we choose to read many thoughtful books, will
our mind be different? Will we be markedly different because of the books
we read, the people we listen to, the thoughts we have, and the way we express
those thoughts? Certainly, thoughts accumulate. We grow as we think, and
thus we change our future ability to think.

Thoughts accumulate not just arithmetically but exponentially. Each
thought has the potential to merge with others and create an enormous num-
ber of new thoughts; for instance, just forty-six items (your chromosomes)
can be assembled into 25,852,010,000,000,000,000,000 combinations. With
a six-thousand—word active vocabulary, imagine the creative combinations! In
chapter 7, “Creative Thinking,” we will learn how to form some of these
combinations.

WHAT IS THINKING?

Right now you are thinking. Think about it. What exactly are you doing now?
What is happening in your head as you think? Can you figure out how you
have just processed these words into meaning? Simply put, how does your
brain work?

The Mystery

Do not feel bad if you do not know the answer because neither do the experts.
Humans have learned much about areas of the brain and neuroelectrochem-
ical processes, but much is still to be discovered. We know more of the basic
principles of the universe, of the atom, and of our bodies than we do of our
brains. Newton drew the lines of forces connecting the earth to the stars,
Einstein formulated the energy in matter, Watson and Crick cracked the genetic
code, but the model for the brain has not yet been found. (Some possible
models include tabula rasa, or blank tablet, memory grooves, a computer, a
hologram, and recently the metaphor itself.) The brain remains a mystery.

Toward a Definition: Thinking as Communicating

If we do not understand the workings of the brain, if we cannot enter its inner
sanctum and unfold its mystery, then how can we define thinking? One way
to reach a definition is by observing the results of thinking as expressed in
human communication. But what if some people claim that they do “think-
ing” that is totally internal and can never be externally communicated? We
will not argue with them, but if they cannot talk about it or share it with us,
their thinking cannot be useful to us. Therefore we can define thinking as
the activity of the brain that can potentially be communicated. The media of
communication are multiple: language (speaking, writing, signing,
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paralanguage, miming), images (blueprints, charts, symbols), art (drawing,
painting, sculpting, modeling, architecture, music, dance), scientific formu-
las, and mathematics. All of these forms of communication have their special
subtleties and strengths, but far and away the primary form of human com-
munication is language; therefore, this book focuses on thinking as zhe activ-
ity of the brain that can potentially be expressed in speaking or writing.

The potential to express our thoughts includes, of course, the unexpressed
thinking that is almost always in our heads: we plan the day and imagine
scenarios; we worry through problems and search for solutions; we day dream;
we discover, invent, and create systems; we enjoy reflecting on our ventures,
and sometimes we redesign our failures. Unexpressed thinking is valuable, and
we use it often before speaking or acting.

The Centrality of Thinking

You have only to look at the diagram below to see the importance of, the centrality of,
thinking. Much of the stimuli around you enters your mind, you process it, or think,

and then, if you choose, you respond.

Input Output

Listen v Speak

Observe — THINKING > Act
AN

Read Write

COMMUNICATING: THE MIRROR OF THOUGHT

How do we think about our thinking? That’s not an easy question because
we are caught in a circle: trying to know our mind with our mind is analo-
gous to trying to see our eyes with our eyes. The eyes need a reflector such as
a mirror or a still pond to see themselves. Similarly, to understand our think-
ing we need a mirror for our mind. Writing or talking can provide just such
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a mirror. Expressing our thoughts allows us to look at them more objectively;
others, then, can share their ideas about our thinking, and so, ultimately, we
can think better.

Writing records our thinking on a piece of paper so that we can then exam-
ine it. Try writing for sixty seconds as fast as you can on whatever comes to
your mind without censoring any thought. In that way you will be able to
externalize some of your thinking.

This externalization will probably not give us an exact replication of our
thinking but will generate a cloudy mirror. The clouds will begin to clear if
we repeat this activity often and learn to chart our thinking with our pen.
Penning our thoughts is a challenge because the brain moves much faster than
the pen, much faster than a “rapper” rapping 300 words per minute. The exact
speed of the brain is not known, but let us guess that it is about 500 to 700
words per minute. Often the brain moves even faster because it does not think
every word. Sometimes it leaps over phrases and whole groups of ideas to jump
to almost instant insight.

We can also find out much about ourselves by looking for patterns in
those sixty-second sketches: what are the zopics that occupy our thoughts (peo-
ple? things? money? work? home?) What is on our sixty-second list? How
much zime do we spend rehashing the past, processing the present, planning
the future, or daydreaming about our fantasies? Placing a percentage along-
side those time frames (past, present, future) might amaze us.

Attempt these sixty-second snapshots at different times and in different
places to get other sketches of your mind. They will change greatly with your
environment and your feelings.

Thinking as Writing: Clarity, Exactness, Awareness, Richness

Print allows you to hold another’s mind in your hand.

—/AMES BURKE

Writing does more than mirror our mind, it can clarify it, sharpen our think-
ing, and enrich our mind with an understanding that was not there before
we wrote.

Clarity is a gift writing gives to our thinking. Although many of us can
“think on our feet,” few humans can continually think crystal clearly. Our
brains rarely function continually at a high level of clarity. With writing we
have a chance to achieve some of that clarity. We can put our thinking on
paper and excise the ambiguity. This sentence, for instance, has been reworked
until several readers approved of its clarity. And this clarity achieved in writ-
ing might even influence the type of person we are becoming: Francis Bacon
tells us that writing makes an “exact” person.
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Besides bringing clarity and exactness to our thinking, writing can inten-
sify our physical and mental awareness. Just the attempt to describe what we
are seeing, feeling, and thinking can allow us to see sharply, feel deeply, and
think more clearly. Later we explore these areas more thoroughly, but a warm-
up activity is given below.

Writing then, can mirror the mind, focus it into a state of clarity, and pre-
sent new awarenesses. Beyond these gifts, writing offers another rich gift that
is a paradox: when we pour water out of a glass we are emptying the glass,
but when we pour thoughts out of our mind onto paper we are filling our
mind. As we assemble those thoughts into a new written structure, we are
writing a new combination of words that was not in our mind before we wrote

THINKING ACTIVITY 1.2
Thinking, Sensing, Writing

Look around the room. In the first column quickly make a list of what you see.

1 2 3

Now in the second column make a list of what you did not see before. You can
become aware of what you missed by looking berween the items on your first list. If,
for instance, your first item is a blackboard and your second item a student, notice
what is between the blackboard and the student that you overlooked. Go ahead now
and make a second list of overlooked items.

These two lists can tell you a lot about what kind of data you are putting into
your mind. The first list might contain your usual observations, your usual “input” to
your brain. The second list might contain items that you usually pass over. Now for
the third list, try to see the most minute details of what you again overlooked. Try to
see reflections of light, surface undulations, scratches and dents so small and so spe-
cific that they become hard to describe because there may not be exact words for them
in our language. In the third column make a third list of small, sharp details that you
see. To help you achieve this microscopic awareness, you may wish to peer into objects
very close to you.

Has this third list helped you see new things? If you begin to record what you
see, you will grow more alert and see what you never saw before. Try this looking
activity in different places. And then attune yourself to your other senses of hearing,
smell, touch, and taste. Respond with your feelings to what you sense. Finally, think

about what you have sensed and felt. What does it mean?

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Communicating: The Mirror of Thought 9

it down; hence, this powerful paradox: as we write something we create it both
on the paper and in our mind. Thus, as we write we grow richer.

The poet Byron expresses this paradox in words that challenge our
thinking:

“Tis to create, and in creating live

A being more intense, that we endow
With form our fancy, gaining as we give
The life we image.

Because writing is important as expressed thought, throughout this book
you should take time to write out your thinking, especially when you wish
clarification or feedback.

Thinking as Dialogue: Validation and Insight
Thought and speech are inseparable from each other.

—CARDINAL JOHN HENRY NEWMAN

We have seen that writing is a way to know, clarify, and enrich our thinking.
Dialoguing is another way to attempt to know and understand our thinking.
Dialoguing is simply talking with and listening to other people. They become
the sounding boards, the graveyards, and the launching platforms of our
thoughts. As we will see in a later chapter, dialoguing is crucial to test our
thoughts.

While we talk (expressing our thoughts) we can watch what effect our
words have on others. Do people wrinkle their foreheads and repeatedly ask
us, “What do you mean?” Or do our words quickly and easily get our ideas
across? Do people lose interest in what we are saying, or do our words have
the power, precision, and logic to gain attention, to hold attention, and to
convince others? Their reactions give us information that helps us to judge
and adjust our thinking.

As we read these reactions of others we need to interpret them, but some-
times we get direct, focused comments from friends, students, or fellow learn-
ers who specifically critique our thinking as expressed in dialogue. One
cautionary note concerning unrecorded dialogue is that it is gone as soon as
it is spoken: “To base thought only on speech is to try nailing whispers to
the wall” (Rosenthal, 1994). At the end of this chapter, some activities pro-
vide practice in critiquing dialogue.

Because human interaction is so important to our thinking, throughout
this book we present activities that can be discussed, and we analyze the valid-
ity of dialogue in chapter 13, “Evaluating.” Besides validating our thinking,
dialoguing can stimulate our thinking. Our thoughts can resound and rebound
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with new shape and vigor from the thoughts of others. Our ideas can inter-
mingle, cross-fertilize, and become the seeds for whole new species of thoughts.
A single head is a lonely thinker; however, we can seek out classmates, friends,
colleagues, and new acquaintances who can excite our mind.

MISTHINKING

The opposite of clear thinking is confusion, and it can lead to costly conclu-
sions. A young American inventor appeared before Napoleon and offered him
a means to defeat the British navy: a ship that could sail against the wind
and waves and outmaneuver the British fleet. Napoleon scorned his offer,
called the American a crackpot, and sent him away. That young man was
Robert Fulton. Napoleon had just turned down the steamship.

Napoleon’s thinking error was common to most of us: he was blinded
by the past. In addition, he was blinded by his quick temper. Instead of open-
ing his mind and asking “how,” his imperial temper may have cost him the
war. In chapter 2, “Personal Barriers,” we will examine our personal thinking
tendencies and barriers that could blind us from thinking clearly.

Think About It:  We are not emperors, but we have mental blinders and habit-
ual filters that block our thinking. Think for a moment about how we could make
serious blunders. What are some of the topic we just will not listen to, the people
whom we will not hear, the books we will not touch? How could our own think-
ing patterns lead us to costly conclusions?

SUMMARY

We have thought about the enormous importance of our thinking and how
it can greatly impact our future. We have even had the audacity to rate think-
ing as more important than money. Although much of thinking remains a
mystery in the vast, unexplored realm of our brain, writing and speaking can
provide an entry into our unknown selves. Writing can be a mirror of our
thoughts, a mirror that can give us clarity, exactness, awareness, and rich-
ness. The opposite, cloudy thinking, can miss its mark and cost us dearly.
We have just begun to probe the mystery of thinking. In coming chap-
ters we will look more deeply into our thinking patterns and the way our
language, beliefs, and values influence those patterns. We will then look at
some of our major thinking “bases”: sensing, feeling, creating, organizing, rea-
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soning, scientific thinking, persuading, and problem solving; finally, we will
look at evaluation, decision, and action.

THINKING CHALLENGES

We have already suggested several thinking activities that can begin to help
you to understand the thinking process. The following thinking challenges
are designed to stimulate your thinking about issues related to this chapter.
Your responses to the activities and questions that conclude each chapter might
take various forms:

A simple reflection

A journal entry

A chat with a friend

A dialogue with a student

A class discussion

A group discussion

A formal paper

A research project

An individual or group presentation

1. How do you think differently from other people? Does your mind seem
to move quickly or slowly. Do your thoughts come out in jumbles or
clear steps? Are there certain times of the day that are better for certain

types of thinking?

2. Write as you did for the 60-second snapshots of your thinking but for
a longer time. Then look into your writings as the mirror of your mind.
Gradually, see if you can wipe some of the fog off the glass and begin
to get some understanding of what is in your mind.

3. Is Wittgenstein accurate when he says that “the limits of my language
are the limits of my life”?

4. How might you think differently ten years from now according to the
books you've read and the words you have written and spoken? What if
you have not read any books?

5. Record a trip into your mind in any way you wish. You might try a
stream-of-consciousness account like the novelist James Joyce, who often
just lets the impressions of his mind pour out; you might make a list of
associative thinking (for example black—white—snow—snowman—
bully who knocked mine down . . .). Enter a fantasy, a daydream, or any
kind of thinking. The point is to attempt to become more aware of what
you think about and how you think.
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10.

11.

12.

Look around, in different places, and describe what you don’t usually
see or hear. Think about why you do not usually see those things. What
does this tell you about the interests of your mind?

. Talk with someone else, and attempt to read the reactions your words

are having on that person. Judge your thinking processes accordingly.

How might your particular thinking patterns lead you into costly errors?
For instance, do you quickly accept what you read or hear? Do appear-
ances of things or feelings of others strongly sway you?

Have you ever approached a problem, thought it through, and reached
a decision that worked well for you? What were the thinking steps you
took to produce those satisfactory results?

Have you ever jumped too quickly to a conclusion? Why? Have you ever
been “absolutely certain” and then discovered you were wrong? What
had you overlooked in your thinking?

If, as Tennyson says, “I am a part of all that I have met,” what are the
main events, persons, and places that have formed you? How have they
formed your mind?

Before we go further into this book, take some time to reflect upon the
mystery of thinking. Ask yourself some questions that you would like
to find answers to as you think through this book.
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Personal Barriers

Man is an emotional animal, occasionally rational; and through his
feelings he can be deceived to his hearts content.

—WILL DURANT, MANSIONS OF PHILOSOPHY

Who we are is how we think. Where and how we were raised may determine
whether we are pessimists or optimists, conservatives or liberals, atheists or
theists, idealists or realists. Our upbringing shapes our fears, which keep us
from facing thoughts. It shapes our self-concept, which moves us to defend
our thoughts. And it shapes our emotions, which can distort our thinking to
an exceptional degree. In this and in other ways our psychological world,
shaped by our exposure to cultural and genetic forces, often acts as a barrier
to sound thinking. In this chapter we learn about these barriers so that we can
diffuse some of their negative influence on our thinking. But this requires that
we face ourselves honestly and completely, so that we can discover the per-
sonal factors that inhibit our thinking. Unless we face the fact of who we really
are, we will not become the sound thinkers we are meant to be.

ENCULTURATION

Imagine for a moment that you have the genetic constitution you have now
but were raised by parents in another country. Imagine how you would be dif-
ferent. If you were raised in India, you would probably be of Hindu faith,
worshipping Vishnu and Shiva. Or perhaps you would be of the Jain religion,

13
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14 Personal Barriers

revering animal life so much that you would never eat meat and would even
sweep insects out of your house instead of killing them. If you were raised by
parents in Iran, you would probably despise American capitalism. If you
were a man in the Sambian tribe of New Guinea, you would likely engage in
homosexual behavior until you were married. And if you were a woman in
the Mbuti tribe in Africa, you would feel comfortable roaming your com-
munity in nothing but a loincloth. Even your taste preference is subject to
cultural forces. In America, your favorite pizza topping might be sausage and
mushroom, but in Japan it would probably be squid, in England tuna and
corn, and in India pickled ginger! In sum, many of the values and prefer-
ences you have now, including religious ideas, sexual mores, and work ethic,
were instilled in you since birth by your culture. This process, called encul-
turation, is going on continually, even now, no matter what your age. What
does this have to do with thinking? Just this: the extent to which you are
able to think critically about ideas that conflict with your basic attitudes and
values is inversely related to the extent to which you are enculturated.

Sources of Enculturation

Enculturation has many different sources or influences. One of the major
influences is the family in which we grow up. There we learn our religious
beliefs, ethical standards, prejudices and stereotypes, eating habits, and world-
view. The two great depth psychologists of the twentieth century, for exam-
ple, Sigmund Freud and Carl Jung, both accused each other of being negatively
influenced by their family background. Jung accused Freud of establishing a
negative psychology because he was a Jew, while Freud accused Jung of being
blinded by his strong religious background, which prevented him from accept-
ing sexual maladjustment as the root cause of neurosis (Puner, 1947).
Another source of enculturation is our place of work. Here we may learn
certain manners of behavior, dress code, professional ethics, and work atti-
tude. The city in which we grow up can also be a strong source of encultur-
ation. Some cities are known for wine and theater, others for beer and brats.
Some cities tend to develop men with a lot of machismo, whereas others allow
more tolerance for androgyny. In Milwaukee they may prefer Miller Beer, in
Denver they may have a strong preference for Coors, and in Munich it may
be Lowenbrau. Are the taste buds of citizens in these cities different? Or have
the citizens learned to prefer one over the other? And what do you suppose
the residents of Detroit think about Japanese automobiles? In the United States
we can also find differences in enculturation between northerners and south-
erners. Southern males, for example, think differently about the use of vio-
lence in self-protection and honor (Nisbett and Cohen, 1996). In sum, how
we think about masculinity, violence, food and drink, sex, God, and most
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other things is often a matter of enculturation. The more we examine these
enculturation effects on ourselves, the more we can think more objectively,
more independently, more clearly about various matters in the world.

Some Common American Beliefs
1. It okay to kill animals. The Jains of India consider it sinful to kill even insects.

2. Its morally wrong to go outside withour clothing, no matter where you live. Women
in the Netherlands feel quite comfortable gardening in their backyard topless. And
many tribes in Africa, of course, go without clothing or wear very little of it.

3. Intentionally deforming the body is sick. It was once traditional in China to wrap
the feet of young gitls for years to keep the feet abnormally small. Such abnor-
mality was considered a mark of beauty. And in some tribes in Africa, deforming
the lips and ears, making them abnormally large, is also considered a mark of beauty.
Perhaps deformation of the body is no longer considered “sick” by most Americans.
Consider: In the United States most women, and some men, put holes in their
ears; most males have the foreskin of their penis removed; and many thousands of
women each year have surgery to enlarge their breasts. Maybe what is considered
“sick” is only that deformation which is not done in one’s own culture.

4. There is only one God. This monotheism is characteristic of Judaism, Islam, and
Christianity. Most other religions are polytheistic.

5. Jesus is God. People of Jewish and Islamic faith would certainly disagree with this.

6. The Christian Bible is the only holy book. Of course, virtually every non-Christian
would disagree with this. There are many great holy books. The Koran and the
Bhagavad-Gita are two examples.

7. Money is what makes the world go round. The American obsession with money is
catching fire throughout the world, but some cultures put less emphasis on it. Years
ago, one Russian emigrant to the United States actually returned to Russia! His
reason: we worship money like a god.

8. Marrying for reasons other than love is immoral. Throughout history and even today
marriages are arranged for practical reasons: to strengthen family ties, for com-
panionship, and for healthy offspring. Love grows later. In fact, people in some
countries find our requirement of romantic love for marriage absurd.

Religion and Enculturation

Intellectually, religious emotions are not creative but conservative. They attach themselves
readily to the current view of the world and consecrate it. They steep and dye intellectual fab-
rics in the seething vat of emotions.

—/JOHN DEWEY, INFLUENCE OF DARWIN ON PHILOSOPHY
(continued)
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Religion and Enculturation (continued)

Religion is one area in which it is easy to see the enculturation process and its effects
on thinking. For example, most Americans are Christians, primarily because they were
raised by Christian parents and not because of any choice they ever made about the mat-
ter. Most Christians have not objectively investigated alternative religions or looked
extensively into the history of their own religion. Most are unaware, for example, that
the stories of Buddha, like the stories of Jesus, portray him as the son of a virgin and
that the Buddhist code of ethics is in some ways more strict than that of the Christian
ten commandments. And most Christians are probably unaware of the extent to which
their own Christian doctrine has been shaped by “mere mortals” over the last seven-
teen hundred years. Despite our moderate ignorance about our creed and those of oth-
ers, most of us are certain that the beliefs of our faith are true, and the faith of others
and their heroes is false. This we “know” without any investigation at all! Obviously
our thoughts about religion are based more on feelings engendered by our faith and
our culture than on critical thinking based upon knowledge. Therefore, we can see
that resisting enculturation and its blinding influence becomes essential to critical think-
ing, for it allows people to step back from their conditioning to look at issues more
objectively—issues such as abortion, proofs for God’s existence, new roles for women,
and so on.

THINKING ACTIVITY 2.1
Our Own Enculturation

Below is an exercise in enculturation. Answer honestly “yes” or “no” to the following
questions. The purpose of this exercise is to examine the foundations of some of your
thinking, not your conclusions, so don’t be concerned with whether your answer is right
or wrong. In some instances there is no general agreement on what the right answer

should be.

1. Do you believe that the democratic form of government is the best kind of
government in the world?
a. Are you aware of the problems of democracy often cited by soci-
ologists and people from nondemocratic countries?
b. Can you express the basic philosophy of alternative forms of

government?
c. Can you cite any positive aspects of either communism or socialism?
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Thinking Activity 2.1 (continued)

Our Own Enculturation

2. Do you believe that abortion is wrong in most or all cases?

a. Do you have good arguments to support your belief?

b. Do you know at what moment a human being comes into exis-
tence?

c. Do you know at what moment a developing embryo has human
rights?

d. Do you know at what moment a developing fetus becomes con-
scious?

e. Do you know at what moment a developing fetus is capable of
experiencing pain?

f. Can you cite any arguments used by pro-choice advocates to sup-
port abortion?

g. Do you believe that a seed of an apple has the same value as an
apple tree?

3. Do you believe that capital punishment is justified for mass murderers?

a. Do you know that capital punishment is a more expensive way
to punish than life imprisonment because of the numerous and
very expensive judicial appeals of the former?

b. Have you seen any statistics that clearly show capital punishment
to inhibit murder?

4. Do you believe there is a God?
a. Have you ever heard of an argument against this idea?

b. Can you present an argument against this idea?

5. Do you believe that it is moral to use animals for medical experiment to
make life better for human beings?

a. Do you believe that it would be moral for beings on another planet
with intelligence superior to ours to use human beings as guinea
pigs for the advancement of their alien culture?

b. Have you ever seen experimental animals suffer in an experimental
laboratory?

c. Do you know that pigs are blowtorched under anesthesia, bun-
nies have their eyes sewed shut, and monkeys have their heads
smashed to study the effects of burn treatment, cosmetics, and
concussion, respectively?

d. Have you ever read any argument against the use of animals in a
laboratory?

e. Can you cite such an argument now?

(continued)
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Thinking Activity 2.1 (continued)

Our Own Enculturation

6. Do you believe that ESP is nonsense?
a. Have you read any studies by parapsychologists?
b. Do you believe that if we cannot explain something it does not
exist?

7. Do you believe that humans are the most intelligent life forms in the universe?
a. Do you know that there are billions of galaxies, each with bil-
lions of stars, so that if just one in 10 billion stars has a planet
with life, there would be billions of planets with life?
b. Do you know that human life emerged on this planet in about
4.5 billion years and that the universe is old enough for this evo-
lutionary process to have happened three times in succession?

8. Do you believe that one racial group is innately superior to another?
a. Do you know that Japanese score slightly higher on intelligence
tests than whites?
b. Do you know the extent to which the environment determines
intelligence?
c. Do you know the amount of genetic similarity among racial
groups?

9. Do you believe that America is the best country in the world?

a. Do you know that our infant mortality rate is higher than that
of many other modern industrial countries?

b. Do you know that the United States has one of the highest rates
of violent crime in the world?

¢. Do you know that the top 10 percent of the U.S. population hold
more than 67 percent of all wealth in the country, including 90
percent of stocks and bonds?

10.Do you believe that humans did not evolve from lower life forms but were
created separately?
a. Have you ever read a book on the evidence for evolution?
b. Have you ever talked to a paleontologist, geologist, biochemist,
or zoologist about evolution?

c. Are you aware of any of the following?
Homologous structures
Vestigial traces
Fossil discoveries
DNA similarities

How our embryonic ontogeny recapitulates phylogeny

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Self-Concept 19

Thinking Activity 2.1 (continued)

Our Own Enculturation

If you answered “yes” to the numbered questions above, but “no” to parts a, b, ¢, and
so on, it could be that you have merely adopted your position through an encultura-
tion process, that is, picked it up through your acquaintance with your peers, parents,
religious community, and so on, instead of through careful reflection and the gather-
ing of facts. A “yes” response to many of the questions above might be supported by
sound reasoning and facts. The point is not to determine what is true about the issues
but to illustrate the lack of both thinking and knowledge that tends to go into these
beliefs.

SELF-CONCEPT
1t happens over and over again. A company that is doing pretty well in a
business it knows will take over another company and ruin it. . . . Why
do companies make such big mistakes? One reason, I suggest, is ego. They
want to show they are the biggest, smartest kids on the block. . . . When
will these guys grow up?

—J. NEASE, “AT ¢ T=NCR COMBO JUST DIDN'T COMPUTE”

Recognizing the extent of our enculturation lessens its effects and moves
us closer to an open mind, which is essential to critical and creative think-
ing. But we must also deal with other barriers that inhibit sound thinking,
one of which is self-concept.

Our self-concept is the way we view ourselves. It may be unhealthy if we
see ourselves rather negatively as, for example, someone who is not very intel-
ligent or very pretty; or it may be positive and healthy, as when we believe
ourselves to be an attractive and worthwhile person. What goes into our idea
of ourselves may include not only intelligence and attractiveness but a vari-
ety of other things: the sports team we favor, our grades in school, our home,
friends, religion, state, country, car, political position, values, possessions, and
so on. Thus, someone may view herself as an American, a “card-carrying
Republican,” a 49er fan, a conservative Catholic, an animal rights activist,
an exceptionally beautiful person, and one who would never buy anything but
a Mercedes. People vary in the degree to which they use their attributes, things,
values, and affiliations to define themselves and form their self-concept. To
some people these elements are central to the notion of self, such that they
defend them as though they were defending themselves. Thus, we hear stories
of people assaulting others because of some critical remark against their favorite
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football team, people killing others over a pair of athletic shoes, and wars
between countries because of different religious beliefs. When these contin-
gencies become so central to our notion of who we are, we are not likely to
think critically about them. Instead, we respond emotionally and may engage
in ego-defense mechanisms, self-serving biases, and other distortions to ensure
ourselves that what we identify with, that is, what we think we are, is good.

THINKING ACTIVITY 2.2
The Idea of Self

What is our idea of self? Were we born with it? It seems not. Then have we made it our
own creation? If so, have we done the right thing in creating it? Does the self truly
exist? Or is it only the mind’s idea? Whether our idea of self refers to a real or an illu-
sory self, most will agree that we do spend a lot of time defending, maintaining, and
creating that idea of self, as when we fight with others when they demean us, explain
away a bad exam grade in order to appear more intelligent, or buy a new car to show

off our wealth. According to the Buddhist Walpola Rahula,

the idea of self . . . produces harmful thoughts of “me and mine,” selfish
desire, craving, attachment, hatred, ill-will, conceit, pride, egoism, and
other defilements, impurities, and problems. It is the source of all trou-
bles in the world from personal conflicts to wars between nations. In short,
to this false view can be traced all the evil in the world. (1974, p. 51)

Do you agree with Rahula’s statement? Is the idea of self this dangerous? Can you cite
instances to support it? Can you cite reasons to disagree with this statement?

Pay special attention to the news for the next few days. To what extent can the
“troubles in the world” be attributed to the idea of self?

What about troubles in your own personal life? Reflect on your recent arguments
or moments of tension with others. To what extent was your thinking affected by your
need to protect your self-concept?

Finally, as an exercise in “self,” try to respond to others today and tomorrow with-
out a sense of self, without protecting an ego. How difficult was it? What were the results?
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THINKING ACTIVITY 2.3
Letting Go

If your idea of self can get in the way of your thinking, a good strategy to aid straight
thinking is to practice letting go of those ideas you have of your self, whether true or
false. Letting go means reducing as much as possible your identification with the con-
stituents that you use to define your self. You can begin this letting go by listing the
major ideas you have of your self on the lines below.

Activities you most like to do

People and things you most enjoy

Traits you most admire about yourself

Now imagine that you are fifty years older. Which traits will be gone? Which people
and things will have been replaced? Which activities will you no longer be doing? Most
likely your idea of self today will not be your idea of self tomorrow, yet you will prob-
ably believe that you are the same person (Philosophers debate whether a person is
actually the same or not over time). Should we, therefore, identify with those traits,
activities, and loves to the point that it leads us to conceit, anger, defensiveness, and
an inability to take constructive criticism when those cherished things are threatened?
On the other hand, would it be acceptable to believe in something so much that you
would die for i Do you think it would be possible to let go of your idea of self and
still act to defend some principle?
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EGO DEFENSES

Ego defenses are psychological coping strategies that distort reality in order
to protect ourselves from anxiety, guilt, and other bad feelings. Some of the
more basic ones that impact on our thinking are denial, projection, and ratio-
nalization.

Denial

Experience with an alcobolic population suggests that certain indi-
viduals will deny ro the point of dying.

—G. FORREST, DIAGNOSIS AND TREATMENT OF ALCOHOLISM

When we simply refuse to accept an unpleasant reality, we are using denial.
What an unpleasant reality is varies from one person to another. For the
alcoholic, it is his or her drinking problem. Thus, because of denial, many
alcoholics are unable to think critically about their drinking behavior. Similarly,
college students may deny that they are doing poorly in school, that they are
lazy, or that their boyfriend or girlfriend really does not love them. By keep-
ing these unpleasant realities from conscious awareness, we protect ourselves
from a reality that is unpleasant, but we also inhibit our ability to think objec-
tively about the situation and to make intelligent decisions for our own and
others’ best interests.

Projection

There I see the beam in my own eye as a mote in my brother eye. It
is right there because I am unconscious of the beam in my own eye.

—CARL JUNG, C. G. JUNG SPEAKING

Projection is the defense mechanism by which we see in others a part of
ourselves that we cannot accept and do not recognize. We may believe oth-
ers are hostile toward us when it is we who are hostile toward them. We may
see in others our own incompetence and deceitfulness, which we are unable
to accept in ourselves. We may see selfish motives in others, which are really
the selfish motives in us which we do not consciously recognize. In short, we
see others not as they are, but as we are. Our thinking about ourselves and
others is therefore grossly distorted when we engage in projection. Like denial,
this interferes with our ability to think critically about ourselves, others, and
our social situations. Notice in the example below how a man’s perception of
others as crazy and his desire to hurt someone seem to be projections of his
own inner reality.
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INTERVIEWER: Well, how do you feel about all those things they are saying?

PATIENT: What do you mean, “feel”? (said with distrust). 7heyre crazy.
They want to see me destroyed.

INTERVIEWER: Oh, well, that’s awful. It’s scary to have people say crazy things
about you. What would make them do that?

PATIENT: They’re jealous of me, that I have my wife; they must be try-
ing to get her from me.

INTERVIEWER: Well, of course, you're a proud man, and it must be difficult
to have them talking about you like that. Now let’s see if there’s
any way we can help you stay on top of things and keep in
control. We can both agree that you're a strong man, and it’s
important not to let it weaken you.

PATIENT: Yes. I'm strong. But Iim very worried that her family might make
me do something crazy—Ilike want to hurt someone. (Vaillant and

Perry, 1985, p. 965) emphasis added

Rationalization

The easiest person to deceive is ones self.

—LORD LYTTON

Of all the defense mechanisms, rationalization is perhaps the greatest inhibitor
of clear thinking. Rationalization is distorted thinking that attempts to jus-
tify behavior motivated by self-interest or unacceptable drives. It serves to pro-
tect us from bad feelings by, for example, turning selfish motives into honorable
ones. For example, the captain of the cruise ship Oceanos, which sank in the
Indian Ocean, was asked why he left his ship in a lifeboat while hundreds of
passengers were still on board. He replied that the order to abandon ship
applies to everyone, and once the order is given it doesnt matter when the
captain leaves. He also mentioned that he could control rescue operations bet-
ter from the shore.

In essence, rationalization is lying to ourselves about the real reasons for
our behaviors and feelings. It is essential that we believe in this lie for it to
protect us; if we knew we were lying, it would do us no good. Many of us
can recognize it during tax season:

I prepare my taxes the way I do because of the way the government
spends our money, you know—hundreds of dollars for a plain ham-
mer and thousands of dollars for a toilet seat. It’s our duty as U.S. cit-
izens to put a stop to this nonsense. Maybe if we all held back a little
Uncle Sam would get the message.
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SELF-SERVING BIASES

Nothing is easier than self-deceit. For what each man wishes, that
he also believes to be true.

—DEMOSTHENES

If our motives are good they do not need to be rationalized. But sometimes,
in spite of our good motives, undesirable consequences occur, consequences
that threaten our self-esteem. The actions of others can also threaten our
self-esteem. Such ego-threatening situations can lead us to cognitive biases.
These biases in our thinking and perception that serve to protect or elevate
our self-esteem are called selfserving biases. As noted above, we do not always
think about and perceive things as they are, for that would often mean look-
ing at ourselves in an unpleasant light. Consequently, most people tend to
see what they need to see and what they want to see in order to maintain or
strengthen positive feelings about themselves (Maslow, 1954).

One aspect of the self-serving bias is the tendency to take credit for our
successes and to blame our failures on external factors (Zuckerman, 1979;
Bradley, 1978). For example, a student failing an exam might attribute her
failure to an unfair test or an incompetent instructor rather than her poor
study habits. And when politicians lose elections, they are likely to attribute
their loss to negative campaigning by their opponent or a lack of funds nec-
essary to get their message across rather than their own personality flaws or
their own flawed political perspective.

Whereas we often attribute our failures to situational factors and our
successes to personal ones, a second aspect of the self-serving bias is the ten-
dency to make opposite attributions when judging the behavior of others that
threatens our own self-esteem. When a student competitor in college gets a
better grade than we do, we may find it threatening to our self-esteem and
attribute it to luck or some privileged relationship with the instructor. Yet,
when others fzil, we may look to their character for an explanation and ascribe
their failure to their incompetence, ignorance, or laziness.

The tendency to engage in ego defenses and self-serving biases should
decrease as our psychological health increases. As a healthy person we are
better able to own up to the totality of who and what we are, both positive
and negative (Jung, 1969). When we can truly accept ourselves as we are
with our faults, that is, when we can think of ourselves as worthwhile per-
sons in spite of our failings, then we have less need to repress, deny, project,
or make misattributions to protect ourselves. As healthier people we are less
threatened by the successes of others and more able to tolerate our own fail-
ures; we own up to our mistakes and give credit to others. In sum, we think
better for being better.
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Other Attribution Errors

Our attributions about our own and others’ behaviors are often wrong because they
are biased by our need to protect our self-esteem. But they can also go wrong for other
reasons. For example, if we saw a young man speeding by in a red convertible with a
beautiful lady by his side we would probably attribute his behavior to immaturity and
showing off. This is because of a tendency we have to attribute the behavior of others
to their personal traits instead of to their situation. Oftentimes our internal attribu-
tions are wrong and the situation is the real force behind the behavior. In such instances
we have committed the fundamental attribution error. In the example above the stu-
dent is speeding to the hospital because his gorgeous wife is about to deliver a baby.
The actor-observer bias extends the fundamental attribution error one more step by
stating that we tend to make internal attributions when observing the behavior of oth-
ers but situational attributions when assessing our own behavior (except when examin-
ing our success). Thus, employees (observers) may attribute a manager’s strict rules to
the manager’s rigid personality, whereas the manager (actor) explains the rules as nec-
essary to deal with the stresses and pressures coming from her superiors. On the other
hand, a manager (the observer now) may see her unproductive employees as lazy and
unmotivated, whereas they (the actors) perceive their unproductive behavior as a nat-
ural consequence of working for an insensitive, authoritarian personality. The differ-
ences in attribution are probably rooted in differences in points of view: the actor is
less aware of herself and more aware of the employees, while the employees are focused
on the boss and are less focused on themselves. Fortunately, this bias can be minimized

by having each side empathize with the other (Regan and Totten, 1975).

Think About It: Have you ever made an erroneous attribution for someone
elses behavior? Have you ever been victim of such an attribution?

Self-Serving Biases?

Self-serving biases are cognitive distortions that put us in a favorable position. The state-
ments below come from the insurance forms of car-accident victims who were asked to
summarize the accident. Are these self-serving biases or just grammatical mistakes?

1. A pedestrian hit me and went under my car.

2. As I approached the intersection a sign suddenly appeared in a place where no
sign had ever appeared before.

3. My car was legally parked as it backed into the other vehicle.
4. The indirect cause of this accident was a little guy in a small car with a big mouth.

(continued)
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Self-Serving Biases? (continued)
5. An invisible car came out of nowhere, struck my vehicle, and vanished.

6. The telephone pole was approaching. I was attempting to swerve out of the
way, when it struck my front end.

7. Thad been driving for forty years when I fell asleep at the wheel.
8. To avoid hitting the car in front of me, I struck the pedestrian.
9. The pedestrian had no idea which direction to run, so I ran over him.

10. I pulled away from the side of the road, glanced at my mother-in-law, and headed
for the embankment.

THINKING ACTIVITY 2.4
Owning Up to Our Dark Side

We have seen how a failure to see and accept ourselves as we are can lead to thinking
distortions as we rationalize, project, deny, and use self-serving biases. Therefore, it is
worthwhile to look at the dark side of ourselves and accept it as part of who we are. So
as not to walk away from such an exercise depressed and full of loathing about ourselves,
it is important to write down our positive characteristics as well. At home in a private
place, write down ten positive characteristics of your personality. Then, be honest with
yourself and write down some of your less-positive characteristics that you have not really
looked at before. To help you identify those dark elements, which the psychologist
Carl Jung called the “shadow,” reflect back on how you have reacted to criticism from
others in the past and consider these statements by one of Jung’s students, M.-L. von
Franz:

If you feel an overwhelming rage coming up in you when a friend
reproaches you about a fault, you can be fairly sure that at this point you
will find a part of your shadow, of which you are unconscious.

It is particularly in contacts with people of the same sex that one
stumbles over both one’s own shadow and those of other people.

When an individual makes an attempt to see his shadow, he becomes
aware of (and often ashamed of) those qualities and impulses he denies
in himself but can plainly see in other people— such things as egotism,
mental laziness, and sloppiness; unreal fantasies, schemes, and plots; care-
lessness and cowardice; inordinate love of money and possessions—in
short, all the little sins about which he might previously have told him-
self: “That doesn’t matter; nobody will notice it, and in any case other

people do it too.” (Jung, 1964, pp. 168-69)
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THE ROLE OF EXPECTATIONS AND SCHEMATA

Nan-in, a_Japanese master during the Meiji era (1868—1912), received a
university professor who came to inquire abour Zen. Nan-in served tea.
He poured his visitor’s cup full, and then kept on pouring.

The professor watched the overflow until he no longer could restrain
himself. “It is overfull. No more will go in!”

“Like this cup,” Nan-in said, “you are full of your own opinions and
speculations. How can I show you Zen unless you first empty your cup?”

—N. SENZAKI AND P REPS, “ZEN STORIES”

Not only do we tend to think about the world according to what we want to
see and what we need to see, we tend to think of it in terms of what we expect
to see. We tend to perceive and think about others and situations in terms of
the ideas we have already formed about them. These ideas are called schema.
Often we distort the truth to make it fit into our existing schema, or we notice
only those aspects of others’ behavior or ideas which fit into our existing
ideas about them. In other words, human beings are reluctant to change
their perceptions and ideas to accommodate the facts (accommodation);
instead, it is easier to fit our observations and thinking into our existing
schemata (assimilation). If our prior experience with someone is that he is
extremely selfish and we form an idea of him as “a selfish person,” then we
tend to see his actions as selfish. If he suggests a new policy at work to increase
morale and productivity, we wonder about the selfish motives that must be
underlying his new policy. Surely he cannot be interested in the well-being
of others and the company’s productivity.

Similarly, if a teacher believes that a student is not very bright, frequent
questions from that student may be interpreted by the teacher as verification
of the student’s ignorance. On the other hand, if the teacher is told that a
student is intelligent and highly motivated, the student’s questions may be
seen as reflecting that person’s insight and motivation. Imagine what your reac-
tion would be if you heard that a dictator was freeing some political prison-
ers and giving millions of dollars to the poor in his country. You would probably
either discount the information as mere propaganda or question his motives,
believing that he was trying to manipulate his people for some reason. His
behavior would not likely cause you to change your perception of him from
a ruthless dictator to a compassionate benefactor.

A good example of a schema that influences the way we perceive and think
is the stereotype. Stereotypes are simplistic, biased views about members of a
certain group. We learn stereotypes from a variety of sources. Sometimes we
over-generalize from our limited experience with members of a group. Often
we learn our parents’ stereotypes by listening and observing them, and we
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sometimes absorb stereotypes from our peers and the media. Whatever their
source, stereotypes have a powerful effect on our thinking.

It is important to realize that stereotypes are inaccurate. They assume that
groups are more homogeneous than they are. For some reason when it comes
to our group we see the richness and diversity of its members, but when it
comes to our perception of other groups, we assume that their members are
all alike. On what basis can we possibly assume so? Certainly, similarities exist
among group members but not to the degree that stereotypes imply.

Think About It:  An open mind is essential to critical thinking. But there is no
easy recipe for acquiring an open mind, especially regarding prejudice. Negative
thoughts toward a minority group may go, but negative feelings often linger on.
Those feelings may lead us to continuing negative behaviors and attitudes toward

a group.

Although stereotypes in particular, and schemata in general, often dis-
tort our thinking, sometimes we do change our views of people and situations
when we experience facts contradicting our schema. Some research suggests
that this accommodation is most likely to occur when the new information
is moderately discrepant with our schemata (Bochner and Insko, 1966). If an
idea is very similar to our existing views, we are likely to minimize the dif-
ference and assimilate it into our existing schema, thus not modifying our
views. Likewise, if the information is highly discrepant, it simply cannot fit
into our schema and we reject it. For example, if typical Christians were
exposed to arguments that Jesus never existed and that the entire New
Testament is a myth, they would find this information very discrepant and
would probably reject it without the least consideration. On the other hand,
information that Jesus was unusually friendly with a political group whose
intent was to overthrow the Romans might simply be assimilated into their
schema of Jesus as a spiritual leader, who just happened to appeal to some
political groups bent on overthrowing Roman rulers. Little or no change would
be made in their concept of Jesus.

Moderately discrepant information, however, is too different to be easily
assimilated and yet not so different that it must be rejected. Thus, if we are
likely to change our views in the face of evidence, moderately discrepant infor-
mation will most likely, but not necessarily, lead to that change. Can you imag-
ine any real or fictitious revelation about Jesus that could be considered by
most Christians as moderately discrepant with their views?
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EMOTIONAL INFLUENCES

Emotions are an important mark of human experience. They are in part what
separates humans from machines and the lower animals, for machines can
compute but they can not experience joy. And animals may find themselves
attached to others, but they do not love them. Emotions give our world taste
and richness, joy and surprise, but also pain and sorrow. Emotions can affect
and inspire thought, said William James, but he also said they can destroy it.
Later in this book we look at how emotions can give birth to thinking, but
for now our attention focuses on their inhibiting influence, on their capacity
to bury, twist, and fragment the thinking process and take it to the depths of
the irrational.

Anger

Why does my violence so silence reason and intelligence?

—/EAN RACINE, PHAEDRA

Both Plato and Aristotle believed that anger could be a “potentially con-
structive ally of reason” (Averill, 1982, p. 85), but both of them also recog-
nized its destructive influences on rational thought. Some philosophers, like
Seneca, considered it wholly without value:

Seneca sees absolutely no value in anger. . . . No provocation justi-
fies it, no situation permits it, and no benefit is gained by it. Once
allowed, anger entirely consumes its possessor and renders dull his
capacity for reasoning and sensible action. (Averill, 1982, p. 83)

Certainly anger and reason appear to most people to be the antithesis of
each other; where one appears, the other seems to be absent. Anger has
destroyed intimacy, thwarted good judgment, motivated senseless killings,
inspired numerous wars, and probably burned more bridges in the career paths
of men and women than any other single force. It also distorts our percep-
tion of a situation, colors our ability to think critically about it, and impairs
our self-control.

The cause of anger may be a threat to something we hold dear. It may
also be due to frustration, which is often caused by the blocking of a goal, or
even by stress and hormonal changes in our bodies. No matter what the source,
it is important not to make important decisions in the heat of anger, for
good thinking does not prevail during such moments. Instead, we want to
release the tension caused by the anger and strike out, hurt, or destroy.

The short-term goal of releasing tension can supersede and crush years
of careful deliberation and planning as we say or do things we know we should
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not. The aspiring businesswoman ruins her career by berating her boss for
making a poor decision, or a man angry at his fiancé’s selfish behavior castigates
her for all her personal faults and breaks off the engagement. Although anger
may inspire great speeches, it often throws thinking in the backseat as our
emotions take control.

Earlier we mentioned how previous knowledge, like stereotypes and other
schemata, can distort our thinking. Feelings can also affect thinking in a sim-
ilar way. For example, anger can not only overrule our thinking, but it can
distort it so that we believe that what we are doing is justified and rational.
For example, a parent may spank a child because of the parent’s frustration
with the child and need to release anger. The parent may then rationalize the
aggression against the child by claiming that such punishment was necessary
to teach the child appropriate behavior—in spite of the fact that psycholo-
gists have for years been saying that appropriate behavior can be taught by
nonviolent methods and that such spanking can be harmful to the child.
The parent does not acknowledge the real motivation for the behavior.

Dealing with Anger

If anger can lead to unthinking behavior or override our better judgment,
we need to lessen its impact. We offer five suggestions.
First, do not vent your anger:

The psychological rationales for ventilating anger do not stand up
under experimental scrutiny. The weight of the evidence indicates
precisely the opposite: expressing anger makes you angtier, solidifies
an angry attitude, and establishes a hostile habit. If you keep quiet
about momentary irritations and distract yourself with pleasant activ-
ity until your fury simmers down, chances are you will feel better,
and feel better faster, than if you let yourself go in a shouting match.

(Tavris, 1982, pp. 143—44)

Besides fueling the original anger, ventilating anger more often results in guilt,
lowered self-esteem, mild depression, anxiety, embarrassment, and an exacer-
bation of the original conflict (Tavris, 1982; Averill, 1982). This is not to say
that one should stew for days with unabated anger. If the anger does not even-
tually subside, although usually it does, an attempt should be made to calmly
talk about the matter. Pick a time when the other person is not angry and
will therefore be more likely to listen.

Second, get advice about your chosen course of action from others who
are not angry. They may be able to give you a clearer perspective and prevent

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Emotional Influences 31

the sometimes disastrous consequences of decisions made under the influence
of anger.

Third, become assertive. Anger is sometimes caused by continuous vic-
timization. Being assertive means standing up for your rights in a nonaggressive
manner that diminishes the potential for defensiveness in the other person.
Unlike with anger, when one is assertive, one has self-control. Bear in mind,
however, that it is irrational to believe that life should always treat us justly.
In other words, don’t overdo it.

Fourth, learn to relax and to practice other stress-management strategies.
Reducing the stress in our lives and practicing relaxation exercises regularly
can help us control the frequency of our anger.

Lastly, don'’t get angry. This may sound simplistic; however, when we con-
sider that anger is rooted in the meaning we give to the events around us, as
opposed to the events themselves, it is reasonable to try to alter that initial
perception and prevent the anger from occurring altogether. Psychologists call
this cognitive restructuring or reappraisal. For example, if we perceive that some-
one is trying to slight us in some way, we might ask ourselves if there is another
reason for his behavior. It might be possible, for example, that he is unaware
of the impact his behavior has on us. Empathy, identifying with the position
of the other person, sometimes helps us to make these reappraisals. Or we
might want to put things in proper perspective. For example, if we were count-
ing on someone to mow the lawn for us today and he did not, we can ask our-
selves how important it is that the lawn be mowed today as opposed to
tOMOITOW.

Think About It:  Aristotle said, “But to be angry with the right person, to the
right degree, at the right time, for the right purpose, and. in the right way—this is
not easy” (Nichomachean Ethics). This statement suggests that there is a place for
anger. Even Jesus got angry: ‘And making a kind of whip of cords, he drove them
all out of the temple, also the sheep and oxen, and he poured out the money of the
changers and overturned the tables” (John 2:15). In what situations, if any, do
you think anger is an appropriate response? What would be the right way to express
it? Be careful that you do not rationalize your past behavior.

Passion
Be it what it will, the ruling passion conquers reason still.

—ALEXANDER POPE, MORAL ESSAYS

William Penn defined passion as “a sort of fever in the mind, which ever leaves
us weaker than it found us” (1906, p. 57). We define it more prosaically as
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as the intense love of some person, thing, situation, or value. Most people have
experienced it in romantic love, whence the statement “Love is blind.” In love
or wherever it is found, passion is able to unseat reason, and rational thought
becomes “rationalized thought.”

How many women regretably become pregnant because they surrender
to “the heat of passion” How many lives have been lost to the passion for
the high of drugs, and how many good relationships to passion felt for some-
one else? When we love a person or thing, we do not see the dark side; we
tend only to justify our desires. Romantic lovers, for example, idealize their
partners and often find them without faults. Contrary opinions from friends
and family are seen as motivated by jealousy or born of misunderstanding.

Our passion may be our religion, our food, or our drugs. It may be sports,
the television, a person, a home, or a material object. Whatever the source,
we tend to immerse ourselves in our object of passion, revel briefly in its taste,
and only later, if ever, find our reason again.

Depression

When our object of passion is lost, we may find ourselves dysphoric or seri-
ously depressed. This response is echoed in the story of Romeo and Juliet
and the numerous young and old alike every year who commit suicide out
of a deep sense of loss. But the loss of something dear to us is only one cause
of depression. Other causes include biochemical factors, severe stress, a sense
of hopelessness, lack of sunlight, and illogical thinking.

Of particular interest to us are the effects that depression may have on
thinking. Several studies on depression support the idea that irrational cog-
nitions are correlated with depression. (For our purposes “irrational” and “illog-
ical” are the same, although some make a distinction here.) However, some
disagreement exists about whether unhealthy cognitions cause depression, or
whether depression causes unhealthy cognitive styles. Research supports both
hypotheses. The conclusion from a longitudinal study on this topic, using a
sample of 998 people, is that “people change their expectancies and sub-
scribe to irrational beliefs as a result of being depressed,” and not the other
way around (Lewinsohn et al., 1981). Other studies (e.g., Miranda and Persons,
1988) also give support to the idea that mood can influence thinking.

The kinds of irrational thinking that often accompany depression include
a tendency to see or exaggerate the negative side of a situation and to dimin-
ish the positive:

A depressed patient observed that a faucet was leaking in a bathroom,
that the pilot light was out in the stove, and that one of the steps in
the staircase was broken. He concluded, “The whole house is dete-
riorating.” The house was in excellent condition (except for these
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minor problems); he had made a massive overgeneralization. (Beck,

1976, p. 219)

To depressed people the cup is half empty, not half full. Depressed peo-
ple also tend to minimize their successes and maximize their failures by attribut-
ing their successes to external causes and their failures to internal causes. In
general, depressives are more critical of themselves than they should be and
see the world and their future in a more negative light than nondepressives
do. That is why suicide prevention centers must often help suicidal people
think of alternatives to their problems. Their ability to see their situations
clearly is often impaired by their negative mood. As Schneidman (1985) points
out, suicidal people, most of whom are depressed, may see only two alterna-
tives to their dilemma: suicide or some unrealistic solution.

Depression in various degrees is so prevalent that it is often called the
common cold of mental illness. Ten percent of college students, for example,
exhibit moderate depression (Craighead, 1984). We have a much greater chance
of experiencing mild depression some time in our lives, and even mild depres-
sion can negatively color our thinking.

Dealing with Depression

Serious depression requires serious psychological or medical interven-
tion by a professional. But if we are suffering from “the blues,” we must real-
ize that our thinking about ourselves and about life in general is probably
colored somewhat by our negative mood. If possible, we should put off major
decisions until our mood lifts or talk to others to help us explore alternative
courses of action and achieve better insight into our situation. If we have not
already done so, we should exercise, for studies show that exercise can lessen
depression (Stein and Motta, 1992). In the meantime, we can try to identify
the causes of our depression and take action to correct them or, if necessary,
seek advice on handling those causes.

Sometimes the cause of our depression is our own irrational thinking. For
example, if we encounter a person who does not like us we may become
extremely upset about it and spend much of our waking hours wondering
what it is about us that is difficult to like. We may also strive excessively to
please that person, and we might even suffer insomnia worrying about it.
Through our own reflection or through the help of others we may come to
see the irrational assumption underlying our unhealthy reaction: “Everyone
should like me because I'm a nice person.” If we think carefully about this
assumption for a moment we can see there is no truth to this, for plenty of
nice people, including Jesus, Ghandi, and Mother Teresa had enemies. No
matter how nice we may be, some people will invariably misunderstand us
or project on us their own inadequacies. Similarly, students who feel lowered
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self-worth when they receive a disappointing grade are operating under a
different irrational belief: “My worth depends upon my achievements.” They
need only remind themselves that many psychopaths have done well on col-
lege exams to realize the error in this kind of thinking.

Cognitive psychologists help people with dysfunctional thinking to see
the irrational nature of their thoughts and then suggest rational replacements.
Our friends and colleagues may help us do the same, and we can even learn
to do this ourselves. In the paragraph below we can see how one cognitive psy-
chologist challenged the distorted thinking of a student who was fearful of
giving a speech (sound familiar?).

PATIENT: I have to give a talk before my class tomorrow and I'm scared

stiff.
THERAPIST: What are you afraid of?
PATIENT: I think I'll make a fool of myself.
THERAPIST: Suppose you do . . . make a fool of yourself. Why is that so bad?
PATIENT: I'll never live it down.

THERAPIST: “Never” is a long time. . . . Now look here, suppose they
ridicule you. Can you die from it?

PATIENT: Of course not.

THERAPIST: Suppose they decide you're the worst public speaker that ever
lived. . . . Will this ruin your future career?

PATIENT: No. . .. But it would be nice if I could be a good speaker.

THERAPIST: Sure it would be nice. But if you flubbed it, would your par-
ents or your wife disown you?

PATIENT: No. . .. They’re very sympathetic.
THERAPIST: Well, what would be so awful about it?
PATIENT: [ would feel pretty bad.
THERAPIST: For how long?
PATIENT: For about a day or two.
THERAPIST: And then what?
PATIENT: Then I'd be O.K. (Beck, 1976, p. 250)

The resolution of depression is not always easy. Fortunately, most people
do not become severely depressed. And most who are mildly to moderately
depressed, unless it is a major personality characteristic, will find their depres-
sion eventually lifting. In the meantime, we must be careful about the thoughts
and decisions we make while depressed and remind ourselves of the cogni-
tive distortions we may be experiencing.
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1.

THINKING ACTIVITY 2.5
Five Thinking Errors

The five thinking errors below range in severity and frequency and can be found in
all of us from time to time. They are particularly likely to appear in times of emo-
tional strain. As you read them, think about instances in which these thinking errors
have distorted your thinking, and how these errors have affected your significant others.

Personalization. Egocentric thinking, in which the world is seen to revolve unduly
around the individual. A person might take responsibility for a disappointing
picnic at the lake by saying, “I should have known it would probably rain today;
it rains a lot in May. I should have waited until June.” Or walking by a woman
in a store with an angry look on her face, a person wonders, “Why is she mad
at me? What did I do?”

Polarized Thinking. Also called “black and white thinking” or “dichotomous
thinking” (later we examine it as the “cither/or fallacy”). For example, in depres-
sion, a person may see himself only in a negative light and fail to see the good
characteristics he has. Or if a person is not extremely successful, she might
consider herself a loser. A man might say, “People either like me, or they hate
me,” not realizing that people can also have mixed feelings about him. A per-
son with a borderline personality disorder often sees people as either all good
or all bad.

Overgeneralization. Drawing broad conclusions on the basis of a single incident.
A student fails one course at college and then believes she is a failure and will
not be able to earn her degree. Or after receiving a reprimand duly or unduly
deserved, a person thinks, “Everyone hates me.” Or after his girlfriend breaks
up with him, a man thinks, “I'm never going to find someone who will love me.”

. Catastrophizing. A common characteristic of anxious people in which they con-

sider the worst possible outcome of an event. A young man announces to his
mother that he is getting married, and she immediately thinks about the like-
lihood of a deformed baby or even a divorce in his future. A young woman going
out on a blind date expects it to be a real disappointment. Or a father, upon
hearing that his son intends to major in philosophy, imagines his son perma-
nently unemployed and expects him to be a constant financial burden.

. Selective Abstraction. Focusing on one detail of a situation and ignoring the larger

picture. For example, an instructor receives a very favorable evaluation from
90 percent of her students but dwells instead on the unfavorable comments from
the few. Or a football player, after an overall excellent performance, curses him-

self for the one pass that he should have caught. (Beck, 1976)
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STRIVING FOR COGNITIVE CONSISTENCY

Cognitive consistency refers to a harmony among our various thoughts, and
to a harmony between our thoughts and behaviors. Human beings strive for
cognitive consistency, because holding onto thoughts that are inconsistent can
create an unpleasant state called cognitive dissonance (discord) when the incon-
sistency cannot be justified. This state of dissonance may lead to psycholog-
ical tension and uncomfortable feelings. When we find ourselves in a state of
cognitive dissonance we will often try to change our thoughts or our behav-
iors to achieve harmony and thereby reduce the tension.

Festinger and Carlsmith (1959) conducted a now classic study illustrat-
ing the effects of cognitive dissonance. They had subjects perform a boring
task and then asked them to lie to the next subjects by telling them that the
task was actually quite enjoyable. Some of the subjects were paid $1 to lie,
whereas others were paid $20. Later the subjects were asked about their feel-
ings toward the task. Results showed that subjects who lied for $1 rated the
task more favorable than the ones who lied for $20 (about $75 in today’s
money). This was exactly what Festinger and Carlsmith’s cognitive dissonance
theory would have predicted. The group that lied for $20 could more easily
justify the inconsistency between their thoughts and their behavior. They
might have said to themselves something like this:

The task was really boring, but I told this other guy that it was a lot
of fun. I know I lied, but, hey, wouldn’t you for twenty bucks? I mean,
it’s not like I hurt anyone, you know.

On the other hand, the group that lied for $1 would experience disso-
nance and pressure to change their belief, because it is not easy to justify the
inconsistency for only $1:

The task was really boring, but I told this other guy that it was a lot
of fun. I lied for a lousy buck. Boy do I sell out cheap—a lousy buck.
But, hey, when I thought about it, you know, it really wasn’t so bad.
In fact it was sort of challenging. I mean, turning pegs in a hole a
quarter of a turn over and over again for a half-hour. Hey, thats a
challenge! Kind of fun. No, I didn' lie to the guy, it was quite chal-
lenging and enjoyable actually. Besides, I wouldn' lie for a buck.

Thus we see how our thinking can be influenced by dissonance and the
need to reduce tension. Specifically, cognitive dissonance can lead to ratio-
nalization, a defense mechanism mentioned above.

The need for cognitive consistency shows up in many areas of life. When
buying a car, for example, we might have to decide between two attractive

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Striving for Cognitive Consistency 37

models. If we don't believe in spending a lot of money for a car or paying for
a lot of unnecessary frills but we are somehow talked into doing so, we expe-
rience dissonance as our behavior becomes incompatible with our beliefs.
We then have two options to remove the dissonance: (1) we can change our
behavior—in this case, that would mean taking the car back, which is not
usually an option—or (2) we can change our thinking about the car, in other
words, rationalize our purchase:

Compared to the cheaper car I was looking at, this one will last longer,
so I'll easily get the extra money out of it. Besides, this car is safer
than the other one. And when it comes to your very life, you can
never spend too much. As far as the accessories go, well, they’ll help
to sell the car when that distant day arrives. Besides, what's wrong
with a little pleasure in life. You only live once, you know.

Incongruence among thoughts or between thoughts and behaviors does
not always cause a dissonant state. For example, if a student disliked the school
she was attending but no other school in her area was affordable, there would
be no cognitive dissonance. As long as there is sufficient justification for the
discrepant situation, cognitive dissonance does not occur. Here’s one more
example: If a young man does not believe in premarital sex, but when the
moment arrives at which his beliefs must be put to the test he engages in
such sex, then cognitive dissonance would probably occur—unless he can suf-
ficiently justify the discrepancy somehow, such as believing he was not free
to choose. He might argue to himself that he was drinking that night and
didn’t know what he was doing. If this argument is convincing, no dissonance
will occur and he will not be motivated to change his thinking about pre-
marital sex. If, however, he cannot find a source of coercion or justifiable moti-
vation for his behavior, he will probably experience dissonance and be
motivated to either (1) change his thinking about the wrongfulness of pre-
marital sex or (2) change his behavior. Because he cannot undo the sexual
behavior that caused the dissonance, his only option is to change his atti-
tude, or live with the dissonance.

We can apply the idea of cognitive consistency to relationships in other
ways. Balance theory argues that our likes and dislikes of other people should
be in harmony. For example, if you like Mary and you both are pro-life, then
you have a balanced relationship; there is no disharmony. However, if you like
Mary and she is pro-life but you are pro-choice, you have some incongruence,
an imbalance that creates pressure on you to change either your attitude toward
abortion or your thinking and feelings toward Mary.

Balance theory predicts that many people would vote for a candidate
because their friend or spouse did. Doing so would create a more balanced
situation. When the imbalance grows too strong, some couples won't even talk
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about politics or religion, although many couples and friends do openly dis-
agree with each other and maintain their deep friendship at the same time.
Crucial or cherished ideas create more balance pressure than rather irrelevant
ones. Who cares, for example, what your friend’s favorite ice cream is?
Relationships do not change over a disagreement about vanilla or chocolate.
However, dissonance would likely occur in a relationship when both persons
are quite politically active and share very different political ideas.

Many couples and their mutual friends experience an unbalanced rela-
tionship when the couple gets divorced. For example, it is often difficult for
an ex-wife to continue her friendship with someone who actually likes her
ex-husband. Similarly, it is difficult for the mutual friend to continue her affec-
tion for both friends when each criticizes the other in her presence. In order
to eliminate her dissonance, she may begin thinking and feeling negatively
about one or the other and break off her relationship with that person, or
she may find a way to get them together again.

Thus we can see how dissonance and imbalanced situations can change
our sexual mores, political views, and attitudes toward our friends, for no other
reason than to remove the incongruence and tension we experience. Our need
for compatible thoughts and behaviors actually leads to altered thinking.

STRESS

Its when I'm weary of considerations,

And. life is too much like a pathless wood
1'd like to get away from earth awhile
—ROBERT FROST, “BIRCHES”

Stress is excessive demand upon the body or mind, producing physical or psy-
chological strain. The sources of stress are numerous: work overload, rapid
cultural change, time pressure, conflict, noise pollution, negative life experi-
ences, and daily hassles. These stressors not only contribute to between 50 and
80 percent of all diseases, but they affect our cognition as well. Stress can
impair our memory, the basis of much of our thinking, and it can also affect
thinking more directly. Stress can lead to preoccupation with an idea, con-
centration difficulties, deterioration in judgment and logical thinking, and
negative self-evaluations. It may also lead to an inability to check our thoughts
against reality (Beck et al., 1979) and may seriously interfere with our ability
to make decisions (Janis, 1982). Under stress our ability to perceive alterna-
tive solutions to a problem diminishes, our capacity to search for informa-
tion is impaired, and the long-term consequences of our decisions are
overlooked. This leads us to make decisions prematurely—an action called
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“premature closure” (Janis, 1982)—and then creates more stress as we deal
with the consequences of our poor decisions:

A professor was asked to speak to a community group. He walked
to the wrong room and suddenly realized that the presentation was
to be given in another building. Beginning to feel pressure, he trot-
ted out to the parking lot to drive to the other building, which was
about a block away. He reached for his car keys and found none. Panic
began to build. He could see the building in which he was to speak
but could not get into his car to drive over there. It was already five
minutes past the time of his talk, so he ran to his office to pick up
his keys and then ran back and drove over. Only then did he realize
that he could have walked the distance in less time than it took him
to go back to his office for his keys.

This is a classic example of how stress interferes with our ability to perceive
alternatives.

Because stress affects our thinking in so many ways, it is important that
we keep it under control. A number of stress-management strategies can help
us with this control. However before we can apply them we must first be aware
that we are under stress. This is not always easy for stress can accumulate so
insidiously that we underestimate its extent. We may get clues, however, by
observing ourselves and noting the signs and symptoms of stress and by lis-
tening to what our friends and loved ones say about us, such as, “What’s wrong
with you lately? You're not yourself.”

Signs and Symptoms of Stress

The following signs and symptoms may be indicative of stress. The list is by no means
exhaustive. The more of these symptoms you have, the more stress you are likely to be
suffering, although no two people respond to stress in exactly the same way. Bear in
mind that although stress is a common cause of these ailments, other causes may be
responsible.

Cognitive Signs
Poor concentration
Poor memory
Paranoid thinking
Low self-esteem, loss of self-confidence
Nightmarish dreams
Preoccupation with one idea or thought

NV A RN =

Constant worrying
(continued)
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Signs and Symptoms of Stress (continued)
Emotional Signs
1. Depression
2. Moodiness
3. Irritability
4. Anger
5. Crying spells
Physical Signs
1. Gastrointestinal problems
2. Inability to feel relaxed
3. Insomnia
4. Fatigue
5. Loss of appetite
6. Ulcers
7. Skin rashes
8. More frequent colds
9. Headaches
10. Worsening of other physical problems
11. Loss of sex drive
Behavioral Signs
1. Withdrawal from others
2. Intolerance of others
3. Displaced aggression toward others
4. Fidgeting behavior (pencil tapping, leg bouncing)
5. Increase in bad habits (fingernail biting, smoking)
6. Increase in facial and other tics
7. Binge eating
8. Increased use of alcohol

Stress Management

Once we know we are under stress, it is impotant to identify the stressors, or
causes of stress, being as specific as possible. Don't settle for generalalities
like “life stresses me out.” That’s too vague to suggest a stress-management
solution—suicide is not a viable option. By probing further we may find
that it is not life itself that is the source of our stress; it’s the speech we have
to give in two weeks that is causing us strain. Or perhaps it is our children.
But what about our children? Are they too noisy? Too demanding? Too dis-
obedient? Do they require to much attention or get us up in the middle of
th enight? We need to be specific, for each situation requires a different
approach to management.

In general, stress-management approaches fall into three categories: (1)
removing the outside source of stress, (2) removing the inside source of stress,
and (3) managing the body’s response to stress. Removing the outside source
of stress would be appropriate when dealing with the stress of noisy children,
for example. We could set an hour of quiet time every day, remove some noisy
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toys from the house, establish stricter rules about playing outside, or install
more doors and carpet. If the stress comes from the constant attention we
must give a child in the middle of the night, the solution may be to ask one’s
spouse to share in that responsibility by alternating nights. Again, the source
of stress should be identified as specifically as possible. Often the appropriate
stress-management approach then becomes obvious.

If the outside source of stress cannot be removed, perhaps we can remove
the inside source, which involves changing ourselves. Typically this means
removing irrational ideas and expectations that give rise to our stress, and chang-
ing the meaning we give to the stressor. Often we can change the stressful mean-
ing we give to life events by putting them in proper perspective. If we must
give a speech, for example, we could ask ourselves, “What's the worst that can
realistically happen? Will I die?” Probably the worst would be to forget our
speech and become embarrassed. Life goes on. In one week no one will remem-
ber anyway, because people will be too busy with their own problems.

Putting a speech in proper perspective is one way to reduce its stress.
Oftentimes this requires addressing and removing irrational ideas that under-
lie the speech anxiety. For example, we may be overly concerned about our
upcoming speech because we believe that we must be perfect in everything we
do, that everyone should like us, or that everyone is concerned about how
we perform. All of these are irrational thoughts that must be challenged and
replaced with more realistic ones.

Sometimes we can extend our perspective still wider to show how small
our stressors really are. If we stop to think about how short our lives are and
how small we are in this huge universe, certain concerns and worries dissolve
away in insignificance. When we remember that we are in a galaxy with bil-
lions of stars and that there may be more galaxies than there are grains of
sand on all the beaches on this planet, and when we think about how old the
universe is (about 15 billion years), and how in comparison our life is shorter
than that of a fruit fly, then maybe it doesnt matter any more that we are
trapped behind a car going 34 miles an hour in a 35-mph zone, that our spouse
rarely gets the garbage out on time, or that our hair won'’t lie down just right.

Life is too short to waste

In critic peep or cynic bark,
Quarrel or reprimands;

“Twill soon be dark;

Up! mind thine own aim, and

God speed the mark!

—RALPH WALDO EMERSON, “TO J.W.”

If we cannot eliminate the source of stress and we cannot change the mean-
ing we give to it, we can always manage our body’s response to stress through
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exercise, meditation, relaxation techniques, adequate rest, and proper nutri-
tion. This reduces both the subjective feelings of stress and the deleterious
effects stress can have on our physical and mental functioning. Exercise, med-
itation, or relaxation alone can sometimes be enough to remove the feelings
of stress. Proper nutrition is important because stress rapidly removes essen-
tial vitamins, particularly the B complex, which are vital to healthy physical
and mental functioning.

SUMMARY

The extent to which we can think critically is strongly related to who we are.
The enculturation process largely determines our prejudices and values, and
our self-concept contains specific areas of sensitivity and weaknesses that moti-
vate defensive thinking through the use of ego defenses and self-serving biases.
Additionally, our schemata shape, restrict, and stereotype our perceptions and
thinking. And depression, anger, passion, and stress can lead to negative,
irrational thoughts and poor judgment. Our thinking also seems to be affected
by our need for consistency and balance among our thoughts and emotions.

All of these factors lead one to wonder about the extent to which human
beings can be rational at all. Certainly, the more we engage in self-reflection
and become aware of these biases and limitations, the more we are able to
avoid them. Such awareness can help us identify our thinking biases and move
our thinking in a healthier, more rational direction. Besides self-reflection, we
can take specific actions to remove the causes of bad thinking. But transcending
our personal barriers is not easy, and most of us do not completely remove
them. Fortunately, better thinking does not require perfection, only one step
at a time in the right direction.

BARRIER CHALLENGES

1. List the favorite beer in your town or among your group. Is it your
favorite as well? Why?

2. Would you eat cow? Would people in India eat cow? Do you think it’s
okay to eat dog? Do you know any cultures in which they do eat dog?

3. What does your religion teach you about the right way to think about
contemporary issues such as abortion, the existence of God, euthana-
sia, working hard, and the role of women? In what other ways does your
religion shape your values, beliefs, and attitudes?

4. How has your hometown influenced you? To help you find out, write
down how you might be different if you had been raised in the follow-
ing cities: San Francisco, Des Moines, New York, Detroit, Cheyenne.

5. Investigate a major religion that is unfamiliar to you. How might peo-
ple of that religion view your religious beliefs?
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10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

How have your friends and school influenced your values?

Is there anything unique about the people who live in your state com-
pared with people in other states?

Sometimes the people we hate most are those who have the trait we hate
most in ourselves. Whom do you hate most? Why? Could that trait char-
acterize you as well? If in doubt, ask others.

When was the last time you rationalized? It’s easier to look back and
see it than to identify it at the time it is happening.

When was the last time you failed a test or a task at work? Did you use
a self-serving bias to protect your self-esteem?

We often see according to our expectations and beliefs. Is your percep-
tion of your instructor influenced by what you heard about him or her
before? Do significant people in your life complain that you fail to rec-
ognize their changed behavior and still perceive them as they used to be?

When you are angry, do you typically say things that you don't really
mean? Do you tend to overgeneralize or catastrophize?

Alexander Hamilton once said, “Why has government been instituted
at all? Because the passions of men will not conform to the dictates of
reason and justice, without constraint” (7he Federalist). Do you agree
with his statement? What would people’s behavior be like without a gov-
ernment? Can you find instances in history to support your answer?

When you are depressed, which of BecK’s five thinking errors (see page
35) tends to characterize your thinking?

Have you ever experienced pressure to abandon a couple who broke up?
Did you maintain allegiance to one and not the other? How have you
and others you know handled such situations?

Did you ever believe one way but act in another? How did you handle
the apparent contradiction?

What happens to your thinking under stress?

Some people define themselves by their possessions, religious beliefs, or
abilities. How do you define yourself? These are the topics about which
you may have difficulty thinking objectively.

What stereotypes do you tend to believe? Do you know people who do
not fit these stereotypes? If you can’t find exceptions, ask your friends,
family members, or college professors. You could also do research on these
groups that you stereotype to learn about the diversity within those groups.

Recall two or three times when you were angry. Which was worse: the
situation that caused your anger or the consequences of venting your
anger? Could you have done anything to control your anger?

Has passion ever clouded your reason?
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Sensing

There is nothing in the mind unless it is first in the senses.

—AQUINAS

SENSUAL BEGINNINGS

If we were blindfolded, taken to a place, and the blindfold removed for only
a second, we would get a flash of visual stimulation. If we were standing where
we had never been before, perhaps in a mosque, the one-second glance would
reveal a jumble of colors, mosaics, and geometric designs; however, if we
were in a city library, we would recognize and understand what we saw. In
both cases visual rivers would flow into our eyes, but we would understand
the library because we already had the language in our mind. That language
would have prestructured our perceptions and would have allowed us to under-
stand and to process the sensual stream of books and desks.

With language already in our mind, it is possible to close our eyes and,
disconnected from the outside world, do “pure thinking,” but that kind of
isolated thinking is rare. Most of our thinking is sensory interactive; after all,
our brain is enfleshed in our senses. This sensing-thinking connection is so
closely interrelated that our thinking often begins in our senses, progresses
through additional sensory input, and shapes itself to our sensing habits; con-
versely, thinking can shape the way we sense.

The statement, “There is nothing in the mind unless it is first in the
senses,” says, in stark simplicity, that our brain would be empty without our
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senses. If this view is correct, then sensing would be the main source of raw
data for our thinking: if we sense better, we can think better.

Whereas sensing precedes thinking for infants, sensing for adults is con-
current with thinking. As adults we continually return to our senses to refresh
the data, to seek new data, to fortify our thinking with tangible examples, and
to validate the structures of our thinking. Our sensing and thinking are inter-
woven: even now as we read this book, as we listen in class, and as we write,
we are sensing (with our eyes, ears, hands); conversely, when we bungee-jump,
prepare a dinner, or install brakes on a car, we are thinking.

Sharpening our perceptions is crucial for delivering better data to our
brains. We need the accurate observations. We need the facts right. We need
solid sensory awareness to ground our thinking. We need to perceive beyond
appearances and behind false faces.

In this chapter we examine how our senses both enlighten and deceive
our mind, we learn how we can sharpen our vital sensing-thinking connec-
tion, and especially, we will stress how we can strengthen our two most impor-
tant senses for thinking: seeing and hearing.

THE POWER OF OUR SENSES

Our senses act as our lenses, amplifiers, particle detectors, and pressure and
heat gauges. These sensors are acutely sensitive. Our hearing reacts to a sound
vibrating at a frequency as high as 20,000 cycles per second and to a multi-
tude of timbres that allow us to recognize different human voices. Our sight
can detect a candle flame on a dark, clear night 20 miles away or discern a
single color (mauve or teal) out of millions of hues. Our sense of smell can
detect a single molecule of bacon or coffee out of five billion molecules. Our
senses feed our brain much as food feeds our body; without their input, our
brain would be almost empty.

Is our brain a blank slate at birth, as John Locke says, or is it alive with
innate ideas? There are strong thinkers on both sides of this issue. John Locke
agrees with Aristotle and calls the mind a mbula rasa (blank slate) that our
senses and experience write upon. But other philosophers (Plato), psycholo-
gists (Jung), and linguists (Chomsky) disagree at least partially with this con-
cept. They say we have innate, or inborn, ideas or structures in our mind.

What do you think?

THE DECEPTION OF OUR SENSES

Throughout our life our senses have enriched our brain, and currently our
senses link with our brain as we think. Powerful though they are, our senses
do not always deliver accurate data to our brain. Our senses do not operate
effectively when we are sick, drowsy, or tired; and sometimes, although our
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THINKING ACTIVITY 3.1
Ideas: Innate or Learned?

Where do our ideas come from? List reasons supporting both those who say we are
born with ideas and those who say we learn them through our senses.

Ideas Are Inborn Our Senses Fill the Mind

As you listed reasons, you may have come to a decision in favor of one side or
another. If you have not yet decided, weigh those reasons now and check one of the
boxes below. As you check the box, be very aware of what is going on in your mind.
We will discuss your awareness shortly.

¢ We are born with knowledge.
¢ We acquire knowledge through our senses.
¢ We are born with knowledge; then we acquire more.

How did you arrive at your conclusion? Although the process may be difficult to
describe because we are often not aware of our thinking while we think, try to describe
the thinking processes you went through to arrive at your decision.

Whatever you discovered while you checked the box and wrote about your
decision-making process, you sensed and thought together; you interwove sight and
touch with your thinking as you read and wrote.
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senses deliver accurately, the world is not always what it seems on the sensual
surface. Our sensual perceptions (using sight as an example) can deceive our
brain in three major ways: limited biologically, we see the superficial; corralled
by custom, we see the habitual; and blinded by language, we see the general.

Scientists and philosophers have alerted us to the superficiality of our
senses. Copernicus stated that the sun did not “set,” and Descartes pointed
out the “bent” oar in the water. Subsequently, science has shown us the nar-
row range of our sight from red to violet; all the “colors” from infrared in
one direction and ultraviolet in the other through the vast electromagnetic
spectrum are invisible to our eyes, as are things very small and very far away.
The superficial perception of our senses is weakened further by certain life
forms that attempt to deceive, such as the chameleon, the Venus flytrap, and,
yes, even humans: “That one could smile and smile and smile and be a vil-
lain” (Shakespeare, Hamlet).

Likewise custom in the form of habits, interests, and biases, focuses and
thus limits our perceptions. A fashion designer, walking into a room, sees that
room differently from a carpenter, an antique collector, a gymnast, or a party
animal (only the plasterer might seriously study the ceiling). In the following
chapter we will study how language also puts reins upon our senses.

THINKING ACTIVITY 3.2

Our Personal Sense Deceptions

Think about how your senses can deceive you. What things appear safe but are dan-
gerous, soft but are hard, fragrant but are poisonous, beautiful but are rotten, true but
are false? In the chart list some people or things that can deceive your senses and note
what the reality is. Also be aware of your own biases and strong interests that might
block, focus, and distort your sense impressions.

Deceptions Corrections
Vanilla extract smells edible. Tastes terrible!
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SHARPENING OUR SENSES

Perhaps my originality boils down to being a hypersensitive receptor.

—CLAUDE MONET, IMPRESSIONIST PAINTER

When we realize that our senses are fallible, then we can begin to adjust to
surface appearance and personal distortions. Seeing should not always be believ-
ing. The spear-fishing Chippewa Indians of Wisconsin (who don’t know
Descartes’s bent oar) have learned to adjust: they plunge their spear above
the point where they see the fish. If they didn’t, they would go hungry.

We can adjust not just to water but to the entire surface of the earth by
turning up the power of our senses. Our eyes now pierce the surface through
the electronic microscope, ultrasound, magnetic resonance, and positron emis-
sion; our ears amplify apparent silence through the microphone, listen to the
shifting earth through seismographs, and hear the echo of the big bang through
radar telescopes. Our nostrils smell hidden particles through smoke detec-
tors and Geiger counters; and our sense of touch feels more precisely through
the barometer and thermometer. These instruments allow us to perceive beyond
the range of our senses to see the molecules and microbes moving. We can
then struggle to synthesize the clash between appearance and reality. Our mind
can reason, accept the validity of these observations, and know, for example,
that invisible species crawl over our skin and that vast spaces exist in the
floor upon which we step.

If we try, we can sometimes return to the sensual newness of a child. A
five-year-old boy in a mechanic’s shop identified his friend Brad’s car. His dad
glanced at the car and said, “No, that’s too rusty.” The boy replied, “But it
smells like Brad’s car.” The father asked the mechanic: it was Brad’s car. We
too can extend our senses. By willing and by trying we can see more and sense
more. If we start a program that tries, a few times a day, to absorb more
intensely the sensual information around us, we can hone our perceptions to
a piercing power of accuracy and newness; by the end of this course we will
be perceiving at a higher level. This sharper perception can lead to sharper
thinking as we place more specific, concrete, accurate data in our mind; and
when our thinking is interacting with our environment, the results will more
closely reflect the external reality.

In chapter I we made three lists of observations in progressively greater
detail. By such methods we can learn to push our senses to see fine details, to
notice the rainbow colors of the snowflakes (often we just see white), to hear
the wind through the grass (it’s different from the wind through the trees),
to smell the fragrance unique to each rose, even those coming from the same
rosebush (a rose is 7ot just a rose just a rose). As we struggle to sense more
closely, we might discover the startling fact that no two things are alike: even
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mass-produced items, like beer cans, pencils, bolts, and coins, have differences
easily distinguishable by our sight. We need to break the habit of seeing things
in the same general way, largely because we think we know what they look
like. One way to break through this habitual pattern is to look at things in
extremely small detail and then try to express what we see in new words. Avoid
clichés: they are a sign that we are using other people’s words and therefore
are not describing what we are seeing.

THINKING ACTIVITY 3.3
Seeing Anew

1. Pick any two things that you think are identical; if you wish, reach into your
pocket or purse and take two coins of the same denomination and begin to
notice the differences. Turn and twist them and watch the light reflect off their
individual surfaces. Strike them and hear their unique sounds.

2. Focus your senses on those two things as if you were alone in a woods at night
and you heard breaking branches on the forest floor.

3. Look so closely, so minutely at tiny sections of the objects that you have no
easy words for such small areas of focus. Then try to break the language barrier
by describing those differences specifically and concretely.

4. Avoid clichés. Find new ways to describe what you are seeing; use analogies to
get your meaning across.

If you practice these steps, your thinking will take root in specific facts and your writ-
ing and speaking will glisten with newness.

POWERFUL LISTENING

After seeing, hearing may be our most vital sense. Hearing sends rivers of
sound into our ears, from the music of falling waters to the cry of a newborn
baby. When we use our hearing to listen to words, listening becomes inter-
active with our thinking and crucial in communicating.

The Paradox of Powerful Listening

When we were small children our listening was natural and effortless, like
the earth receiving rain. That’s partly why we were able to learn our language
so quickly. Our adult brains can absorb thoughts several times faster than they
are spoken: speech runs about 125 words per minute, yet if this rate were dou-
bled (or even tripled through a sped-up audiotape) we could still understand
the words. Listening is so simple that, paradoxically, it is hard. Because the
rate of speaking is so slow, we can easily allow our mind to roam elsewhere.
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And now that we've grown older, our listening is drowned by the buzz of our
thinking, and is smothered by our poor habits. Because listening is apparently
simple, we allow our mind to roam elsewhere while someone is talking. The
challenge then becomes, how do we rein in our brain to follow the speaker?
How do we not get bored and allow our attention to wander?

How to Listen

In order to listen well, we must want to listen. Here are a few reasons to help
motivate us to listen well: (1) we will know more, (2) our decisions will be
based on firmer data, (3) we will understand the speaker’s values and positions
better, (4) our interpersonal skills will be higher, (5) our responses will carry
greater effectiveness, (6) we can recall how good we felt when anyone really
listened to us, and give that same courtesy to the speaker, (7) the speaker will
talk better because we actually partially control the speaker by how well we
listen and ask questions, and (8) we will learn more. Can you think of other
reasons to listen well?

Even if we think the speaker is boring, if our attitude is receptive we can
learn from anyone. Ultimately we are the ones who profit. We are the ones
who grow wiser. Consider one final example of the power of listening. A
married graduate student reported that he was on a path toward a divorce,
so in his busy schedule he set aside twenty minutes a week on Friday nights
to listen, really listen, to his wife. The first night, without even knowing why,
his wife said, “Gee, hon, we had fun tonight.” By continuing to listen, the
student said he began to find out things about his kids and his wife that he
never knew. He said listening, simply listening, rescued and enriched their
relationship.

Once we have set our will to listen, we may need to adjust our environ-
ment. MTV, screaming children, trucks winding through their gears, and blast-
ing bands do not provide a good listening environment. If we want to listen,
we can move to a place of acceptable noise level and privacy, adjust our chairs
so we are close enough, turn our back on windows, televisions, or other dis-
tractions, and face the speaker. The environment is ours to control.

Then we need to place our body into a listening posture. First, we square
up, sitting or standing directly across from the other person (effective, forth-
right communication is not assisted by angles—acute, oblique, or other-
wise). Second, we relax and open our body to the ideas of the other (folded
arms and locked knees are often reflective of our mental locks). Third, we lean
slightly toward the speaker (pulling back is a reaction associated with horror,
fright, fear, bad breath, or rejection of the other’s ideas). Finally and most
importantly, we look the other in the eyes without staring, and we appropri-
ately maintain that vital connection while we are listening (eye contact con-
nects us in some ways more strongly than the telephone wire connects our
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phones). Squared, relaxed, leaning, and looking, our body prepares us for
listening.

With our will set, the environment adjusted, and our body posed, we have
a better chance of keeping our mind focused. Here are some ways to keep your
mind on the speaker. As we present these ideas, think about which ones will
work effectively for you:

1. Listen to the tone of the speaker’s words, to the feelings behind the
thoughts. Tone can easily color or contradict the content of the words, but it
is rare that content can outweigh tone. For example, if you greet your boyfriend
and ask him how he is, and in a small voice he sighs, “Fine,” you can believe
the tone of his voice and ignore his words. He isn't fine. Something is wrong,
and his tone shows it. Because of the connection between tone and truth,
voice stress indicators have been developed in an attempt to measure the truth-
fulness of people’s statements.

2. Read the speaker’s body. Watch the face, the tightness or relaxation
around the lips and the eyes; watch the hands. Is any nervous energy playing
through the speaker’s fingers? A top executive in an advertising firm was a man
of forced smiles and memorized names. As he smiled and talked to clients he
did not like, his left fist clenched and unclenched. An alert client reading the
nonverbal message would know how to deal with him.

Since the work of Edward Sapir in the 1930s, the literature on nonver-
bal communication has been growing. Body signals, however, can be ambigu-
ous; there is always the possibility that we are “reading” wrongly. With this
caution in mind, reading the body can help us stay focused and listen more
fully to the speaker.

3. Use your memory. Recall earlier meetings and conversations with the
speaker and how those ideas fit with the speaker’s present words.

4. Understand the speaker’s needs, values, beliefs, and goals. In the old
adage—step into the speaker’s shoes and empathize.

5. Organize what you hear. Often speakers do not convey their thoughts
in perfect prose. Try to group their words into main points.

6. Paraphrase the speakers words out loud. Give feedback by saying some-
thing like, “So what you are saying is that you would like to . . . ,” and check
their response.

7. Ask questions. If the speaking situation permits it, asking questions
directs the speaker toward topics of interest to you. Also, questions can clar-
ify ambiguities and may spark the speaker alive to new ideas.

8. Summarize the other’s ideas. This helps both parties focus on the
nucleus: on the thoughts to be remembered, on the actions to be taken. Clarity
will result.

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



52 Sensing

THINKING ACTIVITY 3.4
Developing an Action Plan

Thinking is intangible, and while you might get some great ideas as you read this
book and listen to your teacher and participate in class, unless you act on your think-
ing, your ideas will probably remain intangible. To bring thinking into your life more,
you are highly encouraged to develop a specific, practical plan of action for each chapter.

To try to listen better, you can make a list of specific steps describing what you
will do, when you will do it, and how you will check your progress. A sample action

plan might look like this:

WHAT: [ want to listen to my friend with more attention. I will try to maintain eye
contact and not to interrupt while my friend is talking. I will ask appropri-
ate questions and paraphrase my friend’s responses to focus my listening.

WHEN: I will listen for five minutes each day when I return home from school or

work.

CHECK:  On Fridays I will count the number of days that I was successful, and reflect
on the result my listening has had.

Now develop your own action plan in the spaces below. Please pick an idea from class
or the book that you would like to try to bring into your life. Remember: be specific
in describing what you are going to do; when you will do it (days and times and places);
and how and when you will check upon your progress.

WHAT:

‘WHEN:

CHECK:
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SUMMARY

We have seen how our powerful senses both nourish and deceive our minds.
We have seen that our acute senses can be expanded by the instruments of sci-
ence, and we have been alerted to the appearance of reality of some of our sen-
sations. Furthermore, we have glanced at the deliberate deceptions that occur
in nature and human beings. Shakespeare alerts us “that there is no art known
to read the mind’s construction in the face.” We have seen how we can sharpen
these vital sensing-thinking connections by looking more closely at the unique
world around us. Finally, we have seen how we can focus our powerful mind
for effective listening. By keeping our thinking refreshed and sharpened
through interaction with our sensing, we will be grounded in a more solid
reality as we absorb and seek new data.

SENSING AND THINKING CHALLENGES

1. Do you accept information when it is contrary to common sense? For
instance, the earth is closer to the sun in the winter than it is in the sum-
mer. Seek the reason for this phenomenon and then think about how
your mind struggles with the apparent conflict between your senses
and the facts.

2. Galileo convinced the world that Copernicus was right about the orbit-
ing spheres when he pointed a telescope at Jupiter and watched the
moons go around it. Is seeing always believing? Can you think of any
exceptions?

3. If you are writing a descriptive paper or trying to paint with words,
this chapter can help you. Perform Thinking Activity 3.3 several times;
that is, try to see on a very small scale, and then search for new words,
especially analogies, to describe what you see. Practice this activity on
any of the following:

a. A one-inch square area of the palm of your hand.

b. A feature (a small part) of someone’s face. (In Canterbury Tales Chaucer
describes a wart on the edge of the miller’s nose as having three red
sow bristles growing from it. You do not need to choose a grotesque
feature, but you should strive for Chaucer’s minute level of detail.)

c. A leaf of some plant.

d. A petal of a flower.

e. The shine, color, and reflection in a drop of water.

f. Any small part of anything you wish.

4. Try focusing one sense, such as smell or hearing, and then shifting to
another and focusing sharply. What do you experience?

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



54

Sensing

10.

11.

. William Wordsworth did not think we were born empty: “We come

trailing clouds of glory.” What do you think was already in your mind
at birth?

. As a quick test of the effect of your listening, the next time you are in

a small group, listen intently and receptively to the speaker: Notice if
the speaker begins to look at you longer and more often than others in
the group.

Do words blind our senses? How might the word mountain or forest pre-
vent us from seeing the uniqueness of that mountain or that forest,
and the uniqueness of the rocks and trees within each.

Schedule a few times during the day to practice sensing. These times
can overlap other things you are doing, such as driving or eating or wash-
ing dishes. Focus your mind to become acutely aware of details.

Listening is so simple that it is hard. Do you agree with that statement?
What do you find particularly easy or difficult about listening?

Buddhists engage in a practice of “bare attention” to sharpen their per-
ceiving. This practice is described as “observing things as they are, with-
out laying our projections and expectations onto what is happening;
cultivating instead a choiceless and non-interfering awareness”
(Goldstein, 1976, p. 20). Whatever you are doing now and through-
out the day, give it your bare attention. Try simply to notice things with-
out labeling or evaluating them; remain detached. Afterwards, reflect,
write about, or discuss your experience.

Have you ever really seen a penny? Which of the following features are
on the Lincoln cent? Circle the items that you believe are on the penny,
and then inspect a penny. How perceptive were you?

. Lincoln facing forward
. Lincoln facing to the right
Lincoln facing left
. “Give me liberty or give me death”
“In God We Trust”
“One Penny”
“One Cent”
. Picture of the White House
“E Pluribus Unum”
“Liberty”

o Mmoo ap Top

-
.

. The date of the penny
“United States of America”

B — m

. Picture of the American Flag
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12. Here is a descriptive paper written by a student. What words, figures of
speech, and what thought patterns does this writer use to activate our
senses?

Mom and I used to watch the storms that would later resemble life. It was in the
springtime of my life when we watched the rain shimmer with moonlight as it fell so
delicately to the earth.

When I was an adolescent we watched the clouds billow in overlapping layers, cov-
ering the entire horizon like a crimson blanket of fog. The lightning danced in a blind-
ing fury to the beat of the rumbling thunder. As we watched, rebelliousness took the
stage for my summer years. The wind cried as if it was afraid of the dark. The show
gained intensity as the actors prepared for the finale. Then I saw the explosion, and lights
like glass shattered everywhere. And the sky cleared and looked again for a new beginning.

I have since matured and mellowed into the autumn of my life. Mom is gone,
and now I have taken her place, with my own children. We sit and watch the storms.
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Brain and Memory

The brain breathes mind like the lungs breathe air.

—HUSTON SMITH, FORGOTTEN TRUTH

THE MYSTERY

Our brain. It lies behind the creativity within the Sistine Chapel and the for-
mulas of Einstein. It has taken humankind to the moon and will someday
reach the stars. Perhaps only the universe itself can equal its marvel, yet we
know so little of it. How can this physical organ create a private mental world
that has no mass and no spatial location? Where are our thoughts? How are
they generated by our brain? How has our identity become intricately
enmeshed within it? These questions we cannot yet answer, and we leave them
to the philosophers and neuro-scientists of the future. Here we take a brief,
pragmatic look at what we do know about the brain, particularly how it affects
our thinking, for though the brain is still a great mystery, we have begun to
learn its secrets.

We have also begun to learn the secrets of memory—but only begun. This
mystery within a mystery is the bedrock of thinking itself. It, too, has its points
of wonder. How is it, for example, that a physical process in the brain can give
rise to the memory of your grandfather? If you could take a journey inside
your brain, where would he be found? While we can’t answer this question,
it is worth-while to think about it, for the activity of thinking enhances
thought, just as the activity of memory enhances memory, as we will discuss
below.

56

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



0-536-80589-X

Thinking and Our Brain 57

In what follows we look at the brain, its universe of neurons, the influ-
ences on the brain that affect our thinking, and ways to move our brain toward
better thinking. We then explore memory, its impermanence, the reasons why
we forget, and how we can remember better. With this understanding of our
brain and memory, we can lay a stronger foundation for critical and creative

thinking.

THINKING AND OUR BRAIN

As you read these words your brain is at work. Relying on earlier learning
which associated certain line patterns with letters of the alphabet, your brain
checks its own database for familiar combinations of these letter patterns
and then recognizes the words or word phrases as individual units. Unfamiliar
words, like “phacoemulsification” are flagged and processed with greater atten-
tion to each letter or syllable. As all of this is taking place your brain is simul-
taneously placing these words and word phrases in a context that gives them
meaning; the words make sense. Your brain may then continue on to yet
another step as you think about the meaning of the sentences themselves.
For example, you might wonder about the complexity of this process, the
fact that you have little control over it (try not to see the letters as words, for
example), or whether there can be any kind of thinking without the brain
(as in speculations about an afterlife). As you continue to process these words,
you might also judge the value of this information, compare it with other
information you already have, or wonder about the point the authors are mak-
ing. You might even think about whether a machine could ever be developed
that can do what you are doing now. All this wondering, valuing, and orga-
nizing is done with your brain. Alter the brain or destroy it and the charac-
ter of this process changes or ceases altogether.

The brain is incredibly complex and has the potential to handle huge
thinking demands. It contains more than one trillion cells, about 100 billion
of which are neurons. These neurons are the single-cell messengers that carry
out the responses that comprise our thinking and movement activities. It would
take you about 4,731 years to count them all if you counted one number per
second every minute of your waking life! But that’s just the beginning, for
each of these 100 billion neurons has 1,000 to more than 200,000 contacts
with other neurons, each neuron sending and receiving messages up to 1,000
times a second. With this incredible, dynamic interconnectedness, the num-
ber of different pathways in the brain is unimaginable!

What we consider to be critical thinking ability is located in the outer
part of the brain, that wrinkled cap called the cortex. The cortex is about one-
tenth of an inch thick and is convoluted, which explains how its one and two-
thirds square feet of surface area can fit within the confines of the human skull.
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The cortex alone contains more than 10 billion neurons. It is here that all
the higher intellectual processes take place. The rest of the brain is responsi-
ble for lower functions, such as emotions, hunger, and basic life-sustaining
processes, although even these are influenced by input from the cortex.

We are still in our infancy in understanding how our brain’s universe of
neurons interact to create thinking, but we have made some small progress.
We know, for example, that brain neurons do not touch; they communicate
by sending molecules of hormones called neurotransmitters across a synapse,
the microscopic space between adjoining neurons. Approximately seventy-five
different types of neurotransmitters have been identified so far, with perhaps
hundreds waiting to be discovered. The balance between these hormones is
rather delicate. A glass of wine, a strong cup of coffee, a poor night’s sleep, a
candy bar, or a common cold pill can affect it. Even falling in love can change
the chemistry of the brain. When this chemistry changes, the way we perceive
and think about reality changes too. Below we briefly address some of the vari-
ables that can impact the brain in a way that affects our critical thinking
abilities.

THINKING ACTIVITY 4.1
An Exercise in Mental Discipline

Do you agree with the Eastern analogy of the mind that thoughts jump hither and thither
like monkeys jump from tree branch to tree branch? To check out this “monkey mind”
analogy, try a simple meditation exercise for ten minutes. Sit in a comfortable chair in
a quiet room and try to keep your attention on only one thing, like an inner image of
a candle flame, the sound “ah nam” silently repeated to yourself, or a blue vase. When
you find yourself thinking about something else, bring your attention back to your object
of meditation. After doing this exercise, what do you think about the extent to which
you consciously control your thinking?

Food and Drugs
O God! that men should put an enemy in their mouths to steal away
their brains.
—SHAKESPEARE
Clearly the brain needs food. Like the rest of our body, it requires energy,

specifically glucose, which it gets from the body’s conversion of starches and
sugars. Like the rest of the body, the brain also needs protein and vitamins
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for proper functioning. Without adequate nutrients, intellectual impairment
results:

In an intensive study of the children of North American Indians,
Dr. Ernesto Pollitt, of the Massachusetts Institute of Technology,
demonstrated a 50 percent decrease in behavioral performance in
severely malnourished children. Memory, abstract reasoning, think-
ing, and verbal ability were most affected. (Restak, 1979, pp.
107-108)

But we do not have to be malnourished to notice the effects of nutritional
deficiency on our thinking. Simply trying to go through the day with too
few calories impairs our ability to concentrate, as any student knows who
has tried to concentrate on a lecture on an empty stomach.

Of particular importance to thinking are the B vitamins. Vitamin B defi-
ciency has been linked to problems in memory, concentration, and depres-
sion. In acute cases of vitamin B deficiency, particularly thiamine, Korsakoff’s
syndrome develops. This is a chronic disorder, even after the vitamin defi-
ciency is corrected, which creates gross deficits in short-term and long-term
memory. This deficiency is particularly a problem with alcoholics, for alco-
hol rapidly depletes the body of essential B vitamins.

Besides depleting the body of vitamin B, alcohol also impairs our think-
ing, particularly judgment and decision making, through its intoxicating effects.
Heavy, prolonged drinking changes brain tissue and may permanently retard
intellectual abilities.

Besides alcohol, another legal and very popular drug in the United States
is nicotine. Nicotine is most commonly absorbed through cigarette smok-
ing. Studies on the effects of smoking on memory and learning are mixed.
Some have found that smoking enhances learning and memory, especially
short-term recall; others have found it to have a deleterious effect. Reviews
of some of these studies (Adler, 1993a; Bower, 1993) suggest that the posi-
tive effects of smoking on learning and memory seem to pertain only to sim-
ple memory tasks, and these positive effects may benefit only those who are
already addicted to nicotine. Regarding more complex memory and learning
tasks, however, nicotine has been found to be detrimental, decreasing logical
reasoning abilities, impairing performance on complex memory tasks, reduc-
ing problem-solving ability, and adversely affecting recall of critical informa-
tion in essays. Similar effects are experienced during nicotine withdrawal
and may linger for one to two months afterwards (Adler, 1993b). While
researchers are continuing to explore the possible learning and memory
enhancements of nicotine, they seem to agree that cigarette smoking’s poten-
tial for harm far outweighs any memory and learning enhancement so far
discovered.
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Marijuana is the most popular illicit drug in the United States. One ani-
mal study found that chronic exposure to moderate levels of THC-acceler-
ated brain-cell death in the hippocampus, a very important brain structure
for long-term memory formation (Landfield, Cadwallader, and Vinsant, 1988).
A later study found that heavy marijuana use reduces attention and learning
abilities (Pope and Yurgelun-Todd, 1996). This is consistent with earlier
research that has found attention deficits and decreased motivation among
regular marijuana users. Even occasional use of marijuana harms thinking.
Marijuana intoxication retards learning, inhibiting the transfer of informa-
tion from short-term to long-term memory. Thus, students who study while
smoking marijuana are wasting a lot of their time! And though marijuana
smokers believe it enhances their creativity, one study found that in fact it
does not (Tinklenberg et al., 1978).

Another drug that can affect thinking is cocaine, a stimulant that, taken
daily in large doses, can produce irritability and disturbed concentration. With
chronic, heavy use it can lead to paranoid thinking and perceptual distur-
bances (Grinspoon and Bakalar, 1985).

Other commonly abused drugs, also of the stimulant class, are the amphet-
amines. These drugs are commonly used to maintain wakefulness and alert-
ness or to increase metabolism and suppress appetite. Although they do have
these effects, in heavy use over several days they can cause paranoid delusions,
hallucinations, irritability, and insomnia—and distortions in thinking and
social functioning that result from these effects. A drug user’s “irritability
and paranoia may cause fights and unprovoked violence and drive their friends
away; their preoccupation with the drug has a disastrous effect on their fam-
ily relationships and work” (Grinspoon and Bakalar, 1985). When discon-
tinued after prolonged use, they can lead to depression and even suicide.

All of these drugs interact with the brain at the synapse, increasing or
decreasing the brain’s natural hormone activity. Even though their pharma-
ceutic effects are different, they all have in common the ability to disrupt
our cognitive abilities.

Think About It:  Many people considered to be very brilliant, some to the point
of genius, developed ideas and theories that conflicted with those of other very
brilliant persons. For every brilliant determinist we can find an equally brilliant
proponent of free will; for every empiricist, a rationalist; for every pessimist, an
optimist; and for every theist, an atheist. In one sense almost all of them are mostly
or entirely wrong, assuming there can be only one correct view. That being the
case, what is our basis for considering these people to be extraordinarly brilliant?
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Sleep

We need sleep to think; perhaps that is why we spend one third of our lives
sleeping. The important stage of sleep for critical thinking is the REM (rapid
eye movement) stage, during which dreaming occurs. When people are more
intellectually active during the day they dream more (Smith and Lapp, 1991),
and when they are deprived of dream sleep, they have cognitive impairments,
such as reduced memory capabilities (Li et al., 1991) and impaired concen-
tration (Horne, 1985). These studies suggest that dreams are crucial for solid-
ifying learning that takes place during the day and that our daily sleep is
necessary for optimal cognitive functioning. Although a relationship seems to
exist between sleep and a healthy cognitive life, the exact mechanisms involved
have yet to be discovered.

THINKING ACTIVITY 4.2
Critical Reading Before We Sleep

To illustrate how mental fatigue can hinder critical thinking and concentration abilities,
read the following passage on the unconscious by C. G. Jung and the poem by Emily
Dickinson just before you fall asleep, or during some other period when you are men-
tally fatigued. (Don't do it now!) Then, shortly after you awake, read them again. Granted,
you are reading them for the second time and may understand them better because of
that, but you should also notice the difference between your ability to concentrate the
first time as opposed to the second. How does your first reading compare with your
second?

We cannot overlook the fact that, just as consciousness arises from the
unconscious, the ego-centre, too, crystallizes out of a dark depth in which
it was somehow contained in potentia. Just as a human mother can only
produce a human child, whose deepest nature lay hidden during its poten-
tial existence within her, so we are practically compelled to believe that
the unconscious cannot be an entirely chaotic accumulation of instincts
and images. There must be something to hold it together and give expres-
sion to the whole. Its centre cannot possibly be the ego, since the ego
was born out of it into consciousness and turns its back on the uncon-
scious, seeking to shut it out as much as possible. Or can it be that the
unconscious loses its centre with the birth of the ego? In that case we would
expect the ego to be far superior to the unconscious in influence and impor-
tance. The unconscious would then follow meekly in the footsteps of the
conscious, and that would be just what we wish. (Jung, 1983, p. 218)

(continued)
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THINKING ACTIVITY 4.2 (continued)
Critical Reading Before We Sleep

Now read this untitled poem by Emily Dickinson (Selected Poems, 1924, pp. 223-24).

I heard a fly buzz when I died;
The stillness round my form
Was like the stillness in the air
Between the heaves of storm.

The eyes beside had wrung them dry,
And breaths were gathering sure

For that last onset, when the king

Be witnessed in his power.

I willed my keepsakes, Signed away
What portion of me I

Could make assignable,—and then
There imposed a fly

With blue, uncertain, stumbling buzz,
Between the light and me;

And then the windows failed, and then
I could not see to see.

Our Thinking Potential

If we avoid the substances and practices that can dull our thinking, and work
positively on the suggestions in this book to sharpen our thinking, we can
begin to fulfill our own unique potential to think. Our brain can be moved
toward greater thinking.

For our thinking to grow, our brain must grow. Like a muscle, it must
be worked to reach its maximum capabilities. Without intellectual work and
stimulation, our minds will not develop to their potential. Ideally, this stim-
ulation should begin during the first three years of life. Talking to infants might
be the best kind of stimulation they can receive at that young age.

Many studies have shown the effects of environmental stimuli on intel-
lectual development. Some of these studies involved orphaned and other chil-
dren who were raised in a sterile, impoverished environment. Other studies
used rats in an experimental design in which some were raised in a rich, com-
plex environment and others in a sterile one. What these studies find is that
a rich, stimulating environment is necessary for the actualization of the brain’s
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intellectual capacity. Raise an organism in an intellectually unchallenging envi-
ronment and its intelligence becomes stunted.

While it is best to nourish the brain when young, the good news is that
even as adults we can improve our brain. One study found that even aged
rats who had lived all their lives in a sterile world could benefit from a stim-
ulating environment (Greenough, 1988). Put in a world with mazes, bridges,
and spinning wheels, these rats developed an average of 2,000 new synapses
per neuron! It would be unethical to perform such a study with human beings,
of course, but the implication of this research is that it may never be too late
for us to start growing toward our potential. And if that isn’t enough to moti-
vate us to use our mind, consider this: studies (e.g., Gagnon et al., 1990) have
found that the longer we stay intellectually active, the less chance we have of
developing dementia, a brain disease that insidiously degrades intellectual
functioning. Do you feel like reading a book about now?

If we get our sleep, avoid drugs including alcohol, eat right, and stimu-
late our brain with intellectual activity, we may expand the potential of our
brain. But does the nature of our brain limit our understanding of the world?
It probably does, although it is difficult to know the extent to which it does.
The situation is something like a blind man trying to know a world of col-
ors and light, which he cannot experience.

If we reflect for a moment on our experience, we can see that we have
only five senses that feed our brain the information we use to think. It is
possible that there are six, seven, or a hundred ways to experience the world.
We have no reason to suppose that we possess all the senses necessary for a
complete understanding of the universe. Even the experiences we are given
with our senses may not represent the true reality. Is your pen really blue? Or
is that blueness just the relationship between your pen and your sense organs,
the way your brain processes those sensory data? Does the colorblind man
see it wrongly or just differently? Do we have sufficient justification for believ-
ing that our brain and sense organs bring the “real” world to us? Could it be
that our brain structures reality as much as it discovers it? The philosopher
Immanuel Kant believed that causation, space, and time are structures imposed
upon the world by our brain. The Oxford mathematician Roger Penrose (1989)
takes a similar view:

The “time” of physical descriptions does not really “flow” at all; we
just have a static-looking fixed “space-time” in which the events of
our universe are laid out! Yet, according to our perceptions, time
does flow. My guess is that there is something illusory here too, and
the time of our perceptions does not “really” flow in quite the linear
forward-moving way that we perceive it to flow (whatever that might
mean!). The temporal ordering that we “appear” to perceive is, I am
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claiming, something that we impose upon our perceptions in order
to make sense of them in relation to the uniform forward time-

progression of an external physical reality. (p. 444)

In sum, our brain, as healthily as we might maintain it, probably limits

our ability to perceive and think about the world. It is possible that if our neu-
rons fired faster, if they were organized differently, or if our brains were slightly
larger, our experience of reality would be quite different than it is today.
Thinking is not perfect thinking that yields absolute truths about reality, just
the best sound thinking we can do with the brain instrument we are given.

Think About It: We know that drugs can alter our perception of reality and
distort our thinking. Yet the brain is also a drug machine in its normal state. Does
the normal ‘drugged” state of the brain limit and distort our thinking too? What
state of the brain gives us a ‘true” picture of reality?

Brain and Mind

One of the most important philosophical problems concerns the relationship between
the brain and the mind, known as the mind-body problem. There are two fundamental
(and related) questions here: (1) are the brain and mind separate entities? (2) in what
way are brain and mind related? The brain is rather simply defined as the physical
organ or mass of nervous system tissue enclosed by the skull. Most people know to what
we refer when we speak of the brain. There is less agreement, however, about the defi-
nition of mind. It is not the physical organ under our skull that we refer to when we
speak of our mind. Rather, mind is normally defined as the organized structure of our
mental processes, including remembering, thinking, perceiving, and experiencing.
Sometimes it is seen as synonymous with consciousness, but then what of the uncon-
scious? Is that not part of the mind? One might say that the neuron is of the brain, but
our memories of first grade are of our mind, part of our mental world. But what is that
mental world? Is it merely a property of the brain? Is it generated by the brain? Or does
the brain simply receive mind and interpret mind, much like a radio station receives
radio signals? Does the mind drive the brain? Or does the brain drive the mind? Can
mind exist at all without the brain? If so, what is its nature without a brain, and how
do we account for the apparent connection between the two such that a change in
brain tissue seems causally related to a change in mental experience?

has mass, is public (everyone can see it during an autopsy), and is located in space.
Our mental world, however, is private (no one knows what I'm thinking), has no mass,

Interestingly, the brain and the mind seem to have different properties. The brain

(continued)
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Brain and Mind (continued)

and is not located anywhere in space (so far as it appears). When we refer to our mem-
ory of our grandfather, we don’t equate it with the sequence of neuron firings that
occur during our recollection. So how can a brain, which has properties that our men-
tal life does not, and does not seem to be the same as our mental life, give rise to mind?
Or vice versa? Are brain and mind two aspects of something else? Is matter an illusion?
(It does seem to disappear as our exploration of it deepens.) Or is mind somehow a form
of matter?

Finding the answers to these questions will help to solve other important philo-
sophical problems like determinism versus free will and the possibility of survival after
death. There are good arguments on many sides of this mind-body issue, but none has
provided a definitive conclusion.

In this chapter we have used statements like “Our brain can be moved toward
greater thinking” and “For our thinking to grow, our brains must grow.” Obviously these
statements could be challenged, depending on one’s point of view on mind-brain rela-
tionship. It is difficult to satisfy all theoretical points of view on this issue, and we do
not mean to support any particular theory of mind.

THINKING AND MEMORY

The past is what you remember, imagine you remember, convince your-
self you remember, or pretend to remember.

—HAROLD PINTER, PLAYWRIGHT

Without at least some brief memory, we could not think. For even adding
the numbers 6 and 3 requires memory of 6 as we add to it 3. Without mem-
ory there could be no thinking based upon experience and there would be
no continuity to our world. We would be fully immersed in the present and
have no future to imagine, no past to consider. We wouldn’t know who we
were or where we were going. Being conscious in this perpetual present seems
conceivable to some, but thinking in it seems unimaginable.

Thinking and memory are inseparable. What we think depends both on
our ability to remember and on the content of that remembering. A poor
memory or a distorted memory makes it difficult for us to think successfully.
Even a good memory, however, is not perfect. In spite of how certain we
may be about prior events, we can be wrong. Therefore, we must listen to
the recollections of others and be open to the possibility that their stories offer
a more accurate version of what we experienced. We must also back up our
memory with hard data and write down events that we know we will be
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expected to recollect later, and we must work actively to encode information
through meaningfulness, practice, and the use of mnemonics. Below we look
briefly at how memory can deceive our thinking, why we forget, and how we
can improve our memory.

The Changing Nature of Memory

Exactly how memory is laid down in the brain is not yet known. We do know,
however, that memories are subject to change. Before reading further about
memory, take time to complete the exercise below.

THINKING ACTIVITY 4.3
Memories of Childhood

Take a moment to recollect the first time you learned to ride a bicycle or, if that’s too
difficult, one of the first times you rode a bicycle. Remember this in as much detail as
you can before reading the next paragraph.

If your memory is an exact copy of what you experienced, then you have recalled
no more than the front of your bicycle, your arms and hands on the bicycle handle-
bars, the sidewalk or road ahead, and some houses or trees on the side depending on
where your experience occurred. If you remembered more than that and have visual-
ized your head (which you did not see), your grandfather pushing you (whom you did
not see), the rear wheel of the bicycle (which you did not see), and so on, you are adding
to your actual visual experience. Almost everyone adds information to these experiences.
These additions are often consistent with the meaning of what happened but are not
perfect reproductions of the actual event.

From the above exercise it becomes clear that we actually reconstruct
our memories as opposed to retrieving an exact copy of our experience. This
reconstruction often, but not always, moves in the direction of the meaning
of the experience. That is, although these memories are not necessarily accu-
rate in their details, they may nonetheless be consistent with the meaning that
we gave the experience. One of the earliest experiments to demonstrate this
(Carmichael, Hagan, and Walter, 1932) found that if we show persons a pic-
ture of something that looks like a very thick letter C or a very thin quarter-
moon and tell them it’s the letter C, they will tend to remember it later as
looking thinner, much more like the letter C than a quarter-moon. And when
other subjects are shown the same stimulus but are told it is a quarter-moon,
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they later remember it as much thicker than it was, looking more like a quar-
ter-moon. In other words, people’s memories are distorted in the direction
of the meaning of the stimulus, in this case the letter C or the quarter-moon.

The importance of meaning to our recollections of events cannot be dis-
missed lightly, because throughout our daily lives we continuously give mean-
ing to the great and small experiences we endure. A dog bite might be
experienced at the time as a minor nuisance but remembered as even more
trivial than it was. On the other hand, if a dog bite was originally perceived
as an awful ordeal, then perhaps with time our recollections of it will make
it much worse than it was. The dog becomes larger, the bite more severe, the
duration of battle lengthens, and the dog’s owner becomes more indifferent,
or even sadistic. Indeed, it appears our lives are but true tales embedded in
fiction.

Think About It:  Have you ever told a story and embellished it to add more excite-
ment to it, and then one day, as you were telling it for the tenth time, you caught
yourself starting to believe the embellishments? How often do you suppose youve told
such stories, failed to catch yourself slipping over the edge, and ended up believing

your own created fiction?

The memories that are most subject to change are episodic memories,
which are memories of biographical events in our lives. Other kinds of mem-
ory, such as semantic memory, which includes memory of our own language,
what a dog is, and how to add numbers, are less vulnerable to distortion.
But what about memories of emotional events that seem to freeze time?
Examples of such events are the bombing of Pearl Harbor, J. E. Kennedy’s
assassination, the explosion of the space shuttle Challenger, and the bombing
of the Federal Building in Oklahoma City. Many Americans can recall in vivid
detail where they were and what they were doing when they heard or saw the
news of these events. But as we explore these memories, we find that these,
too, vivid as they are, often mislead; in fact, most of our memories are quite
subject to change.

Memories are especially vulnerable to distortion under hypnosis. Leading
questions by the hypnotist or expectations of the subject under hypnosis can
lead to fabricated memories. In spite of what most people think, if people
undergo hypnosis to retrieve lost memories, the memories they retrieve are
likely to be confabulations (false memories) instead of accurate recollections,
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and the confabulations revolve around the expectations of the hypnotist or
the subject. Such confabulation might describe memories of past lives and has
recently been used to explain some false memories of incest abuse (Goldstein,
1992; Wassil-Grimm, 1995).

The following anecdote is a good example, albeit extreme, of the con-
structive nature and unreliability of memory. The anecdote seems to describe
a reconstructed memory that is not consistent with actual events, yet the
rememberer considers it to be true.

The vet had come to this psychologist complaining that he suffered
from constant nightmares from his years in Vietnam. He would
awaken sweating, heart pounding, surrounded by images of his
wounded buddies, visions of blood and gore everywhere. Unable to
turn off the state of constant readiness that served him well in the
foxhole, he startled at the slightest sound, reflexively reaching for his
knife. During sessions the vet would cry about the buddies he'd seen
murdered or would scream out in horror at a combat memory. The
experienced psychologist treating him would reassure him that the
war was over and he was now safe at home.

Nonetheless, the vet could not be saved, and he committed sui-
cide by inhaling carbon monoxide. Following his death, his widow
attempted to get his name put on the Vietnam Memorial in
Washington, D.C., since she felt he was justifiably a “casualty of the
war.” An extensive search of the man’s military record showed that he
had never set foot in Vietnam (Wassil-Grimm, 1995, p. 93).

Forgetting

Not only do memories change and impair our thinking, but we can forget
them entirely. Some memories actually seem meant for forgetting, like a tele-
phone number that we will never use again. These shorz-term memories last
only about twenty to thirty seconds without rehearsal. Once they fulfill their
purpose, they are forgotten and are probably not retrievable.

The memories most important for most of our thinking are our long-term
memories. These are the memories that we need to perform well on exams,
discuss the philosophy of Plato, and think critically about the world around
us. Contrary to what most people believe, most of our long-term forgetting
occurs shortly after learning; the rate of forgetting tapers off with time. For
example, most of what we remember one year after a college course we will
remember two years later, but much of what we remember from our reading
today will be forgotten in a few weeks.
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Recall Versus Recognition

It is much easier to recognize information than to recall it. In one study that dramati-
cally illustrates the power of recognition memory (Haber, 1970), subjects were shown
2,560 photographic slides at the rate of one every ten seconds. One hour after the last
picture was shown, each subject was then presented with 280 pairs of pictures. One
picture in each pair was from the set of 2,560 pictures; the other was from a similar
set. Each subject was asked to identify the picture that was also in the set of 2,560. What
do you suppose the accuracy rate was? One might expect an accuracy rate on a recall
task of this sort to be no greater than 10 percent. In this recognition experiment, how-
ever, accuracy rates were between 85 and 95 percent! This is one good reason why police
departments use mug shots to help victims identify criminals. Unfortunately, we often
do not have a choice about how we are to recall information. But whenever we do, the
recognition option is usually more successful.

Why We Forget

Sometimes we forget because to remember would be painful. This theory of
forgetting, called repression, suggests that we forget more of the unpleasant
events in our lives than the good. This idea has found some empirical sup-
port through numerous case studies. Unfortunately, all of us can remember
some bad events; no one knows why some negative experiences are repressed
and others are not.

Another reason we forget is because other information, especially simi-
lar information, interferes with what we are trying to remember. This 7nzer-
ference theory of forgetting explains the problems and frustrations of cramming.
At the beginning of the cram session we may accurately associate names with
events and theories, but as the information builds so does interference, and
we often find ourselves associating names and events incorrectly. Cramming
does increase learning, but because it requires more study time to overcome
the interference problems, we would do better to space our study out over
time.

Think About It:  The interference theory suggests that we not study two foreign
languages simultaneously. What other subjects may pose interference problems if
studlied concurrently?
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A third reason why we forget is because we can't find the right cues. Cues
can be names of categories (tools), the location in which an experience occurred
(Washington Park), certain smells (plum trees), and so on. Even our emo-
tional state might serve as a cue. When we are sad we can remember sad things
more easily than happy events, and vice versa (Baddeley, 1990). Why we
can't retrieve the right cues is unknown, but often it may be that strong, dis-
tinct cues were never associated with the information initially. Below we look
at ways to lay down better cues, as well as other ways to enhance memory.

How to Improve Memory

The basic strategy for enhancing our memory is to lay the information down
well initially because our ability to remember is proportional to the degree to
which our memories were originally stored. We must not write our memo-
ries with mere chalk; we should engrave them like a chisel on stone. We can
accomplish this by making the information more meaningful, by associating
information with what we already know well, by using mnemonic techniques,
and by repetition and practice.

Make Information Meaningful. =~ Experiences that are exciting are
easy to retrieve because they are particularly meaningful; their memories are
laid down effortlessly. Meaningful information is less likely to be forgotten
than meaningless information. And though we may not find the world always
exciting, we can make it meaningful in other ways. For instance, finding the
relevance of the information we are trying to learn and how it can relate to
our lives increases its meaning and makes it more memorable. We can also
try to understand how the information is organized or, better yet, organize
the information ourselves. This provides a meaningful structure that facili-
tates recollection.

Information can also be made more meaningful by associating the infor-
mation with what we already know well. The license number KLB100, for
example, may be the initials of our name and the age we would like to live
to. Noticing this relationship may make retrieval of this number effortless
for months or years.

Think About It:  The fact that we can usually retrieve memories at will suggests
that our memories are organized. Estimate how long it would it take you to retrieve
the memory of the color of your first bicycle if your memories were not organized
and were retrieved at random.
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Use Mnemonic Techniques. Mnemonic techniques are strategies for
encoding information so that recall is easier. One strategy uses pictures, rhymes,
and associations, another uses a linking technique, and still another uses the
familiarity we have with our home environment. Entertainers who impress
their audience with their excellent memory usually use these and other

mnemonics (see Thinking Activity 4.4).

Repeat. The more we repeat new information and ideas, the easier it
is to remember them. College professors who have taught a course numer-
ous times can often teach an entire semester from memory alone. But simply
repeating something over and over, without attending to its meaning, does
not usually work well to lay down strong memories. For instance, we could
read a chapter in a college text repeatedly, but if we did not make it mean-
ingful, organize it, or make associations with it, we would learn and remem-
ber very little. There is a place, however, for mere repetition. Poetry, for
example, is learned by repetition because we are trying to recall exact words,
not just the meaning. But if the poetry is not made meaningful, the words
we learn are empty.

Practice. Memory can be likened to a muscle: if it is exercised it grows,
if not it weakens. Putting our memory to work increases our ability to remem-
ber. As the saying goes, “Use it or lose it.”

THINKING ACTIVITY 4.4
Using Mnemonics

Following are some mnemonic techniques. These help to facilitate recall by laying down
memories in an organized, meaningful manner.

Rhyme-Association Method

This is a good technique to learn if you want to impress your friends. It allows you to
remember lists forwards and backwards and to identify any object associated with any
of the numbers. This step first requires memorizing rhymes for each number one through
ten such as the following:

One-Bun Six-Fix
Two-Stew Seven-Heaven
Three-Bee Eight-Bait
Four-Floor Nine-Dine
Five-Dive Ten-Dog pen

Once you have these rhymes memorized, you associate the idea or thing you are trying
to remember with the thyming word. To enhance recall, these associations should be as
ridiculous and lively as you can make them. For example, if you want to remember

(continued)
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THINKING ACTIVITY 4.4 (continued)

Using Mnemonics

“alligator,” you can imagine biting into a bun, expecting a juicy hamburger, and find-
ing a baby alligator instead—who, much to your surprise cries, “Ouch! What do you
think you’re doing!” If the eighth word you are trying to remember is “rocking chair,”
you can imagine fishing with a rocking chair as bait.

For the numbers eleven through twenty, you can develop associations for each
thyming word in a particular setting, such as on an airplane. For eleven, you might think
of biting into the bun as you hit an air pocket, for example.

Try remembering the following words with the above technique:

dust mask stapler
computer disk lamp

sock quarter
batteries address book
book screwdriver

Method of Location

This mnemonic technique is similar to the one above; the main difference is that you

do not have to memorize rhymes first. Instead, you use what you already know, such as

the arrangement of your living room furniture. As you try to remember a list, mentally

walk through your living room and associate each word with a living room object. In

the above example, you might imagine an alligator in your houseplant playing love

ballads on his guitar in an attempt to win the affection of the shark lying on your sofa.
Practice using this technique with the ten items above.

The Linking Technique

Sometimes the information we are trying to remember is difficult to picture using the
above techniques. The state of Wisconsin, for example, is hard to imagine lying on the
living room sofa. The linking technique may be better in such cases. In this technique,
all the items to remember are connected to each other. Each item can be pictured as it
is, or something else associated with or sounding like the object can take its place. For
example, if you want to remember the states of Minnesota, California, New York, and
Florida, you can imagine a Viking (Minnesota) standing next to the statue of liberty
(New York) wearing a Mickey Mouse hat (Florida) as an earthquake (California) rocks
the statue and the Viking back and forth.

Practice using this technique with the first thirteen states below. They are given in
the order in which they became part of the United States of America.

1. Delaware 8. South Carolina
2. DPennsylvania 9. New Hampshire
3. New Jersey 10. Virginia

4. Georgia 11. New York

5. Connecticut 12. North Carolina
6. Massachusetts 13. Rhode Island

7. Maryland
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Think About It:  Can you think of ways to combine the mnemonic techniques
above?

SUMMARY

The brain is our thinking instrument made up of billions of neurons in a com-
plex connectedness that is unimaginable. For the brain to function properly,
for us to reach our potential for thinking, our brain must receive adequate
nourishment and sufficient sleep. It must also remain free of drugs, alcohol,
marijuana, cocaine, and other substances that can affect the delicate hormone
balance in the brain and lead to distorted thinking. But our brain needs more
than sound nutrition and freedom from pernicious drugs, it needs stimula-
tion. A rich, challenging environment will build our brain into a stronger
thinking organ, and will help to forestall the dementias of old age. Our brain
may not solve all the mysteries that concern us—and may actually create as
much of the world as it discovers—but it will give us new glimpses and new
insights, and most of all, it will move us more completely toward what we can
become.

Hidden within our brain is our memory. We have explored some of its
nature and mystery and have learned that we must listen to others who dis-
agree with our recollections, for our long-term memory is in constant move-
ment; it may not only revise our past, it may even create it. We've also looked
at some reasons why we forget—repression, interference, loss of cues, and fail-
ure to lay down memories well in the first place—and we've explored ways
to enhance memory through meaning, mnemonics, repetition, and practice.

Through this greater awareness of the nature of memory, we have aban-
doned our absolute trust in what it presents to us. But we have also learned
to improve it and move on to become better thinkers.

BRAIN AND MEMORY CHALLENGES

1. This chapter suggests that we can do a lot to maximize our brain’s poten-
tial. List some of the ways to improve the working of your brain. Then
decide which ones you are going to pursue.

2. We know that the brain is fairly sensitive to coffee, sleep, drugs, and
food. What are the implications of this sensitivity for our behavior?

3. We have seen that old people who stay active develop fewer cases of some
brain diseases. Do you know any older people who are very mentally
alert? What are their mental activities, such as reading, hobbies, talking
with people, and so forth?
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10.

11.

12.

13.

14.

15.

16.

Do you know any young people who do not show much intellectual
interest or activity? Do you find any areas in your own life in which
you are intellectually lazy? Reading a challenging book is food for the
mind. What else could you do to give your mind regular workouts?

In the Shakespeare quotation on page 58, what do you think is the
“enemy” that can steal away our brains?

Using your own experience or the experience of others you know, iden-
tify instances in which the drugs mentioned in this chapter clouded
thinking and judgment. What were the consequences of the person’s
reduced ability to think critically?

How is it that a physical brain can give rise to a mental world that has
properties that the physical world does not? Are there other situations
in which physical matter generates something that has non-physical
properties?

. We mentioned that the brain is fed by our five senses. Can you imag-

ine any other sense that could exist? Or is this impossible to imagine?

How might your brain be filtering, creating, and structuring reality? Is
it possible to know something without the instrument of our knowing
(the brain and senses) affecting and distorting what we know? What does
it mean to say that we know something as it really is?

Do you will the brain to action, or does the brain will you to action?
Are you something that exists apart from the brain, or are you some-
thing that is manufactured by the brain?

Have you ever gone without sleep for several days? How did it affect
your thinking and concentration?

Your ability to think is related in part to the stimulation in your envi-
ronment. In light of this, how would you assess your environment?

Can you think of other mnemonic techniques besides those mentioned
in this chapter?

If we cant think without memory, then it is obviously very important
to us. In what ways can you enhance your memory?

Although memory is vitally important, it is also fallible. Can you recall
times when you were certain about some past event and then found
out that you recalled wrongly? Can you identify what it was that caused
your poor recall?

Can you identify areas in which you would not trust your memory?
Why? What can you do to strengthen those areas when you need them?
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17. Interference can hamper memory. Develop a study schedule that gives
you the least amount of interference. Remember, do not overload by
cramming, and do not place similar subjects back to back.

18. Firmly laying down a memory is fundamental to recalling it later. What
can you do to lay down strong memories so you can recall them when
you want them?
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Language:
Our Thinking Medium

The limits of my language are the limits of my life.

—LUDWIG WITTGENSTEIN

Language can articulate like an orator or bark like a dog. Language can cut
with the ethereal edge of utterance or sweep like a broom in the gutter. It
can ring in the courtroom, the boardroom, the classroom, and the bar. It can
hold much of our life wrapped in its words.

We think with words. As we read this, we are using language to think. We
have defined thinking broadly as the activity of the brain that can potentially
be communicated. Although we may think in other ways besides language,
such as with images or feelings, language plays a central role in our thinking.

Our main focus in this chapter is to understand language so that we can
think better. Instead of linguistic terms such as semantics, syntax, and prag-
matics, we have used common words such as meaning, word order, and con-
text. In this chapter we examine how language enables, structures, and limits
our thinking; we notice the formative influence of society on language; we
examine the fundamental, metaphorical nature of language, and we learn how
to make metaphors; we point out the limitations of language; then we look
more specifically at the rich legacy of English, at its word stock, at its capa-
bilities of definitions, connotations, and word order; we highlight the impor-
tance of context and clarity; and finally, we look at some pitfalls to avoid
such as vague generalizations, wordiness, illogicalness, redundancies, and
clichés.

76
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THINKING ACTIVITY 5.1
Language and Thinking

In his Tractatus, Wittgenstein presented a dualistic theory of thought and language:
thought is internal and language external. In his Philosophical Investigations Wittgenstein
closed the gap between thinking and language. He said that thought cannot exist with-
out language, that as one learns language, one learns how to think, that thought and
language are one.

1. Do you think that your thinking is internal and that language is merely the
external expression of it?

2. Think about the accuracy of Wittgenstein’s claim for the importance of lan-
guage, that thought and language are one. Can you think of ways to support
or refute this claim?

3. Can you do any thinking without language?

4. If you believe you can think without language, please do some “languageless”
thinking now.

5. Next, if you were able to think without language, try to communicate that “lan-
guageless thinking” to someone else, again without using language.

6. What did you discover?

As you were thinking about the role of language, as you were reading these words,
and as you were discussing them, you were using language. That use strongly sup-
ports a major portion of Wittgenstein’s position that language is thinking. Regardless
of his or your exact positions, the fundamental connection of language to thinking
shows the enormous importance of language.

LANGUAGE AND OUR MIND

The cerebral cortex is like a furrowed field waiting for the seeds of language.
With the help of MRI and PET scans, and researchers like Antonio and Hanna
Damasio, we are beginning to find out where in the furrows the seeds grow
into sounds, verbs, nouns, and sentences. This planting analogy straddles the
debate about whether language is innate (Plato, Chomsky) or learned. It is
both. Clearly the brain has language capability from birth. Infants sponta-
neously babble, making many sounds not found in their culture, and then at
about ten months they begin to match their sounds to their language envi-
ronment. In short, the brain is prepared to receive any language, but that
language must be learned.

Language is the “software” that allows our brain to think the way it does;
without language the cerebral cortex lies largely unused. A brain without
language is like that field without seed or a car without gas—all potential
and no performance. If you know the story of Helen Keller, you know that
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when she was young her brain was brilliant but empty of language, and that
she acted like an animal. She was deaf and blind; but when the light of lan-
guage, sensed through the touch of fingers, turned on her mind, she began a
learning rush that led to fluency in seven languages. Without language we too
might act like animals.

Our thinking is confined within the language that is “running” in our
brain. Language is the interpretative medium for the input—the remember-
ing, sorting, creating, judging, and deciding—and language also dramati-
cally shapes those processes. Without language our cerebral cortex, able to
conceptualize the universe, would drape uselessly around our lower brain
like clothes on a mannequin.

The Universalizing Power of Language

Part of the enormous power of language is its universalizing nature. We have
the word #ree in our head and we, in a general way, know what all trees are
like. Although their tips might flaunt buds, blossoms, cones, seeds, nuts, fruit,
needles, or leaves, we know that they all have roots, trunk, and branches. In
a single word zree, we contain all the trees on earth. Often we form this type
of universal concept from a single instance. For example, if you saw only one
golden tamarin (a fluffy, quick, tiny, eight-inch-long monkey with golden
iridescent fur), you would recognize the next one. And even if that next one
was a red-mantled tamarin you would easily recognize it; from the single
tamarin you would have abstracted universal qualities of “tamarin.”

Perhaps some languages have fewer universals. According to Louis Uriarte,
a Jesuit missionary who spent several years with an Omagua tribe on the upper
reaches of the Amazon River, those natives almost always speak in limiting
specifics such as “that panther whose paw print we saw by the river.” Omagua
parents cannot universalize a warning to their children to “watch out for
panthers,” but must warn to “watch out for the panther we heard growling
by the big rock.” We do not know whether the Omaguas have any concepts
for all existence, but in our language we have the word universe. We can figu-
ratively hold the universe in our head! Thus we can ask those fundamentally
probing questions of origins and ends.

The Structuring Power of Language

If language is the software of our mind, we can expect it to channel our think-
ing, but surprisingly language can even channel our perceptions. This means
that we see things differently because of our language. This concept of lin-
guistic relativity, often called the Whorf hypothesis after Benjamin Lee Whorf,
was popular in the 1950s, was attacked in the 1960s, and returned in a more
generalized form in the 1990s. Whorf thought that Inuits (Eskimos) would
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perceive snow differently because of their many words for snow. Since Eskimos
have the same rods, cones, and retinas that we have, do their words for snow
enable them to perceive differently? We asked a parallel question of a down-
hill skier and former captain of a ski team, who uses words like base, fresh,
artificial, powder, champagne, corn, granular, slush, Sierra cement, firn, packed
powder, hard packed, wind-packed, crust, glare ice, blue ice, bullet proof, and
boilerplate. Does having these words in his brain help him to recognize more
kinds of snow and to ski better? Yes, and more safely too: “If you are moving
fast and pop out of the trees you'd better be able to recognize wind-packed
or you could get hurt.”

Equally important, when you describe a pain to your doctor, the doc-
tor’s perceptions too are structured by language. For instance, if you were hav-
ing a heart attack and you described the pain as “sharp” you would be less
likely to be properly diagnosed than if you had described it as “pressure,”
“tightness,” or “radiating.”

Let’s look at a few other examples. A first-time car owner who has never
worked on cars opens the hood and sees a jungle of wires, metal, and hoses.
What do mechanics, with all the words for these parts in their heads, see? An
average person listens to a ninety-five piece orchestra and hears a blend of
sounds. What does a skilled musician hear? An inner city resident enters the
forest for the first time and sees “dark,” “big,” and “scary.” What does the park
naturalist see? Much of the differences in perception is the difference in the
experiences that are stored in language.

One last example. As a Saturday morning chore, a boy had to dust a maze
of ledged baseboards and door frames in his family’s old house. In college he
learned those ledges were modeled on the seven parts of the Greek column.
Today he no longer sees a maze but he can see each of those ledges from the
stybolate on the bottom to the cornice on top because he has a word for each part.

We see what we see partly because of the language that we learn.
Montaigne, the sixteenth-century philosopher, tells us that “the mind cuts
reality to its own conceptions” (1967, p. 131); therefore, he warns us to be
very suspicious of whatever the mind seizes upon or rejects. Bacon calls this
distorting process “the idols of the mind.” He calls our particular idols “the
idol of the cave.” Each individual “has a cave or den of his own, which refracts
and discolors the light of nature” (p. 336); each of us is unique in mind, body,
education, and habit (p. 337); and if we idolize something we usually distort
its importance (p. 340). What kind of mind, filled with what kind of lan-
guage, do you have?

LANGUAGE AND SOCIETY

Language reflects society and is a vehicle for its values. It is only as good as
the best minds that have shaped it, and it is only useful to us if we assimilate
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THINKING ACTIVITY 5.2
A Brief Mind Sketch

In the chart below list a few areas of interest to you, such as your hobbies. To the
right of those areas of interest write a few technical terms that enable you to see par-
ticular parts of that hobby. For instance, if you like to work on cars you might write
“camshaft,” “rocker arms,” and so forth. Continue filling in the chart.

Areas I Like Terms That Structure Perception

Areas I Do Not Like

Areas I Know Little About

If we heed Bacon and Montaigne, our lists of likes and dislikes will alert us to
some of our stronger perceptual biases. We probably found the last section the hard-
est to fill in; if we didn’t know much about the area, how could we write down the
terms? Thus the importance of the last list becomes clear: we need the terms, the lan-
guage in our mind if we wish to know, to grow, to become successful in school and
work (and, we might add, in life). Better language will not make us better people, but
it will offer us a better chance to understand more, to think more effectively, and give
and get more from life.

it. The English language reflects a rich and varied society and offers us an
astonishing array of choices, as we shall see below. It also, at times, shackles
our thinking.

In the 1940s George Orwell, in his famous article “Politics and the English
Language,” declared that the decline of England was reflected in the sloppi-
ness of the English language. Few professionals have sought to corroborate
Orwell’s connection between language and values. However, if we take a look
at the use of words by the U.S. government, the Orwellian observation gains
credibility. In the 1970s government reports referred to civilian deaths in
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Vietnam as “collateral damage.” Sounds bloodless, like the “collateral” we
might put up to secure a loan. And “pacification,” was the term used to make
the country “peaceful” by such tactics as laying down a “carpet” of bombs
from B-52s. Within such a peaceful bombing pattern, who could be offended
by a little collateral damage? If those twisted terms do not make us flinch, con-
sider the defense of one of those involved in the Watergate cover-up, who said,
“Truth comes protected with a cloud of lies.” The way we think about these
events is no doubt influenced by the language we use to describe them.

In the 1980s information was given to the president in such a deviously
crafted manner that the president was able to respond to the questions about
the Iran Contra scandal with “plausible deniability.” With such a prepared
excuse for a president to lie, are we surprised that the “Clean Air Working
Group” was a lobby by air-polluting companies to defeat the clean air bill?
By comparison, businesses were quite truthful when they said they were “down-
sizing,” instead of firing people, although before long companies did not even
like the negative connotation of “down,” so they began “rightsizing.”

In the 1990s, the Gulf War presented us with the powerful metaphors of
“desert shield” and “desert storm.” “Desert sword” was one of the original
metaphors considered, but it was rejected because it was too harsh and war-
like: the bloody sword was softened into the desert storm. In the Yugoslavian
war the Serbians killing Croatians called the acts “ethnic cleansing.” During
a presidential campaign, a candidate was called an “ignoramus and emotion-
ally unstable” until he dropped from the race; then the same people who had
called him an “ignoramus” called him “courageous and wise” in order to draw
his votes.

Into the second millenium the euphemisms continue. A childless couple
becomes “child free.” An F (failing) grade is softened into an NP (no pass)
or NG (no grade), and those who are failing are called “emerging students.”
Adults having sex with children, formerly “pedophiles,” are referred to as
participating in “intergenerational intimacy.” A gas station attendant is a “petro-
leum transfer engineer.” “Transsexual surgery” is replaced by “gender reas-
signment.” And finally, frogmen learning how to kill other frogmen are enrolled
in a “swimmer nullification program.”

Such distortions were not always a part of our American culture. Building
on Christian values and Roman law, people thought of the ideal American as
forthright and almost rudely honest. We can hear honesty honored in cultural
phrases such as “George Washington never told a lie,” “he’s a man of his word,”
“you have my word on it,” and “I give you my word.” Such honesty engen-
ders trust and furthers communication. When language is used to lie, it rips
the fabric of trust and becomes a weapon of war.
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THE METAPHORICAL POWER OF LANGUAGE

“I myself am hell, where I go hell goes with me,” says Milton’s Satan. We can
feel the power in that thought; it comes from the metaphor that joins the con-
cepts of “myself” and “hell.” The metaphor functions at the heart of language.
If we can understand metaphors and learn to think with them, we will tap
into a richer vein of language and thought. In this section we define mezaphor
in a broad sense. We show how language works metaphorically and how it
grew metaphorically, how root metaphors control fields of knowledge, and
how, when the metaphor changes, understanding changes.

What Is a Metaphor?

A standard definition of metaphor is simply “an implied comparison between
two things.” Metaphor comes from two Greek words: meta means “with,”
“after,” or “beyond,” and phorein means “to carry.” So a metaphor carries
another meaning with the original or carries the original meanings beyond
into a new meaning. This blending of old meanings produces the new. If the
literary critics will forgive us, we are going to use metaphor in the broadest
sense of a comparison, which includes similes (explicit comparisons) as well
as analogies (extended comparisons). This great reach of the metaphor may
be why Aristotle called it the fundamental figure of speech and its use the true
mark of genius.

Like the metaphor, language merges two things: sounds (letters or signs)
and the reality the sounds signify. In this blending of sounds and reality lan-
guage itself is metaphorical. Also, in its deep roots, language seems to have
grown metaphorically; for instance, the phrase “I am” quite possibly came
from an earlier Indo-European form that meant “I breathe.” This metaphor-
ical growth expands the meaning of many common words, such as ruz (run
up a bill, run the show). When the metaphor of “the information highway”
struck at the end of the millenium, within weeks the highway accessories
appeared: digital off ramps, information tollbooths, bumper-to-bumper traf-
fic, electronic routes, and even potholes. Because metaphors are centrally con-
nected with the way language works, and because language is connected to
the way we think, metaphors are intricately connected to our thinking.

Metaphorical Models Control Thinking

Metaphors are the way we think about ourselves and the world. All fields of
knowledge have root metaphors, or models, which began the fields; when
those metaphors change, the field changes. For instance, we can watch our
understanding of the world change from the Ptolemaic loops around the earth,
to the Copernican circles around the sun, to the Keplerian ellipses, to the
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Newtonian lines of force, to the Einsteinian merger of energy and matter, to
Rutherford and Bohr’s solar system of the atom, to the current model of lep-
tons and quarks, “strange,” “charmed,” and otherwise. As each new metaphor
was created, the entire field of knowledge shifted to the new model, and our
way of thinking about the universe changed.

To understand the metaphorical nature of those models, let us look at a
master metaphor, perhaps the greatest in scientific or literary history, £ =
mc?. Einstein’s insight is basically metaphorical, bringing two things together,
but he has gone further and brought them together into an actual identity:
mass and energy are the same, are interchangeable.

In genetics, Watson and Crick saw the DNA molecule as a winding stair-
case (the double helix) with four kinds of repeating steps. Once they achieved
this basic metaphorical insight, they set the path for many years in the cur-
rent genome project to map all the human genes. The double helix model
has dominated— almost controlled—all genetic thinking. We understand
much about the universe and about our bodies because of the metaphorical
models that are in place.

These metaphors also determine the way we think about ourselves. For
instance, in medicine, an herb (medica) is prescribed by an M.D. (medicus doc-
tor); influenced by this metaphor, some doctors willingly give us medicine to
comfort our “dis-ease” (another metaphor). To understand how this metaphor
controls ways of thinking, consider the difference in going to an internist or
a surgeon with the same problem. If we go to a doctor of internal medicine
for a heart problem, we may be more likely to receive stress- and cholesterol-
reducing drugs; if we go to a heart surgeon (the root meaning of surgeon is
someone who works with the hands), we are more likely to receive a bypass
operation. As the metaphor changes, the duties change correspondingly: a
“nurse,” formerly a breast-feeding “wet-nurse,” becomes a “physician’s assis-
tant” with more duties and the greater prestige associated with “physician.”
As the metaphors change, so does our understanding of the universe.

So too we could unfold the metaphorical bases for baseball and business,
for philosophy and religion, for working, and for loving. We understand these
realms of activity, again, because the metaphors for them have been articu-
lated. However, one key metaphor is missing—the one for the brain. The brain
and its operations have been metaphorically referred to as a tabula rasa, a black
box, a lightbulb, a garden, an enchanted loom, memory groves, memory banks,
a machine, a camera, a switchboard, the master organ, a library, a computer,
and a hologram. Currently a stunning metaphor has arisen, that of compar-
ing the brain to a metaphor! Since the brain produces metaphors, blends dif-
ferent ideas and images into new forms, one way to understand the brain is
to say it works like a metaphor. Although we are partial to this latter metaphor
since it illustrates the centrality of the metaphor in thinking, it is probably
not yet the master metaphor that will unlock the secret of the brain.
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Language, Lawyers, and Lawmakers

In a national trial the prominent lawyers on both sides used metaphors for truth to per-
suade the jury: “the embers of truth will glow the more you blow on them,” and “it is
a house of cards, and the finger of truth comes by and pushes it over.” In that context
of truth it is fitting that when one of the lawyers was told by the judge to quit drag-
ging out proceedings, the lawyer responded with a metaphorical slip: “We are moving
forward, your honor, like a shark through the water.” When laughter dotted the court-
room, the attorney quickly changed his metaphor to “like a dolphin, your honor.”

A senator from a midwestern state jotted down these miseloquent sayings from
his colleagues:

These numbers are not my own; they are from someone who knows that he’s
talking about.

I’'m not confused on that. It’s just that I'm too busy to think.

I don’t necessarily believe what I think.

My knowledge is no match for his ignorance.

That land in the north has been untouched by nature.

This bill will help sparsely populated large cities.

As long as I'm a senator, there won't be any nuclear suppositories in my state.
I have survived a terminal heart attack.

I know that what I believe is different from what I know are the facts.

People planning on getting in serious accidents should have their seat belts on.

We have seen some enormous claims made for the metaphor, which are
pushed even further by literary critic Caroline Spurgeon (1966) who says that

the metaphor

holds within itself the very secret of the universe. The bare fact that
germinating seeds or falling leaves are actually another expression of
the processes we see at work in human life and death, thrills me, as
it must others, with a sense of being here in the presence of a great
mystery, which, could we only understand it, would explain life and

death itself (p. 6).

THE LIMITATIONS OF LANGUAGE

The structuring, universalizing, and metaphorical power of language which
enriches our perceptions and understanding can also deaden our perceptions,
bend new data into old structures, warp analogies, and distort our memo-
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ries. To think accurately, we need to be aware of this linguistic twist on think-
ing. With its universal terms, such as #ree, language blinds us from seeing the
individual characteristics of each tree. Even if language helps us to see more
specifically, as in maple tree, or still more specifically, as in silver maple, the
words still blind us within that narrowed definition. With words in our head
we think we know what all trees look like (or all silver maple trees), yet each
tree and each leaf upon it is unique.

Similarly, as new data enter, we try to fit them into existing patterns, some-
times with dangerous results. For example, most of us are familiar with the
road sign that warns trucks of a steep hill ahead. The first time a driver of a
car saw a similar road sign (of a truck tilted sideways), he perceived it to be
the “steep hill” sign that he already knew. Not slowing, he sped into a tire-
screeching curve. The sign of a truck tilting over meant “dangerous curve
ahead,” and he had wrongly interpreted it. Because of the language already
in his head, he had failed to notice the subtle difference. Similarly, driving
through the eternal wheat fields of Kansas, he saw an unknown checkered pat-
tern in the distance. As he tried to fit it into his urban patterns, it looked to
him like an auto junkyard; as he drove closer it turned into a feedlot packed
with cattle. Once again his language patterns had distorted his perceptions,
this time turning cattle into cars.

Historically, the wrong metaphors have also limited our understanding,.
As long as people thought that the heart was the center of the affections,
they could not understand it. They were imprisoned by the wrong metaphor.
Not until Harvey noted blood circulation and Newcomen invented the vac-
uum pump could they properly describe the action of the heart: it worked like
a pump.

Patterns of language may even cause us to remember inaccurately. For
example, a boy who grew up around oak trees and could once correctly spell
all the states recently confused the state with the tree and misspelled it
“Oaklahoma.”

So the paradoxical nature of language both sets our mind free and impris-
ons it. Language “lights up” our cortex with universal concepts, metaphors,
and structure. It also partially imprisons our mind within the boundaries of
language, blinding us to the subtleties of the world around us.

THE POWER OF ENGLISH

If language imprisons our mind, English is the prison of choice. Our rich mul-
ticultural linguistic legacy and the dominant roles England and America have
played in history have expanded English across the globe, made it the dom-
inant language of the Internet, and with the Voyager, English has gone into
deep space. Out of several thousand spoken languages, English has become
the most important language on earth, leaving us not so much a prison of
the mind but a legacy of more than a million words to think with.
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Word Meanings

Although this inheritance is ours, we have to earn it; we are not born with
English, we learn it. And considering the importance of language to think-
ing, to our human interaction, to our understanding of ourselves and the
world, and to our ability to reason and make choices that affect our success
and happiness, we may wish to learn it better.

THINKING ACTIVITY 5.3
The Language in Our Mind

Below is a series of questions to help you think about the current state of the language
in your mind. Since you have seen that your thinking is only as good as your lan-
guage, this activity may make you aware of a need to strengthen and sharpen your
language.

1. How fluent are you?

2. What kind of words are in your mind? How many? You can begin to answer
this question by thinking of the types of books you have read and what kind of
words you use when you speak and write.

3. How clearly can you lay out your thoughts? Can others follow you without many
questions or clarifications?

4. What is your reading level? What kind of books, if any, do you read? What kind
would you like to read more of? Do you need to read more?

5. What are the content strengths of your language base? In other words, in what
areas are you knowledgeable and can easily think and communicate? What areas
do you wish to expand into?

6. What is your metaphorical ability? Can you put ideas together into new
combinations?

7. What is your thinking style? Take a moment to reflect on how words and ideas
go through your mind: in random order, in tight sequence, singly, in bunches,
in images, with feelings, or in any other mode you can identify.

What does any word mean? The answer lies somewhere between primitive
voodoo power in which the word becomes reality, and the anarchy found in Alice’s
Wonderland: “A word means exactly what I choose to make it mean.” Actually,
a word means what society chooses to make it mean. For instance, when a young
boy who worried about being kidnapped received a puppy, he transferred his per-
sonal fears to his linguistic patterns and worried that his little puppy would get
“pupnapped.” If society accepted that term, if it became common like carjack-
ing, then it would enter the language. Both pupnapped and carjacking sprang into
being out of standard English patterns. In order to think more eftectively, we will
look briefly at the expansive patterns of stems and affixes, at definitions to achieve
clarity, and at connotations to achieve subtlety.
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Stems and Affixes

Words in the brain are like money in the bank: the more we have the
richer we are. We need words to think with, and the wealthier our vocabu-
lary, potentially, the richer our thoughts. The quickest way to verbal wealth
is to learn about stems and affixes. For instance, if we know the stem cog means
“think” (as in Descartes’ famous Cogito ergo sum), we can begin to guess at
the meanings of cogitate, cogitation, and cogitator. It would be a simple step
from there to add a prefix to make precogitate. Word awareness, especially of
stems and affixes, can quickly increase our word stock which is our thinking
reservoir.

The Right Word

An expanded word base should help us in picking the best word; clear
thinking depends upon it. Francis Bacon (1625, 1965) tells us “ill and unfit
words” can obstruct the understanding and “lead men away into numberless
empty controversies” (p. 337). Have you ever heard people energetically argu-
ing about different things when they thought they were arguing about the
same thing? Not agreeing on the topic and its definition creates a communi-
cation problem similar to the proverbial blind men feeling different parts of
the elephant. Definitions can be so powerful that often the person who defines
the issue decides the debate. For example, if pornography is defined under the
banner of free speech, that definition probably wins the debate.

Sometimes users of our language are imprecise. For example, a host of a
Chicago talk show said that a “permissive” and a “tolerant” society were the
same thing. What do you think about the differences in those words?
“Preventive Nutrition” is the title of an article in a medical book. Although
we know what it means because some word such as “disease” is implied, nor-
mally we do not combine the idea of prevention with a good quality like nutri-
tion. To take a parallel example, how would we respond to the phrase
“preventive learning”?

Sometimes the wrong word is used because it sounds close to the word
that is sought. Consider a professor in a classroom who said “tubal litigation”
instead of “tubal ligation.” In one case one is tied up by doctors, in the other
by lawyers. Another example of a near miss is from an editorial in a presti-
gious newspaper that said congress “flaunts” the law. Flaunts means to show
off; the author meant to say “Houts” the law. Sometimes when we attempt to
use a big word, we miss by using another; such malapropisms can be
embarrassing.

Sometimes finding the best word is difficult because our language is a
sloppy dish to select from: for instance, our tuition might be handled through
the billing department, office of financial affairs, bursar’s office, treasurer,
comptroller, or just plain business office. Or we are cautioned about movies
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that have nudity, violence, and language. Language? Do we wish to return to
the silent movies without language? Just because our English language is some-
times sloppy and vague, we do not have to be sloppy in our thinking. If we
have a wide selection of tools and some of them are dull, we do not have to
use the dull ones. We can select our words and define the issues carefully.

Connotations

Even if we aim our words accurately at their targets, the winds of con-
notation can blow our meaning off course. Most words are not confined to
a single meaning; rather, they have many shades of meaning. One technical
college called itself a “terminal” college; a church counseled its members not
to “let worry kill you—Iet the church help”; and a church bulletin noted
that “The United Methodist Women have cast off clothing of every kind.
They may be seen in the church basement this Friday.” Finally, an article
appeared in a Chicago paper about raccoons in suburbia. The author com-
pared the raccoons to raiding gangs. People protested. The problem? Coon
was a term used in the South to apply to southern African-Americans.

These examples show the emotionally laden connotations that some words
carry. Words have an enormous power to excite our emotions. Words may not
be the things themselves, but they can sometimes slap us in the face with the
full force of what they signify.

One helpful way to think about the connotations of words is to judge
their positive or negative impact. For instance, concerning overweight peo-
ple, where would you place the following words on the grid below: szous, hippo,
plump, fatso, tubby, overweight, fat, pig, cow, lump of lard, butter ball, full-fig-
ured, hefty, and obese?

—-10 0 neutral +10

N I O O O B

THINKING ACTIVITY 5.4
Identifying Our Flame Words
We all have different “flame words.” Some examples are stupid, ugly, liar, cheater, wel-

Jare, AIDS, as well as vulgar terms and racial slurs. List some words that trigger your
emotions.

Sometimes it may not be the word that inflames us but the tone, which can turn the
meaning around 180 degrees.
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Change

Be not the first by whom the new is tried
Nor yet the last to lay the old aside.

—ALEXANDER POPE

Connotations change. To keep our thinking sharp we have to stay abreast
of these changes. Clearly we do not wish to refer to our car as a carriage, our
word processor as a typewriter, a happy man as gay, or the fragrance of a rose
as an odor. Even the Bible changes: in 1990, the revised standard version of
the King James Bible changed “What is man that thou art mindful of him?”
to “What are human beings that you are mindful of them?” (Psalms 8:4).
“Irregardless” of the grammarians, anxious (formerly “worried”) can now mean
“eager”; aggravate (formerly “make more severe”) can mean “irritate”; and
intrigue (formerly “connive”) can mean “interest.”

Think About It:  People used to browse the library, and while some people cur-
rently graze the net, most prefer to surf. Think about the changing connotations
that are implied in those metaphors. Would you prefer to graze or surf the net? Which
activity is fundamentally deeper? Or would you prefer a different metaphor?

Word Order Creates Meaning

When we think with English, we have to place words carefully because word
position contributes to meaning. “Words differently arranged have a differ-
ent meaning, and meanings differently arranged have different effects,” Pascal
tells us (Trotter, p. 7). Although this is true of Pascal’s French, it is even more
true of English: English works on word order. If we move the words, we change
the meaning. In the sentences “The dog bit the man” and “The man bit the
dog,” position alone tells us who got bit. Similarly, we can tell a noun and its
adjective from their positions, because the adjective usually comes first: we
do not pick the flower yellow, but the yellow flower. We know something
about the “sabulous astrachan” without knowing either of the meanings; we
know that sabulous is an adjective describing the noun astrachan (astrachan is
a type of apple, and sabulous means it would not taste very good). Where we
place the word makes it what it is. If we carefully place our words and phrases,
we avoid confusing structures such as misplaced modifiers and dangling par-
ticiples. We more closely approach clear thinking.
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The Power Parts: Noun and Verb

Our fundamental and most frequent word order is simply: one, two, three;
subject, verb, object. These foundational positions in our language and in our
thinking are filled by nouns and verbs, the power parts of our language. If
we pay attention to the nouns and verbs in our thinking, we usually do not
need a list of adjectives to dress up the noun or a string of adverbs to activate
the verb. Instead we can select concrete nouns and verbs; for instance, instead
of saying, “The huge, hairy, strong, ugly man moved heavily and powerfully
across the floor,” we can say, “The gorilla thundered across the floor.”

Can you feel the powerful difference in that sentence? With less than
half the words the “thundering gorilla” strikes the mind with far greater impact.
Similarly, if we wish to “move” a woman across the room, we could select from
sashay, stroll, saunter, amble, wiggle, stumble, glide, float, slither, dance, pirou-
ette, undulate, or flow. If we tend to use too many adjectives and adverbs to
color our thoughts, we may wish to search harder for the concrete nouns
and vivid verbs that form the bull’s eyes of our thinking.

Thinking and the Context

Larger than any single utterance is the surround: the speakers, the place, the
time, the action, and all that preceded that utterance. A white sphere on green
makes no sense until the context appears: an outfielder picks it up off the grass;
a cue stick strikes the white ball across the green felt toward a fresh rack of
balls; a metal club hits the white ball toward a hole in the green. Context is
what makes sense of the sphere and the green, and indeed, of almost all the
words. Whenever we use words, we want to think about the context. In a
nationally televised debate, a vice-presidential candidate said that the cost of
his opponent’s environmental program would be $100 billion. To make his
statement appear true he actually cited the page number in his opponent’s
book. What the candidate left out was the context that said the environmental
program was international and that the cost would be borne by many coun-
tries such as Germany and Japan. Because the audience was American, they
naturally presumed that they would foot the bill. Such distortions approach
lying. If the truth is bent, it is no longer the truth.

Context can be so strong that satire or tone of voice can turn a text around.
A man at the airport was greeting a friend, hugging and pounding the friend
on the back while cursing him profusely. The meaning of the insulting words
was reversed by the context. Without context we have no reference points to
direct our thinking. Without context we have no ground upon which to build
our thinking. Without context we cannot think clearly.
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Clarity

Clarity comes from doing everything right. If we are aware that the general-
izing power of language can be a weakness, then we are careful to use con-
crete, exact language. If we are aware of the multiple meanings of words and
of the audience’s background, we define terms carefully and position our words
exactly. Like clear gems, clarity is rare and valuable and greatly to be sought
at all points of our thinking.

Clearly Embarrassing

Without clarity and caution some red-faced embarrassment might result. The follow-
ing quotations are from letters written to a welfare department.

In accordance with your instructions I have given birth to twins in the enclosed
envelope.

I cannot get sick pay. I have six children. Can you tell me why?
This is my eighth child. What are you going to do about it?

Mrs. Jones has not had any clothes for a year and has been visited regularly by
the clergy.

I want my money as quick as I can get it. I've been in bed with the doctor for
two weeks and he doesn’t do me any good.

You have changed my little boy to a girl. Will this make a difference?

THE PITFALLS OF ENGLISH

English has the same limitations that all languages have: it structures our
perceptions and our memory, and it is subject to inaccurate definitions, con-
flicting connotations, ambiguous positioning, and distorting euphemisms.
In addition, because of the huge and flexible vocabulary of English, if we are
not alert we can cloud our thinking with weak generalizations, wordiness,
illogicalness, redundancies, and clichés.

Generalizations and Abstractions

Although we need generalizations and abstractions, such as principles, natural
laws, formulas, and theories, to help us to understand the relationship between
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the parts, generalizations and abstractions are greatly overused. To think and
communicate clearly, we would do well to flesh out our generalizations with
examples. One of those often-used 80-20 rules offers a good norm. Use 80
percent examples, facts, analogies, charts, statistics, concrete words, and spe-
cific words to support the 20 percent generalizations and abstractions.

High Specificity

An excellent example of this high ratio of specificity to generalization is the poem “Ode
on a Grecian Urn,” by John Keats. Keats crafts most of the words in the poem to appeal
to the senses as he describes sylvan and pastoral scenes, marble men and maidens, and
the melodies and songs of pipes and timbrels before he concludes with this generalization:

Beauty is truth, truth beauty—that is all
Ye know on earth, and all ye need to know.

The 80-20 guideline keeps our thinking grounded in facts and ensures that our com-
munication will appeal to the senses.

Wordiness

With more than a million words to think with, it is understandably easy to
get trapped in their intricacy and lose sight of straight thinking. Bacon notes
that “the first distemper of learning” occurs when we “study words and not
matter” (Waihaft, 1965, p. 223). Illustrating this “distemper,” the National
Bureau of Standards gave this advice to a plumber: “The efficacy of hydrochlo-
ric acid is indisputable but the ionic residues are incompatible with metallic
permanence.” When the plumber could not understand, someone at the bureau
wrote: “Don’t use hydrochloric acid! It eats hell out of the pipes!” The con-
trast in these instructions illustrates the challenge to our thinking: keep our
statements and explanations simple and brief but also make them accurate
and complete. As we will see in chapter 13, “Evaluating,” simplicity and brevity
are so important that they are sometimes tests of the quality of our thinking.

Redundancies

A certain form of wordiness, called redundancy, is easy to avoid if we become
aware of it. Although redundancies do not make our thinking inaccurate, they
dilute it, causing it to lose its tight force. For the most part we can avoid expres-
sions such as “in the month of June,” but at other times we cannot avoid
expressions like “the milky way galaxy,” (¢ga/axy means milky way, so we are
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saying “the milky way milky way”). A redundancy is a needless repetition, which
can be distinguished from an emphatic repetition (as in “government of the
people, by the people, for the people”), which reinforces our thinking.

Hllogicalities

In chapter 9, “Logical Thinking,” we will think rigorously and systemati-
cally. To do so, we must choose our terms carefully because our language is
not always logical. It was not designed by logicians or mathematicians but
grew from living speakers. For example, 7zflammable material will burn, but
incombustible material will not; and bicentennial, means every two hundred
years, but biannual can mean every two years or twice a year. A nineteenth-
century mathematician did attempt to give our language the double-nega-
tive rule that two negatives make a positive. Literature, however, is full of
examples of using multiple negatives to say “no,” including King Lear’s
anguished declaration as he holds his dead daughter: “Never, never, never,
never, never!” Sometimes it is helpful to laugh a little at the foibles of lan-
guage. For instance, why do they have “interstate” highways in Hawaii? And
if vegetarians eat vegetables, what do “humanitarians” eat? The more we are
aware of the overlapping and illogical nature of language, the better we can
choose our words toward clear thinking.

Think About It:  The pitfalls inherent in all languages can be compounded by
translation. The name of the Chevy model Nova means ‘no go” in Spanish. Would
you buy a car so named? The Coca-Cola slogan “Coke adds life” was translated in
a Chinese ad as “Coke brings your ancestors back from the dead.” Problems occur
in translating terms into Engligh as well. Two medical remedies were suggested in
a book. Would you use them if you knew that nux vomica and rhus toxicoden-
dron were translated ‘poison nut” and ‘poison oak’?

Clichés

A cliché can be a sign that we are not doing our own thinking. In their orig-
inal formulation, the thinking behind clichés was brilliant, but time and rep-
etition have worn them into dull emptiness. When we use clichés, we are using
someone else’s old formulation, and we are probably not aware of our own
sensing, feeling, thinking, and communicating; at every level of the thinking
process, clichés are embalming. We can avoid clichés by restating them simply,
saying “quit” instead of “throw in the towel,” for example. Or sometimes we
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can reforge clichés such as “let sleeping dogs lie” into something like “Don’t
taunt the tiger.”

SUMMARY

Language is the landscape of our mind; it is the mountains and forests as
well as the cities and roads. It both carries the content and structures the form.
We think with it. Language works intimately with all aspects of our think-
ing, which we discuss in other chapters: sensing, feeling, remembering, cre-
ating, organizing, reasoning, evaluating, deciding, persuading, and acting.
As we become more aware of the strengths and weaknesses of language, and
as we increase and refine our own language, we will think better.

We have presented language as the software of our minds, without which
most of our thinking would not be possible. For the practical purpose of dis-
cussing thinking, we have defined thinking as “expressed thought.” Language
is the vehicle that carries that thought, but more than vehicle, language is both
the container and the thought contained.

We have shown that language gives universalizing power to the mind, that
language structures our perceptions, and that the metaphor plays a crucial role
in the way language works and the way we think. Conversely, we have seen
that the universalizing, structuring, metaphorical nature of language can also
constrict our minds.

Finally, we have learned that English is a rich language that is still evolv-
ing, and that its word order determines meaning. We can more quickly access
its huge word bank, thus gaining more words to think with, by paying atten-
tion to stems and affixes. To avoid being redundant, wordy, illogical, or clichéd
in our thinking, we can define precisely, connote carefully, concretize our
nouns, activate our verbs, and seek the power of the metaphor; thus we will
energize our thinking.

Although we have concluded a short chapter on a huge topic, we do not
leave language behind—we cannot. We think in it.

LANGUAGE CHALLENGES

1. Although we share language with all speakers, we also have our own
phrases from our parents, from our local region, and from the unique
way we combine all the language we have heard from our birth with our
genetic structures and our interests. Try to identify the language struc-
tures that are in your mind. This might be difficult because we are
often unaware of something so close to us as our language. For exam-
ple, a good beginning is to analyze something we have written or taped.
In the next several months you might gain greater awareness of your lan-
guage patterns if you attend to them. Seek the unique state of language
in your brain.
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2. An excellent way to boost your understanding of English is to read reflec-
tively and listen alertly for patterns and meanings of words. Read one
page of any book or article and analyze it. Look closely at the position
of each word, the kinds of words used, and the subtle connotations of
those words used together in that pattern.

3. One way to increase your language awareness is to listen to a good
speaker. Identify different aspects of the speech, such as word order,
metaphors, and anything else that demonstrates strong thinking.

4. “If you can't say it, you don’t know it.” Do you agree?

5. What are some of the underlying metaphors in your major field of stud-
ies? Reread the section “Metaphorical Models Control Thinking” for

some ideas, if needed.

6. When we don’t understand something, we search for a model or
metaphor. What are some of the possibilities and limitations of the
metaphor as a model for the brain?

7. Can you think of any times when you struggled to explain something
and came up with the wrong analogy that was either laughed at or mis-
led your thinking?

8. If George Orwell thought that the decline of England was related to
the deterioration of the English language, are the numbers and kinds
of euphemisms we use today a sign of the decline of the American
culture?

9. What topics or situations prompt you to use euphemisms?

10. Language does not exist as an absolute but is determined by use. Consider
the U.S. congressman (who probably did not know he was using an
intransitive verb transitively) describing an impending change: “If they
don’t cut the crap, something’s going to happen, and I'm going to hap-
pen it.” Technically the congressman violated a rule of language yet he
communicated effectively. How do you determine when it is effective
to break the rules of language to emphasize your point?

11. Eubonics, a blend of ex meaning “well” and ebony meaning “black” caused
a stir in the nineties. Some argued that eubonics, based on the lan-
guage patterns of many African Americans, was breaking the rules of
English and others argued that it was a new language. Regardless of
that linguistic issue, if people use eubonics are they thinking differently?

12. A sensitivity to patterns influences your ability to think with more accu-
rate words. Language is full of patterns, some of which are not in the
grammar books. For instance, what does the ump mean in lump, dump,
stump, hump, mumps, and clump? Can you find any other patterns by
looking for rhyming words?
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13

14.

15.

16.

17.

18.

Is it true that the metaphor is a bridge that spans our differences and
allows us to communicate? If you find any validity in that thought, what
does it mean in terms of your future thinking?

Word order is so important that it can change parts of speech. For
instance Shakespeare changed a noun into a verb when he said, “I'll
unhair your head.” You might wish to experiment with word order by
taking one word and moving it around in a sentence and observing the
effects on meaning,.

In chemistry it makes a great deal of difference whether the water is
poured into a container first and then the sulfuric acid, or the other way
around; in one sequence there is a solution and in the other an explo-
sion. Likewise, in thinking, placing the right or the wrong word first can
lead to communication or disaster. Can you think of examples?

In Chicago a man was indicted for molesting children. What do you
think of when you hear the word indicted? Is the word slowly changing
meaning? By definition, the word means “accused.” How many people
hear the word and presume guilt? Even the indicted man’s wife, learn-
ing of the indictment, said, “That’s why I was so hurt.” Does her response
suggest that the term implies guilt?

How would different metaphors affect the way a child is raised? What
if the metaphors were growing a tree, building a house, or making a
Stradivarius violin? (Barker, 1998, p. 402).

What does Wittgenstein mean when he says that “the limits of my lan-
guage are the limits of my life”? Do you agree?
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6

Feeling

1 felt before I thought.

—ROUSSEAU

FEELINGS AND THINKING

What does feeling have to do with thinking? Why a chapter on feelings? In
some ways thinking and feeling are almost opposites: thinking is cerebral, feel-
ing is visceral; thinking is often clear, feeling is confused; thinking can be read-
ily expressed verbally, feeling often struggles to find words; thinking is strikingly
human (Homo sapiens) whereas the physiological responses from feelings are
shared by many animals. Looking at these contrasts it is tempting to ignore
feelings and focus exclusively on our rationality; however, if we do so we will
fail to tap an enormous energy source that can animate our thinking and
help forge eloquence.

Aristotle calls us “rational animals,” but we are more than rational.
Proportionally we are far more body than brain. A three-pound brain sits on
top of our body, and the thinking part of our brain, the cerebral cortex, is only
a covering for the rest of our brain, much of which we share with the ani-
mals. If we weigh about 150 pounds, we are about 98 percent body and only
2 percent brain.

But body to brain weight is less important than the connections between
them. The rather large body is connected to the brain and directed through
a small spinal cord and its neural network. The powerful emotions we feel
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are triggered by a complex system of glands, hormones, enzymes, and neurons.
Our thoughts and feelings fan and fuel each other, blot and cool each other.

In discussing our personal barriers we have seen how feelings can block
and bias thought. Here we scan our cultural context, which largely deni-
grates our feelings, making them hard to understand and use. Then we look
at our feelings as a positive force behind our thoughts; we enlarge the con-
text of feelings to include strong beliefs, prejudices, and even values, for, as
we will show, there is a strong emotional as well as a cognitive content to those
areas of human thinking/feeling. Finally, we will present methods of using
feelings to generate powerful thinking in the forms of speaking and writing.

CULTURAL CONTEXT

It is difficult to know our feelings and to use them to think when our soci-
ety suppresses most public expressions of feelings. This downplaying of feel-
ings is part of our European heritage of rationalism, puritanism, and even
stoicism. Our founders such as Thomas Jefferson drew directly from thinkers
like Montesquieu and Locke, who thought that the “enlightened” human
mind would soon solve all problems, social as well as scientific. This rational
foundation combined with the austere religious outlook of puritanism, which
fitted the harsh pioneer existence. Out of these forces emerged an early
American temperament not unlike that of the Roman stoics. Today some of
this temperament is still with us. This same downgrading of feelings and the
emphasis upon the mind, emotional restraint, and toughness can be seen in
the business world, the church, and the family.

Business

Can you think of any businesses that allow their employees to rant at the boss?
How long would their jobs last? On the positive side, can you think of many
businesses that allow their employees to emit screams of joy or laughter, let
out whoops of exaltation, or show approval with hugs and kisses? Rather, the
expected norm is that of the cool, rational, objective, decision processor, the
executive who knows the facts, reasons to a profitable conclusion, and then
issues the orders. We hear references to “the tough-minded business exec” and
the “lean and mean” company. Such phrases imply some limited feelings,
but again, mainly along the line of stoicism or strict control.

Church

At times the major religion in our Western society, Christianity, sings hal-
lelujah, but the dominant message from Christian religions has been that feel-
ings can lead us into trouble, called “sin.” Sin is often nothing other than
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feelings out of control. Consider some of the “capital sins” of lust, avarice,
gluttony, envy, and vengeance. In all of those sins, feelings have gone to excess.
So according to Christianity, it is often feelings that tempt the mind and
lead people astray, and, in the worst of scenarios, to hell. Christianity teaches
its followers to control and suppress those feelings, for this life is mainly a
test of the spirit which will live forever.

Family

Although the American family sometimes allows room to scream and yell, and
perhaps even physically fight with siblings, it also carries a clear message to
boys—don’t be a wimp, control your feelings—and to girls, who have tradi-
tionally been allowed more leeway—don’t get hysterical or throw tantrums.
In short, feelings are frequently looked upon as childish and a sign of weakness.

THE FORCE BEHIND OUR THOUGHTS

Pascal calls the relationship between reason and feeling “an eternal battle.” If
we view our feelings as Pascal describes them, as battling with our mind,
then we have a dangerous adversary; on the other hand, if we join forces
with our feelings, we have a powerful ally.

Beneath the Rational Surface

It has been our experience, working with many levels of intelligent, success-
ful persons such as university and college professors, priests, and CEOs, that
needs and wants drive thinking. Most of the time people “know” what they
want (often this knowing is a feeling), and then they develop reasons to con-
vince themselves or others that their wants are good. Rarely have we met a
person who approaches most situations with an objective, data-gathering mind
that considers most angles and interests and attempts to make decisions with
long-range vision. And paradoxically, sometimes the people who claim to be
most objective, who claim to base all their decisions on facts, are least known
to themselves. Their feelings are hidden to themselves; consequently, the hid-
den feelings may function more strongly and perhaps more dangerously.
Closely related to needs and wants are values, beliefs, prejudices, and
morals. These root elements are usually formed early in life, taught by par-
ents, modeled by peers, and become firmly fixed. Although reasons to justify
our root elements are readily available to the mind, the reasons are not usu-
ally why we hold onto our values, beliefs, prejudices, and morals; the feelings
are. Thinking and feeling flows both ways. Thoughts can influence our feel-
ings so strongly that cognitive therapy, which changes the way we think about
things, is an excellent way to shape our feelings. Fortunately, we are often
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aware of our thoughts, and thus we have the ability to adjust them and their
impact on our emotions; however, we are often less aware of our feelings and
therefore we need to identify and deal with them. Our feelings are like the
magma beneath the surface which fuels the erupting volcano.

The Importance of Tone

So strong is the force of our feelings that it can override the content of our
message. If someone does not like us, behind their attempt to project a friendly
voice may be a tone of antipathy. We can hear it. If someone doesn’t love us
and says they do, we can hear the tone. If our friend is sad and to our greet-
ing of “How are you?” answers “Fine,” we can hear the slow droop in the voice.
The tone does not easily lie. Voice-stress indicators, already in use in law
enforcement agencies, are successful in detecting the tonal stress from some-
one who is lying. In fact, in almost all instances the tone carries the real mean-
ing; however, rarely can the verbal content override the tone.

THINKING ACTIVITY 6.1
Feelings Beneath Our Thoughts

What are the feelings behind your thinking and acting? What feelings underlie the
choices you make? What, deep down, really drives you as you select, choose, and decide?
Consider your relationships, school activities, behavior at work, and your cherished
beliefs and values. Write down some of these areas below, and then note the feelings
that influence your actions and decisions:

Were you able to discover any feelings behind your thoughts? Did you find your feel-
ings to be a bigger part of your thinking than you had expected? If someone you despised
approached you, what would you start thinking? Would those thoughts be driven by
your feelings toward that person?
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Tone is simply the attitude we have toward a subject or an audience. If
we detest our topic (maybe centipedes or copperheads), that tone of repulsion
will show through. And if we have a superior, haughty, unfriendly, belittling
attitude toward those hearing or reading our thoughts, that tone too will show.

Surprisingly, the same truthfulness of tone comes across even in writing,.
We asked thirteen honor students at the University of Illinois at Chicago to
write sincere position papers and another thirteen honor students to write
insincere papers. The “insincere” group was instructed to write as if they actu-
ally believed their position, using the thoughts and vocabulary of those who
held that position; basically, the task of the “insincere” group was to lie as con-
vincingly as possible. Each of the twenty-six papers was read by four other stu-
dents in the group who did not know the actual position of the authors. The
readers had one task, to determine the sincerity or insincerity of the papers.
Out of the 104 decisions made (26 X 4 = 104), only two judged incorrectly.
Stunningly, more than 98 percent of the time the readers were able to dis-
cern the real tone of the papers. Thus even in writing, tone clearly signals its
message. So it becomes important to tune in to the tone of others to inter-
pret their expressed thought; likewise, we want to tune into our own tone and
match it to our thoughts as we speak and write. If our feeling and thinking
are congruent, then our message will carry the force of our personal truth.

GENERATING SPEECH

It is feeling and force of imagination that makes us eloquent.

—QUINTILLIAN, ROMAN RHETORICIAN

How does the pressure of feelings motivate our thinking? Think of a time
when you were really happy; perhaps you had just gotten great news, and
you rushed to tell a friend. Were your feelings churning out words faster
than you usually talk? Or consider a time when you were angry and you told
someone just what you felt. Did those words have any trouble coming out hot
and heavy and fast? Were you at a loss to find words?

As you can see from reflecting on such situations, feelings can naturally
flow into words. We call it fluency. To take two examples, a lawyer who wins
most of her cases told us that she researches thoroughly, prepares carefully,
takes clients in whom she believes, and then in her final appeal to the jury
she “lets it rip.” Afterwards, when she listens to the court tapes, she is usually
amazed at her own eloquence. Similarly, a college debater who won all of his
debates made a similar remark about how he argued his final rebuttal posi-
tion in one debate. He told us he prepared thoroughly and then got so emo-
tionally involved in the verbal fight that his words poured out on their own.
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Led by the force of his emotions, his verbal eloquence built and swept over
his opponent’s arguments like a wave over a sand castle.

Think About It:  Both of these speakers prepared themselves fully with careful
thinking and research. Then they trusted their feelings to strike lightining and
thunder.

GENERATING WRITING

We expect good speakers to animate their thinking with feelings. If they did
not, we might become bored, suppress a yawn, or even try to slip out of the
audience. A reader can drop a book far easier than someone can leave an audi-
ence; therefore, in some ways a writer needs to use feelings even more than a
speaker. Because words on a paper are read at the whim of the reader, the
words must have a vigorous and appropriately emotional tone. We will look
at some ways to use emotions to both generate and enhance one’s writings.

The Inspiration Method

Sing to me, oh goddess

—HOMER

Sometimes our thoughts seem to jump into our minds. To the Greek poets,
ideas struck so suddenly that they seemed to come from some power seizing
the mind. They attributed this force to minor deities, called the Muses, and
the Greeks called upon these Muses to inspire their writings. In his Republic,
Plato called this inspiration “a poetic frenzy that rapts the writer into the
seventh heaven.” (Because Plato banished poets from his republic, he was prob-
ably referring to their drunken Dionysian rites; Plato would certainly not
like our using him to support the role of feelings in writing.)

If we wish to use feelings to inspire our writing, the next time we feel a
powerful burst of emotions we might pick up a pen and start to write; how-
ever, we do not usually have a pen in hand during emotional experiences, as
for example, when we are slamming on the brakes to avoid a car collision. So
we need to inspire ourselves by artificially arousing our feelings, such as joy
or anger, and to work ourselves into a partial “frenzy” before we write. The
words will come.
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The Recollection Method

Perhaps a more natural use of emotions is to follow Wordsworth’s approach
to writing poems. Wordsworth says that great writing comes from “emotion
recollected in tranquility” (preface to Lyrical Ballads). So instead of being imme-
diately involved in the emotional event, we recall it later with pen in hand.
We can try this recollection method by first finding a tranquil space. Then we
pick an experience that was emotionally moving and begin to write about it
without worrying a lot about what comes out, since we can revise it later. If
you try this, you may be stunned by the power and fluency of your words.

The Conscious Selection Method

Instead of using feelings to fuel thoughts, the modern poet T. S. Eliot con-
sciously chose words to evoke emotions in the reader. He called his theory
the “objective correlative”—a big term that means people hearing a word, such
as “mother,” have corresponding but different feelings for that word. Eliot
employed this principle in many of his poems; for instance, in his poem
“The Hollow Men,” he showed people alienated and unable to relate by
describing their voices as “wind in dried grass” or “rats’ feet over broken glass.”

We can try this process by first picking an emotion, then by making a
list of tangible, seeable words that evoke that emotion, and finally, by con-
sciously constructing phrases from the list. For example, if we want to arouse
the feeling of American patriotism, we might list the flag, baseball, George
Washington, motherhood, apple pie, the Constitution, “life, liberty, and the
pursuit of happiness,” the Bill of Rights, the land of the free, and so on. Or
if we want to create a serene scene we might use images like a cozy fire, flow-
ers flowing in the wind, a sleeping child, the sun caressing the skin, a soft-
throated sax, a sunset water song, an easy chair, or a rainbow over clouds.
Perhaps as you read those lists of consciously selected images, you felt the
corresponding emotions. If so, Eliot’s theory worked.

FEELINGS TOWARD TOPIC AND AUDIENCE

Now that we have seen some of the powerful interactions between feelings
and thoughts, we can tap this power. First, we can be aware of how we feel
about the topic that we are thinking about, talking about, or writing about.
This awareness will help us realize our deep and often buried attitudes, val-
ues, beliefs, likes, or dislikes concerning the current topic. This awareness
will help us understand and evaluate our thinking and then adjust it toward
greater objectivity and accuracy.
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THINKING ACTIVITY 6.2
Evoking Emotions
Try Eliot’s more conscious manipulation of emotions. Make a list of images that evoke

fear, a second list for tenderness, and in the third column below, write images for an
emotion of your choice.

Fear Tenderness

Now select from your lists those items that best seem to bring out each emotion.
Write a paragraph using those items and then discuss with your readers whether your
words produce the desired emotion.

Second, we need to check our feelings toward our audience. For instance,
if we have negative feelings toward our audience and if we are not aware of
the negativity, we will speak or write with a hostile tone. That tone will be
picked up by the audience and will harm our communication effort. However,
if we are aware of the hostility, we can then choose to be silent, to carefully
modulate it, or express it in a number of ways of our choosing, being well
aware of the potential impact on our audience. By controlling our feelings and
by considering the audience, we can reach the audience more effectively.

Finally, within thoughtful bounds, we can trust our feelings as a positive
force. When we feel positive about the topic and the audience, we can let
our feelings out and let them work for us. We can use our feelings to bring
ourselves alive as thinkers, speakers, and writers. Most great speakers and writ-
ers feel strongly about their thoughts. These strong feelings lead to the ring-
ing eloquence of speakers like Patrick Henry, who famously said, “I know
not what choice others may take, but as for me, give me liberty or give me

death.”

SUMMARY

We have seen that feelings are a force behind our thinking; however, our cul-
ture, in areas such as business, religion, and family, often denigrates feelings.
Nevertheless, these feelings are there and they charge our words with a tone
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so strong that it cannot be ignored. Our feelings can be the constructive energy
to generate our thoughts and deliver them eloquently. More specifically we
looked at the inspiration, recollection, and conscious selection methods of
using feelings to fuel our thoughts and express them powerfully and positively.

THINKING AND FEELING CHALLENGES

Assess Pascal’s statement, “Those who are accustomed to judge by feel-
ing do not understand the process of reasoning.”

Can you remember times when your body was paralyzed by fear? Can
you recall times when you have blanked while taking a test or giving a
speech or were at a loss for words because of the pressure? If a similar
situation occurs, what could you do to manage such emotional forces?

How does your language reflect what our culture “thinks” about feel-
ings? For instance, some positive words to describe an emotional male
are sensitive and kind; can you think of other positive or negative words
to describe an emotional male? Think of other examples that reflect
our culture’s attitude toward feelings.

How extensive is your vocabulary for describing feelings? To answer this
question, begin by listing all the words you can think of to describe love,
hate, anger, or fear.

To begin to grow more aware of your feelings for certain topics, rate your
feelings toward the items on the following list (0 = neutral, 10 = the best,
—10 = the worst).

____snakes _____sunrises ___ politicians ___ sports heroes
_ flowers ___ earthworms __ chocolate __ children
_ teachers __ icecream  ___ thisbook __ parties

_ exams _ cars _ houses _ forests

Rousseau said, “I felt before I thought,” and e. e. cummings said, “Feeling
is first.” Are these statements that only romanticists or poets would make?
What might they mean?

Describe what the American culture thinks about emotions. Give exam-
ples to support your description.

When you hear the next person talk, listen to the tone, the feelings under-
neath the thoughts, and describe them. Is the tone congruent with the
verbal content?

The next time you write something or think about what words you
will use to say something to someone, stop and identify your tone. How
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11.

do you feel about the subject you are thinking about, and how do you
feel about the person who will receive your words?

Take any paragraph of this book, and identify the tone that goes with
the words. Is the tone strong enough, too weak, inappropriate, or
effective?

Experiment some more with the inspiration, recollection, or conscious
selection method of finding and using your feelings. Begin by taking any
topic you feel strongly about and write fast for five minutes. Let your
feelings pour and empower the words. When you are finished you might
be surprised by both the quantity of the words and a certain raw elo-
quence. Did your strong feelings help you generate any worthwhile
thoughts? Can you keep the words in that form, or do you need to refine
them for public communication? If so, refine them, and then discuss
your experience and your writings.
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Imagination is more important than knowledge.

—FEINSTEIN

“Pve got it!” we want to scream. In our sleep, at a ball game, on a bike, in a
car, the idea springs into our mind, powerfully. So powerful is this burst of
insight that when Archimedes discovered how to calculate the volume of
gold in the king’s crown, he jumped out of the bath and ran naked through
the streets yelling, “Eureka! I've found it!”

In this chapter we do not run naked and screaming, but we do yell
“Eureka!” Here we see that creative thinking is crucial to critical thinking;
we probe our awareness of the elusive moment and process of creativity; and
best of all, we find that we too are creative and capable of increasing our cre-
ative thinking. More specifically, we define creativity, look at its metaphori-
cal nature, and discuss its limitations and conditions. Then we practice creative
thinking through brainstorming, starbursting, and coaxing creativity. Creativity
is an early base of our thinking because one of its functions is to produce the
thoughts we think with. Creativity operates at the point of acquiring thoughts
(in classical rhetoric this process of acquiring thought is called “topics” by
the Greeks and “invention” by the Romans). Yet, like all the thinking bases,
creativity is used throughout our thinking and can be called upon at any time.

107
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WHAT IS CREATIVITY?

To create, we change the old into the new. We do not create out of nothing.
The Wright brothers took four old ideas (a fan blade, a bicycle chain, a gaso-
line engine, and wings) and “created” the airplane. Edison took three old ideas
(a glass container, a vacuum, and electricity through a filament) and created
the light bulb.

Creating is taking the old and mixing it, moving it, breaking it, or build-
ing it into newness. Sometimes we take a piece of the whole (a tree branch
becomes a baseball bat), or two pieces from different wholes (b7 from break-
Jast and unch from lunch become brunch), or one piece and one whole (a type-
writer keyboard is added to a computer), or two wholes (music and television
become MTV). Sometimes we keep one part and change or add other parts
(tea bags become coffee bags, a water ski becomes a jet ski) or we simply move
some parts (front-wheel drive). We turn some element around (Dick Fosbury
goes over the high jump bar backwards and the “Fosbury flop” becomes the
standard). We change an object’s use (a glass mug becomes a vase becomes a
pencil holder) or omit a part of it (half of a watermelon becomes a fruit
dish). We superimpose one concept on another (a carved face transforms a
pumpkin into a jack-o-lantern) or impose form on a raw material (a block of
marble metamorphoses into Michaelangelo’s David).

In all of these examples, change takes place and newness results. The mind
sees a new relationship or comparison between or among the objects or their
parts. This relationship is, broadly speaking, a metaphorical relationship. In
short, creating is making metaphors.

METAPHORICAL THINKING

At the heart of creativity, language, understanding, and thinking is the
metaphor. We have defined the metaphor as “an implied comparison between
two things” (see chapter 5, “Language: Our Thinking Medium”). When we
take the old and change it, we are using the metaphorical ability of our mind,
the ability to look at one thing and see another. Whether Edison is searching
for a new light source or Shakespeare for a new image for life, the process is
similar.

Because the metaphor is the way language works (there is no other way),
all great communicators forge metaphors. Aristotle calls the metaphor the fun-
damental figure of speech, the true mark of genius. Homer’s warriors are tall
trees felled in battle, Confucius speaks of shoots which spring up but bear
no fruit, Chuang Tzu’s sage tucks the universe under his arm, Christ speaks
of seed falling by the wayside, Dante covers the hypocrites in hell with gilded
lead coats, and Montaigne calls his book totally his own child because he
was both father and mother at once.
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Shakespeare was the master of the metaphor. He used metaphors more
frequently as his language matured in his great tragedies. Notice how
Shakespeare, in this passage from Macbeth, takes four common concepts (a
candle, a shadow, an actor, and a story) and transforms them into metaphors
for the brevity, frailty, and incoherence of life:

Out, out, brief candle!

Life’s but a walking shadow, a poor player
That struts and frets his hour upon the stage
And then is heard no more. It is a tale

Told by an idiot, full of sound and fury,
Signifying nothing.

Shakespeare’s creativity and communicative power have thundered through
the ages. As we learn to know, trust, and tap our own metaphorical mind,
we too will think and communicate more effectively.

We know and understand the world through metaphors. If language is
the mode in which our mind understands the world, and if metaphors are at
the heart of language, then metaphors are at the heart of our understanding
of the world. (Not only have we just used a metaphor, but we have also used
a syllogism, a form of thinking discussed later.)

THINKING ACTIVITY 7.1
Making Metaphors

To think of other metaphors for the brevity of life, list things that last for a short
time.

You have just used metaphorical thinking. If you take one or two items from your list
and give them the proper context, you will probably have metaphors for the shortness
of life. Moreover, you have just done one of the more profound tasks that you can
perform as a human: you have created! Shortly, you will learn other ways to think
creatively.
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KINDS OF CREATIVE THINKING

Creativity can take many forms—from cooking to chemistry, from art to arche-
ology, from poetry to physics, from shanty to Chartres, from Mona Lisa to
Madonna, from seamstress to surgeon, from baseball to battle, from making
laws to making love. Creativity can be seen in the range, kind, and quantity
of responses to any given situation. Creativity is barely bound and hardly
determined. It swings out with the quasars to the edge of the expanding uni-
verse, and it bends inward to the metaphor-making center of our mind. No
one has a lock on creativity, and that allows us to think about unlocking
our own.

WHO CAN THINK CREATIVELY?

We can all think creatively. In fact, much of our thinking is in some way
connected to creativity, constantly there are variations in the processes of our
unfolding thoughts. Even when we appear to be thinking in a rut or think-
ing in circles, if we carefully reflect on the patterns of our thought, we will
probably discover that they do not repeat exactly; and even when we are inten-
tionally repeating a pattern, such as memorized lines, the lines do not always
march into memory with the regularity of a metronome; often they come halt-
ingly, in pieces, or in tidal waves of changing patterns, even though when we
go to speak our thoughts, we might enunciate them smoothly.

People often think of creativity as a talent or a gift held by the few. That’s
what we as teachers used to think, that creativity was limited to a few students
who were creative. Then we performed an icebreaker activity in which each
student was asked to come up with an image, or poetic impression, of the
other students in class. The results were astounding. Every student created
some metaphors, which were often brilliant. We were stunned. Our first guess
was that the group of students were extraordinarily bright. We pulled the
records and found that the class was carrying a 1.9 average (less than a C)!
Our next thought was that perhaps these were all underachieving creative
geniuses. We tried the same activity in another class and got the same results:
all students produced metaphors, often excellent ones. If you wish to try that
same experiment, use Thinking Activity 7.2.

Since that experience and many classes later, we now know that we all
are creative. Some people may produce metaphors in greater variety, at greater
length, or of better quality than others, but we can all create! The possible
variety of our creativity is almost infinite. If we are thinking with an active
vocabulary of 6,000 words and if we could think a sentence a second for the
rest of our lives, and even if those sentences were shorter than ten words
each, we would not exhaust the number of possible sentences. As we stretch
our sentences longer than ten words, as we draw deeper from the million-plus
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THINKING ACTIVITY 7.2

Poetic Impressions

1. Write the first name of each student in a column down the left side of a piece
of paper. Then attempt to get one image each for as many students as you can.
A simple example is, “You appear like a mountain, strong and sure of your place
in the world.” Here is a more complex one: “You appear like a mirror in a
foggy room, sometimes the mist clears and I think I see you clear, bright, and
smiling, and then at other times you seem to withdraw and I have no idea of
how you would react if I approached you.”

2. Look at a student and let an image pop into your mind. You can draw upon
nature (mountains, lakes, trees, flowers, animals), household scenes (rocking
chair, warm fireplace, comforter, kitchen cooking, closed attic), or any other set-
ting, but your image should be a nonhuman one.

3. Ifan image does not spring to mind, try completing sentences like these: “He/she
looks like a ” (physical image), or “He/she seems rigid and tough like a

” (personality image).

4. Ifan image does not come quickly, move on to another student and return later.
You might not get images for all students, but the images you do get will demon-
strate that you can be creative.

words of the English language, and as we abbreviate, adumbrate, cut, and tele-
scope English syntax, the variety increases to a staggering number.

CONDITIONS AND LIMITATIONS OF CREATIVITY

Although creative thinking sometimes seems unlimited, we are absolutely
bound by our brain and the language it contains, and we are partially bound
by our personal barriers (see chapter 2). The other mind bases that we have
examined so far—senses, memory, language, and feelings—operate as condi-
tions of creativity. As those bases grow in firmness, flexibility, and interrelat-
edness, our creative potential rises.

Courage and calm help us to create. The opposite of courage, fear, can
freeze our mind as surely as it can our body. When we worry about how our
thoughts will be received, rejected, or ridiculed, we have difficulty thinking
of new ideas. In times of fear, the traditional path seems the safe one. But if
we can free ourselves of the fear of what others think about us and if we can
strike strongly out on our own and let the chips fall where they may, we will
increase our creative fluency.
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BEGINNING TO CREATE
Brainstorming

Brainstorming allows the mind to flow from thought to thought, each idea
stimulating other ideas. All evaluation or censorship of these ideas is suspended,
thus helping the normal boundaries of thinking to dissolve, leading to more
creative and unconventional thinking.

Research on brainstorming (Mullen, Johnson, and Salas, 1991) finds that
it is more effectively done alone than with a group. Apparently, in a group
situation people are afraid that their novel ideas will be negatively evaluated
by the group, even though instructions prohibit negativity. Also, one per-
son’s idea may impede the flow of ideas of the other members. This happens
because each member in a group tends to think for a moment about the idea
just presented which, not being their idea, tends to stop their own natural
flow of ideas. Therefore, the group’s efficiency will be greater if the members
brainstorm alone and then return to the group with their solutions. The result-
ing larger number of ideas can then be evaluated by the group. If brainstorming
were applied to the topic “Ways to Market This Product,” answers such as
these might emerge:

Ways to Market This Product

direct mail take it to the schools
TV ads identify the trade association
magazine ads give it to certain leaders
radio ads go on talk shows
telemarketing put up billboards
retailing get the mothers involved
multi-level marketing create a web site
hire a skywriter hang posters on cows
door to door promotional balloons
give-away promotion get testimonials
Starbursting

Many difficulties come when you attempt to answer questions, without
forst discovering precisely what question it is which you desire to answer.

—G. E. MOORE, PHILOSOPHER

Although brainstorming can generate many effective and creative ideas, it
misses some of the larger parameters and assumptions that can come from a
different method, which we call starbursting. Starbursting focuses on a topic
and radiates outward with guestions. Here anything goes, any questions are
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legitimate, and the more the better. Starbursting begins by asking, “What
g : : g begins by asking,

are the questions?” Let’s apply starbursting to the same topic of marketing and

then compare these results to those of brainstorming:

Marketing: What Are the Questions?

Why market this product instead of another?

Do we want to market this product at all?

Is now the best time?

Why have we waited so long, and will we be faster next time?
Do we want to get more into the marketing business?

Will our company be stronger if we market this product?
Is this the right country for this product?

Why do humans market anyhow?

Do we market to sell or service our customers?

Who does marketing?

What is today’s technological marketplace?

Is human conversation disappearing from the marketplace?
Is marketing driven by greed?

Will our customers like this?

How globally appealing is this product?

Would I buy this myself?

From this list we see that starbursting can generate some unexpected ques-
tions. Although some of these questions are more philosophical than pro-
ductive, many of them make sound business sense. Looking at the two lists,
which one contains items that need to be considered early in the decision-
making process? Which one contains more specific results? Judging from these
lists, would it be wise to do starbursting or brainstorming first? These two cre-
ative tactics alone can generate enough work, fun, and ideas to free us when-
ever we feel closed or stifled.

Perhaps you are familiar with the Socratic teaching technique which uses
questioning to lead a student toward a conclusion. This method presumes that
the teacher knows the goal and that the student has enough knowledge to
process the questions. Unlike the Socratic method, starbursting does not use
leading questions that probe toward a specific solution. Whereas the Socratic
method may produce an answerer, starbursting may produce a questioner.

The difference between starbursting and Socratic questioning, both in
method and results, can be seen in two children walking the beach alongside
a set of dog tracks. The first was Socratically asked, “What made these tracks?”
and the answer was, “A dog or an animal.” The second child was asked the
wider, starburst question, “What are the questions?” At first there was a puz-
zled look on the child’s face, but after the question was repeated, the child
looked around and began asking guestions: “Why do the waves come in closer
here than over there? Why is the water greener over there? What made these
(referring to dog tracks)? Why are the tops of the waves white? What is this
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(referring to kelp)? Why did they put this here (referring to a breakwater)?”
Six questions! Instead of being Socratically led down one path, the second
child’s mind opened like a starburst. If continued through life, starbursting
can produce a person who has learned to question, to probe.

COAXING CREATIVITY

Perhaps creativity is slow because our confidence is weak. If creativity doesnt
flow, we can give it a nudge. With the process below, we will probably find
that we can coax creativity to come, even when we are in the doldrums of
the mind.

Step 1: Desire

To become more creative, we must want it. “To change a mind-set may be the
most difficult task a human being can undertake.” (Hurt, 1998, p. 41) Most
of us already would like to become more creative because it translates into
more ideas, sometimes more money, and usually more fun out of life.

Step 2: Knowledge and Skills

We have seen that everyone has the capability to create. But to create in a
specific field we first need knowledge. If we decided to carve a stone sculp-
ture and knew nothing about working with stone, we would not be success-
ful on our early tries. Fortunately, to create in the field of thinking we mainly
use language, and we already have sufficient language skills to create. As we
read more books our vocabulary and knowledge base grow and our creative
potential expands. More importantly, we are able to create—now.

Step 3: Edisonian Effort

Genius is one percent inspiration and ninety-nine percent perspiration.

—THOMAS EDISON

We hear so much about the spontaneous, serendipitous, heuristic, inspirational,
and almost accidental aspect of creativity that it sometimes seems out of our
control. The good news is that work can cause creativity to happen. At this point
enters the effort or “perspiration” of Thomas Edison. Known for his persistence,
he asserted that there is no substitute for hard work. He tried over a thousand
different filaments before he found one that burned bright enough and long
enough to be used in his light bulb. Like Edison, we can apply our skills and
begin to push, pull, bend, break, reverse, and spin them into newness. We can
take the data and fiddle, fidget, and fool around with them until something new
springs out. The activity below can help you to make creativity happen.
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THINKING ACTIVITY 7.3

Prepcreation
1. Pick a topic that needs some creative work.
2. Write down three or four headings for important parts of that topic. For instance,
if you were going to design an innovative course of study for students, your

headings might be:

Students Job Market Facilities Faculty

3. Make lists of anything that occurs to you under those topics. Keep each list in
a column on a narrow piece of paper, or cut the columns out neatly so you can
slide them up and down next to each other. Begin now by brainstorming a list
under “Students,” or the first topic you have selected.

4. Place a list of prepositions (such as these below) between any two of your lists,
aligning the items in the three lists.

above about around
after because before
between beyond below
beside down during
from for in front of
inside in into

near next next to
opposite outside out

5. Because prepositions show relationships, you can read possible relationships
between the elements you listed from left to right. For instance, taking the first
column of prepositions and inserting them between two lists of subtopics, you
might have a list like this:

Students above Job Market
majors after starting job
seniors between grad schools
honor beside corporation
commuters from small business
residents inside start a business
failing near hot field
bright opposite future field
(continued)
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THINKING ACTIVITY 7.3 (continued)
Prepcreation

Reading the relationships across we get:

e Take students above job market (give them an overview).

e Dick major after starting a job (work first, then decide which major to follow).

o Allow seniors between grad schools (perhaps allow the seniors to do a joint grad-
uate program at two close universities).

e Take the honor students beside the corporation (in something like a work-
study program, perhaps honor students could work on parallel projects with
a corporation).

* And so forth.

6. Shift one column so all the items slide up or down one notch. For instance, if
the preposition column is moved one line up, we get “students after the job
market” (survey or recruit students after they have been working a while). As
you can begin to see, the number of combinations is enormous. Lists can be
switched (left to right) and different lists inserted. Also, we can see that not all
combinations work, but if only a small percent of the combinations are suc-
cessful, the process can still yield a huge number of creative ideas.

From this activity we again see that creativity is bringing the old together
in new ways. It involves working the data, pushing it into another corner,
turning it over, forcing it together into its critical mass, pulling it apart into
new forms, and playing with it until it finds its creative form.

Think About It: ~ Coax or coerce? We have called this section “Coaxing Creativity,”
yet under “Edisonian Effort” we have talked about making creativity happen. In
this similar to forcing creativity? If so, is force antithetical to creativity?

Step 4: Fermentation and Insight

When creativity does not strike with lightning-like swiftness and our efforts
still do not satisfy our needs, sometimes we have to give the process time or
“sleep on it.” When we are driving, sipping a soft drink, dreaming, or day-
dreaming (in another class, of course), our mind seems to sit with the idea
and then, suddenly, as Einstein says, while we are eating an apple, the idea
appears. After the desire, the effort, and the fermentation comes the payoft:
Insight! Solution! Discovery!
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Step 5: Evaluation

As great as our idea may be, ultimately it needs to be shared and recognized,
if not in our lifetime, then by later generations; otherwise it remains valuable
and satisfying only to ourselves. As in the fourth step of the scientific method,
our ideas need to be validated; in this case, validation occurs through accep-
tance, through other ideas building on ours, and through the test of time.
We will discuss this process of validation more fully in chapter 13, “Evaluating.”

SUMMARY

We have looked at creativity as simply putting the old together in new ways;
basically, it is a metaphorical process. Creativity is not confined to the
Michelangelos; everyone can create, including ourselves. Hopefully, we have
discovered through some of the activities presented that we too can create. We
have seen how brainstorming and starbursting can boost creativity, and we
have followed a five-step process to coax creativity when the ideas do not read-
ily appear. Sometimes our creativity can generate an astonishing amount of
material, and creativity is involved continually in all areas of our thinking. In
the next chapter we will learn to organize that information.

Leonardo da Vinci

Although only nineteen paintings survive, da Vinci’s notebooks showed an enormously
creative and prolific thinker in action. True, his mind spawned more than his hands
could build, but he captured these thoughts in writing and in sketches. Not since
Archimedes has such a restless, questing mind asked so many questions and sought so
many answers.

CREATING THINKING CHALLENGES

1. Describe the most creative persons you know. What are their personal-
ity characteristics, living styles, and creating methods?

2. List the subject areas in which you feel comfortable creating. How do
you go about creating in these areas? Could you use some of those same
processes to create in other areas like painting or writing?

3. We “coerced” creativity by placing lists of words next to each other and
joining the words together. Can you find other ways to run ideas
together?

4. Be creative and think of a new metaphor for the way the brain works.
Some people think of the brain as having storage boxes or pigeonholes;
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10.

11.

one student described her brain as a bayou where ideas arose like steam.
Write a passage beginning with, “My mind works like . . .”

A “dynamic tranquility” in which we can relax but also remain alert is
an ideal state for creativity. As we relax we can begin to disassociate our
usual thoughts and let our mind roam freely. We can then assemble the
parts of our wandering thoughts into new structures. There are a num-
ber of techniques for relaxing, but for the moment, try the way that works
best for you and see if you can achieve a creative state. Then try to solve
a problem or let your mind brainstorm a topic and notice the results.

Try brainstorming for a solution: Mary is divorced, thirty years old,
mother of two sons, ages eleven and twelve. She lives in a three-bedroom
apartment in a large city. She works full-time at minimum wage and is
in a desperate financial situation, unable to pay the rent, credit card bills,
auto payments, insurance, and other usual living expenses. Using brain-
storming, come up with as many suggestions as you can to ease Mary’s
financial problems.

Try starbursting by asking, “What are the questions?” Pick any idea,
issue, or area in which you feel “stuck” and need some fresh ideas. Allow
your mind to range freely and ask any kind of question at all. Then
look at those questions and pick the ones you want to seek answers for.

Shown below is the result of creativity. We have constructed a mnemonic
device that covers some major points in this chapter to help us remem-
ber how to create. At any time in the thinking process when you find
yourself stuck, remember the “ELVES”:

E. Be at ease. Relax. Creativity will flow more easily.
L. Make /ists. Starburst and brainstorm.

V. Vary those lists between prepositions: prepcreate.
E. Eureka! Recognize and enjoy the insight.

S. Select from your creations; test them on others.

Take an area in which you wish to generate ideas and try the ELVES
steps above.

Create your own mnemonic device the next time you have to remem-
ber a list of items.

Because creativity always occurs in new and different ways, it is diffi-
cult to define; it’s hard to classify something new with old labels. If you
are interested in creativity, you may wish to take on the task of creatively
defining it.

Was Aristotle correct when he said that “there is nothing new under
the sun”? Can you think of new ideas and discoveries since the time of
Aristotle, over 2300 years ago? List them.
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8

Organizing

And what is organization but the connection of parts in and for a
whole.

—SAMUEL COLERIDGE, LECTURES

If we have just engaged in a prolific creative process, we may be overflowing
with jumbled bits of data. If we could organize these pieces, they might form
a stunning mosaic. In this chapter we look at different ways to form that
mosaic. If we can find basic orders that are in both the universe and our minds,
we can use those strong orders in our thinking. First, we look into the ori-
gins of order; then we consider the orders of place, time, similarity, and cause;
further, we look at some of the many logical orders that humans have cre-
ated; last, we apply a method of clustering, analyzing, and prioritizing to some
of the more important orders.

ORIGINS OF ORDER

Is the universe orderly? Do we call it cosmos or chaos? Or is order only in
our mind? Is our mind born with its own patterns of organization? Or does
our mind learn and reproduce patterns of order that it finds around it? Can
our mind create its own structures to fit its own needs?

Some powerful thinkers tell us that our mind is not born blank. Plato says
we have innate ideas, Kant says space and time are structures of the mind,
Hume says that cause and effect are the mind’s way of ordering reality, Jung
says we have archetypes that we share with other humans, and Chomsky says

119
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the mind has the natural ability to learn language and to produce and recognize
meaning. Although it would be difficult to verify what these innate struc-
tures are, the fact that the brain has general “territories” where certain data are
stored and where certain processes take place suggests that there are innate
structures. Our brain is prepared to receive and store sensory data, to retrieve
that data, and then to process and interpret that data in a higher, symbolical
manner of language.

NATURAL/MENTAL ORDERS

Much of the order within our mind seems to be learned from the natural order
of the universe. We first look briefly at four natural orders that appear to be
both in the universe and in our mind: topical order, analogical order, chrono-
logical order, and causal order. Later in this chapter we use these orders to help
us organize our thinking.

Topical Order

In the universe most things have their “natural” place, or topical order. Water
flows to its lowest level, lead sinks down, and helium balloons go up; planets
whirl in orbit as they and the sun pull toward each other in direct propor-
tion to their masses and inversely according to the square of their distances.
Even human-made objects are subject to this topical order. Long after the
Tower of Pisa leans over too far, the centered pyramids will stand. As we look
around we see this topical order, or order of place in the universe.

Analogical Order

All around us we see similarities: between a ball and a planet, a flower and a
tree, an apple and a cantaloupe, a mouse and a horse. The power of the mind
to recognize such similarities is the same metaphorical power that we discussed
in the chapters on creativity and language. This analogical order of insights
is found both in the world and in our mind.

Chronological Order

In the universe we observe change and we interpret it. We see day yield to
night, planets wheel around the sun, flowers bloom and die, and our bodies
grow and age. This change takes place through time; we see things changing
in sequence and we call this order of time chronological.
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Think About It:  What would our world be like without the chronological order?
How safe would it be? Consider the chronological sequence that pilots use before
[lying: preflight inspection, pre-ignition, ignition, running up the systems, pretakeoff,
takeoff, climbing, cruising, descending, prelanding, landing, after landing, secur-
ing air craft. Are we happy that pilots follow a strict chronological order? Are there
situations in which we should not follow a strict chronological order?

Causal Order

Behind these chronological changes we look for reasons. If we hear a loud
bang in the next room, we presume someone or some force caused the noise.
If a tree falls, we look for cuts, rot, shallow roots, wind, lightning, bulldozer
tracks, or the giant pileated woodpecker. Even when we see seemingly chaotic
patterns, we look for order. Eighty years ago a hurricane seemed like a disor-
ganized mess of terrible winds and waves. Now with air and satellite recon-
naissance we can spot the huge swirling vortex, understand the conditions of
heat and cold that spawn and feed it, and somewhat predict its direction and
duration.

Our experience (and perhaps matching structures in the brain) has taught
us that all changes have reasons; when we find the reasons we call them causes,
and the changes they produce, effects. We call this order causal.

THINKING ACTIVITY 8.1
Other Natural Orders?

When you look around you, do you see any other naturally occurring orders in the world
that are not human constructs? For instance, is the Darwinian idea of survival of the
fittest a natural order? Is the life form with the greater molecular complexity also higher
on the food chain? Can you identify any other orders?

THINKING ACTIVITY 8.2
The Order of the Elements

Dmitri Mendeleev placed the elements in rows and columns according to their atomic
weights, creating what would come to be called the periodic table. Presuming an orderly
universe, Mendeleev predicted that this same pattern would continue and the missing
elements would be discovered. Shortly thereafter, the three new elements gallium, ger-
manium, and scandium were discovered. These elements fitted Mendeleev’s descrip-
tion and behaved exactly as predicted. Does the periodic table help to confirm the
order in the universe? Which (one or more) of the four orders (more than one?) do you
think Mendeleev used?
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MENTAL ORDERS

The above four orders—topical, analogical, chronological, and causal—appear
to be both natural and mental; they are found in nature and are reflected in
our mind. Other orders that exist are mainly mental because they come largely
from human structures. These mental orders can be arbitrary, such as an alpha-
betical seating arrangement, or they can be logical, as when we decide to
store our valuables in different places according to their worth: diamonds go
in the safety deposit box, large sums go into the bank, big bucks go under
the mattress, daily living money goes in our dresser, spending money goes in
our wallet or purse, and change lies loose on the counter. That’s a logical order
developed by correlating the perceived value of the item with the perceived
safety of the location.

Thousands of mental orders have been developed, by carpenters, philoso-
phers, journalists, accountants, plumbers, lawyers, and so forth. These orders
are not totally disconnected from the natural physical orders around us. For
instance, when a plumber deals with gravity and permeability, the natural
order is strongly in effect; but when the plumber applies new methods of con-
necting and cleaning, the mental orders of cost and reliability come more into
play. And when the marketer deals with the four Ps—price, place, product,
and promotion—the mental order predominates over the natural.

Some professions have produced logical orders that have excellent appli-
cations in other professions. For instance, the journalistic categories (the five
Ws— who, what, where, when, and why) have broad applications for lawyers,
teachers, writers, detectives, marketers, historians, and so forth. A brilliant
professional lecturer who speaks ex rempore on many topics keeps his speech
organized and complete by following the five Ws in his mind. We too can
use this organizational pattern often and effectively to think, write, and read.
Journalists are trained to answer these five questions in their first paragraph.
Knowing this, if we wish to read fast and get a news summary, we need to
read only the lead paragraph of each article.

Another major order, the scientific order, or method, has multiple appli-
cations in manufacturing, business, cooking, and indeed in most processes
that work with empirical data. The four main steps of the scientific method
are so integral to thinking that we have treated each in a separate chapter:
observation correlates with our chapter on the senses, hypothesis with creativ-
ity, experimentation with action, and validation with evaluation.

Logic, with deductive and inductive reasoning as its supporting pillars,
is also an order so important that we have set aside an entire chapter on log-
ical thinking. Logical order is used continually in most fields of learning and
working. Although the premises change from field to field, we will see that
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this order of stating a premise, applying a particular, and then drawing a
conclusion is basic to much of our thinking,.

Planners often use a mental order that defines the objective, develops a
plan to achieve that objective, monitors progress, and adjusts the plan.

Some mental orders are mainly arbitrary. Different societies have based
their monetary standards upon seashells, copper, gold, or paper currency.
Different languages make use of different symbols in their alphabets, such as
the Roman or Chinese. For logical reasons we sometimes select an arbitrary
order such as the alphabet or a number sequence, or decide the order by a
flip of a coin.

Besides the mental orders found in groups, individuals also have their pat-
terns. For example, suppose a pitcher has only three kinds of pitches. When
does that pitcher tend to throw which pitch? In what quarter does an NBA
All Star usually score most of his points? Judging from the first test, what ques-
tions might the teacher ask on the second test?

THINKING ACTIVITY 8.3
Other Mental Orders

What are the orders relied upon by the following?

mechanics

teachers

manufacturers

homeowners

real estate agents

engineers

jewelers

computer programmers

students

nurses

journalists

scientists

mathematicians

marketers

Are any of these orders partially associated with the four natural orders? Are any of these
orders purely arbitrary?
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Clarity and Memory

Because we have found order in the universe around us and have seen that
we create it in society, we naturally expect to find it in our thinking. A struc-
ture in our mind makes sense of the universe, our solar system, the atom,
our society and even ourselves. What would our lives be like without a struc-
ture? Where would we arrive without a map? How would we assemble words
without the patterns of language? Organizing the pieces makes sense of the
puzzle. Organizing gives clarity to our thoughts. Even as we write this book,
we are struggling to give it an organizational format that offers clarity to the
reader. Clarity is needed and valued in writing and speaking. It adds to the
effectiveness of thinking and delivering our thoughts.

A clear structure also adds to the effectiveness of our memory. We are
greatly aided by a clear thesis presented up front in a textbook, speech, or
meeting, such as, “In this book we will cover three major topics.” Having these
major parts clearly distinguished and related prepares our mind to store ideas
in a related fashion, and to recall them when needed. Studies have shown
that if we memorize nonsense data they quickly disappear without constant
repetition, but if the data are organized and we understand what we are read-
ing or thinking about, it is easier to bring them back to memory. The recog-
nition and use of orders adds to our recall, efficiency, and clarity of thinking.
Organize.

Think over the orders that were just presented. In your home life, work,
and study, when do you use the predominantly natural orders: topical, chrono-
logical, analogical, and causal? When might you employ some of the major
mental orders such as the scientific method and the five Ws? Can you iden-
tify any of your own patterns and orders that you have developed to keep track
of things and ideas and to recall them and use them more efficiently?

STEPS IN ORGANIZING

When we need to make sense of information we have generated or received,
an effective three-step method is to cluster, analyze, and prioritize.

Clustering

Clustering is simply grouping. For example, let’s presume we have done star-
bursting and brainstorming on the issue of gun control and we are not sure
about how to handle the following data that we have generated (below). The
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first step is to look at the items and see which ones are similar to each other,
which items naturally belong together.

guns police gangs death
handguns protection freedom the innocent
rifles natl. defense control outlaw
register types of gun permits place
automatics  statistics crime Bill of Rights
drugs drive-bys sports hunting
training license survey criminals
fear stray bullets NRA urban/rural

Place the above items in groups that seem to fit. What kind of clusters
become apparent? If you experienced difficulty or spent more time cluster-
ing than you would like, here is one way to quickly cluster:

1. Look for similar items.

2. Give a general name to those similar items such as causes, people, results,
things.

3. Mark each item with a symbol for that cluster.

Following these three steps, you might label the clusters this way:
I = Instruments

S = Solutions to deal with issue
C = Causes, reasons

R = Results

P = People

[—guns P—police R/C/P—gangs  R/P—death
I—handguns C—protection ~ C/R/—freedom R/P—the innocent
[—rifles C—natl. defense S—control S—outlaw

S—register I—types of gun ~ S—permits S—place
[—automatics R—statistics C/R—crime C—Bill of Rights
C—drugs R—drive-bys C—sports C—hunting
S—training ~ S—Ilicense S—survey C/P/R-criminals
C/R—fear I—stray bullets P/C/R—NRA  ?—urban/rural
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When these items are clustered according to the categories above, they
form these groups:

Instruments  Solutions Results Causes People
guns register fear drugs police
handguns training statistics fear gangs
bullets license drive-byes hunting NRA
automatics control gangs natl. defense ~ death
types of gun  permits freedom gangs innocents
stray bullets survey crime freedom criminals
rifles outlaw NRA crime
place death sports
criminals innocents NRA
criminals Bill of Rights
protection
criminals
Analyzing

After clustering, the second step is to analyze both the clusters and the indi-
vidual items to determine whether we should omit any, add some new clus-
ters, keep them as they are, or change them. These choices are made as we
clarify our purpose in using these clusters. For instance, if we favor regulat-
ing the guns, we might want to add a new category “History” to show that
the authors of the Bill of Rights were speaking of the rural landscape of pio-
neer days when guns were indeed necessary, but that now the urban landscape
does not seem to justify guns. Or, if we do not favor regulation, we might
omit the “Solutions” cluster because most of these items deal with some kind
of regulation.

THINKING ACTIVITY 8.4
Analyzing the Clusters

Try analyzing the clusters for the issue of gun control according to your purpose. Are
you for or against the ownership of guns? Are you against ownership of all types of
guns or only handguns and automatic weapons? Do you want all guns or only certain
types of guns to be registered. Do you wish to see ownership limited to certain peo-
ple? Once you have clarified your purpose, think carefully through the clusters and
the items and add, subtract, and change them as necessary to support your purpose
and give a fair presentation of the other position. Do you need to do any research to
add to your knowledge?
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Once we have dealt with the larger question of which clusters to use, we
can analyze the particular items. Perhaps we wish to remove “automatics”
and “rifles” from the list of instruments and focus only on “handguns.” Perhaps
we want to add more results, such as cities or other countries that have tried
gun control legislation, or correlations between various controls and death
rates. Often we find that we need to do some research to fill in data that we
need to present a full position.

Prioritizing

Finally, we take the analyzed clusters and place them in an order; that is, we
prioritize them. This is equivalent to roughing out an outline. For instance,
how could we order the clusters above? Here are two possibilities:

I.  People: Who uses guns? Who kills? Who gets killed?
II.  Instruments: What kind of guns are we talking about?
ITI.  Results: What are the guns used for (the problem)?
IV. Causes: Why do people fear guns or want guns?
V. Solutions: What are possible ways to solve the problem?

I. Causes
A. Instruments
B. People
II.  Results
III. Methods

What are some other possibilities? Can you come up with another orga-
nization by changing the orders of the clusters? What determines the order?
Can you see a relationship between the parts, a relationship that explains
how that particular order coheres? Try to write out a “story” that links the
parts together and demonstrates the prioritizing principle involved.

USING THE ORDERS

Now that we have a method to sort, select, and organize our ideas, let’s apply
this method to some of the natural and mental orders we discussed at the
beginning of this chapter. For instance, look at this outline:
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I. Causes
A. Instruments
B. People
II. Results
III. Methods

We can see that the outline has a causal order. The cause and effect are
clear; the people and instruments are the causes and the results are the effects.

We use the chronological order when we want to tell what happened. If
we want to tell the history of gun ownership or describe some incidents that
occurred with or without guns, the chronological order fits fine. It is perhaps
the earliest of the orders, for it tells a story. Much of the first recorded litera-
ture of ancient cultures (such as Gilgamesh and the Homeric poems) is in epic
form, which is often a narrative describing the origin of the world and the
human race. If we imagine a scene far earlier than the advent of writing, we
can picture our ancestors around a fire telling a story of the hunt, of their
injuries and the one that got away.

We use the chronological order often. Journalists, news broadcasters,
and news magazine publishers live on it; investigators and prosecuting attor-
neys link guilt and innocence to it; researchers, archivists, and historians build
their reputations on it; writers of business reports, how-to manuals, and eco-
nomic forecasts make money from it; geologists, paleontologists, and arche-
ologists rigorously search for it; and we—teachers and students—use it
constantly. We use it when we answer questions such as, Where did you go?
What did you do on your trip? What were the last three jobs you held? What
schools did you go to? What are your plans?

Aristotle said everything has a beginning, middle, and end. Those basic,
chronological parts fit the megastructure of most writings which have an intro-
duction, body, and conclusion, but we do not always begin with the begin-
ning. Movies frequently make use of flashbacks, and the epic writers as well as
modern novelists often start 7z medias res, in the middle of the action. Often
in our thinking we see the core of the idea and even the end before the begin-
ning; as Pascal notes, “The last thing one settles in writing a book is what one
should put in first” (Trotter, 1958, p. 7). In our writing this principle works
well: write it first and then introduce what was written. Often our brilliant
introduction comes to mind while we are writing the body of our discourse.

Our organizing method of clustering, analyzing, and prioritizing works
quite simply with chronological order: stringing the data along a time line
automatically clusters and prioritizes them. Our main thinking task then is
to decide what to include and what to omit. We can turn to the chronolog-
ical order often and with confidence because it is both a natural and a men-
tal order, and it fits easily and naturally into what we already do well.
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Analogical order, being both a natural and a mental structure, has a com-
pelling power. We have looked at the force of analogies in the chapters on lan-
guage and creativity and briefly at the beginning of this chapter. The first
step of our organizing method, clustering, fits naturally with analogies. The
process of clustering, or grouping similarities, uses the same insight contained
in analogies: seeing likenesses. Likewise, the final step, prioritizing, superim-
poses an analogical structure upon the clusters; to do so, we have to call upon
our creativity and mix ideas together until we see the new structure. For
instance, Aristotle’s beginning, middle, and end as the three parts of a dis-
course (introduction, body, conclusion) are analogous to a hook, arrow, and
anchor. The hook, or the introduction, catches the attention of the audi-
ence, then the arrow delivers the message to the target audience, and finally
the anchor firmly fixes the conclusion in the mind. A hook, arrow, and anchor
is a powerful, analogical, memorable packaging of the chronologically first,
second, and third.

Analogical structures have exerted power through the ages. Our youth
and old age have been compared to spring and winter, to a sunrise and sun-
set; and the totality of our life has been compared to a five act play. Here’s
how two students used forest analogies to animate and structure their writings:

I ran into the woods to chase her out of my mind. The last shim-
mering light glowed off the yellow, fall leaves. The landscape was
intoxicating like a fine brandy. I sat silently, wandering the dark cor-
ridors of inner consciousness, reflecting on our past three years. The
memories of her hung heavily on my heart. I sifted through them one
last time, returned them to the dark corridors, and walked from the
woods free.

They had surrounded us. Tall silent wooden sentinels, protecting what
was left of their world. They pointed their long bony broken fingers
at everyone. And the wind cried for them.

Their beautiful uniforms of green, gold, and orange, forever gone.
No longer admired for their beauty, they hung their limbs in shame.
No mask can hide the reality of their detestation. And the wind cried
for them.

The scorched earth pulled away from their feet, adding to their
indignity. Their hold on life was gone. We looked, and shook our
heads. And the wind cried for us all.
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A structure built on an analogy will work for most communication situ-
ations. It is often worth our time to find a central analogy that fits the audi-
ence and then develop it. We can call such an analogy a “seminal structural
analogy.” This seedling analogy will grow a clear structure as we write, much
like the acorn contains the DNA of the oak. Here is an example of the struc-
turing power of a seminal analogy. Given the title, “My Emotional Mansion,”
a student wrote:

You can drive by my emotional mansion but I'm sorry, you cant come
in today. My walls are built of sturdy brick that stand too tall to get
in or around. I have too much fear so I built these walls for my pro-
tection. What’s inside that I want to hide? My fears, anger, and trust.

My fears are in the first room as you would walk in, if only I
would let you. The room is filled with sadness. Pictures of children
with sadness in their hearts. A lost puppy, curled tightly in a corner
of the room. Gloom in the air, no sunlight is allowed in here.

If you were to have walked through the hall you would see a room
set off to the right. It’s locked most of the time for everyone’s pro-
tection. That is my anger room. Many times of the day you can feel
explosions vibrate through this room. No windows or lights needed.
The flames from the burning pit are set in the middle of the room.
Pots, pans, glasses, plates, books, all fly through the air from one
side of the room to another. We will not go in there right now. You
just might get hurt.

There is one more room. It’s around the corner, down the hall,
and to the left. This room has double glass windows with bars cross-
ing the front. Three locks protect this room. Everything in it is locked
and chained down. My furniture, my lights, and even a drinking glass
has a chain around it. It’s my trust room. As you can see I really
trust everyone with all my possessions in this wonderful room of mine.
I don't spend much time in here because I don’t have to worry when
no one else is here.

I did once have a happy room. It’s somewhere here in my man-
sion but I guess I lost it. I remember that at one time I did spend a
lot of time in here, but it’s so long ago, I forgot where it’s at and
what it looks like.

So as I said, I'm sorry, you can’t come in today.

This piece was written ex tempore in class in about ten minutes. It flowed
out spontaneously in this form with only a few (corrected) misspellings. The
writer produced it easily because the central analogy between the inner self
and private house provided an appropriate structure. This house analogy taps
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THINKING ACTIVITY 8.5
Creating a Seminal Structural Analogy

If you want to try your response to the title “My Emotional Mansion” (which is almost
guaranteed to produce great papers), begin by writing the opening line “Welcome to
my emotional mansion.” Then develop a different emotion in each room; for instance,
the attic could be your thinking or private room, the basement your anger room, a
locked closet your fear room, and so forth. On a blank piece of paper, begin writing
rather rapidly without worrying about how the words come out.

the essential power of language and provides structural clarity and original-
ity, and the emotions add an honest personal tone.

The effectiveness of analogical order is clear. It helps us to understand
similarities and the differences. It draws on the analogical power existing in
nature, which is reflected in our language and perhaps in the function of our
mind, and it communicates forcefully.

Topical order works well with description. It too was probably developed
prehistorically. We can again imagine our ancestors returning from a forage
and describing some trees with huge globes of fruit that they found in a val-
ley by a stream four hills away. Topical order aids description because objects
and places have physical dimension. In describing an object or place we might
move from top to bottom, right to left, north to south, little to big, and so
forth. Topical orders are used by architects, surveyors, sculptors, astronomers,
geologists, farmers, engineers, mechanics, bus drivers, community developers,
truck drivers, and many others.

Students also use topical order when they wish to describe. Here is a stu-
dent’s descriptive paper that uses the topical method (along with some bril-
liant analogies). The topical order can be seen in the first two paragraphs.

Curtain Call

Over the lake the lightning was dancing across the black horizon.
Sometimes it was just a quick little jig, other times it was a delicate
waltz. It started at the northern end of the sky and jitterbugged its
way towards center stage.

The rain stopped, but a heavy curtain of clouds still hung over
the inky water. Bolts of electricity still flashed beyond the thunder-
heads.

Who had choreographed this brilliant display of power? Why had
I gotten front row seats? Who else was in the audience, and were they
also longing to leap out of their seats for a standing ovation?

A tribute was due, but to whom?
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As with the other orders, we can apply the process of clustering, analyz-
ing, and prioritizing to the topical order. If we are attempting to describe,
say, a Colorado mountain campsite, we might cluster our list of details into
trees, camping equipment, rocks, lakes and streams, mountain peaks, glaci-
ers. We would then analyze what we wished to keep, add, delete, or change.
Then we would prioritize our list, perhaps arranging the details of the scene
from top to bottom: the mountain peaks, the snow, the rocks, the timber,
the lakes and streams, our campsite, and our tent.

Like chronological order, topical order is fundamental; both time and
space (place) are basic constructs of the world, of science, and of our think-
ing. Arranging things, ideas, and words in an orderly fashion allows our think-
ing to progress solidly and clearly.

SUMMARY

Some people find working with details and exact placement of parts exhila-
rating. Others find the task of organizing rather boring. For both of these
groups this look at organizing our thinking can add satisfaction and excite-
ment. We have searched for and found basic organizational patterns in the
universe as well as in our mind. These strong orders are the chronological,
analogical, causal, and topical. We have looked at these orders of time, space,
analogy, and cause and have stressed choosing one of these orders rather than
an arbitrary order whenever possible. We have also seen that there are pow-
erful mental orders such as the scientific method and the five Ws of journal-
ists; additionally, many other orders operate in specific professions. Finally,
to deal with the data generated, we can apply our organizing method and clus-
ter, analyze, and prioritize.

ORGANIZING CHALLENGES

1. What orders are found in the following?
a formal speech
a dictionary
a library
an encyclopedia
a usual textbook
2. What kind of orders are found in a business that uses these items?
card files
data bases
spreadsheets

sales reports
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11.
12.

13.

14.

15.
16.

Do you think your mind is born with organizing structures, or do you
discover them, learn them, or create them?

How would you organize these items: lion cub, animal, horse, lion, wolf,
cow, calf? Why? What were your principles of organization? How did
you find those principles? Is another organization possible?

Can you develop other seminal structural analogies? Try substituting
other words for “mansion” in “My Emotional Mansion.” Then substi-
tuting words for “emotional.” Try to develop one in your major field of
study.

Why are the journalistic categories—who, what, where, when, and
why—so useful? Could you use this pattern to organize a paper you
might want to write?

. Take two or three occupations you are interested in and try to identify

some of the logical orders that operate within them.

Do any of the logical orders from one professional field also work in any
other field? Can you identify the most useful orders or the master models?

What is the order of geometry?

. When historians ask questions about an author’s sources, dates, authen-

ticity, and motives, what kind of orders are they using?
What is the major organizational principle for marketing?

When a real estate agent tries to price a house, what is the order behind
the pricing?

What books do you know that are well organized? You might want to
look at books by Thomas Aquinas and John Henry Newman as two
thinkers who present their ideas with optimum structural clarity.

How do you use some of the basic orders in your life? Think about
how you arrange your house, your work space, or your study area.

Are there domestic orders? In our dresser, where is that other sock?

We have stated that there is a causal order. The theory of chaos has
received a great deal of attention in the sciences (see Chaos by James
Gleick) and in a different form in the business world (see 7hriving on
Chaos by Tom Peters). Do some formal research in this area, or analyze
your own experience. Do you experience chaos in the world around you?
Is chaos contradictory to order?

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



0-536-80589-X

9

Logical Thinking

If we reason it is not because we like to, but because we must.

—WILL DURANT, THE MANSIONS OF PHILOSOPHY

Thinking logically and identifying reasoning fallacies in one’s own and in oth-
ers thinking is the heart of critical thinking. In this chapter we examine the
basic rudiments of both deductive and inductive logic. We explore deductive
logic primarily through its basic form, the syllogism, and look at various
ways in which people err in deductive thinking. Deductive logic is then dis-
tinguished from inductive reasoning, which is presented with its own set of
inductive thinking errors. Finally, we look at some other common reasoning
fallacies. Because this chapter treats material that is at the very heart of think-
ing itself, we spend more time addressing this information. You will find this
chapter to be longer and perhaps more difficult than the others. But patient
effort will pay off handsomely in your ability to become a more careful and
independent thinker.

DEDUCTIVE THINKING: THE SYLLOGISM

Deductive thinking is the kind of reasoning that begins with two or more
premises and derives a conclusion that must follow from those premises. The
basic form of deductive thinking is the syllogism. An example of a syllogism
follows:

134

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



0-536-80589-X

Categorical Syllogisms 135

All massive bodies that circle a star are planets.
The earth is a massive body that circles a star.
Therefore, the earth is a planet.

Usually our thinking is not as formal as this but takes on a shorter form:
“Because the earth is massive and circles the sun, it is a planet.” To understand
the logic behind our shortened thought, we need to understand the struc-
ture that supports it: the syllogism. A syllogism is a three-step form of rea-
soning which has two premises and a conclusion. (Premises are statements
that serve as the basis or ground of a conclusion.) Not all syllogisms are alike.
We will look at three types: the categorical, the hypothetical, and the
disjunctive.

CATEGORICAL SYLLOGISMS

The classic example of a categorical syllogism comes from the philosopher
Socrates. Updated for gender, it goes as follows:

MAJOR—AIl human beings are mortal.
MINOR—Ann is a human being.
CONCL—Therefore, Ann is mortal.

We can see that categorical syllogisms categorize. In the example above
“human beings” are put in the “mortal” category. “Ann” is in the “human
being” category. And in the last statement “Ann” is in the “mortal” category.
If the first line of the syllogism above read, “Some human beings are mor-
tal,” then only some human beings would be in the “mortal” category.

A categorical syllogism is a form of argument that contains statements
(called categorical propositions) that either affirm or deny that a subject is a
member of a certain class (category) or has a certain property. For example,
“Toby is a cat” is a categorical statement because it affirms that Toby (the
subject) is a member of a c/ass of animals called “cats.” “Toby is brown” affirms
that Toby has a properzy of brownness. Similarly, “Toby is not a cat” and “Toby
is not brown” are categorical statements because they deny that Toby has the
property of brownness and that Toby belongs to a class of animals called “cats.”
All valid syllogisms must have at least one affirmative premise.

In the standard form of a categorical syllogism, the major premise always
appears first. It contains the “major” term (in this case “mortal”), which is
the term that appears as the predicate in the conclusion:

MAJOR—AIl human beings are mortal.
MINOR—Ann is a human being,.
CONCL—Therefore, Ann is mortal.
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What is a predicate? It is simply the property or class being assigned to
the subject in the last line. In our example above, the subject in the last line
is Ann, and the property of Ann is that she is “mortal.” If a syllogism con-
cluded with the words “Robert is intelligent,” then “intelligent” would be
the predicate because in this sentence it is the property of the subject, “Robert.”
“Intelligent” is also the major term and would appear in the first (or major)
premise:

MAJOR—Our students are intelligent.
MINOR—Robert is one of our students.
CONCL—Therefore, Robert is intelligent.

Let’s look at the other parts of the syllogism and see how they combine
to form a valid argument. The minor premise introduces the minor term (in
our examples, “Ann” and “Robert”).

MAJOR—AIl human beings are mortal.
MINOR—Ann is a human being.
CONCL—Therefore, Ann is mortal.

MAJOR—Our students are intelligent.
MINOR—ROobert is one of our students.
CONCL—Therefore, Robert is intelligent.

The minor premise makes a connection between the minor term and
the major term. It makes this connection through the “middle term,” which
then disappears in the conclusion:

MAJOR—AIl human beings are mortal.
MINOR—Ann is a human being.
CONCL—Therefore, Ann is mortal.

MAJOR—Our students are intelligent.
MINOR—ROobert is one of our students.
CONCL—Therefore, Robert is intelligent.

The minor term then becomes the subject of the concluding premise:

MAJOR—AIl human beings are mortal.
MINOR—Ann is a human being.
CONCL—Therefore, Ann is mortal.
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MAJOR—AI of our students are intelligent.
MINOR—Robert is one of our students.
CONCL—Therefore, Robert is intelligent.

The diagram below summarizes the parts of the syllogism discussed in
this section.

(middle term)
does not appear in concusion

major premise —» all human beings are mortal.

0

(major term)
appears as predicate in conclusion

minor term
in subject in conclusion

minor premise —» Ann is a human being.

}

(middle term)
does not appear in conclusion

conclusion —» Therefore, Ann is mortal.

b

(subject) (predicate)

Three Kinds of Propositions

You may have noticed by now that some of the premises refer to all members
of a class, as in “All humans are mortal.” These kinds of propositions are called
universal propositions. They may also take the obverse form, “/No humans are
immortal” or simply “Humans are mortal,” when the statement implies “all
humans.” All syllogisms must have at least one universal premise. The syllo-
gisms above have only one universal premise, but two universals are also
allowed:

All students are human beings.
All people who attend classes are students.
Therefore, all people who attend classes are human beings.
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It is important to note that in modern logic, universal propositions do
not imply that the subject actually exists—only that 7f the subject exists, it
would have the characteristics of the predicate. Thus, “All dibberdillies are
red” does not imply that dibberdillies exist, but only that if they do, they would
be red. Of course, in our everyday use of logic, we usually know that at least
one member of the subject exists, as in “All students are human beings.”

The other two kinds of propositions are particular and singular. Particular
propositions refer to some members of a class, as in “Some humans are female.”
In logic, some means “at least one.” “Some humans are female” means that at
least one human is female. In logic, some also leaves open the possibility that
all members share the predicated characteristic. In other words, “Some
dinosaurs were cold-blooded” leaves open the possibility that we might later
find out that all dinosaurs were cold-blooded.

Singular propositions refer to only one member of a class. The state-
ment “Robert is one of our students” is a singular proposition.

Four Figures

In the diagram on page 137, the middle term appears as the subject of the
first premise and as the predicate of the second premise. This is one of four
possible variations, or figures, of the categorical syllogism called figure one. In
the other variations the placements of the major, minor, and middle terms are
different. Therefore, we cannot, for example, identify the major term simply
as the predicate of the first premise and the minor term as the subject of the
second premise; this is not always the case, although the major term appears
in the first premise as a general rule in writing syllogisms. The four figures of
the syllogism are presented below. S stands for the subject of the conclusion
(which is the minor term), P stands for the predicate of the conclusion (which
is the major term), and M stands for the middle term (which never appears
in the conclusion).

Figure 1: All NBA players are people making a good salary.
Jones is an NBA player.
Therefore, Jones is a person making a good salary.
All Christians are believers in God.
No atheists are believers in God.

Figure 2:

Therefore, no atheists are Christians.
Figure 3: Some teachers are wise.
All teachers are educated people.

Therefore, some educated people are wise.

No basketball is a football.

All footballs are things to be kicked.

Therefore, some things to be kicked are not basketballs.

Figure 4:
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1.

10.

THINKING ACTIVITY 9.1

Drawing the Conclusion

In the following syllogisms only the premises are provided. Test your natural deduc-
tive thinking ability by attempting to draw the conclusion for each syllogism. You
may not agree with the premises or with the conclusions, but given these premises,
what conclusions follow? For some of these syllogisms there is no conclusion that can
be derived from the premises. Later, you learn ways to analyze a syllogism to make a
task like this one easier. For now, consider it a fun activity.

All theories that are not good are theories that will be abandoned.
Some ethical theories are theories that are not good.

Therefore,

. No nonhuman animals are moral creatures.

All furry creatures are nonhuman animals.

Therefore,

Some sports enthusiasts are people who love football.
All sports enthusiasts are conscious creatures.

Therefore,

All dillies are bobbers.
No thingamajigs are bobbers.
Therefore,

. No human being is a person who is perfect.

All highly creative beings are human beings.
Therefore,

All galaxies have stars.
Some stars have planets.

Therefore,

All nature’s creatures are creatures that have a right to live.
All fetuses are nature’s creatures.

Therefore,

. No creatures without a brain are creatures that can experience pain.
Only creatures that experience pain are creatures that have a right to life.

Therefore,

Some books are things that are full of information.
Some things that are full of information are worth reading.

Therefore,

All mean people are creatures that are not pleasant.
Only creatures that are not pleasant are creatures that will be disliked.

Therefore,
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1.

THINKING ACTIVITY 9.2
Finding Terms and Figures

Identify the major, minor, and middle terms for each syllogism below. Then go back
and identify the figure for each syllogism.

No cute creatures are creatures that have scary faces.
Some rodents are cute creatures.
Therefore, some rodents are not creatures that have scary faces.

Major term:

Minor term:

Middle term:
Figure no:

Some Americans are patriotic citizens.
All Americans are people who love apple pie.
Therefore, some people who love apple pie are patriotic citizens.

Major term:

Minor term:

Middle term:
Figure no:

No cloudy days are cherished days.
All rainy days are cloudy days.
Therefore, no rainy days are cherished days.

Major term:

Minor term:

Middle term:
Figure no:

All people are mortal.
No angels are mortal.
Therefore, no angels are people.

Major term:

Minor term:

Middle term:
Figure no:

All human beings are self-conscious creatures.
All self-conscious creatures are creatures that fear dying.
Therefore, some creatures that fear dying are human beings.

Major term:
Minor term:
Middle term:

Figure no:
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Validity of Categorical Syllogisms

All of the syllogisms above are valid (except for some of those in Activity
9.1). By valid we mean that the argument, which is the reasoning from premises
to a conclusion, is accurate. Arguments can be valid or invalid, but not true
or false (only premises and conclusions are true or false). An argument can
be valid even if it contains false premises and a false conclusion. Conversely,
it is possible to have an invalid argument with true premises and a true con-
clusion. Let’s examine these possibilities in the following syllogisms.

All men are intelligent.
Andy is a man.
Therefore, Andy is intelligent.

In the above syllogism the major premise is false because not all men are intel-
ligent. Nonetheless, the syllogism is valid because the reasoning is correct: 7f’
the premises were true, then the conclusion would have to be true. In this way
a valid syllogism can yield a false conclusion.

It is important to note that the conclusion of a valid syllogism with false
premises could still be true, but coincidentally, and not because of the premises:

All redheads are aggressive.
Mary is a redhead.
Therefore, Mary is aggressive.

The above syllogism is valid, but the first premise is obviously false. And if
Mary happens to be an aggressive blonde, instead of a redhead, then both of
the premises are false and yet the conclusion would coincidentally be true.

Let’s now look at a syllogism that is invalid but has true premises and even
a true conclusion:

Some animals are brown.
All dogs are animals.
Therefore, some dogs are brown.

In this syllogism each premise is true and the conclusion is true, yet the syl-
logism is invalid; the argument is not constructed so that the conclusion can
be derived from the premises.

The goal of a good thinker is to develop syllogisms that have both true
premises and validity. When we have a valid syllogism with true premises we
have what is called a sound argument. In sound arguments the conclusion must
be true—and therein lies the beauty and usefulness of the syllogism.
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THINKING ACTIVITY 9.3
Identifying Valid Categorical Syllogisms

There are many valid forms of categorical syllogisms. They are often expressed using
the letters X, Y, and Z. These letters are substitutions for syllogistic expressions about
subjects, properties, and classes. For example, “No X are Y” would be the expression
for “No rich ladies are drivers of Ford Pintos.” Carefully examine the four forms of cat-
egorical syllogisms below. Which ones do you think are valid?

1. Some X are not Z.
All X are Y.

Therefore, some Y are not Z.

2. Some X are Z.
All X are Y.

Therefore, some Y are Z.

3. NoXareY.
All Z are X.
Therefore, no Z are Y.

4. Some Z are X.
No X are Y.
Therefore, some Y are not Z.

THINKING ACTIVITY 9.4
Using Venn Diagrams

One way to test the validity of a syllogism is to diagram the two premises. If the syl-
logism is valid, then the conclusion is found in the diagram of the premises. If the con-
clusion is not evident in the diagram, the syllogism’s conclusion cannot be supported
by the premises and the syllogism is deemed invalid. A good way to diagram a syllo-
gism is to use the system developed by John Venn. A Venn diagram uses three inter-
secting circles, one for the subject (S) of the conclusion (the minor term), one for the
predicate (P) of the conclusion (the major term), and one for the middle term (M),
which does not appear in the conclusion. To practice this technique, we will use the
following simple syllogism:

No cats (M) are dogs (P).
Some animals (S) are cats (M).
Therefore, some animals (S) are not dogs (P).
(continued)
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Thinking Activity 9.4 (continued)
Using Venn Diagrams

Begin by drawing the three circles in the following manner:

5 P
{Animals) (Dogs)

Diagram
A

M
(Cats)

Shading an area of a circle means that there are 70 entities in that shaded area or
classification. Therefore, we would illustrate the first premise, “No cats are dogs,” by
shading out the space shared by the cat and dog circles, as in diagram A-2. This indi-
cates that there are no cats that are also dogs.

L P
(Animals) (Dogs)

Vann
Diagram
A2

M
(Cats)

Placing an X in an area means that there is at least one entity in that class; the X
is used to represent particular statements. The X cannot be placed in a shaded area
because it would lead to a contradiction. Thus, we would diagram the second premise,
“Some animals are cats,” as in diagram A-3.

(continued)
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Thinking Activity 9.4 (continued)
Using Venn Diagrams

s P
{Animals) {Dogs)

Venn
Diagram
A3

M
{Cats)

Now we look to see if the conclusion, “Some animals are not dogs,” is represented
in our diagram. In this case we find an X in the animal circle and outside the dog cir-
cle, indicating that there are some animals (which are cats) that are not dogs. Because
the conclusion is represented in our diagram of the first two premises, our syllogism
is valid.

Sometimes when we diagram particular statements, the X could go in either of
two areas. In that case we put the X on the line dividing the two areas, which means
that in at least one of those areas there is an entity, but we don’t yet know in which
one. Diagramming the following syllogism illustrates this process.

Some fortunate people are wealthy.
All fortunate people are earthlings.
Therefore, some earthlings are wealthy.

The first premise, “Some fortunate people are wealthy,” is diagrammed by putting
an X in the space shared by the two circles representing “fortunate” and “wealthy.”
But since that space is divided into two sections, and since we do not yet have enough
information to tell us in which section(s) the X should go, we place it on the line, as
indicated in diagram A-4, indicating that there is an entity in at least one of the adja-
cent areas.

(continued)
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Thinking Activity 9.4 (continued)
Using Venn Diagrams

]
|Eanthlings) (Wealithy)

Venn
Diagram
A4

M
(Fortunate Peopla)

The second premise, “All fortunate people are earthlings,” leads us to shade in
one of those areas. We are then forced to put the X in the only alternative space left,
as shown in diagram A-5.

P
(Earthiings) (Wealthy)

Venn

Diagram
A5

M
(Fortunate Paople)

Checking the conclusion, “Some earthlings are wealthy,” we find it expressed in

our diagram. Thus the syllogism is valid. But remember, a Venn diagram only illus-
trates the validity of a syllogism; it does not test the truthfulness of its premises.

(continued)
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Thinking Activity 9.4 (continued)
Using Venn Diagrams

Let’s look at one more example, this time using an invalid syllogism:
All college students are brilliant people.

Some elderly people are college students.
Therefore, all elderly people are brilliant people.

S P
(Elderly People) {Brilliant People})

Venn
Diagram
A-6

M
(College Students)

In Venn diagram A-6 we diagram the first premise, “All college students are bril-
liant people,” by shading out portions of the college student circle so that all college
students must fall in the brilliant category. (Remember, an area that has been shaded
has no entities.) The second premise, “Some elderly people are college students,” is
indicated by placing an X in the only area that allows for elderly people to also be col-
lege students. We can now see that our syllogism is 7oz valid. The conclusion of the
syllogism, “All elderly people are brilliant people,” is not apparent in the diagram. If
it were, the largest area of the elderly people circle, the area that allows for elderly
people to be outside the brilliant people circle, would be shaded. Since it is not, it leaves
open the possibility that some elderly people exist outside the brilliant people circle.

We must be careful when diagramming syllogisms that have a conclusion that is
particular but premises that are universal. Some of these syllogisms are valid, but X,
which usually indicates particular statements, will not appear in the diagram. However,
a careful look at these diagrams will show that if we assume that the subject of each
universal premise exists, then the conclusion will be found in the diagram if the syl-
logism is valid. Try diagramming syllogism 5 in Thinking Activity 9.2, which is an
example of this kind of syllogism.

Now diagram syllogisms 1-4 in Thinking Activity 9.3 to check your assessment
of which are valid and which are not.
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ENTHYMEMES AND SYLLOGISMS IN EVERYDAY LIFE

We use categorical syllogisms all the time, but often they are in a shortened
form called an enthymeme. An enthymeme is a syllogism with an implied
premise or conclusion, one that is not explicitly stated. Consider the follow-
ing: “I'm a minority, so I'll never get this job.” We have one premise (I'm a
minority) and one conclusion (I'll never get this job). The missing premise is
“No minority will get this job.” The implied syllogism looks like this:

No minority will be a person who will get this job.
I am a minority.
Therefore, I am not a person who will get this job.

Let’s look at some more examples of the complete syllogism that is implied
in the shorter enthymeme:

“He’s the president, so he deserves respect!”
All presidents are people who deserve respect.
He is a president.
Therefore, he is a person who deserves respect.

“We trust you; you're a teacher.”
All teachers are people who can be trusted.
You are a teacher.
Therefore, you are a person who can be trusted.

“He’s a dentist. I'll bet he’s got a lot of money!”
All dentists are people who have a lot of money.
He is a dentist.
Therefore, he is a person who has a lot of money.

When enthymemes and their missing premise are laid out in a formal syl-
logism, we can more clearly see any thinking errors that may be occurring.
For example, in the syllogisms above, we can see that the premises contain-
ing the word “all” are not true.

Using enthymemes is common. And if they are stated in the order of
premise and then conclusion, the implied syllogism is not difficult to see.
But in colloquial speech our premises are often hidden, and we sometimes
state conclusions first, and then we state our premise or premises. This can
make the underlying syllogism more difficult to find. Let’s consider some
examples of syllogisms hidden in common language:

ANDREW: That new manager at Wal-Mart is hard to work for. Maybe I

ought to think about quitting my job there and moving on.
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MARK: I thought you said yesterday that you looked forward to work-
ing with someone new. Besides, I didn’t think you had met
the new manager yet.

ANDREW: I didn’t. But someone said it’s a woman who has been hired
for the position, and you know how women are.

This argument takes the following syllogistic form:

All female managers are hard to work with.
(All X’s are Y’s.)
The new manager is a female.
(Z is an X.)
Therefore, the new manager is hard to work with.

(Therefore, Z isa Y.)

We should note that although the above syllogism is valid, because the
conclusion is derived from the premises, the conclusion cannot be consid-
ered to be conclusively true because at least one of the premises is not true.
In this example, the major premise that states that all female managers are
hard to work with is based on an erroneous stereotype.

Sometimes our deductive thinking involves more than two premises and
one conclusion. In these cases we can generally form additional syllogisms,
with the conclusion of one syllogism serving as a premise for the next one.
To illustrate how common arguments have more than one premise and form
two or more syllogisms, consider the following argument:

ISAAC: I'd be worried about living next to those new neighbors of
yours.

ROBERT: Why is that?

ISAAC: They're the kind that make noise, rough stuff, you know? I
mean, you could even get shot!

ROBERT: Isaac, what are you talking about?

ISAAC: Didn’t you see them? Their car! Their clothes! The car has
got to be twenty years old. And their clothes look like they
came from the seventies. Are you blind? They’re obviously
on welfare. Yea, I'd move if I were you. Can’t trust that bunch!

The first syllogism in the above argument goes as follows:

All people who drive old cars and wear old clothes are on welfare (premise 1).
Robert’s neighbors drive an old car and wear old clothes (premise 2).
Therefore, Robert’s neighbors are on welfare.
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We have made one categorical syllogism out of the above argument. But
the argument continues to assert that these people are dangerous. The way
the argument proceeds is by making the conclusion of the first syllogism the
minor premise of the next syllogism:

All people on welfare make noise, engage in rough behavior, and shoot
people (premise 3).

Robert’s neighbors are on welfare (premise 4 and conclusion above).

Therefore, Robert’s neighbors will make noise, engage in rough behav-
ior, and shoot people.

The above argument has four premises and forms two syllogisms with two
premises and one conclusion each. For the final conclusion to be conclu-
sively true, all premises in both syllogisms must be true. In this example premise
1 is false, which forbids the conclusion of the first syllogism from being con-
clusively true. Because this conclusion has questionable truth value and is also
the fourth premise, the fourth premise could easily be false. Of course, the
third premise is certainly false, expressing nothing more than an inaccurate
stereotype. Only one premise would have to be false for the final conclusion
of this argument to be false. In this case there are actually two or three false
premises.

Let’s look at one more example of hidden, multiple syllogisms in com-
mon parlance:

JOB INTERVIEWER 1: Tony’s our next candidate.
JOB INTERVIEWER 2:  You can interview this guy. It’s a waste of my time.

JOB INTERVIEWER 1:  Why do you say that? Do you know something I
don’? His resume looks okay.

JOB INTERVIEWER 2: Look at his school record.

JOB INTERVIEWER 1: Came from a good school. Straight A’s.

JOB INTERVIEWER 2:  Yea, straight A's—a regular geek.

JOB INTERVIEWER 1: What's that got to do with anything?

JOB INTERVIEWER 2: Geeks don’t work out here. We've tried ‘em before.

The first syllogism in the above conversation attempts to argue that Tony is
a geek. It does so through an enthymeme. The missing premise is “Everyone
who got straight A’s is a geek.” The first syllogism takes this form:

Everyone who got straight A’s is a geek.
Tony is a person who got straight A’.
Therefore, Tony is a geek.
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The last sentence in the conversation is not a conclusion, but a premise
in the second syllogism: “Geeks don’t work out here,” meaning “Geeks don’t
work out in this company.” When we add the conclusion of the first premise,

“Tony is a Geek,” we get the second syllogism with the final conclusion.

Geeks don't work out in this company.
Tony is a geek.
Therefore, Tony won’t work out in this company.

Again, even though the two syllogisms are valid, the final conclusion 7may be
false if we can find an erroneous premise in either syllogism. If “geek” means
a strange and eccentric person, then the first premise in the first syllogism

can certainly be challenged.

SANDY:

CAROLYN:
SANDY:
CAROLYN:

SANDY:

CAROLYN:

SANDY:

CAROLYN:
SANDY:

CAROLYN:
SANDY:

CAROLYN:
SANDY:

THINKING ACTIVITY 9.5
Finding Multiple Syllogisms and False Premises
In the following discussion there are three categorical syllogisms leading to the con-

clusion that Ellen deserves what she gets. Can you find them? Are there any false premises
in these syllogisms?

Say, I heard that your neighbor Ellen lost all her money to some con artist.
Is that true?

Yes, poor girl. Fifty years of savings down the tube like that!
Did they catch the person?
No, I guess they haven't got a clue. She’ll never see her money again.

Oh well, I wouldn't feel too sorry for her. She’s so naive, you know; she
deserves it!

I don’t know why you say that. Just because someone gets taken in by a
con artist doesn’t mean that they are necessarily naive.

I agree, but she does belong to that cult located outside of town, doesn’t
she?

Yes.

Well, . . . like I said, naive! And if you ask me, naive people deserve what
they get.

How do you figure that?

Look, Carolyn, the way I figure it, people become naive by their own
choices. They choose not to work hard in school, not to read the papers,
not to catch the news. These are choices they make and, quite simply, peo-
ple should be held responsible for their choices. They deserve what they
get—that’s all.

Mmmm. I see. But I still feel sorry for Ellen.

Have it your way, but I still think she deserves what she gets!
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SOFT DEDUCTIONS

We have seen above that one requirement for a valid syllogism is at least one
universal premise which explicitly states or implies the word “all” as in “All
humans are mortal.” In a lot of our deductive thinking, however, we do not
use a universal premise, but use terms like “generally” or “most” instead of
“all,” as in “Most physicians are wealthy.” Such premises do not form classic
syllogisms, and they do not provide conclusions that are absolutely true. Intead,
they form soft deductions, but we can use them in deductive thinking as long
as we are aware of their limitations. Let’s examine one example:

Most physicians are wealthy.
Wanda is a physician.
Therefore, Wanda is probably wealthy.

As in a classic syllogism the conclusion cannot be considered absolutely
true if either of the premises is false. So one can first analyze this kind of think-
ing by considering the truthfulness of the premises. If the premises are deter-
mined to be true, then one will get a conclusion of probability only. Moreover,
this conclusion must be put in proper context; it must be measured against
any other information we have about the terms in our deduction. For exam-
ple, if we know that young physicians are not wealthy and we know that Wanda
is a young physician, then the conclusion, “Wanda is probably wealthy” must
be discounted, even though both premises are true.

Whenever possible we can strengthen our deductive argument by adding
critical adjectives and qualifiers, such as “older,” “married,” “in love,” and so
on. Watch the progression in the strength of the following deductions as we
move from general to more specific premises.

Most people are happy.
Reggie is a person.

Therefore, Reggie is probably happy.

Most married people are happy.
Reggie is a married person.
Therefore, Reggie is probably happy.

Most married people who are in love are happy.
Reggie is a married person who is in love.

Therefore, Reggie is probably happy.

We can still discount the conclusion in the last argument if we have
other critical information. If, for example, unemployed people are typically
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not happy and we know that Reggie is unemployed, then the conclusion
that Reggie is probably happy would be weakened. The advantage to making
premises with qualifiers is that it leaves open fewer possibilities for weaken-
ing the conclusion. In the first argument above, we could weaken the con-
clusion by pointing out that Reggie was unmarried, and in the second
argument the conclusion could have been challenged by someone who knew
that Reggie was not in love with his wife.

Even if the conclusion cannot be discounted or weakened because of other
critical information we may have, the conclusion must be interpreted in the
correct way. Consider the argument concluding that Wanda is probably wealthy
because she is a physician. In fact, Wanda is either wealthy or she isn't. There
is no such thing as anyone being probably wealthy. A conclusion of proba-
bility simply means that for those of us who do not know the true state of
affairs, we would more likely be correct if we make an assumption in the direc-
tion of the conclusion that not, assuming other known information we have
does not weaken the conclusion. In other words, we are more likely to be
correct in assuming Wanda is wealthy than in assuming she is not.

In interpreting the conclusion, we must be careful not to interpret “prob-
ably” to mean “highly probable” or “most likely.” Let’s take an obvious example:

Most dogs are mongrels.
Ladybird is a dog,.
Therefore, Ladybird is probably a mongrel.

How much money would you bet on Ladybird being a mongrel? Probably not
much. The conclusion does not mean that there is a high probability that
Ladybird is a mongrel, especially if there are only a few more mongrels than
purebreds. The chances of Ladybird being a purebred might be almost as good
as Ladybird’s chances of being a mongtel.

We can get conclusions that have high probability if our premise states
“almost all” instead of “most.” “Most” means more than half, but “almost
all” means just that.

Almost all Christians will celebrate Christmas.
Sandy is a Christian.
Therefore, Sandy will probably celebrate Christmas.

In this example “probably” means “very likely,” but it still does not mean “cer-
tainly.” And in truth Sandy will either celebrate Christmas or she will not. If
we know that Sandy is bedridden and living alone, with no living relatives and
no friends nearby, then the conclusion is substantially weakened.
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Besides the word “most,” many people use the term “generally,” which is
subject to the same interpretations and cautions as “most.” In the premise
“Generally, men will open a door for a woman,” “generally” seems to mean
“most of the time” and might mean “almost always.” Without knowing how
to interpret the term we are left with only the equivalent of “most men” and
without a conclusion of high probability.

We can test the validity of soft deductions by eliminating “generally”
and “most” and replacing them with “all.” If the syllogism is not valid with
“all,” then the softer deduction is not valid either. Consider:

All ambassadors are political friends of the president.
Andy is a political friend of the president.
Therefore, Andy is an ambassador.

If we diagram this syllogism we will find it to be invalid. Therefore, the argu-
ment would also be invalid if the term “all ambassadors” was replaced with
“most ambassadors.” But this general replacement rule only applies to argu-
ments that have only one premise that is weakened with such words as “most”
and “generally.”

When two premises are stated with such qualifiers the argument will not
be valid. To illustrate, consider the following argument with two weakened
premises:

Most dogs are mongrels.
Most mongtels live long.
Therefore, most dogs live long.

Imagine that there are only fifty dogs in the world; thirty of them could be
mongrels and the first premise would be true. Of the thirty mongrels eigh-
teen could live long and the second premise would be true. But that would
mean that only 18 dogs out of 50 live long, which is contrary to the conclu-
sion. In this way we can see that such arguments are not valid.

Remember, in a true syllogism there must be one universal premise. Even
though we can make softer and valid deductive arguments using “most,” “gen-
erally,” and “almost all,” these are not technically syllogisms and should not
be seen as exceptions to the rule requiring a universal premise in a syllogism.
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THINKING ACTIVITY 9.6
Challenging Soft Deductions

For each of the following arguments, try to think of some critical information that
could weaken or discount the conclusion. How could the argument be expressed to
eliminate the weakness?

. Generally, women prefer men of high status.

Celestina is a woman.
Therefore, Celestina probably prefers men of high status.

. Generally, Toyotas are very reliable cars.

Tony drives a Toyota.
Therefore, Tony probably drives a reliable car.

. Almost all people want to live.

Carlos is a person.
Therefore, Carlos probably wants to live.

. Almost all Americans speak English well.

Chavela is an American.

Therefore, Chavela probably speaks English well.

. Most Americans believe in God.

Siddhartha is an American.

Therefore, Siddhartha probably believes in God.

. Almost every person will eat a chocolate chip cookie if offered one at lunchtime.

Penelope is a person.
Therefore, Penelope will probably eat a chocolate chip cookie if offered one at
lunch time.

REASONING ERRORS IN CATEGORICAL SYLLOGISMS

Now that we have seen the basic logic of syllogisms that underlies our com-
mon arguments, let’s look at some errors in thinking that violate this logic and

render the conclusions worthless.

Undistributed Middle

In a categorical syllogism the middle term (the one not mentioned in the con-

clusion) must be distributed at least once:

All B are C.
All A are B.
Therefore, all A are C.
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To distribute a term means to comment on all of the members of the term.
In the first premise above, “All B are C,” the term B is distributed. If we say,
“Some B are C,” the term B is not distributed because we are not talking about
all the members of B, only some of them. If the middle term of a syllogism
is not distributed, the argument commits the fallacy of the undistributed

middle:

All C are B.
All A are B.
Therefore, all A are C.

At a quick glance this syllogism might seem to make logical sense. But if
we add real terms, the fallacy becomes apparent:

All public buildings are air-conditioned.
All schoolhouses are air-conditioned.
Therefore, all schoolhouses are public buildings.

Here the middle term B, or “air-conditioned,” is undistributed. If the second
premise read, “All air-conditioned buildings are public buildings,” then the
term “air-conditioned” would be distributed and the argument would be valid.
We should note that in the above syllogism the term “air-conditioned” is the
predicate, not the subject, of both premises. In positive universal statements,
which both of these premises are, the predicate is considered undistributed.
When we say, “All schoolhouses are air-conditioned,” we know for sure only
that some air-conditioned buildings are schoolhouses. There is no statement
about 4/l air-conditioned buildings; thus “air-conditioned” is undistributed.

In a negative universal statement, such as “No public buildings are air-
conditioned,” both predicate and subject are distributed. Essentially we are
making a statement about all public buildings, that none of them is air-con-
ditioned, and about all air-conditioned buildings, that none of them is a
public building.

It is obvious that subjects of particular statements, such as “Some A are
B,” are not distributed, but what about their predicates? In positive particu-
lar propositions the predicate is not distributed. Thus, “Some birds are flying
creatures’ does not distribute “flying creatures” because it does not say any-
thing about a// flying creatures; we can gather from this statement only that
some flying creatures are birds, though this statement allows for the possibil-
ity that all of them are. With negative particular propositions, however, the
predicate is distributed because these propositions refer to the entire predicate
class. For example, “Some birds are not flying creatures” means that the entire
class of flying creatures is excluded from some birds.
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A singular proposition, such as “Socrates is a man,” distributes its sub-
ject because the subject is the entirety of its class; there is no such thing as
“some Socrates.”

Here are two more examples of the undistributed middle:

Some women are lawyers.
All people seeking abortion are women.
Therefore some people seeking abortion are lawyers.

Some people under a lot of stress are not intelligent.
All married people are under a lot of stress.
Therefore, some married people are not intelligent.

Think About It:  Is any term distributed in the proposition, “Only human beings
are creative thinkers™? If you have difficulty with this question, read “Valid
Conversions” beginning on page 169 for a hint.

Illicit Process

Ilicit process occurs when a term is distributed in the conclusion but not in
a premise. The fallacy of illicit process has two variants: illicit major and
illicit minor. The error of illicit major occurs when the major term is distrib-
uted in the conclusion but not in the premise:

Illicit Major
All X are Y. (Notice that Y is not distributed.)
No Z are X.
Therefore, no Z are Y. (Notice that Y is distributed.)

The above syllogism may appear logical, but actually no conclusion can
be made from the two premises; Z may or may not be Y. If we substitute com-
mon expressions for the terms, we can see the mistake:

All dogs are four-legged creatures.
No cats are dogs.
Therefore, no cats are four-legged creatures.
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Unfortunately, many people succumb to this logical error. Five examples
are given below:

All Christians are people who believe in God.

No Moslems are Christians.

Therefore, no Moslems are people who believe in God.
(In fact, they do. Problem: “People who believe in God” is distributed
in the conclusion, but not in the premise.)

All Catholics are baptized people.

No Lutherans are Catholics.

Therefore, no Lutherans are baptized people.
(In fact, they are. Problem: “Baptized people” is distributed in the con-
clusion but not in the premise.)

All full-time university professors are college graduates.

No full-time carpenters are full-time university professors.

Therefore, no full-time carpenter is a college graduate.
(In fact, many are. Problem: “College graduate” is distributed in the
conclusion but not in the premise.)

All diets rich in meat fat are unhealthy diets.

No vegetarian diet is rich in meat fat.

Therefore, no vegetarian diet is an unhealthy diet.
(In fact, some may be deficient in protein or other essential nutrients.
Problem: “Unhealthy diet” is distributed in the conclusion but not
in the premise.)

All divorced women are previously married people.

Sally is not a divorced woman.

Therefore, Sally is not a previously married person.
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(Sally could be a widow. Problem: “Previously married people” is dis-
tributed in the conclusion, but not in the premise.)

The other form of illicit process, illicit minor, occurs when the subject of

the conclusion (the minor term) is distributed in the conclusion but not in
the minor premise:

Ilicit Minor

All X are Y.
Some Z are X. (Notice that Z is not distributed.)
Therefore, all Z are Y. (Notice that Z is distributed.)

All alcoholics are unhealthy.
Some women are alcoholics.
Therefore, all women are unhealthy.

Of course, the conclusion should read, “Therefore, some women are unhealthy.”
The mistake is that the term “women” is distributed in the conclusion but not
in one of the premises. The argument would be valid if the second premise
above read, “All women are alcoholics.” In that case the term “women” would
have been distributed in one of the premises as well as in the conclusion.

In this example it is easy to see the logical error; in fact, in most cases
the logical error is quite obvious when the argument is stated in the formal
syllogistic form. But in casual conversation, these logical errors often go unchal-
lenged. Consider the following conversation:

BETSY:

SALLY:

BETSY:

SALLY:
BETSY:

Say, Sally, I just had to call you. I just read this article about
people who beat their spouse. God, it’s awful. There’s this
one lady who used to be a model until her husband disfigured
her. Now she’s on AFDC and can’t get a job. She says she’s so
depressed she just wants to die. Sally, how could someone do
that?

I know what you mean, Betsy. They’re just scum. Nothing but
scum—anyone who would do that to their spouse, to any-
one for that matter. Pure scum, I say.

That happened to Sharon, you know. Her husband did her
in good—real good. I mean, she couldn’t work for a week. Said
she had a cold. Yea, right. Everyone saw the bruises when she
finally came back. I didn't say anything though. Not like some.
Men are scum, Betsy. Pure and simple.

You got that right.

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Reasoning Errors in Categorical Syllogisms 159

Although Sally and Betsy might feel angry toward those two husbands, they
have generalized from two cases to all cases. While we might not know any
men who are “white knights,” we probably know a few gray ones, and cer-
tainly many men who are not scum.

The argument above takes the following form:

All people who beat their spouse are scum.
Some men are people who beat their spouse.
Therefore, all men are scum.

THINKING ACTIVITY 9.7
Finding Undistributed Terms

Circle the undistributed terms below that should be distributed. Then, to the left of

each syllogism identify whether it is an example of undistributed middle (UM), illicit
minor (IMI), or illicit major (IMA).

___ 1. Some men are more intelligent than most women.
Andrew is a man.
Therefore, Andrew is more intelligent than most women.
2. Some thingamajigs are watchamacallits.
All dillybobbers are thingamajigs.
Therefore, some dillybobbers are watchamacallits.
3. All muscular men are narcissists.
No wimp is a muscular man.
Therefore, no wimp is a narcissist.
4. Some brilliant people are not wise.
Some Democrats are brilliant.
Therefore, some Democrats are not wise.
5. All people who believe in God will be saved.
Martha does not believe in God.
Therefore, Martha will not be saved.
6. All saved people will experience eternal joy.
Only people who believe in God will be saved.
Therefore, all people who believe in God will experience eternal joy.
7. Some U.S. citizens have the capacity to be president.
All students in this class are U.S. citizens.
Therefore, some students in this class have the capacity to be president.

The Four-Terms Fallacy

A valid syllogism has only three terms. The major and minor terms connect
through the middle term. Because the middle term has linked both major and
minor terms, the conclusion can connect the major and minor together. If
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four terms are introduced, the conclusion is invalid. An example of an invalid
four-terms syllogism is as follows:

All alcoholics are ill.
Bill is someone who drinks alcohol.

Therefore, Bill is ill.

There are actually four terms in the above argument. The major term is
“ill,” the minor term is “Bill,” and then there are two middle terms “alco-
holics” and “someone who drinks alcohol.” Because one can drink alcohol
without being an alcoholic, these two terms are separate. Thus we have four
terms and an invalid argument. Let’s look at one more example:

All academics are egotists.
Susan is someone who works in a university.
Therefore, Susan is an egotist.

The four terms in the above argument are “academics,” “egotists,” “Susan,”
and “someone who works in a university.” Someone suggesting the above argu-
ment would be equating “academic” with anyone who “works in a university.”
But this is a false identity because many people who work in universities, such
as cooks, custodians, and security guards, are not academics. Thus there are
four terms, not three, and the syllogism is invalid.

Equivocation

Sometimes the four-terms fallacy occurs when we give two meanings to the
same word, fail to recognize the distinction, and treat the word as one term.
When this occurs, the fallacy of equivocation has been committed (as well as
the four-terms fallacy). In such an argument, the conclusion cannot be derived
from the premises:

Everything that is good is right.
Using drugs feels good.
Therefore, using drugs is right.

In this example the term “good” has two meanings; it is equivocal. It is
first used to denote a moral quality, and second to denote a sense of pleasure.
Thus, there are actually four terms in the syllogism, rendering it invalid.

Notice the equivocal term “love” in the following discussion:

SALLY: Mark says that he loves to go to work more than anything.
JOHN: My God, does his wife know that?
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SALLY: She’s the one who told me.

JOHN: It must be awful to know that Mark doesn’t love her as much
as his work. What did she say?

SALLY: She doesn’t seem bothered by it at all. Pretty dense, I'd say.
JOHN: Definitely.

Mark’s wife may not be dense. She probably understands that love has dif-
ferent meanings and that the term “love” used by Mark to describe his feel-
ings about his job is different from when he uses it to describe his feelings
about another person. Sally and John make the mistake of perceiving “love”
to have one meaning.

In disjunctive syllogistic form (to be discussed later) Sally’s and John’s
argument could be described as follows:

Either Mark loves work more than anything else or he loves his wife more
than anything else.

Mark said he loves work more than anything else.

Therefore, he doesn’t love his wife more than anything else.

This makes no more sense than stating:

Mark loves apple pie more than anything else or he loves his wife more
than anything else.

Mark said he loves pie more than anything else.

Therefore, he doesn't love his wife more than anything else.

When the term “love” has two meanings, as in this argument, it makes the
disjunctive either/or statement false, for it implies that one can have only
one or the other alternative and not both, yet both are of course possible. One
can love apple pie more than anything else and also love one’s spouse more
than anything else. The statements seem exclusive, but what they mean is
that one can love pie more than any other food and love one’s spouse more
than any other person.

The Importance of Agreed Meaning

When the terms of a syllogism are not clearly defined or when people disagree about
the meaning of the terms, the conclusion of the syllogism may be rejected or rendered
ineffective. In Tolstoy’s The Death of Ivan Ilych, for example, Ivan denies that the con-
clusion of a syllogism, that men are mortal, applies to him. Motivated by his fear of
death, he attempts to do this by questioning the meaning of “man” as used in the first
premise:

(continued)
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The Importance of Agreed Meaning (continued)

Ivan Ilych saw that he was dying, and he was in continuous despair.
In the depth of his heart he knew he was dying, but not only was he not accus-
tomed to the thought, he simply did not and could not grasp it.

The syllogism he had learned from Kiezewetter’s Logic: “Caius is a
man, men are mortal, therefore Caius is mortal,” had always secemed to
him correct as applied to Caius, but certainly not as applied to himself.
That Caius—man in the abstract—was mortal, was perfectly correct, but
he was not Caius, not an abstract man, but a creature quite, quite sepa-
rate from all others.

Clearly an argument, even as solid as a valid syllogism with true premises, is worthless
if people do not agree on the meaning of the terms.

Because terms can be used to signify different meanings, it is important that they
be propetly defined to avoid confusion. If two people believe that all men are created
equal, they may still be believing in two different things. What does it mean to say
that all men are equal? Similarly, if two people believe in God, they could be believing
in two different ideas. Therefore, it is almost imperative when someone asks the ques-
tion “Do you believe in God?” to respond with “What do you mean by ‘God’?” For
until you know the meaning that person gives to the term, you cannot respond prop-

etly to the question.

RULES FOR THE CATEGORICAL SYLLOGISM

The following summarizes the basic rules for the valid categorical syllogism.

AN

Structural Requirements
At least one affirmative premise (“All humans are mortal”)

At least one universal premise (“A// humans are mortal” or “/No humans
are immortal”)

Exactly three terms

Logical Rules
If one of the premises is negative, the conclusion must be negative.
If both premises are positive, the conclusion must be positive.
If one of the premises is particular, the conclusion must be particular.
If one of the premises is singular, the conclusion must be singular.
The middle term must be distributed at least once.

A term distributed in the conclusion must be distributed in a premise.

Remember, even if a syllogism meets all these rules, if the premises are false,
we cannot rely upon the conclusion.
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THINKING ACTIVITY 9.8
Identifying Invalid Syllogisms

Identify the rule(s) which these syllogisms violate.

1. All communists are mortal; no Baptist is a communist; therefore, no Baptists
are mortal.

2. Some people are Republicans; some gentle creatures are people; therefore, all
gentle creatures are Republicans.

3. No schoolhouses are made of wood; no people live near schoolhouses; there-
fore, some people are living near brick homes.

4. All good people attend church regularly; all Catholics attend church regularly;
therefore, all Catholics are good people.

5. All people are liars; all liars are guilty; therefore, all people are sinners.

6. All Democrats care about the poor; all people who care about the poor are
Democrats; therefore, no Democrat cares about the wealthy.

7. Some vegetarians live longer than average; Alan eats vegetables; therefore, Alan
will live longer than average.

HYPOTHETICAL SYLLOGISMS

If you prick us, do we not bleed? if you tickle us do we not laugh? if

you poison us, do we not die? and if you wrong us, shall we not revenge?

— SHAKESPEARE, MERCHANT OF VENICE

Much of our thinking in everyday life is hypothetical. This kind of thinking
takes the “if-then” form. The angry employee states, “If I have to work one
more night, then I will quit!” The student faced with an exam might think,
“If I fail this test, then I will fail this class. And if I fail this class, then I will
not graduate this semester.” And the frustrated parent reprimands a child in
hypothetical language: “If you come home late one more time, then you will
be grounded for the month!”

These hypothetical statements can be put in syllogistic form. A pure hypo-
thetical syllogism is one in which the two premises and the conclusion are hypo-
thetical, or conditional; that is, they take the form of if-then statements. The
“if” statement is called the antecedent, and the “then” statement is called the
consequent:

If B, then Q.
If Q, then R.
Therefore, if P, then R.
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If my neighbor waters his lawn, then my basement will leak.
If my basement leaks, then my boxes will get wet.
Therefore, if my neighbor waters his lawn, then my boxes will get wet.

If I don’t cut this credit card into pieces, then I'll have to file bankruptcy.

If T have to file bankruptcy, then I won't be able to buy a house for many
years.

Therefore, if I don’t cut this credit card into pieces, then I won't be able
to buy a house for many years.

Not all hypothetical syllogisms are pure, having three hypothetical state-
ments. Some of them are mixed. In a mixed hypothetical syllogism only the
major premise takes the if-then form; the other premise and the conclusion
are categorical. There are positive (modus pollens) and negative (modus tol-
lens) mixed hypothetical syllogisms. A positive mixed hypothetical syllogism
takes this form:

Positive
If B, then Q.
P
Therefore, Q.

If God is dead, then there’s no hope for anyone.
God is dead.

Therefore, there is no hope.

If I get a raise, then we can take a vacation.
I got a raise!
Therefore, we can take a vacation.

If the stock market falls, then it will be a thin Christmas.
The stock market fell.
Therefore, it will be a thin Christmas.

Notice that the minor premise affirms the antecedent B, in the major premise,
and thus affirms its consequent, Q.
A negative mixed syllogism denies the consequent:

Negative
If P, then Q.
Not Q.
Therefore, not P.

If it rains, then the streets will be wet.
The streets are not wet.
Therefore, it did not rain.
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If I am poor, then I am not happy.
I am happy.
Therefore, I am not poor.

Because the proposition “If P, then Q” means that whenever there is P there
will be Q, we can deny P by denying Q. However, this last example may be
confusing because the second premise appears not to be a denial; that is, “I
am happy” seems to affirm, rather than deny, something. On closer inspec-
tion, however, we can see that it is in fact a denial of the consequent, “I am
not happy.”

Reasoning Errors in Hypothetical Syllogisms

Denying the Antecedent

A common error in thinking is to deny the antecedent in a mixed hypo-
thetical syllogism. We have already seen the valid form of the mixed hypo-
thetical syllogism (modus tollens), which denies the consequent:

If B, then Q.
Not Q.
Therefore, not P.

If the sun dies, the earth will become barren.
The earth is not barren.
Therefore, the sun did not die.

Now watch what happens when we deny the antecedent:

If B, then Q.
Not P.
Therefore, not Q.

If the sun dies, the earth will become barren.
The sun did not die.

Therefore, the earth is not barren.

Again, the difference is that the valid syllogism denies the consequent of the
first premise (Q), whereas the invalid argument denies the antecedent (P).

We can validly deny the antecedent in a hypothetical syllogism #f there is
a qualification: “If P, then Q” must be understood as “if and only if P, then Q.”
It is true that if the sun dies the earth will become barren. But it may also
become barren through nuclear war or some other disaster. Therefore, the con-
clusion that the earth will not become barren if the sun does not die is invalid
unless the major premise is qualified or understood as “If and only if the sun
dies will the earth become barren.” Here are some other examples of denying
the antecedent:
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If it rains tonight, then the grass will be wet tomorrow.
It did not rain.
Therefore, the grass will not be wet.

(Dew could make the grass wet if it doesn’t rain.)

If I lead a decadent life, then I will have a tumultuous life.

I did not lead a decadent life.

Therefore, I did not have a tumultuous life.
(Even good people are victims of circumstance and are forced into a
tumultuous existence.)

If he hits me, then he does not love me.
He doesn’t hit me.
Therefore, he loves me.
(Obviously, one may not hit and not love at the same time.)

If I do not study hard, then I will not pass.
I studied hard.
Therefore, I passed.
(Studying hard does not always lead to a passing grade.)

Affirming the Consequent

Another logical error related to the syllogism occurs when we affirm the
consequent of the first premise instead of its antecedent. A valid positive hypo-
thetical syllogism affirms the antecedent:

If B, then Q.
P.
Therefore, Q.

But sometimes people argue in the following invalid manner by affirming
the consequent:

If B, then Q.

Q.
Therefore, P.

If I walk to the store, then I will be tired this evening.
I am tired this evening.
Therefore, I walked to the store.

In the above example, it is possible that one could be tired in the evening even
if one did not walk to the store. Therefore, being tired does not mean that
one necessarily walked to the store. The conclusion cannot be assumed to be
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correct. However, if the statement read, “If and only if P, then Q,” it would
be valid to argue in this manner.

The two logical errors above concern only hypothetical (if-then) syllo-
gisms, and they serve to remind us that we can only affirm an antecedent
and deny a consequent—not the other way around.

DISJUNCTIVE SYLLOGISMS

A third kind of syllogism is the disjunctive syllogism, which uses “either/or”
statements such as “Either the plane is in the air or on the ground.” This
kind of syllogism has two forms. The first disjunctive form (modus tollendo
pollens) denies one term in the minor premise and then affirms the other term
in the conclusion. It looks like this:

Denial-Affirmation
Either P or Q.
Not P.
Therefore, Q.

Either the plane is in the air or on the ground.
The plane is not in the air.
Therefore, the plane is on the ground.

(Although this denial-affirmation pattern is valid in the disjunctive syllo-
gism, we saw earlier that it is not valid in the hypothetical syllogism without
qualification.)

A variant of this type of syllogism is to deny Q:

Either P or Q.
Not Q.
Therefore, P

Either the plane is in the air or on the ground.
The plane is not on the ground.
Therefore, the plane is in the air.

The second form of the disjunctive syllogism (mzodus pollens tollens) atfirms
one term in the minor premise and then denies the other term in the conclusion:

Affirmation-Denial
Either P or Q.
P
Therefore, not Q.
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The preacher will read either from Matthew or from Mark.
The preacher read from Matthew.
Therefore, the preacher did not read from Mark.

In this form we can also affirm Q and deny P:

The preacher will read either from Matthew or from Mark.
The preacher read from Mark.
Therefore, the preacher did not read from Matthew.

This affirmation-denial form, or mood, of the syllogism is valid only if P
and Q are seen as exclusive of each other, that is, where P and Q cannot
both occur. As we will see below, sometimes people make the mistake of cre-
ating an either-or proposition in which they use “or” in the exclusive sense
when in fact it is nonexclusive.

Think About It:  Is the disjunctive statement “Either P or Q” equivalent to “Either
QorP7?

Reasoning Error in the Disjunctive Syllogism

Affirming a Nonexclusive Disjunct

Sometimes the disjunctive syllogism uses “or” in a nonexclusive manner.
Consider the following examples:

Either Karen went to the store or she went to the bank.
Karen went to the store.

Therefore, Karen did not go to the bank.

Either Bob starts showing up to work on time or he will be fired.
Bob started showing up to work on time.

Therefore, Bob will not be fired.

It is possible that Karen went to the store and went to the bank. And it is
possible that Bob started showing up to work on time but was fired for another
reason. In these cases, some might argue that the either-or propositions were
false disjuncts. Nonetheless, people use “or” in this manner frequently and
then by affirming one, they attempt to deny the other. To affirm one of the
disjuncts in the first premise and therefore deny the other is to commit the
fallacy of affirming a nonexclusive disjunct, unless the two disjuncts cannot
both occur. (For further clarification of the truth value of premises using “and,”

>

“or,” and if-then statements, see the appendix on propositional logic.)
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VALID CONVERSIONS

You may have noticed by now that many of the premises of a syllogism can
reverse their predicate and subject with no loss of meaning. This process is
called conversion. For example, the statement “No X is Y7 (“No Republican
is a Democrat”) can be converted to “No Y is X” (“No Democrat is a
Republican”) without out loss of meaning. Similarly, “Some X is Y” (“Some
computers are malfunctioning machines”) can be converted to “Some Y are
X” (“Some malfunctioning machines are computers”).

Two other propositions that are convertible, with proper changes, are “All
X is Y” and “Some X are not Y.” We must be careful about these last two, for
their conversions are not simple reversals. If we say, for example, “All X are
Y” (“All model T’s are black cars”), we cannot say “All Y are X” (“All black cars
are model T’s”). Nor, to further illustrate, can we convert “All very intelli-
gent creatures are human” to “All humans are very intelligent creatures.”
Obviously this is false. What we can do with “All X are Y” is convert it to
“SomeY are X,” or “Some humans are very intelligent creatures.” Another legit-
imate conversion of this proposition is “Only Y are X” (“Only humans are very
intelligent creatures”). However, unlike the conversions above, the conversion
of “All X are Y” to “Some Y are X” does not lead to an equivalent proposi-
tion. We have gone from a universal statement to a particular statement (from
“all” to “some”) and have lost some of the import of the original statement.
Moreover, because a universal statement does not mean that a member of
the subject class actually exists, and because “some” means that at least one
member of the subject does exist, this conversion is possible only when we
know that there are members of the subject class, in this case, when we know
that at least one X exists. The Venn diagram below illustrates the logic of the
two conversions of “All X are Y.”

X Y

Venn
Diagram

From “All X are Y”
it is true that “Only Y are X”
and (if X exists) “Some Y are X.”

One must also take precaution with the example “Some X are not Y,”
for it is not valid to convert “Some X are not Y” to “Some Y are not X.” The
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“not” must go with the Y. To say, “Some lawyers (X) are not rich people (Y)”
is not the same as saying, “Some rich people are not lawyers.” Even though
in this case the conversion is a true statement, it does not follow logically from
its conversion and for this reason it is invalid.

Let’s apply the same logic to another example to illustrate more clearly
the invalidity of this conversion. Consider the true statement “Some human
beings (X) are not great thinkers (Y).” This cannot be converted to “Some
great thinkers (Y) are not human beings (X).” This conversion leads to a false
statement because only human beings can be great thinkers. Thus, convert-
ing “Some X are not Y” to “Some Y are not X” is not a valid maneuver, even
though sometimes the conversion results in a true statement. The truth of
such statements is not derived logically from the conversion but is known by
experience. The statement “Some humans are not fast runners” converts
(invalidly) to “Some fast runners are not humans.” We know through our
experience with animals that this conversion happens to be true, but we do
not know it from logic. For example, it is possible to imagine a time on earth
when the fast nonhuman animals have become extinct. If that would hap-
pen, then the conversion of “Some humans are not fast runners” to “Some
fast runners are not humans” would result in a false statement. Thus it can-
not be logically derived.

The valid conversions of categorical statements are listed below:

1. NoXisY —> NoYis X
(No girl is a boy — boy is a girl)
2. Some X are Y —» Some Y are X
(Some cats are black creatures —» Some black creatures are cats)
3. All Xis Y (assuming X exists) —» Some Y is X
(All model T’s are black things — Some black things are model Ts)

All X'is Y — Only Y are X (All model T’s are black things — Only
black things are model Ts)

4. Some X are not Y —» Some not- Y are X

(Some animals are not humans —» Some not-humans are animals.)

There are many invalid conversions, and it would only be confusing to
list them all. However, one popular invalid conversion deserves special men-
tion: the conversion of a hypothetical (conditional) statement. It is not valid
to convert “If B, then Q” to “If Q, then P.” Consider the statement “If Jack
wins the lottery, then Jack will be very happy.” Its conversion is “If Jack will
be very happy, then Jack will win the lottery.” Unfortunately for Jack, this
conversion is not logical. If all of this sounds familiar, it’s because the con-
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THINKING ACTIVITY 9.9
Whriting Valid Conversions

Write a valid conversion for the following propositions.
1. Only in politics can people make a significant contribution to their country.

All mathematicians are introverts.

No human being is a saintly person.

Some wealthy people are not stingy.

Some fathers are gentle creatures.

Some celestial bodies are not planets.

Only creatures with a brain can have a mind.

Some atheists are not evil.

All homosexual people support gay rights.

All people who own guns oppose gun control.

SV AN

o

version is nothing more than a variation of affirming the consequent, an invalid
maneuver described above. The invalid syllogism that expresses this example is:

If Jack wins the lottery, then Jack will be very happy.
Jack is very happy.
Therefore, Jack won the lottery.

INFORMAL DEDUCTIVE FALLACIES

We have examined the different reasoning errors associated with each kind
of syllogism. Other reasoning errors are not directly related to syllogisms but
are still errors in deductive logic. We explore three of them below: the fallacy
of division, circular reasoning, and the either/or fallacy.

The Fallacy of Division

People who have never visited the United States might erroneously assume
that all citizens of the United States are rich. Their reasoning commits the
Jallacy of division, which is the attempt to argue that what is true of the whole
(the United States) is true of its parts (its citizens). There are, of course, many
instances in which the parts do share characteristics with the whole, but this
is not because of logical necessity. There is no logical rule that allows us to
make such deductions. To say that a minority group in the United States is
oppressed does not allow us to conclude that each and every member of that
minority group is oppressed.

We must be careful not to confuse this issue with universal propositions.
From the statement “All animals are sentient creatures” we can assume that
each and every animal is a sentient creature. But this is because “All animals
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are sentient creatures’ means the same thing as “Each and every animal is a
sentient creature.” But “All cars are heavy objects” does not mean the same
thing as “All parts of cars are heavy objects.” Because the car as a whole is
different from the parts that make it up, we cannot conclude for logical rea-
sons that any of its parts are heavy. Consider the nature of the human being;:
a human is a totality that is far more complex than any of our human parts.
The sodium and potassium ions of our nervous system, for example, do not
seek God, love, knowledge, and apple pie. (See “Fallacy of Composition,” page
185, for the opposite of this fallacy.)

Circular Reasoning

In his book, What Social Classes Owe to Each Other (1883), soci-
ologist William Graham Sumner . . . argued that the upper classes
deserve their privilege because the mere fact of having it demonstrated
their greater fitness. The main problem with this argument is that it
is circular and thereby true by definition: If we accept the idea that
wealth is a valid measure of fitness, then by definition the wealthy
must be more fit than everyone else.

—A. JOHNSON, HUMAN ARRANGEMENTS:
AN INTRODUCTION TO SOCIOLOGY

Circular reasoning, also called “begging the question,” is an error in deduc-
tive logic in which a person’s conclusion is already assumed to be true in one
of the premises or, more simply, when a person’s conclusion is simply a refor-
mulation of the premise. If we say, “The Bible is the word of God because it
says so right in the Bible,” we have engaged in circular reasoning. That the
Bible says that it is the word of God is important only if it is already assumed
to be the word of God, yet that is what one needs to prove.

The longer the circular statement, the easier it is to forget about where
we began. When circular statements or arguments are short, it is not very
difficult to spot them. We are most vulnerable to accepting circular reason-
ing, either our own or others’, when the argument is more lengthy and the
propositions are more numerous.

The Either/Or Fallacy

The either/or fallacy has also been called the all-or-nothing fallacy, black-and-
white fallacy, and false dilemma. In the disjunctive syllogism we saw a deduc-
tive argument that had as its first premise an either/or statement. We showed
that if the two alternatives are exclusive of each other, we can affirm one and
deny the other, or vice versa. This is valid. However, if the first premise is not
an accurate representation of the situation, then the syllogism, although valid,
may yield a false conclusion. It is important that the first premise be a true
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statement. In other words, when setting up the either/or condition, all possi-
bilities must be accounted for in the statement or the conclusion may be false.

Specifically, the either/or fallacy is the portrayal of a complex situation in
simplistic either-or terms, not acknowledging that (1) both alternatives could
be true, (2) gray areas exist between the two alternatives, or (3) other possi-
bilities exist. It is one thing to state that John either failed or passed the test,
and another to state that the United States Congress is either good or bad.
The former statement is a true disjunctive statement, as one cannot both
pass and fail at the same time. But, in the latter example, we have an either-
or fallacy, for parts of the United States Congress might be good for the coun-
try, whereas other dimensions of it might be bad. It might, for example, be
good for our country’s relationships with other countries but bad for our coun-
try’s domestic economy. Or it could be good for many people, but bad for
many other people, and so on. In this example, a complex state of events is
reduced to simplistic alternatives. In reality, the United States Congress is prob-
ably both good and bad, yet the disjunctive statement implies that it is either
good or bad but not both.

The either/or fallacy is also committed when there are gray areas between
the alternatives. Consider the statement “Tom is either a heterosexual or a homo-
sexual.” This statement fails to recognize the continuum that exists between the
two alternatives. It is possible that Tom is bisexual; that is, he is heterosexual most
of the time, but engages in homosexual behavior from time to time.

Oftentimes people present us with either/or options when other options
are available. This ploy is often used by salespersons. To motivate a customer
to buy a product, a salesperson might say, “The sale ends tonight, so either
you buy it this evening, or you'll end up paying full retail price for it. I'd hate
to see that happen.” What the salesperson leaves out are the many other
options: you could wait until the next sale at this store, you could choose
not to buy the product altogether, you could go to another store, you might
find it in a wholesale catalog, you might be able to bargain with the store man-
ager later, you could possibly get a deal later by asking the salesperson to give

THINKING ACTIVITY 9.10
Identifying the Either/Or Fallacy

The either/or fallacy is committed when someone sets up a disjunctive proposition that
does not allow for all of the options. Of the statements below, identify the ones that
commit the either/or fallacy. Write “yes” in front of those that do and “no” in front of
those that do not commit the fallacy.

L. Impatient executive: We've just received the Johnson proposal today and
already we are fighting about it. Let’s cut out this nonsense and make a
decision. Either we accept this proposal or we dont!

(continued)
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2.

THINKING ACTIVITY 9.10 (continued)
Identifying the Either/Or Fallacy

Angry boss: Karen just called to see if she’s on the dean’s list. Will you
get back to her quickly, please. Either she is or she isn't. It’s that simple.

Same angry boss: Say, is that colleague of yours a pretty bright guy? In
other words, would he be good for the company if I offered him a job?
Answer: Well, yes and no. Reply: “Yes and no!” What kind of answer is
that? Either he is or he isnt!

Mad scientist: Ts there life on Mars? Or are we alone in the universe?

Parent to daughter: Does your boyfriend believe in God? Or is he an
atheist?

Chauvinist: Are we going to have a good time fishing this weekend? Or
are you bringing your wife along again?

New parent: Is it a boy or a girl?

Philosopher: Either each of us lives on eternally after death or we each
give up our lives forever. To affirm one is to deny the other.

Reductio ad Absurdum

A deductive argument can be attacked by pointing out that the conclusion or premise
of the argument leads to an absurdity or contradiction. This approach to disproving
an argument is called reductio ad absurdum. For example, consider a speaker arguing

the following:

Mind is nothing but the cause-and-effect process of our physical brains.
Freedom, my friends, is an illusion. All your thoughts, behaviors, and feel-
ings are nothing but the effect of complicated cause and effect interactions.

A reductio ad absurdum argument attacking this position might go as follows:

Mr. Speaker, you say that all thoughts are nothing but cause-and-effect
interactions and therefore we are not truly free. If that is so, then even
your thoughts about thoughts are not free and your statements about our
lack of freedom are only cause and effect productions. Yet, you come here
today to share with us this information which has taken years of study
and reflection as though you have come to it freely, as though it reflects
truth, as though you have something objective and absolute to offer us.

(continued)
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Reductio ad Absurdum (continued)

Perhaps you should have prefaced your speech today with a notation
that you could not help but come here, that we could not help but attend,
that you could not help but discover what you discovered, and that you
believe what you're saying to be true because you can't help but believe
it to be true. And then you should say that your helplessness in believ-
ing is a mere product of cause and effect—and so is this insight, and so on.

And then, Mr. Speaker, at the end of all your qualifying statements,
which you cannot help but qualify, we will have listened to nothing but the
conclusions of your physical brain, the simple effect of untold causes. And,
because we cannot help it, we will treat it with amusement, and nothing
more, not unlike the story of Alice in Wonderland or Pooh and the Honey
Bear. And if you take offense at us for this disrespect, at least do not blame
us, for we'll have had no choice, as you say, to have done otherwise.

This reductio ad absurdum argument challenges the proposition that thoughts are noth-
ing but the effect of myriad causes by reducing the proposition to absurdity, or at least
to a position that the speaker would not, or could not, accept. It forces the speaker, in
this case, to either reject his proposition or to refine it so it cannot be reduced to
absurd consequences.

up some of the commission, you could buy a cheaper alternative that’s not
on sale, and so forth.

INDUCTIVE THINKING

In the previous section, on deductive thinking, we learned that valid deduc-
tive thinking begins with at least one universal premise and leads to a con-
clusion that is believed to be contained in the argument’s premises. Indeed,
if the premises are true and the argument form is valid, the conclusion must
be true. The universal statement in a syllogism allows us to move from a propo-
sition about an entire class to a statement about some or all members of a
class. In this section we look at arguments that move from a particular premise
to a universal conclusion. Such arguments are examples of inductive thinking.

Inductive reasoning begins with a set of evidence or observations about
some members of a class. From this evidence or observation we draw a conclu-
sion about #// members of a class. Because of this move from the particular to
the general, the conclusions of good inductive reasoning /ikely or probably fol-
low from the observation; they do not absolutely follow. By moving from the
particular to the general, the conclusions of inductive reasoning are not logically
contained in the premises. We can see this in the following inductive argument:

Every day I notice that the sun rises in the east and sets in the west.
Though T'll be dead in one hundred years, I know that my grand-

children will also see the sun rise in the east and set in the west.
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In all likelihood the grandchildren will make the observations predicted.
However, it is not necessarily the case. It could be, although it is unlikely,
that the earth will encounter some cosmic matter or force that unsettles its
rotation such that the sun rises in the north and sets in the south. The only
way we will know for sure is to wait until the grandchildren observe the sun.

In inductive reasoning the premises of the argument consist of the evi-
dence or observations from which we derive our conclusion. As in deductive
arguments, these premises can be challenged. For example, if we see three
black crows and conclude that all crows are black, someone could say, “Well,
you saw them far away, didn't you? Don't you know that colors disappear with
distance, and even if they were red they would have looked black to you?”
Thus the observation is challenged. Science, which relies heavily on the induc-
tive method, often faces challenges this way, as when someone points out
that the results of a particular experiment are flawed because of poor experi-
mental design (see chapter 10, “Scientific Thinking”).

Often deductive arguments contain premises that are inductively derived.
Consider the following:

If the stock market crashes, then the suicide rate will rise.
The stock market crashed.
Therefore, the suicide rate will rise.

In this hypothetical syllogism, the first premise is really a conclusion of induc-
tive reasoning: “Whenever the stock market crashed in the past, the suicide
rate went up. Therefore, if the stock market crashes again, the suicide rate will
go up.” Many of the syllogisms we looked at earlier contain premises that are
based on inductive reasoning. And as we learned, these inductive premises can
often be challenged, thereby weakening the deductive argument.

Inductive reasoning can also be challenged by finding evidence contrary
to the conclusion. Let’s go back to the evidence in our example with the
black birds: “I saw three crows today and all of them were black.” The con-
clusion is that therefore all crows are black. The conclusion of this argument
would be refuted instantly if someone found a red or blue crow. Thus, the
conclusions of inductive arguments, even with true premises, are always open
to the possibility, however unlikely, that they are false, for they are state-
ments of probability, not certainty. In contrast, the conclusion of a deductive
argument cannot be false, given true premises and valid syllogistic form.

Consider the following inductive argument: “Because no other planet in
the solar system has any signs of even the lowest form of life, we must con-
clude that we are the only intelligent creatures in the universe.” Here the argu-
ment went from the particular “no life on any other planets in our solar system”
to the general “no life on any other planets in any solar system.” This con-
clusion can be disputed in several ways: we can attack the methods that have
been used so far to search for life, that is, attack the observation; we can
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argue that the number of planets that we have observed is too small to jus-
tify a generalization to all planets; or we can actually discover life on another
planet, a possibility that is not foreclosed by the inductive conclusion.

Discovering life on another planet would definitely refute the conclu-
sion above. However, one commonly attacks the inductive argument with
another inductive argument, that is, with evidence or observation that sug-
gests a contrary conclusion. For example, astronomers have discovered plan-
ets revolving around nearby stars and can argue from this evidence that our
planetary system is not unusual, that many or most stars have planets.
Therefore, considering the billions of stars in each galaxy and the billions of
galaxies in the universe, it is highly unlikely that life exists only on earth.
This evidence of other planetary systems in our galaxy does not refute the pre-
vious conclusion that there is no life in the universe except on earth, but it
certainly weakens it.

Given induction’s apparent uncertainty, is there any such thing as a sound
inductive argument? We have seen that sound deductive arguments are valid
arguments with true premises and therefore conclusively true conclusions.
Some philosophers, such as the skeptic David Hume, argue that there are no
absolutely sound inductive arguments—that all inductive arguments fall short
of yielding conclusions as certain as those in sound deductive arguments—
but there are good practical inductive arguments. If the argument is based
on repeated, accurate observations, and as we will see, if the analogies used
are based on strong significant similarities rather than on weak ones, then
the induction may be, practically speaking, rather solid. Such strong induc-
tive arguments can be referred to as sound as long as we understand that their
conclusions are not absolute, as they are in sound deductive arguments.

We use sound inductions every day; indeed, it would be difficult to live
without them. Here are some examples:

1. Driving to work after a fresh snow we notice several cars in the ditch.
Just after this observation we see a car ahead of us spin out of control.
We conclude from these observations that the roads in our area are
slippery because of the new-fallen snow. We slow down and drive very
carefully the rest of the way to work.

2. We let our cat out of our house and notice that it runs behind a neigh-
bor’s garage. We let our cat out the next day and it runs there again. And
on the third day our cat again runs behind our neighbor’s garage. We
conclude from these observations that our cat will run behind the garage
upon being let out. We decide to talk to our neighbors to see if they
mind if our cat roams on their property.

3. We are dropped off from work and wave our friend on before we open
the door. We have the keys to the house and we know that we will be
able to get in. We know this because our keys have worked in our lock
hundreds of times before.

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



178

Logical Thinking

Conclusions of good inductive reasoning are highly probable, but never cer-
tain. In the above examples, the conclusions could have been wrong. Consider
these possibilities:

1.

The roads were only slippery along this stretch of road because a water
main broke and the water froze under the snow. All other roads were
just fine.

The cat went behind the neighbor’s garage because the neighbor had
some garbage from Thanksgiving Day back there, and the cat had a fancy
for turkey. After the garbage was collected the cat was no longer
interested.

We waved our friends on knowing that we had our keys and could get
in. Unfortunately, the keys didn’t work this time because the lock was
broken.

THINKING ACTIVITY 9.11

Distinguishing Between Inductive and Deductive Arguments

Analyze the seven statements below for the kind of reasoning used. Place an “I” in front

of the inductive arguments and “D” in front of deductive ones. Be careful that you

do not confuse premises derived through induction with the inductive form of
argument.

1. Anything that questions the fact of its own existence must exist. I ques-
tion the fact of my own existence. Therefore, I must exist.

2. Every person who questions the fact of their own existence is depressed.
Mary has recently been questioning the fact of her own existence.
Therefore, Mary must be depressed.

3. If a woman gets married, she will regret it. Sharon is getting married soon.
Therefore, Sharon will eventually regret it.

4. My friend is a very intelligent person but also quite neurotic. So, I think
intelligent people in general, perhaps because they are so overdeveloped
in their intelligence, must be underdeveloped elsewhere, leaving them
with somewhat disturbed personalities.

5. I have never won a thing in my life, and I never will. It’s not in my karma.
6. No human being lies all the time. Therefore, Mary does not, as you
suggest, lie all the time—maybe a lot, but not all the time.

7. No species on this planet has survived for more than 100 million years.
The human race will be no exception.
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THINKING ACTIVITY 9.12
Considering Past Errors

List examples of erroneous inductive reasoning that you have used in the past. Consider
reasoning that you do at work, at home, and in your relationships. For each example,
identify why your conclusions were wrong. Were they based on too few observations,
or were the errors due to some very unusual circumstances?

1. Example:

Reason for Error:

2. Example:

Reason for Error:

3. Example:

Reason for Error:

Think About It:  Are the conclusions of deductive arguments any more conclu-
stve than inductive arguments if one or more premises of the deductive argument
are the result of inductive reasoning?

ANALOGICAL ARGUMENT

Analogical argument is a form of inductive reasoning that rests on the simi-
larities between two things. In this kind of argument we reason that if A and
B are similar in some features, then another feature of A will also be found
in B, when it is unknown or uncertain if B has that feature. For example,
one could give reasons why child neglect will inhibit a child’s development,
or one could say, “As a rose with too little water will fail to bloom, a child who
receives too little love will fail to grow.” The strength of this argument rests
on the degree to which a child and a rose are similar. They are both living
things requiring nourishment; they are both “born”; they both grow, flour-
ish, and die; and they both depend on their environment for life and proper
development.

The above analogy has a metaphorical element, the likening of a child to
a rose. A more straightforward analogy is found in the following, which likens
one tyrant to another:
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We should remove this tyrant from his throne! Merely punishing him
will be ineffective. Hussein was punished for his tyranny and all too
quickly returned to terrorize and slaughter his enemies again.

The more similar A and B are to each other, the stronger the analogical
argument will be. But even with few similarities, if the similarities are strong
and compelling, the analogical argument can have force. The two examples
above are reasonably good analogical arguments.

We have no foolproof test to determine which analogies are strong and
which are not. However, the degree to which the similarities match and strike
most people as appropriate and effective, as opposed to the degree to which
the dissimilarities of the analogy strike most people as dissonant, is one way
to gauge the analogy’s effectiveness. No analogy can be used to “prove” some-
thing because no two things are identical in every respect. But one can con-
sider the similarities and differences between the two elements being compared
and accept those analogies in which the similarities are striking. It is reason-
able to assume that if two things are known to have a lot in common, they
may share other similarities as well.

Chuang Tzu’s Analogies

Analogical argument has been in use for thousands of years. The Taoist philosopher
Chuang Tzu, who lived in the fifth century B.C.E., used them copiously. In one of
Chuang Tzu’s stories Hsu Yu was offered the opportunity to rule the Chinese empire.
Hsu Yu declined:

When the Tailor Bird builds her nest in the deep wood, she uses no more
than one branch. When the mole drinks at the river he takes no more
than a bellyful. Go home and forget the matter, my Lord. I have no use
for the rulership of the world! (Watson, 1968, pp. 32-33)

This analogy recognizes the similarity of the human being to other natural creatures.
We find in nature that creatures take only what they need. If human beings are to live
as nature intended, we too should take only what we need. Does this analogy work? Is
it a good one? There are many differences between a human being and a Tailor Bird,
but are those differences outweighed by the similarity that we share as creatures of nature?

Chuang Tzu uses another analogy, this time between the senses and understand-
ing. Lien Shu chastises Chien Wu for his refusal to believe some remarkable tales about
a sage:

We can’t expect a blind man to appreciate beautiful patterns or a deaf man
to listen to bells and drums. And blindness and deafness are not con-
fined to the body alone—the understanding has them too, as your words
just now have shown (p. 33).

Is the understanding sufficiently similar to the senses of sight and hearing that we can
be convinced that it, too, can become “blind” and “deaf?” Would you consider one of
these analogies to be better than the other?
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THINKING ACTIVITY 9.13
Using Analogies
Using one or more analogies, try to make a brief argument for or against some of the

most debated moral issues of our times, such as abortion, gun control, euthanasia, or
capital punishment.

CAUSATION

One common use of inductive thinking in our everyday life is the search for
causes. Discovering causes uses inductive thinking because it is based upon
observations of particular events from which we then generalize to all similar
events. For example, we conclude that lowering water temperature causes it
to freeze because on prior occasions it has done so. Philosophers remind us
that our conclusion about what causes a particular event is not based on log-
ical necessity, as in a deductive argument, but upon experience. Therefore, our
conclusion about a cause-and-effect relation does not necessarily follow from
our observation; it only probably follows. In other words, experience cannot
tell us what must be, but only what has been; it is possible to imagine otherwise.

Although in a strict, philosophical sense we may never be absolutely sure
about what event causes another, it seems essential to living that we act in
the world with confidence about our ideas concerning cause-and-effect rela-
tions. This confidence can be strengthened by understanding the different
kinds of causes that exist for the different events we experience.

According to one typology, there are four main classes of causes: neces-
sary cause, sufficient cause, necessary and sufficient cause, and contributory
cause. A necessary cause is one that must be present for an event to occur, but
its presence alone does not lead to the event. For example, for uncontrolled
drinking to occur it is necessary that there be ready access to alcohol. But ready
access to alcohol does not by itself cause uncontrolled drinking. A sufficient
cause is one that by itself can bring about an event, such that whenever the
cause is present the event occurs. A sufficient cause of an automobile’s failure
to start, for example, is an empty gas tank. However, this is not a sufficient
and necessary cause of automobile failure because it is not necessary for an
automobile to have an empty gas tank in order to fail. There are other causes
of automobile failure. A sufficient and necessary cause is one that must be pre-
sent to cause an event and is sufficient itself to cause the event. HIV is a nec-
essary and sufficient cause of AIDS because one can get AIDS only through
HIV, and HIV by itself leads to AIDS; no other factor also needs to be present.

The last category of causes is contributory cause. A contributory cause is
not necessary for an event to occur and is not sufficient for an event to occur,
but it helps to bring about the event, such that an event becomes more likely
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because it occurs. For example, the assassination of a president in a country
already ridden with strife might contribute to a civil war. Such an event itself
is not a necessary cause of the war nor a sufficient cause, but it adds more
tension and hostility to a situation already aggravated and leaning toward con-
flict. Thus, one might want to say that the assassination led to the war, because
the war followed soon after. In fact, however, the assassination may have
been only a contributory cause, not the necessary cause of war and not a suf-
ficient cause either.

THINKING ACTIVITY 9.14
Thinking About Causation

Cases abound in which one spouse’s behavior toward the other motivates the other to
abuse alcohol in an attempt to escape from an oppressive, physically abusive, or oth-
erwise stressful situation. What kind of cause is this? Is the marriage a necessary cause,
sufficient cause, necessary and sufficient cause, or contributory cause? Explore the kinds
of causal relationships a marriage could have to a spouse’s drinking problem. To what
kind of cause are people referring when they say, “Her marriage led her to drinking”?

INFORMAL INDUCTIVE FALLACIES

When done well, inductive thinking gives us reasonable, although not absolute,
conclusions that we live by. Unfortunately, considerable unsound inductive
thinking also occurs. Below we look at some of the major kinds of inductive
reasoning fallacies. If we can learn to avoid them, we will think more
competently.

Hasty Generalization

A generalization is a statement about a class of objects or situations based on
observation of some members of that class. All inductive thinking uses gener-
alization as it moves from the particular to the general.

There are reasonable generalizations and there are hasty ones. A reason-
able generalization is one that has a large enough sample to warrant an infer-
ence. For instance, if we randomly surveyed forty percent of the women in a
small college about their attitudes toward men, we could reasonably assume
that the results of our sample reflect the attitudes of women in general in
that college. On the other hand, had we asked only a few women about their
attitudes and concluded that all women at that college feel the same way, we
would be making an error, specifically, a hasty generalization.
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A hasty generalization occurs when a conclusion is drawn from a sample
that is too small or in some way atypical. For example, a man who has one
bad experience with a woman might conclude that all women are nothing but
“users and losers.” Or a student who has taken her first college course and
encountered an egotistic teacher might conclude that all college teachers are
egotists. It is easy to see how these hasty generalizations can fuel stereotypes.
One bad experience with a person of another race, creed, or economic status
might leave one concluding, “All those people are like that.”

Hasty generalizations often occur in arguments between couples. In the
heat of anger, a woman might accuse her partner of being a very selfish per-
son because during the past year he acted selfishly a few times. Or a man might
accuse his spouse, who occasionally forgets to do the dishes, of never helping
in household chores. The accuser can easily remember the many times in which
the dishes were not done but forgets or fails to notice the more numerous
times that they were done. One might call this selective attention, noticing
the bad and not the good. Nonetheless, the sample of cases on which the accu-
sation is based is too small to warrant the conclusion.

There is no hard and fast rule that one can use to determine whether a
generalization is reasonable or not; each case requires a different set of facts.
It is even possible that one datum would be enough to form a generalization.
If a woman suffers an attempted rape by her neighbor, for example, she
shouldn’t have to wait for a dozen or so experiences before she can conclude
that the man is dangerous. Similarly, if a man wins a race far ahead of the
other outstanding competitors, one wouldn’t have to suspend judgment very
long to conclude that the man is fast.

Post Hoc Ergo Propter Hoc

One of the more persuasive and powerful fallacies is post hoc ergo propter hoc
(“after this, therefore, because of this”). Because a cause always precedes an
effect, it is an easy fallacy to assume that if an event comes after X, it is there-
fore caused by X. Obviously this could be the case, but it certainly is not
necessarily so; to assume such is to generalize well beyond what the data allow.
It is true that if A causes B, then B follows A, but just because B follows A
does not mean that A causes B.

Some associations are merely coincidental; the two things associated have
nothing whatever to do with each other. The death of a parent, for example,
might be followed by a son’s divorce. It is illegitimate to argue, however, that
the parent’s death led to the son’s marital dissolution simply because the dis-
solution followed the death. Many tragic events happen every day soon after
sunrise, but we would not want to conclude that the rising sun caused the
tragic events. Similarly, we could not legitimately conclude that a woman’s
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marriage caused her drinking problem just because it started soon after she
got married. There could be other causes of the drinking—a change in jobs,
the death of a parent, conflict with colleagues at work, excessive school
demands, and so forth—that just happened to coincide with her marriage.

Think About It:  Post hoc ergo propter hoc reasoning can be the source of much
superstitious thinking. If one sees a black cat on the road and then soon after has a
flat tire, one might conclude that seeing a black cat leads to some misfortune on
the road. Do you have any superstitious behaviors or beliefs thar were started because

of this fallacy?

Extravagant Hypothesis

We have just seen how people sometimes jump to conclusions about the causes
of things just because one thing follows another. People jump to conclusions
in yet another manner when they commit the extravagant hypothesis fallacy,
which is the formulation of a complex or unlikely explanation for an event
when a simpler explanation would do. A principle called “Ockham’s razor”
states that the simplest explanation for an event is to be preferred over a more
complex one, so long as the simpler one is adequate. The principle of Ockham’s
razor has shown itself to be a good thinking principle over the centuries. As
an example, compare Prolemy’s earth-centered system of the universe with
Copernicus’s sun-centered model. The former model is rather complex, whereas
the latter is simpler. Scientific evidence has supported the simpler model.

As an example of an extravagant hypothesis, consider the following, some-
what common, experience:

I went to bed last night at my usual time. My husband was already
sleeping. I found I had no trouble going to sleep but something awak-
ened me shortly thereafter. I know I was awake, but I was unable to
move. | was paralyzed and very frightened. I tried to call out to my
husband but I couldn’t. He was sound asleep, unaware of the trauma
I was experiencing. As I was lying there paralyzed with fear I sensed
a presence in the room. I can’t tell you what they looked like, but it
seemed like there were several creatures standing at the end of my
bed. I felt helpless, and tortured with fear. After many minutes had
passed, I was able to move again. I sat up in bed with acute anxiety,
as | expected to see some small creatures, but they were gone.
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Some people might believe that this experience is a visitation by UFO aliens
who have arrived to abduct the paralyzed victim for a scientific examination—
quite an extravagant hypothesis. Others see this as a simple case of “sleep paral-
ysis,” a common but often frightening nuisance that is often accompanied
by hallucinations.

Commonly people imagine brain tumors instead of tension headaches
or interpret an unfamiliar phone number on a piece of paper as evidence of
infidelity instead of guessing it is the phone number of the dentist or some
other innocuous person. People with hypochondriacal and paranoid disorders
are especially vulnerable to creating wild hypotheses, but it is in no way
restricted to them. Students who haven't been called on by their professor
might assume that their professor dislikes them, whereas those who are called
on more often might imagine a romantic interest. To the chagrin of some,
the world is often simpler and duller than we imagine it to be.

False Analogy

A false analogy is one in which the similarities between the two things being
compared are not enough to assume that other characteristics of the one apply
to the other. Someone might argue, “Just as an apple tree under some stress
bears more fruit than another tree that lacks for nothing, so too a woman
under stress bears more children than one who suffers nothing at all.”
Obviously this analogy is false. The similarities between a woman and an apple
tree regarding fertility are weak and superficial; the differences far outweigh
any similarity.

The Fallacy of Composition

Similar to hasty generalization, the composition fallacy assumes that what is
true of the whole’s parts is true of the whole. Although it may often be true
that characteristics of the parts are also characteristics of the whole, it does not
logically follow that this is the case. For example, if we know that Allison is
pleasant to be around and her husband Jeremiah is pleasant to be around, we
cannot conclude that they are a nice couple to be around, for when they are
together they might engage in competition with one another and become
argumentative. As we can see from this example, the parts of a whole do not
exist in isolation from each other; instead, they interact with one another. This
interaction can create synergistic effects in the whole that are not shared by
the individual parts. Twenty outstanding musicians may or may not create
an outstanding orchestra, nor do a hundred great individuals necessarily make
a great United States Senate. If you doubt this fallacy, add two soft ingredi-
ents, water and plaster of Paris, and see if you get a soft product.
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Slippery Slope

Water slides are becoming increasingly popular in theme parks; they also exist
with some popularity in our “thinking parks,” although they have no place
there. The slippery slope argument is fallacious reasoning which argues that,
as on a water slide, once a person initiates an action, there is no stopping it
until it hits bottom. This argument has been used, for example, by opponents
of gun control laws. These laws generally aim at removing handguns and have
no intention of eliminating hunting rifles, knives, and so forth. Nonetheless,
it is not uncommon to hear a rebuttal to handgun control that sounds like
the following:

Sure, they want to take away our handguns. That’s what they want
now. But what are they going to want to take away next? Soon it
will be our hunting rifles, next it will be our hunting knives. Soon we
will have a police state in which only the oppressive government will
own arms. Give them an inch today and they’ll soon take a mile. In
short, giving away our handguns is nothing less than giving away our
freedom!

The erroneous assumption behind this argument is that each step between
the removal of handguns and ultimate oppression is very small and thus there
will be no stop to the action until all steps have been taken. In other words,
the assumption is that one must inevitably slide from handgun control to
severe oppression; there is no stopping in the middle. This argument often
sounds quite convincing, but no logical necessity supports it. On innumer-
able occasions people do stop along the slippery slope and travel no further.
Some people do stop at two drinks, and some do eat only a few potato chips.

Human relationships provide many occasions for slippery slope argu-
ments. Sometimes a man and woman become uncompromising because of
the fear that one compromise will lead to another until one person is even-
tually dominated entirely by the other, sometimes sliding down the slippery
slope to a divorce.

The slippery slope argument holds human appeal, but logically it is fal-
lacious. If it weren’t, smokers would never quit, every drinker would become
a drunkard, every sexual fantasy would lead to adultery, and every violent man
would eventually rape and murder.

OTHER REASONING FALLACIES

The following reasoning fallacies are difficult to classify exclusively as errors
in either deductive or inductive thinking. Nonetheless, they are common
and egregious errors.
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Appeal to Authority

The book that you are holding purports to give a description of the
physical world. Why do you believe what I tell you? Because I am a
professor of physical chemistry and have canvassed your vote?

— BRAIN SILVER, THE ASCENT OF SCIENCE

People sometimes justify their values and ideas by appealing to an author-
itative source. This is not necessarily fallacious. In the complex world in which
we live, no one can master all subjects. We consult our doctor about matters
of health, our auto mechanic about our car, the child psychologist about child-
raising practices, and so on. However, these people are not always correct in
their judgments. Therefore, a belief that something is true because an expert
said so is usually a good bet, but it is not necessarily true. Nonetheless, rely-
ing on experts is still prudent given our general lack of knowledge about
most of what goes on around us.

Although appeal to authority is often reasonable for obtaining knowledge
about the world around us, there are many instances in which it is abused.
One such instance is the appeal to false authority, such as movie stars, ath-
letic heroes, and prominent musicians when they are presented to us as author-
ities in areas well outside their fields.

Even appeal to legitimate authority is not without its problems. Consider
the number of authorities in the fields of philosophy, physics, psychology, and
so forth who disagree with each other on important matters within their field.
Carl Jung and Sigmund Freud disagreed about the role of sexual motivation
in human behavior. Both of them were authorities, both of them had brilliant
minds, but at least one of them was very wrong!

Likewise, books, including this one, are not an absolute source of author-
ity. Students in classrooms often appeal to a text to argue against their pro-
fessor. The assumption is that if it’s in the text, it is therefore more accurate
than the professor’s knowledge. Individuals write books, and these individu-
als are fallible.

Another kind of book to which people often appeal is the Bible. Some
people consult their Bible for matters that are outside the authority of the
Bible, such as matters of astronomy, health, and anthropology. These sub-
jects are better left to astronomers, physicians, and anthropologists because
the Bible has been shown to be unreliable in these matters when it is com-
pared with scientific studies.

In sum, any time we appeal to an authority that is not a source of accu-
rate information on a topic, we are engaging in an invalid appeal. And given
the dissension among even legitimate authorities, we must be cautious in these
appeals. Whenever practical, we must rely on the validity of the authority’s
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arguments and the strength of the evidence presented, rather than on that per-
son’s word alone.

Think About It:  Aristotle believed the heavens to be crystalline spheres, physi-
cians used to engage in bloodletting, chemists used to practice alchemy, and church
officials believed in witches who made pacts with devils. Can you think of other
authorities who have been wrong?

Appeal to Tradition

Tradition has a strong appeal. Traditions are rooted in family and corporate
structures and in religious and political rituals. If those traditions are sound
and healthy, and have proven successful in raising people or producing cor-
porate products, they can be referred to as “tried and true” and should be kept
(“if it ain’t broke, don't fix it”). But because something has always been the
case does not mean that it is right or appropriate now, or that it was ever
right or appropriate. Appeal to tradition is an attempt to justify a practice or
policy because it has “always” been that way. This is fallacious reasoning because
innumerable instances can be cited of things having been traditionally done
wrong. Moreover, given the changes in knowledge that science has brought
us and the rapid cultural change that has taken place throughout the world
in the last several decades, a position or idea that was once appropriate may
be wholly inadequate now. For example, consider this argument: “A woman’s
place is in the home. That’s the way it’s always been, and that’s the way it ought
to be.” Such an appeal to tradition will not sway the millions of women who
would not return to a world that oppressed and subjugated women for hun-
dreds of years.

One gentleman tried to return merchandise to a store for a cash refund.
The store clerk refused, saying, “That’s been our policy for thirty years.” One
could certainly argue that that’s been a poor or unfair policy for thirty years.
(It certainly resulted in the loss of at least one customer.) As another exam-
ple, a man was having some remodeling work done on his home. The owner
questioned some unorthodox practices of the builder, only to be told that
“that’s the way I've been building these things for fifteen years.” After the
project was completed, a more competent builder looked at the project and
identified a dozen examples of poor construction. For fifteen years this per-
son had been building incompetently.

In short, one cannot get an “ought” from an “is.” It is the case that peo-
ple sing in church, but that does not mean that people ought to sing in church.
Likewise, it is not the case that people ought to smoke because people do
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smoke or ought to steal because people steal. Simply because something has
been tradition does not mean it should remain so.

Bandwagon Appeal

Similar to appeal to tradition is the bandwagon appeal, which is an appeal to
popularity. It is the attempt to justify a position on the basis that “everybody
is doing it.” Most people have heard of the “bandwagon effect” with respect
to political elections. It is well known that a good segment of our society
does not want to be associated with losers. Thus, when they learn that a par-
ticular candidate is falling out of favor or is capturing the attention of large
audiences, they adopt the stance that the majority is taking, in effect, siding
with the winner. To take a contrary opinion requires significant self-esteem
and courage. Thus we find politicians eagerly sharing any poll they can find
that puts them in the lead; the bandwagon effect only enhances their lead that
much more.

Of course, just because most people are doing something does not jus-
tify it, for it is possible that they are wrong. History is replete with examples
in which the majority of a population adhered to erroneous ideas, made poor
choices, or acted unjustly. The wide support of Hitler is but one example.

To help us resist the bandwagon appeal, we should remember that all great
ideas, such as our model of the solar system, the theory of evolution, Einstein’s
theory of relativity, and the double helix model of DNA, were once novel
ideas. Most great ideas were not accepted instantly; they had to compete
with less accurate but more popular notions. Even the automobile was scorned
by many. Fortunately, novel ideas can overcome the obstacle of contrary pop-
ular opinion, for without novel ideas, there could be no growth; without
people with the courage to be different, there would be only stagnation.

Appeal to Ignorance

If people can’t find an authority, tradition, or majority to appeal to, sometimes
they resort to an appeal to ignorance. This is not an appeal to one’s stupid-
ity, as the name suggests. Instead it is supporting a position by either appeal-
ing to the fact that no one can prove it wrong, or to the fact that no one can
prove it right. When a presidential candidate accused the incumbent presi-
dent of deliberately spreading false and negative propaganda about him, one
of the president’s representatives responded by saying that he didn’t believe
there was any evidence to prove that. In other words, because the allegation
cannot be proven correct, it is therefore false. Whether true or not, the response
to the accusation was an appeal to ignorance.

On the other hand, we can imagine a hundred mythical monsters, but
we cannot legitimately argue that they all exist simply because there is no proof
that they don’t. In sum, having no evidence against a position does not amount
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to having evidence for it; and having no evidence for a position does not com-
pose evidence against it.

SUMMARY

Along with creative thought, inductive and deductive logic comprise the
bedrock and substance of all our thinking. We explored deductive thinking
through the three major types of syllogisms: categorical, hypothetical (if-then),
and disjunctive (either/or). We explored some formal fallacies, such as deny-
ing the antecedent and affirming the consequent, and we emphasized the
importance of clear definitions for our terms. Valid and invalid conversions
were also addressed; we learned that we cannot always simply reverse the ele-
ments of a statement without changing its meaning.

We also explored soft deductive arguments which use terms such as “most,”
“almost all,” and “generally” instead of “all.” We learned that conclusions of
these arguments can only be statements of probability, and that these state-
ments of probability do not always mean “very probable.” We also learned
that these softer arguments must be put in the context of other information
we have about the terms before we can embrace their conclusions.

At the end of the section on deduction we explored some informal deduc-
tive fallacies. Here we learned that we should not assume that the parts of
wholes share their characteristics. Nor should we engage in circular reason-
ing by assuming what we are trying to prove or fall prey to the either/or fal-
lacy by reducing complex issues into simplistic alternatives. In this section
we also learned to refute arguments by exposing these and other reasoning
errors or by reducing a proposition or conclusion to its absurdity.

Finally, inductive thinking, reasoning from the particular to the general,
was explored and contrasted with deductive thinking, reasoning from the gen-
eral to the particular. We explored the analogical argument as a valid form of
inductive reasoning, even though a precise test for a strong analogy cannot
be found. We then identified common errors in inductive reasoning such as
false analogy, hasty generalization, fallacy of composition, extravagant hypothe-
ses, and slippery slope thinking. We also explored errors in causal thinking
through discussion of post hoc ergo propter hoc and the different types of cau-
sation: necessary, necessary and sufficient, sufficient, and contributory. Finally
we looked at the fallacies of appeal: the bandwagon appeal and the appeals
to authority, tradition, and ignorance.

LOGIC CHALLENGES

1. Because causal laws of nature are descriptions of past events, on what
basis should we assume that past events must be the same in the future?

2. How do the emotions of anger and depression affect your ability to think
logically?
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If someone could take one of your cherished beliefs and show that it is
based on faulty reasoning, would you readily abandon ie?

4. How logical do you think most human beings are?

10.

11.

12.

13.

14.
15.

16.
17.

Identify beliefs and attitudes of those around you that you believe are
founded on poor logic. Can you find illogical thinking embedded in our
cultural beliefs?

Should people who are uninformed and reason illogically be allowed to
vote for issues and candidates that determine the course of the coun-
try? Why?

Identify examples in which we reason logically but do not act accord-
ingly. What are some reasons for this inconsistency?

. To what extent can we discover truths about the world through reasoning

alone, without science? Are there truths that we will never discover
through reason?

. What would you think about someone who was so logical that he or she

always acted rationally, never allowing feelings to get in the way? Is this

the ideal person? Or would this be a flawed person? Why?

How often do you use “or” in a nonexclusive manner? When you use it
this way, do others know how you are using it?

The next time you get into a serious debate or argument, write down a
summary of the points made on both sides. Can you identify any rea-
soning errors?

Can you think of deductive arguments using “most,” “generally,” and
“almost all” for which it would be difficult to find critical information
to challenge the conclusion? One example might be the following:
“Almost all girls like cookies; Sharon is a girl; therefore, Sharon proba-
bly likes cookies.” Aside from knowing that Sharon doesn't like cook-
ies, is there any category that Sharon could fall under that would lead
us to believe that she probably would not like cookies?

What kind of thinking errors do you think are most commonly made,
inductive or deductive? What kind of thinking errors do you most com-
monly make?

What kind of thinking errors lie behind stereotypes?

How have you responded in the past to the question “Do you believe
in God?” Did you ask for the meaning of God before you responded?
How many different meanings of “God” can you think of? Can you
think of other questions that should be qualified before answering?

What issues do you tend to look at in black-and-white (either/or) terms?

Think of the complex network of causes that have led to your exis-
tence. What are the odds of your creation?
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18.

19.

20.

21.
22.

23.

24.
25.

When was the last time you made a post hoc ergo propter hoc error?
Describe it.

Can you think of any popular hypotheses for events that would be con-
sidered extravagant? Are all extravagant hypotheses in error? How would
you respond to someone maintaining an extravagant hypothesis who
says to you, “Prove I'm wrong”?

Some analogies are weak and some are strong. Can anything be proven
even with a strong analogy?

What hasty generalizations have you made recently?

Identify some popular slippery slope arguments for contemporary issues
today.

In some families incest and child abuse are traditional, being passed from
generation to generation. Can you think of other traditional practices
that ought to be abandoned?

What illegitimate authorities have you appealed to in the past?

To what extent should we rely on any authority for information? Is this
approach ever a reasonable way of knowing? What would it be like to
live in a world in which we believed only in what we experienced and
never in what we heard from others?
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Scientific Thinking

There are ten astrologers for every one astronomer.

—CARL SAGAN

Science. It is almost a second language as well as a method of inquiry. Rarely
a day goes by when we don’t hear about some new discovery in fields such as
medicine, psychology, and physics. To think more critically about such dis-
coveries, such as a cure for cancer, new treatments for depression, evidence for
life on other planets, or an advertisement for a new “wonder drug,” we need
to know the language and methods of science.

In this chapter we explore the nature of science, beginning with the basic
steps of the scientific method. We identify some of the assumptions and
requirements of this method and contrast it with other ways of knowing. We
look at the empirical nature of science and its limitations, and we briefly
consider the problem of proof. We also explore the different research designs,
their drawbacks, and the experimenter biases of the scientists themselves. Our
goal is not to become scientists but to learn about the basis of research in order
to become intelligent consumers of scientific information.

193
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THE SCIENTIFIC METHOD

The worldwide technical and scientific literature was over 60 million pages a
year by 1970 (Toffler, 1970). If scientific information comes close to doubling
every twelve years as some suggest (Marien, 1998), it may now easily exceed
250 million pages. This explosion in knowledge began with an increased
reliance on the scientific method as the tool for understanding our material
and psychosocial universe. This method, which has so radically transformed
our world, is a type of inductive thinking which moves through four major
steps:

1. Observation

2. Hypothesis formulation

3. Experimentation or data collection
4. Verification

These same four steps were used by Galileo when he studied the effects
of gravity on falling objects. Galileo observed bodies appearing to fall faster
the longer they fell. He then formed a hypothesis that falling bodies increase
their speed at a steady rate. He experimented by rolling balls down an inclined
plane and measuring their speed at different points. He then attempted to ver-
ify his hypothesis by analyzing the experimental results, which showed that
the balls increased their speed at a constant velocity of 32 feet/second every
second, in agreement with his hypothesis. To further verify his results, Galileo
and others ran his experiment again.

Observation

The scientific method relies primarily on systematic observation of the world.
It uses formal procedures for testing ideas about cause-and-effect relationships
between variables. It can be used in many fields of study, including the social
sciences, biology, chemistry, and physics. We might observe, for example, that
many human beings are stricken with cancer. This observation might then
lead us to wonder about the cause of cancer or about possible treatments. This
kind of wondering about cause-and-effect relationships can be called scien-
tific thinking. Scientific thinking can begin with observation, prior experi-
ence, previous knowledge, or common sense, and it can lead us to the second
step of the experimental method, the hypothesis.

Hypotbhesis

A hypothesis is a tentative statement about the relationship between two vari-
ables, usually in the form of a prediction: “If A, then B.” For example, if (1)
we had observed that people dying of cancer are usually heavy cola drinkers,
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(2) we were aware that cancer rates were lower before cola was invented, and
(3) there was considerable scientific debate about the safety of cola additives,
then our thinking and observation might lead us to suspect that the cause of
cancer is excessive cola drinking. We could express the hypothesis in an if-
then statement, such as “If people drink large amounts of cola, then they are
more likely to develop cancer.” This if-then hypothesis could be simplified
into a single statement: “The cause of cancer is drinking too much cola.” No
matter how the hypothesis is formulated, it must be tested for its truthful-
ness because the casual observations alone are not enough to support it.

Experimentation

The testing of the hypothesis is done through research and experimentation,
and is the third step of the scientific method. There are many ways to con-
duct these studies, each with its own advantages and disadvantages, as we
discuss later. For instance, in our cola example, we could feed large quanti-
ties of cola to chimpanzees and after a while compare their cancer rates with
those of a group of chimpanzees that did not receive cola. Or we could find
human beings with a history of excessive cola consumption and compare their
cancer incidence with that of humans who avoid such consumption. Once
the experiment or a data collection is complete, we move on to the last step
of the scientific method, verification.

Verification

Verification is the analysis of our data to see if the data support or deny the
hypothesis. In our example, we would analyze the results of our experiment
to see if the excessive cola drinkers did indeed have a higher incidence of
cancer. If they did, then our hypothesis was supported (but not proven). If
there was no difference between the groups, then we must go back to our
first step to look for new observations or begin thinking about other cause-
and-effect relationships that might explain our observations. This last step of
the scientific method can be fortified through replication, which means run-
ning the study again to ensure that the results are reliable. It is especially help-
ful if other researchers replicate the results. Verification can also be fortified
through prediction, which is the ability to use our study’s conclusions to reli-
ably predict other outcomes.

These are the basics of the scientific method, a model of inquiry that is
sometimes supplemented with hunches, intuitions, good luck, and creative

play:

“To our knowledge, no one has ever been able to grow neurons from
the brain, probably from any animal, much less a human,” said Dr.
Solomon Snyder. . . . “We didn’t expect it to work. We can't tell you
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why it did work. . . . We did it by diddling around, by being at the
right place at the right time.” (Bor, 1990)

Think About It:  While creating technological marvels and producing vast amounts
of worthwhile information, the products of the scientific method have also created
an ecological nightmare, extended humankind’s ability to kill a thousand-fold, and
raised ethical issues that seem to transcend our capacity to answer them.

Science and Other Ways of Knowing

The scientific method can be further understood by distinguishing it from
other ways of knowing, such as philosophy and appeal to authority. Like sci-
ence, philosophy has systems for investigating the world, and the questions
philosophers address may be inspired by a set of observations. However, phi-
losophy differs from science in its greater emphasis on reason for solving prob-
lems as opposed to observation. The two also differ in the objects of their
investigations. The domain of science is the world of observation, also known
as the empirical world. Philosophy, on the other hand, often makes its inquiry
outside the empirical world, investigating values, meaning, existence, and
so on.

The scientific method can also be distinguished from appeal to author-
ity. Many people seek knowledge by appealing to an authority figure. This fig-
ure may be a well-respected doctor, teacher, or religious book. The scientific
method, however, is at great odds with this way of knowing. When we appeal
to authority, we believe something is true because an authoritative figure said
so, and we do not require a set of systematic observations to support it. During
the Middle Ages, for example, the Catholic Church taught that all the heav-
enly bodies revolved around the earth. Most people accepted this teaching
because it came from the church’s interpretation of an authoritative source,
the Bible, and casual observation supported it: the heavenly bodies did appear
to go around the earth. But from the scientific point of view, this observa-
tion led only to a hypothesis, which was not tested scientifically. There were,
as we know now, other explanations that would just as well have supported
the observation that planets and stars appear to go around the earth. These
explanations were not tested scientifically because the hypothesis was assumed
to be true since it came from an authoritative source. When the church’s teach-
ings were eventually challenged by Copernicus and Galileo, they were deemed
heretical, not because they were at odds with observation, but because they
were at odds with authority!
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Think About It:  Is science at the end of its useful life? Will it ever find another

physical law? Will it ever discover the roots of consciousness? Will it ever find our
what happened before the big bang? Will it ever answer the big questions? Or will
it just give us technical trivia about esoteric matters that will have no real impact
on our lives?

Copernicus and Galileo

In the sixteenth century, Copernicus argued that the earth moved around the sun. His
idea was contrary to the teachings of the Catholic Church, which believed that the celes-
tial bodies revolved around the earth. Needless to say, Copernicus’s teachings inflamed
many Christians, including Martin Luther who considered him a fool who wanted “to
turn the whole of astronomy upside down” (Crowther, 1969, p. 48). In 1616, sixty
years after Copernicus’s death, the Catholic Church, fearing a great scandal and dis-
sent if Copernicus’s views were taken seriously, put his text outlining a heliocentric (sun-
centered) theory of the solar system on the Index of Prohibited Books.

Although Copernicus is credited with introducing the heliocentric solar system,
it was Galileo who was prosecuted for supporting such a view. Relying on scientific
observation of the sun, planets, and stars, instead of on religious doctrine, Galileo found
strong empirical support for Copernicus’s theory and was unafraid to go public with
his views. Even though forbidden by the church, Galileo published a book in 1632 sup-
porting Copernicus’s ideas and was consequently forced to stand trial for heresy. Found
guilty, he was ordered to recant his views and was sentenced to house arrest, which
remained in effect until he died eight years later. Such was the price of science. Only
in 1992 did the Pope finally recant and admit that Galileo was right.

This story shows that appealing to authority is not always going to yield a valid
picture of reality, and it shows the power of our worldviews to inhibit our considera-
tion of opposing beliefs, no matter what the evidence. In this case, Christians had a
worldview that placed earth and human beings at the center of the universe. This view
prevented them from thinking objectively about alternate views, even when the scien-
tific evidence was substantial. This story also shows us the necessity for courage in our
critical thinking, courage to abandon beliefs that make us feel safe and secure, and to
stand up for an unorthodox view that may make us vulnerable to criticism from oth-
ers. Without such courage, thinking cannot take the creative leaps often necessary for
a breakthrough in knowledge.
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THE EMPIRICAL NATURE OF SCIENCE

The world of science is the empirical world, the world of observation. In order
to apply the scientific method scientists must be able to make observations
and measurements. Therefore, all variables under study in science must be
defined in observable, measurable terms. By giving operational definitions to
variables in this way, we make it clear to others what those variables are and
what observations or measurements will indicate their presence. Physicists
must decide what physical traces from an atom collision will indicate or define
certain atomic particles. Astronomers must define a black hole in a way that
they can recognize it when it is present in their observations of deep space.
And psychologists must define variables such as love, frustration, and stress
in such a way that they can be observed and measured.

An example of a nonoperational definition is Webster’s definition of love
as “strong attachment” and “warm affection” toward another. Although this
definition conveys to others the meaning of the term love, it does not indi-
cate to others what observations or measurements are necessary to indicate
the presence of love. With only Webster’s definition in mind, with no obser-
vational measures to indicate its presence, imagine trying to ascertain the
percentage of passersby who are in love. But if we define love as walking
hand in hand with someone for at least sixty seconds, then we are defining
love operationally and we would be able to observe and count the number of
people passing by who are in love. But have we, in this case, defined love
accurately?

Erroneous Operational Definitions

When variables are defined operationally, they are sometimes defined incor-
rectly. When this happens, the conclusions of the research may be in error.
In medical research, for example, an operational definition of low-fat eaters
has been based on a person’s response to a questionnaire designed to deter-
mine how much fat a respondent eats now—not in the past, not in the future.
That information is then used in studies twenty years later to see if low-fat
eaters had, for example, more or less cancer than the high-fat eaters over the
twenty-year period. Since people’s eating habits do change, one can certainly
question whether twenty years of low-fat eating can be adequately defined
by only one questionnaire twenty years ago.

As another example, consider a 1991 survey by the National Centers for
Disease Control (“Good News,” 1991). According to the survey, 45 to 75 per-
cent of Americans have “sedentary lifestyles,” sedentary being defined as “fewer
than three 20—minute sessions of exercise each week.” One can imagine the
reactions of millions of parents whose days are completely filled by employ-
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ment, childcare, and housekeeping responsibilities that include miles of walk-
ing, hundreds of flights of stairs, and lifting babies and heavy bags of groceries,
with no time left over for a regular exercise program. We could hardly call
these people sedentary! We can see that, despite the good intentions of sci-
entists, sometimes the concept under study is one thing, whereas the opera-
tional definition of that concept is another.

Think About It:  In the above operational definition of love, the meaning of
love may have been lost by defining it as handholding for sixty seconds. When we
count handholding, are we really counting love? Are we missing anyone? A better
definition might be to define love as a “yes” response to the question ‘Are you in
love?” Can you think of a better operational definition?

Operational Debates

Operational definitions that are acceptable to everyone are sometimes very
difficult to achieve. Such difficulty often leads to debate. One area of debate
in psychology, for instance, is whether or not the hypnotized state is an alter-
nate state of consciousness. First, researchers have to define in nonoperational
terms what they mean by an alternate state of consciousness, and then they
have to define this state in observable, measurable terms. Those who believe
that hypnosis does not lead to an alternate state typically define alternate
state operationally as a pattern of brain waves different from those of the
waking state. They then point out that such brain wave change does not occur
during hypnosis, and therefore hypnosis is not an alternate state of con-
sciousness. Supporters of the alternate state theory might respond by chal-
lenging this operational definition. They might argue that it is possible for a
person to be experiencing an alternate state of consciousness even though their
brain waves indicate nothing more than normal waking consciousness. Given
that possibility, critics of the alternate state theory of hypnosis could be rely-
ing on an invalid operational definition!

The Limits of Science

Without an operational definition, the scientific method cannot be employed.
Science cannot, for example, tell us whether or not a biblical heaven or hell
exists. Such metaphysical concepts are generally not reducible to operational
terms. They lie outside the realm of observation and are best left to the areas
of religion and philosophy.

Besides metaphysical questions, questions of values and ethics also lie out-
side the domain of science. Consider the issue of abortion. Is abortion right
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or is it wrong? The answer cannot be found through observation. Scientists
cannot find an answer to this question by looking through microscopes, observ-
ing biological changes in laboratory dishes, or observing how human beings
respond to the abortion issue. The question of abortion is one of values, and
although science can give us information that can be useful in answering
such a question—for example, ascertaining when the heart starts beating in
a fetus—it cannot by itself evaluate ethical statements. Value questions lie
within the realm of religion and philosophy and outside the realm of science.

Consider the value statement “It is wrong to kill human beings for any
reason but self-defense.” Can you imagine any scientific way to support or
refute such a statement? Where would we look for the answer? Perhaps, you
might say, in our emotions, for most human beings find killing emotionally
repulsive. But how do you determine that human emotion should be the cri-
terion for determining values? Is that a scientific fact or a philosophical state-
ment? No kind of scientific observation could possibly tell us that human

THINKING ACTIVITY 10.1
Creating Operational Definitions

If you were proposing to study the following variables, which ones could you opera-
tionally define? Which ones could not be so defined? The key to determining your suc-
cess is to ask, “What could I observe that would indicate the presence of the variable?”
and “Could my definition be defining another variable instead?” Try your definitions
out on others to see if there is agreement that your definition indeed defines the term
without losing its meaning.

1. Frustration 16. God
2. Obesity 17. Immoral behavior
3. Aggression 18. Prejudice
4. Soul 19. Meditation
5. Scientist 20. Hypnotized subject
6. Depression 21. Psychological stress
7. Thumb sucking 22. Altruistic behavior
8. Migraine headache 23. Happiness
9. Multiple personality 24. Life
10. Nothing 25. Consciousness
11. Black hole 26. Thinking
12. Gravity 27. Death
13. Telepathy 28. Beginning of human life
14. Evolution 29. Intelligence
15. Pain 30. Heaven
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emotion is the criterion for determining values. Once again we are back to
the realm of philosophy and have left the domain of science.

THINKING ACTIVITY 10.2
The Domain of Science

For which of the following questions would science be the appropriate method of
investigation?
1. Do human beings have free will?

How can we reduce pollution in the environment?
Is there life on other planets?
Is a person the same person from birth through old age? If so, what is it that
makes her so?
Does God exist?
At what point in fetal development do brain waves occur?
When does human life start?
What is life?

9. What principles should guide a person’s behavior toward others?
10. What is the origin of the human race?
11. How can we increase our longevity?
12. What was Shakespeare’s purpose in writing Romeo and Julier?
13. What is the human mind?
14. Should human beings be punished for evil deeds?
15. Are human beings basically good, or are they basically evil?
16. What is beauty?

17. Does stress cause most cases of depression?

S

PN oW

18. Does wearing a seat belt decrease the incidence of highway fatalities?
19. Does drinking milk before bedtime aid sleeping?

20. Is there life after death?

21. What is intelligence?

SCIENCE AND THE UNDERSTANDING OF HUMAN NATURE

A scientific conception of human behavior dictates one practice, a phi-

losophy of personal freedom another.

—B. E SKINNER, “SCIENCE AND HUMAN BEHAVIOR”

Because of the remarkable success of science in understanding the material
universe, psychologists and sociologists have applied scientific thinking to
the understanding of the psychological and sociological dimensions of human
beings. From a philosophical viewpoint, this scientific thinking rests upon a
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foundation of determinism, which leads to some interesting problems when
applied to the study of human beings. Below we explore the validity of this
application of science through a discussion of determinism.

Determinism as Foundation

Scientists seek not only to discover phenomena but to discover the order under-
lying various phenomena, that is, the cause-and-effect relationships between
things. The psychologists’ lengthy surveys, the biologists” dish cultures, and
the physicists’ atomic accelerators are all designed to discover the components
of nature and the laws that govern the actions of these components, whether
those components are human beings, tsetse flies, or atomic matter. Scientists
assume that the world is orderly, predictable, and operating through com-
plex mechanisms of cause and effect. In other words, they assume a deter-
ministic universe. If the world were not determined, but completely chaotic,
scientific investigation could not lead to the discovery of natural laws.
There is considerable debate among philosophers and scientists about the
extent of determinism, but most agree that for the macrocosmic physical
universe determinism is a valid description of events. The debate centers on
the role of determinism in the microcosmic world of particle physics and in
the behavior of human beings. We will concern ourselves with the latter.

Human Beings and Determinism

Social scientists are concerned with the understanding and control of human
behavior in order to promote optimal social and psychological functioning.
The assumption, in whole or in part, behind this concern is determinism:
social scientists assume that genetic, psychological, and social forces in each
person’s history govern the character and behavior of each individual. Although
not all psychologists adhere to a deterministic view of human nature, their
dominant tendency to look for explanations of human behavior by examin-
ing past events seems to assume such a view, especially when the general goal
is to determine laws or principles that may govern human behavior. Here is
an example:

STUDENT: Why did Mark become a psychopath?

PROFESSOR: Well, our answer lies in the genetic, social, and psychological
forces that shaped Mark through his early development.
Interestingly, Mark’s father was also a psychopath and might
have passed on some “psychopathic genes” to him. Moreover,
being a psychopath, Mark’s father did not teach him a healthy
value system and actually served as a negative role model for
Mark. Mark’s mother, of course, had to work ten hours a day,
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six days a week, because Mark’s father was often unemployed
and was not a reliable source of income. Consequently, Mark’s
mother was not around to help shape Mark’s values either and
never really formed a strong bond with him. She often
neglected Mark and physically abused him when she was under
stress, which was more often than not. Sadly, there was never
any sign of affection expressed toward him at all. And that’s
why Mark became a psychopath!

If Mark’s behavior was shaped by his genetic constitution and his psy-
chological and social environment, can he be held responsible for anything
that he does? Hard determinists must answer “no,” for they believe that every
element of MarK’s behavior, including the choices, judgments, and assessments
underlying that behavior, are nothing but the result of a complicated chain
of cause-and-effect relationships. Hard determinists argue that if all the vari-
ables about Mark were known, they would be able to predict his behavior with
perfect precision. The reason they cannot ever predict perfectly what some-
one will do is not because people are free, but because they never know all of
the variables bearing on that behavior. Thus, they talk about probabilities.
They say that, given a certain kind of parenting style and a certain social envi-
ronment, the chances are good that someone will become a psychopath. But
rarely, if ever, can they be certain.

Opposed to determinism are the indeterminists, who believe that much
of our life is shaped by genetic and psychosocial forces but that there is still
an element of free will behind our behavior. We are free in the sense that we
could have done otherwise, but we chose not to, and thus we are account-
able for our actions.

If the indeterminists are right about our freedom, can scientists ever under-
stand and predict our behavior? Some philosophers argue that prediction
and freedom are not incompatible. For example, you may know your friend
well enough to know how he would choose to behave in a given situation.
Thus, even though he is acting freely, you can predict his behavior. Then again,
maybe you can't:

I have observed instances of a person deliberately upsetting the pre-
dictions simply to reaffirm his unpredictability and therefore auton-
omy and self-governance. For instance, a ten-year-old girl, known for
being always a good citizen, law-abiding and dutiful, unexpectedly
disrupted classroom discipline by passing out French fried potatoes
instead of notebooks simply because, as she later said, everyone just
took her good behavior for granted. A young man who heard his
fiancé say of him that he was so methodical that she always knew
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what to expect of him, deliberately did what was not expected of him.
Somehow he felt her statement to be insulting. (Maslow, 1966, p. 42)

Would any scientist have been able to predict that the ten-year-old girl
would hand out french fries? The determinist, of course, would argue that
an inability to predict the girl’s behavior only reflects the complexity and enor-
mity of the variables behind that behavior and in no way undermines deter-
minism. Nonetheless, most of us would agree that a strong sense of freedom
is evident in the example above. So strong is that sense of freedom in our
lives that it may be more the burden of the determinists to show that we are
not free than it is of the indeterminists to show that we are.

The point is that social scientists generally act under the assumption of
determinism when they look for the causes of human behaviors and thoughts,
even though their subjects feel free and are held responsible for their acts by
others. For example, when Mark the psychopath murders, we react with out-
rage, not against a social-psychological system that made Mark what he is, but
against Mark himself as though he is responsible for what he did, as though
he could have chosen otherwise. Thus we have a contradiction between the
deterministic assumption of social scientists which absolves Mark from respon-
sibility and the reaction of the world in general which presupposes Mark’s
responsibility and freedom. One determinist explained the contradiction
this way:

All of this suggests that we are in transition. We have not wholly aban-
doned the traditional philosophy of human nature [that we are free];
at the same time we are far from adopting a scientific point of view
that our behavior is determined without reservation. We have accepted
the assumption of determinism in part; yet we allow our sympa-
thies, our first allegiances, and our personal aspirations to rise to the
defense of the traditional view [of human freedom]. (Skinner,

1953, p. 9)

Think About It:  In his statement above, B. E Skinner explains the contradic-
tion between the deterministic assumption of social science and our general assump-
tion of free will as due to an inability to fully embrace determinism because of our
loyalty and attraction to the idea of free will. Do you agree? Is our “love” of free

will and its implications getting in the way of straight thinking about it? Or are
there solid reasons for defending free will?

Although we have not determined the extent of human free will, we can
say with some confidence that the precision of social science may be limited
by the extent of it; the greater our freedom, the less the rule of cause and effect
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applies and the more difficult human behavior is to predict and control. And
if human freedom exists at all, then perhaps the goal of social scientists ought
to be to encourage it. As Maslow (1966) wrote, “If humanistic science may
be said to have any goals beyond sheer fascination with the human mystery
and enjoyment of it, these would be to release the person from external con-
trols and to make him /ess predictable to the observer” (p. 40).

Determinism and Probability

Although determinism underlies the scientific work of the physical and social scientists,
many scientists work more with the concept of probability than with the concept of
determinism. Probability is concerned with the /kelihood of a particular event occur-
ring in a particular situation. In quantum mechanics, for example, physicists work with
Werner Heisenberg’s uncertainty principle. This principle states that, because atomic
particles are so small, the methods we use to observe and measure those particles change
them. Therefore, physicists can observe and measure the exact momentum of a parti-
cle, but they cannot simultaneously determine its exact velocity because that would have
been changed by the act of observing momentum, and vice versa. If physicists want to
know both momentum and velocity, they can only make statements about the proba-
bility that a particle will fall within a particular range of values; for a given probabil-
ity, the smaller the range for one value, the larger the range for the other.

Social scientists also deal with probability. Much of their research is done with
groups of people as they compare the average value of one group with that of another.
If, for example, they find that a group of people exposed to noisy working conditions
have poorer marital relations than a similar group that is exposed to quiet working con-
ditions, they might conclude that exposure to a noisy work environment leads to poor
marital relations. However, not everyone in the noisy conditions is necessarily going
to be affected that way. There are usually exceptions in every group. Thus, for a given
individual who is exposed, we can talk about probable effects on marital relations, not
certain effects.

Do these probability theories undermine determinism? Not necessarily. Einstein,
for example, thought that the uncertainty principle reflected the limitation of our
ability to measure atomic particles, not an inherent indeterminism of atomic elements.
Similarly, the work of social scientists with probability may only reflect their limita-
tion in assessing all of the important characteristics of each individual; for although a
group may have similar people, they do not have identical people. Those unmeasured
differences foil our ability to predict behavior with certainty.

PROVING A THEORY

We cannot pretend to offer proofs. Proof is an idol before whom the
pure mathematician tortures himself: In physics, we are generally con-
tent to sacrifice before the lesser shrine of plausibility.

— A. EDDINGTON, “DEFENSE OF MYSTICISM~
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Imagine being a traveling nurse who cares for leukemia patients in a large city.
After several months and hundreds of patient visits, you notice that many of
your patients live very close to high-voltage power lines. You at once suspect
that the magnetic fields from those power lines may be the cause of leukemia
in your patients. At this point you have formed a hypothesis, a tentative state-
ment of the relationship between events generally based on casual observa-
tion. Now you proceed scientifically. You look up the addresses of all your
patients and find that 85 percent of them live within 1000 feet of high volt-
age wires or an electrical transformer, both of which generate a strong mag-
netic field. You then go to the city health department and collect addresses
of all leukemia victims in the last ten years and find that most of them lived
in urban areas, which is where high-voltage lines are more common.
Furthermore, you find that as distance from high-voltage lines decreases,
leukemia rates drop. You then write an article and state your theory that strong
magnetic fields cause cancer in children at rates directly related to the strength
of the magnetic field.

Have you proven your case? No! There are other possible explanations for
the results. For example, it could be that all the high voltage lines run through
the more industrial parts of the city, and the industrial pollutants could be
responsible for the leukemia. The fact that most of the cases come from urban
areas may be nothing more than a reflection of the distribution of the popu-
lation in the United States: most cancers are in urban areas because that is
where most people live!

Think About It:  Can you think of other explanation for the leukemia results that
are not connected to high-voltage lines?

Suppose your research is so good that we just cannot think of any other
explanation for your results (except the theory that you have formulated).
Have you then proven your theory? You may have a strong case, but you would
not want to say that you have proven your theory. Scientists generally do not
like to use the words proven and proof (despite how often you hear them in
commercials), for even though no other explanation for one’s results is avail-
able, there might still be one. Moreover, the amount of data necessary to
convince one person of the validity of a theory may be insufficient to con-
vince another. Who determines how much data and what kind of data are
necessary to prove a theory? And how do we determine the amount of data
necessary to prove a theory? Certainly if someone proposed a theory that chal-
lenged our worldview, we would want more data than if that person proposed
a theory that did not usurp conventional beliefs. As we saw in chapter 2,
people are very resistant to changing their worldviews; a great deal of data
would be required to do so.
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One scientist who challenged our worldview was Albert Einstein. His the-
ory of the universe confronted basic beliefs about space and time. His idea,
for example, that time is relative, that two individuals traveling at different
speeds through the universe age at different rates, or that a person at the base
of a mountain ages at a different rate from a person living at the top, seri-
ously disturbs the commonsense view of time held by most people even today.
Nonetheless, his theory has been supported by numerous experiments through-
out the last several decades. Has his theory been proven? It certainly has to
many physicists and mathematicians; however, because proof is subjective,
with each individual requiring more or less data or different kinds of data,
some people probably won't accept relativity as proven until they actually travel
through the universe at different speeds.

In the rest of this chapter we explore the many ways that science can make
progress toward “proof,” and we illustrate in more detail why it is important
for researchers and consumers to be cautious about jumping to hasty
conclusions.

Think About It:  Relatively few people fully understand Einstein’s theories of
relativity. How can a layperson become convinced of the validity of his theories?

CONTROLLED EXPERIMENTS

A controlled experiment is any research design that allows the experimenter to
control the variables so that the results of the experiment can be attributed
to certain conditions, thus better establishing a cause-and-effect relationship.
A controlled experiment generally requires an experimental group and a con-
trol group. The experimental group is the group that receives the treatment;
the control group is the comparison group. Theoretically, the two groups are
identical except for the treatment. If a chemist wants to find out if a new chem-
ical added to ordinary detergent will improve its cleaning efficiency, one group
of clothes will be washed with the new chemical, while the other will not.
Both groups must be washed in water of the same temperature, with the same
amount of water, and so on. Except for the added chemical, the washing
conditions must be identical. If this identity has been achieved, we have a well-
controlled experiment.

To illustrate the importance of having control over as many variables as
possible, consider a fictitious study that is not well controlled: Dr. Smith wants
to find out if hot weather causes human beings to be irritable. He adminis-
ters an irritability test to people waiting in line to buy tickets outside a movie
theater on a hot day. He then administers the same irritability test to theater
patrons leaving the theater after two hours of sitting in an air-conditioned
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environment. He finds that the people standing in the heat of the day scored
higher on the irritability test than the air-conditioned patrons. Thus he con-
cludes that heat makes human beings irritable. But Doctor Smith erred, because
he did not control enough variables to make the two groups identical except
for temperature, and therefore he cannot conclude with any degree of cer-
tainty that heat causes irritability. For example, maybe the people outside the
theater were frustrated from waiting in line so long, and it was the frustra-
tion and not the heat that caused the increased irritability. Or perhaps the
people waiting in line were hungrier, not having had an opportunity to eat
popcorn like their counterparts in the theater. Dr. Smith should have con-
trolled for these variables of frustration and hunger, which could explain the
differences in irritability.

These variables and others need to be controlled so that only one vari-
able distinguishes the two groups, thus giving us only one explanation for
the results of the experiment. For example, in the above experiment, it would
have been better to have both groups see the same movie at the same time of
day with the only difference being that one group watched the movie in high
heat while the other did not. If the groups are the same with respect to every
variable (frustration, time of day, hunger, and so forth) except one, then that
single variable would be the cause of any difference between the two groups.
How do researchers know which variables are important to control and which
are not? (For example, should both groups see the movie in the same the-
ater? On the same day of the week?) They use common sense based on other
information they already have about the research topic.

Much to the embarrassment of researchers, someone often comes along
with another explanation for their results. The experiment must then be run
again, this time controlling for the variable that slipped by last time. So next
time you hear a commercial claim that says something like “Rinsing with
our product before bedtime kills twice as many odor-causing germs as brush-
ing alone,” think! What other variables could explain the results? The
researchers compared their product to brushing without rinsing, but did they
compare their product to rinsing with water before bedtime? Perhaps it is rins-
ing with a fluid that’s important in the removal of germs and not the expen-
sive product’s “special ingredients.”

CORRELATIONAL DESIGNS

Instead of a controlled experiment, researchers will sometimes use a correla-
tional design. Correlational designs differ from controlled experiments in
the way the comparison and experimental groups are selected. In a simple con-
trolled experiment researchers create the difference between groups by divid-
ing a homogeneous group into two equal groups and then introducing the
variable under study to only one group, the experimental group. Theoretically
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the groups are equal except for the variable under study, so it becomes easy
to say that that variable is the explanation for any outcome differences between
the groups.

In the correlational design, however, researchers find the groups that have
differences. For example, in order to discover the effects of meditation, we
find meditators and nonmeditators, instead of dividing a homogeneous group
into a control and an experimental group, and then teaching the experimen-
tal group meditation. After finding the two groups we measure them on some
outcome variable, such as emotional stability. If the meditation group is psy-
chologically more stable than the nonmeditation group, we might conclude
that meditation increases emotional stability. The problem with the correla-
tional method, however, is that groups that are found generally have other dif-
ferences between them besides the variable being studied, and those differences
may be the real explanation for any outcome differences. In the example above,
meditation may not be the only difference between the two groups. If it’s
not, how are we to know if it is meditation that causes emotional stability or
if it’s one of the other differences?

What other differences might there be? Perhaps people who meditate are
more educated than people who do not. Or maybe people who meditate also
tend to be vegetarians. Or maybe people who choose to meditate have more
leisure time and less stress. Or maybe they were spiritually inclined, which led
them to take up meditation. Who knows? The point is, any one of these other
variables, called hidden variables, could explain the outcome differences between
the two groups. In other words, education, vegetarianism, leisure time, or spir-
itual inclination could have been responsible for the increased stability of the
meditation group and not the meditation itself.

Whenever we find differences between groups instead of creating differ-
ences, we run into the problem of hidden variables (also called the “third-vari-
able problem”). Scientists attempt to control for the variables that may
obviously explain the differences by, for instance, making sure that the med-
itators and nonmeditators both eat meat, have the same level of education,
and so forth. But what about intelligence, drug abuse history, or early family
experiences? All of the variables cannot be controlled, and these hidden vari-
ables might be the real reason for the differences. Suppose you hear about a
correlational study that compared vegetarians with nonvegetarians and found
that vegetarians live longer. Most people uninformed about correlational
designs would quickly conclude that adopting a vegetarian diet will increase
longevity. But the cause-and-effect relationship is not that obvious in corre-
lational designs. For example, it could be that vegetarians happen to be the
kind of people who care about their health more than the typical nonvege-
tarian, and not only do they avoid meat, but they also avoid alcohol and
tobacco more than nonvegetarians and tend to see their doctor more frequently
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for regular check-ups. So is it vegetarianism that leads to longevity or the other
good health habits that tend to accompany vegetarianism?

Another problem with correlational designs is determining the direction
of cause and effect. Suppose you hear about a study that finds a positive rela-
tionship between marital satisfaction and work motivation. Does this mean
that marital satisfaction somehow leads to more positive work attitudes, or is
it that industrious people tend to put more energy into their marriages, con-
sequently creating more marital satisfaction? The correlational research method
can determine if a relationship exists between one variable and another, but
it cannot always determine the direction of cause and effect in those rela-
tionships, although common sense and advanced statistical methods can often
help to clarify the directional problem.

Given all these problems of correlational designs, why do we have these
kinds of studies at all> One reason is that correlational designs yield statistics
about the degree to which two variables are related, that is, the degree to which
they correlate. The higher the degree of correlation, the more precisely we can
predict one of the variables if we know the other. Life insurance companies,
for instance, use correlations when they assess the gender and health habits
of new subscribers to determine death potential and insurance risk.

The other reasons for using correlational designs concern matters of prac-
ticality and ethics. Some research questions simply are not practical to per-
form under more controlled conditions, and others are absolutely unethical.
Imagine assessing the effects of child abuse on later personality development.
The more controlled procedure of the experimental method would require
that we separate a homogeneous group of children into two groups, a con-
trol group and an experimental group, then abuse the children in the exper-
imental group, and compare them on personality variables. Obviously this
would be unethical.

Think About It:  How would you conduct an ethical study on child abuse and
personality development?

Arguably ethical problems might be avoided by using animal subjects
instead of humans. A controlled experimental design looking for the possi-
ble cancer-causing effects of a particular drug would be conducted with ani-
mal subjects. However, there is the problem of generalization when using
animal subjects instead of human ones. Generalization is the assumption
that what is true of the sample is true of the larger population under study.
To assume that a drug that causes cancer in laboratory mice also causes can-
cer in humans is to make a statement of generalization. Given the differ-
ences between human beings and animals, there is room for skepticism about
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such generalizations. In sum, although correlational designs are beset with
problems of hidden variables and ambiguity about the direction of cause and
effect, they are often the preferred research design because, along with giving
us predictive ability, they more easily avoid the ethical and generalization prob-
lems of the controlled experiment alternative.

Think About It:  The problem of generalization aside, can you think of any

topics for social science research in which we could not use animals?

SIGNIFICANCE

Sometimes the differences between groups on the outcome variable occur
through chance. This statement does not imply that the world is chaotic or
that some miracle occurred to cause our results. Chance, as we use the term
here, means that in spite of all the precautions taken to select our study sam-
ple wisely, there is a possibility (chance) that faulty sampling occurred, and
our results are due to the sampling error, and not to one of the variables
being studied. For example, it is possible that the two groups of subjects we
selected for the study may have differed from each other at the outset on an
important variable that is responsible for the outcome. In the mouthwash
example above, for instance, it is possible that the group using the mouth rinse
was different from the comparison group such that they would have had 200
percent fewer germs anyway even if they had not rinsed at all! No matter
how much one tries to control the variables so that the two groups in a study
(the mouth rinsers and the nonrinsers) are equal in every respect but one
(mouth rinsing), there is a chance that they are not. In other words, a possi-
bility exists that rinsing had nothing whatsoever to do with the difference
observed between the two groups.

Let’s illustrate this issue with another example. If we want to find out if
people in Wisconsin are more overweight than people in California, we are
not going to assess the weight of every Wisconsin citizen and every Californian.
Instead, we get a sample of people from Wisconsin and compare them to a
sample of Californians. Suppose we get a hundred people from each state,
compare their weights, and find that the people in our California sample are,
on the average, ten pounds heavier than those in the Wisconsin sample. We
want to conclude, on the basis of our sample results, that Californians are
heavier than Wisconsin citizens. But isn’t there a chance that such is not the
case at all? Isn’t there a chance that we just happened to get too many extra-
thin people in our Wisconsin sample and/or an unrepresentative number of
overweight people in our California sample? Even if we obtained a random
sample of both California and Wisconsin citizens, making sure that we select
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people from all income, educational, and geographical brackets, there would
still be the possibility that our samples do not reflect the real weight averages
in those states.

Obviously the larger our random samples, the less likely our samples
will be unrepresentative of their state’s population. But even with 500,000
people in each sample, the possibility still exists, however remote, that the
samples do not reflect the true state of affairs. What is the chance of that
happening? That chance, called the significance level, is statistically calculated
based on the size of the samples, the amount of variability within those sam-
ples, and the size of the difference in outcome between the two groups, in this
case ten pounds. There is always a chance of error, no matter how small, unless
we take the entire population!

Obviously, when the odds of our results occurring by chance are one out
of a million, we have great confidence that our results reflect a real difference
between our groups. But what if the odds were one out of a thousand, or
one out of fifty, or one out of ten? At what point do we lose confidence in
our results? In the social sciences, for example, there are two acceptable stan-
dards: significance levels of .01 and .05. If research results are significant at
the .01 level, the chance of the results occurring because of some sampling
error is only one in one hundred, or 1 percent; thus we can be quite confi-
dent—but not certain—that our study is not that one time out of a hundred
in which the results could have occurred by chance. A significance level of
.05 is less stringent, indicating a 5 percent chance that the results are due to
sampling error, but it is still acceptable to most scientists as indicating the like-
lihood of a real difference, that is, one not due to chance but to the variable
being studied, such as heat in the frustration experiment or mouthwash in the
germ-killing study.

How are we ever to know if it is chance or one of the variables under study
that causes our results? We can become more certain if we repeat the study
and find the same result. This is the importance of replication in the last step
of the scientific method. Unfortunately, many studies are not repeated because
researchers rely on the confidence levels of .01 or .05 or fail to be interested
enough in a project to engage in a replication. But even results significant at
the .01 level could still be due to chance. If someone else repeats the research
design and gets the same results, however, then chance is probably not the
explanation. Year after year we hear of possible cancer cures, only to be dis-
appointed when others repeating the experimental design fail to get the same
results. In 1989 the American public had a major disappointment when a sup-
posedly successful cold fusion experiment failed replication tests. These repli-
cation failures suggest that something else other than, or in addition to, the
variable being studied was responsible for the initial positive results in these
experiments.
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In sum, when we hear about the results of a study, we must think about
the role of chance and exercise appropriate caution in our interpretation. We
should ask ourselves if the results are consistent with other findings; if not, it
might be prudent to wait for replication studies.

Think About It:  How much confidence do you need to take action? What level
of confidence do you need to run a red light, engage in unprotected sex, sky-dive,
bungee-jump, or bet $1,000 on the lottery?

Sizeable Effects

A sizeable effect is a large effect. Just because a study’s results are significant at, say, .01,
does not mean that there’s much to be concerned about. It’s one thing to say the results
of a study are not likely the result of sampling error; it’s another to say the study demon-
strates a sizeable effect. If a study finds that people who eat liver are less likely to get
cancer, and the study has significance at .001, we can be quite confident that the results
are not due to sampling error, especially if the results are replicated. But we can still ask,
“How much does eating liver reduce the risk of cancer?” “Just a tad,” the researcher
might reply. In that case, we need not change our diet to include the insufferable liver.
On the other hand, if eating liver cuts our risk in half, then it’s time to change our
palate! Unfortunately, the popular media often presents study results without men-
tioning the size of the effect.

EXPERIMENTER BLAS

No intellectual activity, science included, is ever free from the shap-
ing force of one particular ideology or another.

—W. BEVAN, “CONTEMPORARY PSYCHOLOGY”

Sometimes experimental failures are not due to sampling error or poor research
design but to the experimenters themselves. This kind of error is known as
experimenter bias. Experimenter bias is the tendency on the part of researchers
to make errors in perception or judgment because of their expectations or
desire for a particular result. It is part of a general tendency among all of us
to see what we would like to see or what we expect to see. Sigmund Freud,
Carl Jung, William James, and others argued that objective, rational inquiry
may be more a fiction than a reality, a mere rationalization dictated by uncon-
scious motives, seething emotions, and cherished beliefs. Our liking or dis-
liking of a person, event, or idea can alter our perceptions, even if the
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foundation of our liking is based on nothing more than hearsay or unhealthy
personal needs. Such bias affects teachers grading student exams, jurors judg-
ing a defendant, and scientists conducting research.

Many psychological studies have demonstrated this effect. In one classic
experiment (Rosenhan, 1973), normal graduate students lied to gain admis-
sion to a mental health hospital, were given a psychiatric diagnosis, generally
“schizophrenia,” and then behaved normally thereafter. Their normal behav-
ior, however, was often seen by the hospital staft to be pathological. The label
“schizophrenia” biased the staff’s perception and judgment of normal behavior.

In another early experiment (Rosenthal, 1966), two groups of graduate
students were given mice to run in a maze. One group was told that their mice
were “maze bright,” that is, bred particularly for adeptness at maze running.
The other group was led to believe that their mice were “maze dull.” In fact,
however, the students were working with the same population of mice. But
graduate students who were told that their mice were maze bright recorded
significantly fewer maze-running errors than the other group and perceived
their rats to be brighter, more pleasant, and more likeable. Other studies
support these findings.

When interpretation of experimental variables is open to subjectivity, spe-
cial care should be taken to guard against experimenter bias. Because such
biased interpretation is not a conscious process, it is not enough to rely on a
scientist’s good judgment and care. What is needed are more objective means
of defining the variables, or special procedures in the research protocol itself.

A common procedure is to make sure that the researcher is unaware of
some critical conditions of the experiment that would otherwise allow for
experimenter bias. For example, if Dr. Z invented an antidepressant drug
and runs an experiment to find out if the drug really can alleviate symptoms
of depression, then Dr. Z, having a great deal of reputation and money at
stake, might unknowingly bias his interpretation of the results. It would be
more than just a little unwise to let Dr. Z assess the patients’ recovery when
at the same time he knows which patients had his drug and which did not.
It would be better to keep him ignorant about who took the real drug or
have someone else who is unaware of these facts do the assessment of the
patients’ recovery.

The motivation of the researcher or research organization is obviously
something that everyone should be wary of. There is a big difference in cred-
ibility between the research of Burt’'s Chemical Corporation on the carcino-
genic properties of their own weed-control product and the research of an
independent group that has nothing at stake in the outcome. It is certainly
not impossible for good research to be conducted by organizations that have
a vested interest in the research outcome, but the potential for experimenter
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bias effects and outright fraud is significant. Therefore, the special interests
of the researcher or research organization must be taken into consideration
when assessing experimental results, and those results must be weighed against
any independent sources doing research on the same subject. If the television
industry cites studies supported financially by the television networks that
show television violence to have no impact on the viewer and if those stud-
ies conflict with well-conducted research from independent sources—well,
you be the judge.

A similar problem arises in the political arena in which, for example, a
politician is expected to carefully weigh arguments for and against gun con-
trol while at the same time receiving generous amounts of campaign money
from the National Rifle Association. As suggested in chapter 2, the politician’s
ability to think objectively would very likely be impaired by motivational con-
siderations. In science, one’s ability to judge, perceive, and assess are also
subject to these motivational factors. Unfortunately, safeguards against these
factors are not always implemented, either for practical reasons, out of disre-
gard for the bias tendency, or out of a deliberate attempt to defraud the pub-
lic. In the mid 1990s the American public became painfully aware of the
potential for scientific fraud and bias when the tobacco industries were found
to have suppressed research that suggested nicotine was addictive. As it turned
out, tobacco science was nothing more than “politicized science,” as one politi-
cian correctly put it.

The Placebo Effect

A researcher’s beliefs and expectations must be controlled for in any research in which
it could be a problem. But subject belief must also be controlled for, because subject
belief can often confuse study results. If subjects are given a drug that they believe will
cure them, the belief itself may cause the cure and not the drug. This is called the placebo
effect. To control for this, only the study’s experimental group is given the real drug
while the control group is given a placebo, a pill containing no medicine, but led to
believe that it’s the real drug. If belief is responsible for the cure, both groups will be
cured. If it’s really the drug and not belief, then only the experimental group will be
cured. The extent to which belief can cure is suggested by the Sapirstein and Kirsch
study (1996). They analyzed thirty-nine studies involving a total of 3,252 depressed
people and found that 50 percent of the response to antidepressant medication was due
to the placebo effect. Clearly this study underscores the need to control for it in research.
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Cases of Fraud

The following are examples of misconduct cases resolved by the Public Health Service

between 1989 and 1991 (Wheeler, 1991, p. A7).

[Oregon Regional Primate Center] R. P S., assistant scientist in the division of neuro-
sciences. A center investigation found he had used the same photographs of cells to rep-
resent different sets of data in published papers.

[Tufts University Medical School] R. S., research associate in neuro-science. A univer-
sity investigation determined that R. S. had altered and fabricated data.

[University of California at San Francisco] P. P. D., adjunct assistant professor of neu-
rology. A university investigation found . P. D. had fabricated data in two published
papers, an unpublished paper, and an unpublished book chapter.

[University of lowa Medical School] H. S., advanced research fellow in internal med-
icine. A university investigation found H. S., who was visiting the laboratory from Japan
for an academic year, had altered data.

[Harvard University Medical School] M. B., research fellow in surgery. A university
investigation found M. B. had fabricated data for a draft manuscript and published
abstracts.

[Northwestern University] D. O. N., associate professor of physiology. A university
investigation found that D. O. N. had fabricated data for two published abstracts and
had submitted a document with the forged signature of a graduate student to the inves-
tigating committee.

[Stanford University] . A. B. and S. M. S., professors of psychiatry. A National Institute
of Mental health investigation found that Dr. B. had misrepresented the status of research
subjects in nine papers. Dr. S. was the lead author on two papers the investigation found
to be “seriously misleading.” Both men were also found guilty of plagiarism in writing
a book chapter.

In most of the above cases, the offenders resigned from their university positions and
were barred from receiving federal grants for several years. Journals that had published
the falsified data were notified.

Cases of fraud occur at all levels and in all disciplines. As you can see, some of
the country’s most prestigious universities were associated with the cases above.

THE SURVEY

One of the most convenient and relatively inexpensive way to gather data for
research is through a survey. A survey is simply an instrument with questions
designed to assess our attitudes and opinions about various issues. This instru-
ment can be given to a subject through an oral or written medium. We have
probably all experienced the oral method when we were approached in a shop-
ping mall by someone who wanted to ask us a few questions about a new
product, or when we answered a phone call from an independent research
firm with questions about our leanings in an upcoming election.
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Without the survey method it would be difficult or impossible to acquire
information about people’s beliefs, attitudes, and opinions. We might be able
to infer some attitudes and beliefs by observing someone’s behavior, but much
of a person’s subjective life cannot be reliably measured in this way. However,
with the survey method a person’s political affiliation could be operationally
defined as a “yes” response to the question: “Are you a Republican?” The sur-
vey technique transfers a political view, which we cannot see and measure,
into an oral or written response, which we can observe and measure. Some
information would otherwise be nearly impossible to accurately define oper-
ationally, such as people’s secret fantasies, their conception of God, their atti-
tude toward gun control, their sexual behavior, or their worst regrets.

Surveys are a very popular method for accumulating data on large num-
bers of people, principally because of their relatively low costs, ease of admin-
istration, and ability to assess personal information and private experiences.
However, surveys must meet four conditions for them to be efficient research
tools: (1) they must be administered to people in a way that encourages hon-
esty, (2) the questions must be clearly stated and written or asked objectively,
that is, without bias in one direction or another, (3) they must reach a rep-
resentative sample of the population being studied, and (4) they must be
returned in an unbiased manner. If any of these conditions is not met, the
survey results become invalid.

The best way to encourage honesty in survey responses is to assure the
person that his or her answers will remain anonymous. This is especially impor-
tant when dealing with sensitive topics like sexual behavior, childhood sex-
ual abuse, and problems of addiction. A face-to-face interview by a stranger
about sexual habits does not provide the anonymity required for honest
answers. However, an uncoded survey given to a class of two hundred stu-
dents with instructions to answer the questions in the privacy of their home
and to place them in a closed box upon returning to class does meet the
anonymity requirement.

Anonymity alone, however, does not ensure valid results if the questions
are asked in a biased manner, that is, by pressuring, intimidating, or other-
wise indicating how they are to be answered. One “State of the Nation” sur-
vey violated the rules of anonymity and unbiased questioning when it
instructed respondents to return the survey with their name on it and pref-
aced the survey with a four-page letter on how to vote. Part of the letter appears
below:

May God strengthen you as you continue to speak out against abor-
tion, homosexuality, communism, pornography, anti-Christian TV
programming and secularism in government. . . . There are more well-
funded liberal activists than ever at work on Capitol Hill. They smell
victory in the making because it appears on the surface that the
Christian agenda has been defeated. . . . You and I must show them
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they are wrong. . . . Radical feminist groups, the American Civil
Liberties Union, and People for the American Way would like noth-
ing more than to see ministries like Coral Ridge silenced.

A few years later the Democratic National Committee mailed a seven-page
survey with sensitive political questions as part of its Democratic Party mem-
bership acceptance form. At the top of each page of the survey was printed
the respondent’s name.

One would think that academic institutions would be one place where
good surveys would be found, since this is where survey design is taught.
But even in these institutions bad surveys are generated. It is not uncommon
for college administrators to send surveys to faculty with questions about the
repondent’s age, sex, race, department, and highest degree. Obviously, in small
departments such information is devastating to anonymity.

Survey bias can also be found in academic arenas. One college survey on
the topic of student retention asked respondents to rate the potential of var-
ious programs to improve retention from “low potential” to “high poten-
tial.” Following each variable name, such as “advising” or “admissions
selectivity,” a paragraph explained the value of such a program. For example:

Academic Advising. The importance of academic advising as a reten-
tion strategy is well documented in the literature. Advising provides
the most significant mechanism by which students can clarify their
educational/career goals and relate these goals to academic offerings.

The above paragraph certainly steers respondents away from “low potential”
and “moderate potential” ratings. Oftentimes administrators, managers, church
leaders, and others have good intentions, but are not well prepared in survey
design.

Even if a survey guarantees anonymity and objectivity, it is not necessar-
ily going to generate useful data if no one returns it or if only a certain kind
of person returns it. Probably the most difficult challenge in using the survey
technique is selecting a representative sample and ensuring an unbiased return.
An unbiased return occurs when everyone in the sample returns the survey
or when the surveys are returned by a representative sample of people from
the sample itself. But even an unbiased return is not going to yield valid results
if the sample receiving the survey is not representative of the larger popula-
tion being studied. For example, if we want to find out what men’s attitudes
are about the feminist movement, we need to solicit the views of men who
are rich as well as poor, Protestants as well as Catholics, young as well as old,
educated as well as uneducated, and so on.

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

The Survey 219

A popular survey among the American public in the 1980s was the Ann
Landers survey that asked women if they would “be content to be held close
and treated tenderly” and forget about the sex act (Landers, 1984, Nov. 4, and
1985, Jan. 14 and 15). This question generated the second-largest response
in the history of her column and, to the amazement of many, men in partic-
ular, the results came back overwhelmingly in support of being held instead
of having sex. But the manner in which the survey was conducted gives us
little confidence in the validity of the results. One might argue that an Ann
Landers survey does not reach a cross section, or representative sample, of
American women. It might be that only certain types of women read Ann
Landers or that women who read Ann Landers are disproportionately a cer-
tain type of woman compared with women in general in the United States.
If ¢his is true, then the results need to be qualified: among women who read
Ann Landers, a certain percentage of them would rather be held than have sex.

But even this conclusion may not be justified. There might also have been
a problem of return bias in the Ann Landers survey. Because there was no
motivation to fill out the survey other than the desire to do so, we might won-
der why some women desired to fill it out and send it in, whereas others did
not. Clearly not every woman who read the survey sent it in. Is there some-
thing special about the women who did respond?

Psychologists have shown that people who have strong negative feelings
about an issue are more likely to express themselves on that issue than peo-
ple who have strong positive feelings. With this knowledge in mind, we might
suspect that women who were dissatisfied with their sex lives and were emo-
tionally unfulfilled might be more inclined to send in the survey. If this is true,
then Ann Landers received a biased return; that is, she did not get responses
from a representative sample of her readers, but instead she received a dis-
proportionate number of survey returns from readers in emotionally unful-
filling relationships. All that we can conclude from her survey is that some
women prefer to be held rather than have sex. We can conclude nothing about
American women in general, nor can we even make general statements about
Ann Landers readers.

Unscientific surveys, such as the Ann Landers survey, magazine surveys,
and so forth, are abundant in American media. Even evening news programs
are using them when they solicit their viewers’ opinions by asking them to
dial a telephone number to express their view on a certain issue or when they
request a response to an internet questionnaire. These unscientific surveys may
elicit responses from only certain kinds of people, who may not be typical of
the larger population. Internet questionnaires, for example, are only going to
be available to those who have a computer with an internet connection. And
though most people have a telephone, when a news program asks its viewers
to dial a telephone number to record a vote on a political issue, it is likely
that those who have the strongest feelings and greater wealth (because there
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is a charge for these calls) will be more inclined to respond. People on tight
budgets with moderate feelings about the issue are less likely to be reached
by such a survey, yet they may constitute the majority of the public. One is
reminded of the telephone survey conducted during the Dewey versus Truman
presidential campaign. A phone survey was conducted to find out which
candidate was likely to win the election. The phone survey showed such a lead
for the Republican candidate Dewey that the Chicago Daily Tribune did not
wait for election results and announced his win in the morning paper the
day after the election. It turned out that Truman won. The mistake? The phone
interviews reached only the wealthy, for at that time only wealthier people
could afford the luxury of a phone. And wealthy people tend to vote
Republican. So the survey amounted to nothing more than asking Republicans
who they were going to vote for!

CASE STUDIES

We have seen that in order to generalize from a sample of people to a larger
population we need to have a representative sample, which requires an ade-
quate and unbiased return. Without representativeness we cannot make mean-
ingful statements about a larger population of people. This problem of
generalization is especially acute in case-study methods of investigation. The
case-study method involves studying one person thoroughly as opposed to
studying a large sample of people. It was the principal research method used
by such famous psychologists as Sigmund Freud and Carl Jung. But because
only one person is being studied, statements of generalization cannot be made
from a case study. Yet people make them all the time:

PROFESSOR SMITH:  According to a well-conducted study, the principle of
reciprocity, contrary to the strategy of “playing hard
to get,” suggests that we are more likely to succeed in
attracting others by expressing a positive interest in
those people whom we find attractive.

STUDENT: I don't think that’s right at all.
PROFESSOR:  And why is that?

STUDENT:  Well, I got my husband by playing hard to get, so I
think playing hard to get works just fine. It sure worked
for me.

In the above example, the student is using herself as a case study and
then generalizing to others. Such reasoning is not valid. No one should ques-
tion the student’s honesty about her experience; what ought to be questioned,
however, is the generalizability of the student’s experience to everyone else’s
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experience, particularly when the student’s experience contradicts the results
of a well-conducted study.

Technically speaking, case studies can be conducted within the physical
sciences as well. But in the physical sciences it is legitimate to discover cer-
tain principles about a single physical event or object and then assume that
those principles apply to all other events or objects identical with the one stud-
ied. If one discovered, for example, that adding two atoms of hydrogen to one
atom of oxygen produced water, we could assume that that would be the
case for all hydrogen and oxygen atoms. Studying human beings, however, is
a different matter entirely, because no two human beings are identical in
their histories or constitutions. Finding out that Joan developed a multiple-
personality disorder because she was severely abused as a child does not mean
that we can assume that anyone severely abused as a child will develop a mul-
tiple-personality disorder, or anyone with a multiple personality disorder was
abused as a child (though, in fact, most of them were). Maybe Joan’s manner
of developing a multiple personality was atypical, which is not unusual given
each person’s unique genetics, family history, peer relations, and interpreta-
tion of life events.

Pseudoscience

True scientific inquiry uses the steps of the scientific method in a careful, well-con-
trolled, and objective manner in an attempt to reach some truths about the world. At
the same time it is open to the possibility of error in its conclusions, considers alter-
native explanations, and weighs the evidence for and against various theories. Further,
true science develops hypotheses and theories that are testable and falsifiable. Subjects
of inquiry that pretend to be scientific but lack these characteristics are called pseudo-
sciences. Their fault is not that their beliefs are false, but that the beliefs are deemed
true without careful scientific testing or in spite of it. One might say that pseudoscience
is the unquestioned belief in extravagant hypotheses without scientifically testing more
conventional theories. Some commonly labeled pseudosciences are astrology, UFOs,
parapsychology, and creationism. Some of this pejorative labeling is undeserved, how-
ever, for sound, scientific studies have been conducted in these areas. The label “pseu-
doscience” seems to be applied because of a preponderance of bad scientific thinking,
which parallels the genuine scientific investigations into these topics, or a continued
belief in those areas in which good evidence strongly suggests otherwise.

One common characteristic of the pseudosciences is the tendency to give a post
hoc (after-the-fact) explanation for an unfulfilled prediction without testing the expla-
nation or to give it in a manner that is untestable. Many religious and cultic groups
have prophesied that the world was going to end; when it did not, they explained
their apparent error as, for example, an intervention by God to reward them for their

(continued)
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Pseudoscience (continued)

efforts to save souls and warn others. Such an explanation is untestable and appears only
to save face. Similarly, so-called psychics have offered face-saving reasons to explain their
failure to perform psychic readings and feats, as when a failed seance or reading is attrib-
uted to “bad timing,” an “uncooperative spirit,” or “negative energy.”

Creationism, astrology, parapsychology, and UFOs involve themes of power, reli-
gion, spirit, savior, and mystery—themes that human beings grasp onto quickly and
tenaciously. Such themes may make it difficult for some believers in these phenomena
to open their systems up to scientific scrutiny.

If we cannot generalize from case studies in the social sciences, of what
value are they? Case studies are valuable for clinical work with patients, and
they can give us hints about what might be transpiring in similar cases. (When
comparing human beings there are never identical cases.) These hints can then
be tested using a larger sample of people.

Think About It: Is the distinction between genuine science and pseudoscience
black-and-white? To what extent if any do the more acceptable sciences have some
of the characteristics of the pseudosciences.

SUMMARY

Because we live in an era in which science permeates our culture, it is impor-
tant to understand its basic methodology, assumptions, and limitations in
order to think more critically about the world around us. The methodology
of science consists of four basic steps: observation, hypothesis formation, exper-
imentation, and verification. It differs from other forms of inquiry primarily
in its emphasis on systematic observation. This is also its limitation, for sci-
ence can study only the empirical world, the world of observation and mea-
surement. Answering metaphysical questions and determining values, for
example, are outside the reach of science.

Although many scientists work with the concept of probability, science
generally assumes a deterministic and orderly universe, including the universe
of human behavior. Considerable debate occurs about the extent of this deter-
minism when it is applied to human beings. Ironically, we tend to judge peo-
ple as though they are free, but we study them as though they are not.
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The methods of researchers are many and include case studies, surveys,
controlled experiments, and correlational designs. Because the correlational
method must find the difference between groups instead of creating the dif-
ference, as is done in a controlled study, it has more problems with hidden
variables as alternative explanations for the results. Moreover, cause-and-effect
relationships cannot as easily be inferred from correlational designs. In spite
of these limitations, correlational methods are useful in making predictions
and are used when controlled studies are impractical or unethical. Sometimes
the use of animal subjects avoids ethical problems and allows scientists to use
a controlled study. However, the question about the validity of generaliza-
tion arises when using animals to learn about human beings. Generalization
is a problem in all studies if the sample is not representative of the larger
population. And it is invalid to generalize from a single case study.

Even when there are no problems in the studies themselves, there is always
the question of the results occurring by chance. Results are generally accepted
if their significance level is .05 or better, meaning that the results could have
occurred by some sampling error five times out of a hundred or less. Replication
of research can help to strengthen confidence in study results. Such increased
confidence, however, does not prove a theory, because everyone’s standard
for proof varies.

Researchers are human beings with cherished beliefs, pet theories, and
great hopes like everyone else. These biases can consciously or unconsciously
influence their judgment of the research variables. Such influence is called
experimenter bias. It is important for researchers to insulate their research
from this bias as much as possible. One technique, used particularly in drug
experiments, is to make the experimenter and subjects ignorant about cru-
cial conditions in the experiment.

The techniques of controlled, objective observation make science a valu-
able tool for unraveling the mysteries of the world. A failure to use science
where it belongs or a haphazard use of it is considered pseudoscience. Here
the themes of power and mystery may overwhelm our critical, scientific sense
and lead us to false beliefs about the world.

As our awareness of the strengths and shortcomings of scientific proce-
dures increases, we can make better judgments on the claims we see and hear,
and we can apply the solid principles of science in our own thinking and
research designs.
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Scientific Thinking

10.

11.
12.

13.

SCIENTIFIC THINKING CHALLENGES

. Is it possible to have a cause-and-effect order in the universe without

determinism? Explain.

. What kind of research method would you use to test the effects of depres-

sion on thinking?

Imagine you heard the following: “Doctors found a relationship between
being underweight and having cancer.” What third, hidden variable can
you think of that might explain this relationship?

. Were you ever in an argument in which you tried to prove a point and

were unsuccessful? Why?

Short of actually discovering intelligent life elsewhere in the universe,
what would it take to prove to you that such life probably exists?

Outline different ways in which you could determine if broccoli or some
other food prevents cancer? What are the strengths and weakness of each
method?

List the ten most important things that you would like to know. For
how many of them is science the appropriate tool for finding an answer
to your question?

. When you hear the claim “Doctors recommend Goody’s Pills,” what

questions should you ask?

How satisfied are you with significance levels of .05 and .01 for deter-
mining confidence in experimental results? Can you think of situations
in which you would want stricter criteria?

Are you free enough to be held responsible for what you do? How much
does your social and psychological environment determine your behav-
ior? How much is it determined by your genetics?

Is experimenter bias a factor in the classroom?

Given that the speed of light is constant, if you shine a flashlight ahead
of you as you travel forward at half the speed of light, how fast would
the light from your flashlight travel? If you find this intriguing, read a
book for the layperson on Einstein’s theory of relativity.

What do you think about one writer’s definition of pseudoscience as
“scientific work undertaken by anyone of whom one disapproves”

(Sutherland, 1989, p. 351)?
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14.

15.

16.

17.

18.

19.

20.

Conduct your own survey about a topic of interest using the four cri-
teria for good surveys. How did you do? Can you generalize from your
sample to a larger population?

Ask people the same question but in different ways. Do you tend to
get different responses depending on how the question is asked?
Surveys are often conducted in shopping malls. What is a drawback to
this technique?

Have you ever made the mistake of using your personal experience and
then generalizing to a larger population?

If you noticed poverty and crime in mainly inner-city areas, what would
be some of your hypotheses?

If you conducted a survey on the internet in such a fashion that you
picked up a representative sample of internet users, what do you think
would be the makeup of your respondents?

The views of astrologers have not been supported by scientific studies.
Why then do so many people continue to believe in astrology?
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Persuasive Thinking

All people attempt to discuss statements and to maintain them. . . .
It is possible to inquire the reason why some . . . succeed.

—ARISTOTLE

WHAT IS PERSUASION?

Simple to define, difficult to do, persuasion means influencing someone to
accept our message. To persuade well is a demanding and delicate art. We must
understand human nature, control our emotions, and think carefully; and
we must be aware of the time, the place, our involvement, the message, the
receivers, and their values. We must also articulate meticulously; one slip of
a feeling or one wrong word and the architecture of persuasion collapses.

In this chapter we attempt that adventure. To craft a strong persuasive
structure we use all of our thinking bases and abilities: we discuss the ethics
of persuasion, think about what persuades us, and learn to analyze audiences
to find how they differ from us. We then follow a persuasive process that leads
our audience to a new position, but one that continues to meet their basic
needs and concerns. We also look at some maneuvers that others typically
use in their attempts to persuade us, so that we can better defend ourselves
against manipulation.

226
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THE ETHICS OF PERSUASION

If we try to persuade people to do something solely for our advantage, we are
using them. That is manipulation. If we try to get them to do something
that we believe is for their, our, and society’s good, is that manipulation or
persuasion? We should realize that the distinction between persuasion and
manipulation is complex; few, if any, definitions, decisions, or discussions
are black or white. Consider, for example, the chairperson of a college depart-
ment who told us that she knew what her faculty members needed better than
they knew themselves. The chairperson never openly told them what she
thought they needed, but she acted, issued directions, and spoke to them in
a manner to achieve her goals for them. Was the chairperson manipulating,
persuading, or both?

Think About It: Do we ever have a right to get people to do things without
their knowing why?

On the surface, all persuasion is presumptuous because it presumes that
we know what is best. What right do we have to persuade people to change
their thoughts, beliefs, feelings, or actions? On the other hand, although we
do not know for certain what is best, we still cannot avoid persuading. At
home, at work, and at school, we are constantly choosing and interacting with
others; as Aristotle said, “All men attempt to discuss statements and to main-
tain them” (1954, p. 19). Our choices affect others whether we intend them
to or not. Even if we try to march only to the drum we beat, our marching
influences others. Unless we march right out of society, and that exiting march
would also influence, we cannot stop persuading; to live is to persuade and

be persuaded.

THINKING ABOUT WHAT MOVES US

Because persuading is part of life, we need to understand it and learn how to
become powerful persuaders. Understanding begins with ourselves, for some
of the same forces that move us move others. We are more likely to be per-
suaded by someone who is knowledgeable, objective, rational, honest, attrac-
tive, convinced, similar to us, and by someone who appeals to our values,
our needs, and our wants.
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Confucius, Christ, and Kant

Ethical thinking can be a complex task. For the moment, if you find yourself in a dif-
ficult situation, you might rely on a simple rule used by many people that was first stated
by Confucius, restated by Christ, and reformulated by Kant. Confucius stated it pas-
sively: “What you do not want done to you, do not do to others” (Analects 15:23).
Christ stated it actively: “Do unto others as you would have others do unto you”
(Matthew 7:12). And Kant formulates it: “Act only on that maxim whereby thou canst
at the same time will that it should become a universal law” (Fundamental Principles
of the Metaphysic of Ethics, 1955, p. 46). This Golden Rule which has transcended cul-

tures and time can be helpful when we are faced with tangled ethical choices.

Knowledge

10 know that you do not know is the best. 1o pretend to know when
you do not know is a disease.

—LAO TZU

If you were awed by the beauty of butterflies, would you rather listen to an
engineer or a lepidopterologist with a vast and stunning collection? If they
both told you why the cloud-covering migrations of the monarch were thin-
ning, whom would you believe? No contest. We like to listen to people who
know what they are talking about. Likewise, if we are to persuade anyone,
we had better ground our persuasion in knowledge. Wise persons know what
they know and what they don’t know.

Objectivity and Honesty

If the lepidopterologist were selling butterfly specimens, would we begin to
suspect what he had to say? If we were offered free trips to Brazil to see the
various butterflies, would we feel uneasy? (“I fear the Greeks bearing gifts,”
Virgil wrote.) Suppose the persuader made an up-front statement such as this:
“If you appreciate the beauty and purpose of the butterfly, I'll show you ways
you can help preserve the monarch through personal action and donations.”
Now it is easier to believe the persuader. We tend to believe people who are
unbiased and honest and who have nothing to gain by lying. Aristotle calls
this persuading through personal character. We believe #he person.

Biases

Biases show. They warp our arguments and repel our audience. We tend to
use arguments that support our biases, and we reject opposite arguments. The
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audience will notice our biases and begin to close their minds, because our
biases will surface in our connotations and become apparent in our tone.

The first step in dealing with biases is to recognize them. “Know thy-
self,” said Socrates. We can suspect a bias whenever we feel strongly about one
side or another, and we can recall some of our particular biases that we may
have identified as psychological barriers in chapter 2. Once those biases have
been identified, we have to keep them caged like a tiger; a slight snarl or a
gleaming fang and our audience will recoil. Even better, of course, is to let
go of our biases and approach the issues objectively by looking at all points
of view. If our audience believes that we are not aware of other viewpoints or
that we are afraid to address them, then our credibility suffers. Audiences with
at least a high school education seem to be persuaded more easily when we
also address the other side. If we control our biases and attempt to address
the issue objectively, we will strengthen our position and increase the audi-
ence’s receptivity.

Likability

If a persuader was knowledgeable and objective but was also condescending,
haughty, belligerent, and wore smelly sweat clothes, would we listen eagerly?
If the person did not show that she respected us, would we find it easy to lis-
ten to her? Sometimes what you are speaks so loudly that no one can hear
what you're saying. We listen to people we like, and we are more open to
receive their ideas. So when we persuade we must take care about our appear-
ance and maintain a positive and respectful attitude toward our listeners. If
we like them, we should let them know it, for the operative principle behind
interpersonal attraction is reciprocity; we tend to like those who like us.

Motivation and Purpose

To understand our motivation we need to answer the question “Why do I wish
to persuade these people on this topic?” If we can answer this question clearly,
we can proceed to persuade with congruency and candor, without a hidden
emotional agenda that might derail our appeal. If our biases are part of our
motivation, we may wish to rethink whether we are the right person to attempt
to persuade this group at this time.

Motivation is related to purpose. To find our purpose, we must answer
the question “Whar do we wish our audience to think, feel, or do?” A pur-
pose helps us select and direct all of our ideas and appeals toward the target.
A purpose, like a beacon in a fog, helps us sail our persuasion home.
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The Rational Appeal

“Proof or apparent proof” can persuade, Aristotle said (1954, p. 25). When
we have proof in the form of facts, evidence, undoctored photos, or reliable
witnesses, we can convince all but members of the Flat Earth Society. But
often our proof is not overwhelming, and we need to turn to logic to con-
struct solid arguments (see chapter 9, “Logical Thinking”). We respect peo-
ple who, by persuading rationally, rise to the top of their fields. Most CEOs
can process data logically according to the impact on “the bottom line”; they
can use examples with inductive reasoning and theories applied in syllogisms;
and they can use statistics, analogies, and cause-and-effect relationships to con-
vince the board of the accuracy of their interpretations and projections. We
need to appear rational to others, for rationality is one of our cultural norms.
We live in a world of apparent rationality; politicians and business leaders,
criminals and baseball players all give reasons for their actions. Sometimes the
reasons are far from logical—they may be ludicrous, laughable, pitiable, self-
serving, or lies—but people still give reasons. Reasons that appear illogical or
contradictory or lead to absurd consequences, however, can hardly have per-
suasive force. We do not respect someone who, like an uncontrollable child,
simply says, “I want it,” or someone who relies on power alone, saying, “I'm
the boss, that's why.” Although they may force temporary compliance, they
have not achieved permanent persuasion.

The Emotional Appeal: The Root Elements

Logic can convince thoughtful people, but logic is just the surface of the moun-
tain. Much of the persuasive pressure that drives the mountain upward lies
deep in the mantle, deep in our root elements: values, needs, biases, and beliefs.
These forces are established early in life, and they drive the emotional tone
beneath our convictions; thus we refer to these forces as the root elements.
They drive the emotional meaning of our rational or rationalizing words.
We might not always recognize or wish to recognize these deeper forces,
for they do not always flatter our idea of ourselves as “rational creatures,” a
concept called into question by philosophers such as Schopenhauer, Freud,
Jung, and William James. Because of our desire to appear rational, we tend
to cloak our emotions with reasons. Aristotle’s “rational animals” often use
logic to cover their animality. Freud called this cover-up “rationalization.”
Evidently “apparent proof” (Aristotle, p. 25) is enough to appear rational.
Recognizing this human emotionality, Aristotle tells us to “stir the emo-
tions of our hearers” (p. 25). Our emotions are closely connected to our beliefs
and prejudices, most of which were instilled in us as children; for instance, if
we follow a religion it is likely the one passed on to us by our parents. Although
some adults change their religion, it is often for an emotional reason such as
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loving and marrying someone of a different faith. Logic blows over the heads
of Moslems bowing in Mecca, of Jews chanting in Jerusalem, and of Catholics
kneeling in Rome; few adults, such as John Henry Newman (7he Grammar
of Assent), choose their religion through an intellectual process. In chapter 2
we examined this process of enculturation.

All of us use emotional appeals in our arguments. The following is an
example of how one student effectively played upon our emotions:

My world is small, hard and mostly barren. The bleak landscape is
broken by a couple of pleasant objects, my color TV, stereo system,
and of course my books. Though a hard place it offers many ameni-
ties: 24 hour security, three hot meals delivered daily, laundry service,
all personal toiletries, art supplies, and of course the bookmobile comes
to my door twice weekly. The health and dental plans are excellent,
no deductible, co-payments or premiums. And let me not forget the
gymnasium. All this for only $24,000 per year.

Why do I live here? That's easy—I killed three people. Not my
fault really, they were in my way and had to go. I was sent here to this
place called “Death Row,” supposedly to join the three people I killed.
There’s a possibility that I will die here, in say, oh, thirty or forty years,
of old age or natural causes. But I'm thankful that I live in America
where the humane moral majority will not let them kill me. I thank
you. When I first came here I was slightly concerned about my old
lady and three kids, but welfare gives them almost $10,000 a year,
so they get by and she sends my smokes.

I keep up with the news while in here and am hoping that the
recession will end soon so all you citizens can return to work. After
all we shouldn’t tolerate people being delinquent on their taxes in this
fine country. Taxes, like voting, are responsibilities held by all citi-
zens. So this fall when the death penalty is on the ballot I beseech you
to vote NO. Isn’t my life worth that simple vote, and it only costs
$24,000 per year. Well, back to my school.

Is this emotional appeal effective? How do you think it would affect some-
one who was very much against capital punishment because of religious beliefs?

THINKING ABOUT WHAT MOVES OUR AUDIENCE

Persuasion assumes “that we have studied well the human heart” (Pascal, 1958,
p. 6). Our understanding of the human heart begins with ourselves. When
the audience is similar to us, our self-knowledge works well: it’s not difficult
for a Parisian to praise the Parisians in Paris. But when our audience differs
from us, our words and our approach must also differ.
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If we wish to persuade, we must understand how other people are dif-
ferent from us. Perhaps the greatest error in persuading, and the hardest to
overcome, is to presume that people are exactly like us and do things for the
same reasons we do. They don’t. For instance, we know a person who has actu-
ally found and returned a bag of money, then later stole a piece of chocolate.
This tendency to think that what moves us will move others may cause us to
miss our audience. Although we might think our arguments are steel-tipped
arrows, they may fall upon our audience like gentle snow. We need to ana-
lyze our audience objectively.

Demographics

It certainly helps to know what our audience already knows about our topic.
If we presume that they have information which they do not, or if we pre-
sent information that is too simple, we run the risk of losing the audience
through their ignorance or boredom. Demographics, or the study of subgroups
in our population, can help us estimate the information level of an audience.

Demographic data are objective data describing people according to cat-
egories, such as age, education level, and occupation. Demographic informa-
tion is often used by marketers to target products. Some of the standard
questions that marketers ask are those that would be discriminatory to ask
on a job interview; they concern age, gender, race, religion, marital status, and
political party. Other questions might relate to income level, occupation, edu-
cation, hobbies, and affiliation with groups such as the National Rifle
Association, the National Organization of Women, the Nature Conservancy,
the American Civil Liberties Union, and so forth. For instance, if you were
giving a speech on abortion or gun control, how would that speech change if
your audience was young, female, Afro-American, college graduates, and mem-
bers of the National Organization of Women? How would your speech on
gun control or abortion change if your audience was old, male, white, repub-
lican, baptist, and members of the National Rifle Association? Making some
generalizations based on demographic information can paint for us a pretty
clear picture of our audience.

THINKING ACTIVITY 11.1
A Demographic Analysis

What are the demographics of the students in this class? Using the lists of demographic
features above, make some educated guesses about their age, gender, race, religion,
and so forth. How did you arrive at some of your descriptions? How would you check
your accuracy?
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Values and Needs

Values and needs, those deep-seated forces, are more difficult to determine
than demographics because often they are not even known to the people hold-
ing them. We can begin to identify those values by using the chart in Thinking
Activity 11.2.

THINKING ACTIVITY 11.2
Identifying Values and Needs

As you read through this chart, rate the importance of each characteristic from 1 to
10, 10 meaning that the value is of the highest importance, and 1 the lowest. In the
columns to the right, Y stands for you, O for a significant other such as a spouse,
lover, friend, or boss, and C for an estimate of the average person in this class.

Need Description Y O | C
H To help

Enjoys helping others;
does work in community

U Understand Likes reading; broad
interests
M Material things Likes to own, save, collect
things
A Autonomy Likes to make decisions,
run things
N Newness Likes change, adventure,
creativity
S Safety Needs security at work, at
home
A Appearance Looks: clothes, house, car
N Natural functions | Health concerns: eating
(three meals), exercise,
sleep (eight hours)
D Dollars Needs to save; preoccu-
pied with money
N Number one! Likes to win, beat the
competition
Excel Sets high standards
Esteem ‘Wants recognition,
admiration
Details Likes order, everything in
its place
Socialization Likes people around,

joins groups
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The values and needs chart can help us identify some of the root elements
that are behind the positions people hold. For example, the need for safety
may supply the motivation for gun control. People who wish to control guns
may be afraid that guns might kill them or their loved ones. They may not
like holding or even seeing a gun. Surprisingly, the same need drives many of
those who wish to have access to guns. They want guns to protect them-
selves. A gun in their hand gives them the confidence that they are a match
for most criminals. Some gun owners do not know or admit that they want
a gun for their safety; they often give other reasons such as sports, hunting,
or collecting (in some cases these are the main motivations).

Once we've identified safety as a root element behind gun control, we
then have to be sensitive to this value in our audience. We would acknowl-
edge their reasons or supposed reasons for supporting gun control and build
a rational case to show that they would actually be safer with another pro-
gram. This approach will not remove their need for safety but will simply
replace one program with another.

Using the same chart above, ask your significant other to rank your val-
ues and his or her own values. How close do your assessments match each
other? Our ability to persuade depends upon a fairly accurate assessment of
the needs and values of our audience; you may have just discovered how dif-
ficult this can be.

Adjusting Our Goals

After analyzing and understanding our audience, we need to adjust our goals.
How far can we go in changing our audience’s thinking, feeling, or acting?
That depends on how deeply they are entrenched in their present position
and on the power of our appeal. If we are arguing against a root element
such as racial prejudice or religious belief or if we are confronting a volatile
topic such as abortion, we will be forcing the audience to run up a steep moun-
tain in a single sprint. We must recognize where they are on the mountain
and how far we can lead them in the time available. When we know they have
deep convictions opposed to our message, our goal might be to get the audi-
ence just to begin to question their present position, we cannot expect an
instant conversion. On the other hand, if the audience is near the top of the
mountain, if they have already intellectually assented to a new position (for
example, many smokers know the disadvantages of smoking and some would
like to quit), our goal might be to move them to action, to take the last steps
to reach the top of the mountain.

ORGANIZING FOR PERSUASION

Once we have analyzed the audience, identified root elements, and gathered
ideas for persuasion, how do we structure this information? This question is
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THINKING ACTIVITY 11.3
Motivation Mountain

The “motivation mountain” diagrammed below can help us picture the relative posi-
tions of our audience. For instance, “granite” groups might include certain political,
religious, and ethnic groups and associations such as the NRA and the ACLU, which
are known to be unbending. Where might other groups fall?

Once the position of the audience has been established, then the task is to take
them gently up to the next level. We cannot ask them to instantly leap to the top of
the mountain.

T

(ask them
to act)

ASSENTERS:
agree passively

T

(persuade questioners
to accept a new position) BOULDERS
QUESTIONERS: more open to

new ideas; less entrenched

T

(persuade those entrenched to
begin to question their positions) GRANITE

ENTRENCHED: firmly hardened
intellectual positions and/or beliefs

pivotal, for the careful placement of our thoughts, like weights on a balance,
will tip the scale favorably to our side. Depending on the audience, the speaker,
and the time available, our approach will differ, yet most approaches can be
adapted to most audiences. One of the strongest persuasive structures we can
create moves through five steps: (1) we establish our credibility, (2) we acknowl-
edge the audience’s position, (3) we develop our own position, (4) we show
them how this new position offers them a more satisfactory way to meet
their needs, and (5) we ask for a change in thinking, feeling, or acting.
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Step 1: Establishing Credibility

First impressions, although often shallow and wrong, are nevertheless vital.
Whether in a speech or in a paper, our audience can close their minds or
drop the page—and quickly. First impressions become increasingly important
when the audience is hostile. Facing an antagonistic audience, we cannot be
militant or cowards or liars: “To thine own self be true. . . .” We have to
reach deep into our character and show ourselves to be knowledgeable, believ-
able, likable, rational, unbiased, and convinced.

Not having a lifetime to establish these qualities, we can do so quickly
by objectively acknowledging both sides of a disputed topic. For instance,
on the topic of gun control, an objective opening for either side might state,
“Gun control is a hotly debated issue in our nation. Thoughtful citizens offer
reasons on both sides. . . .” Here is an objective opening written by a student
on the inflammatory topic of abortion:

The debate over abortion is complex. It involves theological, moral,
medical, and social issues. It touches the mysteries of human sexual-
ity and the process of reproduction. Consequently, it is a highly emo-
tional subject.

Step 2: Acknowledging the Audience’s Position

This step can be encapsulated in a quote from Pascal: “Notice from what
side they view the matter, for on that side it is usually true, and admit that
truth to them” (1958, p. 4). With remarkable insight, Pascal asks us to do
three things. First, we need to see the issue from the other side. While this
advice is expressed in many common sayings, such as “Walk a mile in their
shoes,” it is seldom followed.

Second, and perhaps harder to accept, Pascal says that the way others see
the issue “is usually true.” Usually true? How can that be if it is the opposite
of what we believe? A partial answer is that the opposite side starts from a
different point, from different values and different presuppositions; naturally
they reach different conclusions.

Third, Pascal asks us to “admit that truth to them.” This does not mean
that we have to be hypocritical or dishonest. We do not have to agree with
their position; we merely state that we understand that people holding that
position are reasonable, intelligent people and we understand why they came
to their conclusions. By this single stroke of acknowledging their position and
admitting the truth of it, we have shown ourselves to be knowledgeable, objec-
tive, and empathetic. We have prepared the ground for planting our idea
because we have first listened to the audience. The chances are now greater
that they will listen to us and allow the seed of our idea to grow.
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THINKING ACTIVITY 11.4
Recognizing the Other Side

In the space below try to apply Pascal’s first two steps to a contemporary issue such as
abortion or gun control. First, review your own position on the issue. Then write down
the other side:

Issue:

The Opposite Side:

Now try to see the truth of the opposite position. Pascal said that if we see the
issue from the other side, it is usually true. Here you are challenged to see the truth of
a position with which you do not agree. To do this you must make an effort to almost
adopt this position, make yourself vulnerable to the appeal of this position, to empathize
with them.

The Truth of the Opposite Side:

Notice how difficult it can be to actually see the world from the opponents’ point of view.
You may want to test how well you did by sharing your response with people who actu-
ally hold that view. How well do they think you have captured the truth of their side?
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At this point our argument, like a new sprout, is fragile, so we must
place our steps with precision. Our audience is tentatively with us because
until now we have been on their side. But we will lose them if they sense any
hostile rhetoric. After restraining ourselves and admitting the truth of their
position, it is natural to want to unleash the full force and feelings of our posi-
tion. But we cannot wildly charge forward. We need to rein in our emotions,
which might easily trample our delicate, budding argument. From this point
onward we must guard our tongue or our pen and not let slip a single inflam-
matory word that might slam shut the door of the audience’s opening mind.

Step 3: Constructing Our Rationale

Now we can construct our rationale in a positive way using facts, statistics,
authorities, and our strongest reasoning from logic, analogies, precedents,
examples, and cause and effect. Our goal is not to prove our audience wrong
but rather to offer them something better. Whereas Aquinas might refute his
opponents or a trial lawyer rip away at the opposition, we are not in a medieval-
style debate to intellectually vanquish our opponents, nor are we in a court
of law to prove them guilty. We do not want to leave them humbled before
our brilliance but, rather, excited by a better way of thinking or acting.

Step 4: Transplanting the Root Elements

If we have crafted our persuasive message sensitively and strongly, if we have
approached our audience’s root elements carefully and respectfully, if we have
offered our audience a more solid rationale that satisfies their needs better than
the one they currently hold, then change is likely. We are not so much painfully
extracting their root elements as we are transplanting them into a package that
is stronger and which feels better to the audience. For instance, they now
believe they will be safer with (or without) gun control or capital punishment.
They have now accepted a different supporting logic, they have changed, they
are persuaded.

Step 5: Asking for the Response

So now we have convinced them to vote for us, but will they go to the vot-
ing booth? If the first four persuasive steps were sound, this final step is achieved
by merely asking for it. It is similar to the salesperson who has convinced the
buyer and “asks for the order.” At this concluding point, we need to get an
agreement from the audience that they will do it, that they now hold a new
line of thinking, and that they formally accept the new position they have
adopted. Without this formal “sign on the line,” it is easier for the newly
persuaded to slip back into their habitual patterns of behaving and thinking.
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We have worked hard arranging our thoughts and controlling our feelings,
so we want to remember to add the capstone to our persuasion by asking for
the response.

DEFENDING OURSELVES AGAINST DECEITFUL
PERSUASION

Forewarned is forearmed.

—CERVANTES

Persuasion is most powerful and enduring when it is both honest and built
upon a solid foundation. And it is in our best interest when it involves accu-
rate facts, clean logic, and persuaders who have integrity. However, some
persuaders are deliberately inaccurate, illogical, or dishonest; they bend and
distort their messages to satisfy their own needs for power or possessions.
Against this onslaught of deceitful persuasion, we need to be aware and armed.
Below we look at twelve common persuasive techniques that others are likely
to use on us. We've organized them in three categories: manipulative tactics,
invalid attacks, and abuse of language. By learning about them, we can more
easily protect ourselves from their influence, separate the wheat from the chaff,
and emerge rather unscathed.

Manipulative Tactics

Seven psychological tactics are used intentionally by others to persuade us.
These tactics have great potential to be manipulative. These seven tactics are
the foot-in-the-door technique, door-in-the-face technique, lowballing, spend-
ing time, and the three appeals: appeal to pity, appeal to fear, and appeal to
pride.

Foot-in-the-Door Technique

The basic strategy of the foor-in-the-door technique is to get a person to
comply with a small request and then ask them to comply with a larger request
later. Getting the person to comply with the larger request is the real objec-
tive. In one study of this technique (Freedman and Fraser, 1966), two groups
of women were asked to put a large sign in their yards that read “Drive
Carefully.” Only one of the groups was previously asked to comply with a
smaller request to put a small sign in their front window; most of that group
agreed. Amazingly, 76 percent of those who complied with the smaller request
later complied with the larger one, but only 17 percent of the other group did.

Why does the foot-in-the-door technique work? Perhaps complying with
the small request changes a person’s self-definition. By putting a small sign in
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the window we may begin thinking of ourselves as people who care, as peo-
ple who get involved in this issue. Then, when someone approaches us later
for a larger request, they are approaching a person who cares, a person who
gets involved, and are more likely to gain compliance from us than from those
who haven't yet defined themselves in this way. Thus, beware of letting the
vacuum cleaner sales-person into your house, for once we let the person in,
we have complied with a small request; we have defined ourselves as some-
one who must be somewhat interested in vacuums, for why else would we
let the salesperson in? Now the salesperson is selling to “someone who is inter-
ested” and thereby increases his or her chances of success.

Door-in-the-Face Technique

Mix the spirit of cooperation with a pinch of guilt and you have the ingre-
dients of the door-in-the-face technique. It is just the opposite of the foot-in-
the-door technique. This time the first request is so large that one expects it
to be rejected, that is, to have the door slammed in one’s face. Then, shortly
thereafter, one follows with the real request, which now appears much smaller
than it otherwise would have. Denying this smaller request might be diffi-
cult because of a feeling of guilt about not compromising. Many teenagers
have learned to use this technique on their parents:

TEENAGER: Mom, may I have the car this weekend—I mean a//
weekend? My friends and I want to do something dif-
ferent for a change. You know, hit the streets in the city

for a while. May I?

MOM: Absolutely not! You know that’s the only car we have.
How am I supposed to function without a car all week-
end? Besides, hitting the streets in the city does not sound
like a healthy idea to me.

TEENAGER: I knew you would say that. You just dont want me to
have any fun. (Teenager walks away.)

TEENAGER RETURNS: Um. Mom. I know you don’t want me to go this week-
end and take the car and all. And 'm willing to accept
that. But could I at least have the car for a few hours
Friday night to take Terry out? I mean, you never let
me use the car for anything, you know.

MOM: I suppose.

Unlike the foot-in-the-door technique, this strategy works only when
the same person makes both requests. Our sense of cooperation and fair play
easily extends to the individual who appears to be compromising.
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Lowballing

While watching an exciting football game on TV, a young man was inter-
rupted by his neighbor who asked for help to move the refrigerator in his base-
ment. Since it was halftime, the young man complied, believing it would take
only about fifteen minutes. After moving the refrigerator up from the base-
ment, the young man was expected to help move it onto his neighbor’s pickup.
Once that task was accomplished, his neighbor said, “All we have to do now
is take it to my grandma’s house.” The young man reluctantly got in the
truck and proceeded to drive to grandma’s house, located on the other side
of the city. When he arrived, he helped to unload the refrigerator, set it up in
grandma’s kitchen, and finally returned home two hours later. “Had I known,”
he said, “that I would miss the rest of the game and be gone for two hours, I
never would have complied in the first place.”

The technique of lowballing asks someone to comply with a request with-
out giving them the whole story; specifically, negative aspects of a task are
withheld in order to ensure compliance. Lowballing helps to ensure compli-
ance to a large request, not by getting someone to comply first to a small
request in order to change their self-definition, but by making a large request
appear small and then relying on the other’s commitment. This technique
seems to work because (1) we tend to feel obligated to follow through with
our commitment to a person, although we may blame ourselves for making
it hastily without getting all the details; (2) we are often inched along, as when
gas prices jump a penny or two per month, each step being too small for us
to raise a serious objection; and (3) we might lack the necessary assertive
skills to say “no” when we realize that we are being manipulated. This last
aspect is quite serious, for it makes us more vulnerable not only to lowballing
but to all forms of manipulation. Assertiveness is a quality and skill of char-
acter that allows us to act on our thinking and reject manipulation. Fortunately,
assertiveness can be learned if we need it.

Think About It:  Monday you agree to help Bill supervise some Cub Scouts while
they do ‘a little fishing” this Saturday. Bob calls you in the middle of the week to
tell you that it would also involve participating in recreational sports and you would-
nt be getting home until 11:00 p.m. that evening. Would Bills lowballing tech-
nique work to sustain your commitment?

Investing Time

A former car salesman shared with us a technique he learned in a train-
ing program to motivate customers to buy a car. This technique involved noth-
ing more than spending time with the customer. “When you spend a lot of

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



242 Persuasive Thinking

time with them,” he said, “they feel guilty walking away with no commit-
ment, with no purchase. Here I am working perhaps two to three hours show-
ing the car and trying to get a good deal for them. That’s almost half my day.
Many people feel guilty taking up half a person’s day and then leaving them
with nothing.”

One woman succumbed to the foot-in-the-door technique used by a
vacuum cleaner salesman. Once he was inside the house, she had a difficult
time getting rid of him. “He was there for hours,” she said. Although she did
not make a purchase, she felt great pressure to do so. Moreover, she felt so
guilty using his time up that day without a sale that she invited him for supper!

Appeal to Pity

People can evoke our sympathy and empathy by an appeal to pity. A school
board might be led to retain a school principal who was convicted of ballot
fixing at the high school prom, or a college instructor might pass a failing
student. Such is the influence of pity.

Sometimes an appeal to pity is appropriate in motivating people to take
benevolent actions, as in a plea to provide food and shelter for hurricane vic-
tims or to help the needy in impoverished countries. We must be wary, how-
ever, of pleas based on pity that stand alone and have little to do with the
argument or situation. For example, a young woman who had received a D
grade in a college course approached her professor with a plea for a C; in the
middle of her plea she began crying uncontrollably, explaining that her father
would reject her if she received a failing grade. And an employee defended
his high salary because of his retirement needs and the number of mouths he
had to feed at home.

In sum, if pity is not the basis on which we ought to make certain deci-
sions, then it is usually invalid to appeal to pity to modify those decisions.
Some of us are less vulnerable than others to this form of appeal; while retain-
ing empathy and compassion, we can resist false appeals to pity.

Appeal to Fear

And the Lord God commanded the man thus, “From the tree of the
knowledge of good and evil you must not eat; for the day you eat of

it, you must die.”

—GENESIS 2:16

Another appeal that is often used in persuasion is the appeal to fear.
Cigarette smokers are warned about the cancer-causing potential of smok-
ing, automobile drivers are encouraged to buckle up or risk death in an acci-
dent, and children are told to brush their teeth to avoid painful cavities. These
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uses of fear are legitimate because the fearful consequences may really hap-
pen if we do not heed the message. Sometimes, however, the degree of dan-
ger and the probability of it happening are exaggerated in an attempt to
manipulate our behavior or attitudes. Politicians warn us that if we vote for
their opponent the economy will collapse and our jobs will be lost. Automobile
insurance companies may recommend increasing our coverage lest we lose
everything in a lawsuit. And makers of water and air purifiers might warn us
about an increased risk of disease if we do not use their products. These claims
may contain some truth, but they are usually greatly exaggerated.

Do such fear messages work? Research has found mixed conclusions.
Generally fear is more effective in persuasion than no fear at all, but whether
strong or moderate fear works better is still in question. A strong fear mes-
sage without specific instructions on how to avoid the danger may lead to
denial, as when cigarette smokers are told that they are killing themselves
and are not told at the same time how to break the habit. If we can’t stop
smoking, were likely to block out the fear message to alleviate anxiety.
Surprisingly, in such situations of total denial, moderate fear may work bet-
ter, such as a warning about smoker’s breath or the financial drain on the

household budget.

THINKING ACTIVITY 11.5
Your Vulnerability to Fear Appeals

To help you find out where you are especially vulnerable to fear appeals, organize the
following list of fears from most fearful to least fearful. Add others if you feel some
important fears are missing.
L. fear of change
fear of failure
fear of injury
fear of death
fear of controversy
fear of financial loss
fear of embarrassment
fear of abandonment
fear of rejection
fear of

—

SOV NAN KRN

—_

fear of

Try to find examples of fear messages that appeal to each of these fears. You may
find most of them in advertisements or news items in various media, but also attend
carefully to your conversations with friends; they too try to persuade us through fear.
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In sum, appealing to fear does work. There are legitimate fear messages
with real and likely dangers, but some fear messages are designed to manip-
ulate us by exaggerating the danger of a situation.

Think About It:  The appeal to fear was effectively used against the front-run-
ner in a presidential election. The other candidate pointed out that as governor,
the frontrunner had pardoned a convict who, upon being released, killed again.
This issue evoked fear in the voters and was heavily credited for the candidates

defeat.

Appeal to Pride

Of all the causes which conspire to blind

Man’s erring judgment, and misguide the mind,
What the weak head with strongest bias rules
Is pride, the never-failing vice of fools

—ALEXANDER POPE

At times persuaders appeal to our pride, “great intelligence” or “uncom-
mon wisdom.” An appeal to pride may work in two ways: it may increase our
liking for the other and thereby increase that person’s persuasive power, or it
may inhibit us from consulting with others or listening to their sound advice.

As an example of appeal to pride, consider the salesperson who pays us
a compliment about our superior intelligence and good taste compared with
her other customers. She tells us that we wouldn't be duped into buying an
inferior line of products, that for us only the best will do (the best is more
expensive, of course). Feeling flattered, we may be more willing to buy her
items. When we point out that the other retailers in the area have suggested
that we not invest in the better product line, she asks us why we would even
consider their views on the matter. Certainly, she tells us, we are not the kind
of person who is told what to do. We are to lead, she says, not to follow.
Whereupon we nod smugly in agreement and sign her purchase contract.

Erroneous Attacks

The Ad Hominem Argument

Reason, if it is against you, is a powerful enemy. Those who confront the
power of reason without a rational defense often resort to the ad hominem
argument, that is, an argument against the person (literally, “to the man”). This
is an attempt to discredit a person’s argument or position by attacking the per-
son’s character. Ad hominem arguments are commonly used by politicians in
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an election year; they're called “mud slinging” or “negative campaigning.” Such
arguments can sink presidential candidates, especially when they involve sex-
ual impropriety, unpopular affiliations, illicit drug use, or questionable mili-
tary service.

Ad hominem arguments are erroneous because the character of the per-
son has nothing to do with the merit of one’s position or argument. Someone
who experimented with marijuana in his twenties can, later in life, advance
reasonable arguments for controlling drug use; a man who is unfaithful to
his wife may yet be a successful politician; and a draft dodger in the sixties
can, thirty years later, have valid reasons for the arming or disarming of
America. Yet in spite of its invalidity, the ad hominem argument does influ-
ence Americans’ attitudes against the attacked person. That is why it is so com-
monly used in politics.

MS. A: . .. And that’s why I am running for election against my
opponent.

OPPONENT: Well, we have all heard Ms. A’s eloquent speech, and the
numerous faults she finds with my political record. Funny how
she can find faults with others so easily but not with herself.
A woman who has married two draft dodgers can hardly expect
to have the respect of patriotic American people, no matter
how eloquently she speaks. Of course she doesn’t talk about
that, does she? Nor does she mention her experimentation
with marijuana in college. Is this the kind of woman we want
in office? She talks about being committed to the American
people, yet she herself can’t even stay committed to her hus-
bands. Two divorces and rumors of infidelity won’t sell com-
mitment to the American people. How can anyone take this
woman seriously as a contender for office?

Ad hominem arguments are even less legitimate when they attack the
person’s former character. Such an attack assumes that people always remain
the same. If that were so, each of us would be fully mature by our twenty-
first birthday and experience would be no teacher at all. The view that no
change occurs in a person’s character or wisdom during a lifetime of experi-
ence flies in the face of social science theory and research, not to mention com-
mon sense.

Think About It:  Are attacks an character ever justified?
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The Straw Man Argument

It’s not hard to attack a scarecrow. A straw man attack distorts the oppo-
nent’s position or assumptions in a manner that makes his position easily
refutable. By arguing against a fabricated weak position, one can easily gain
the upper hand. The “straw man” is usually a simplistic or extreme restate-
ment of the opponent’s real position. For example, one might argue against
abortion by claiming that no one should have the right to kill babies. But
this claim is an oversimplification of a very complex issue involving ques-
tions such as what human life is, when human life begins, how we know when
human life begins, how we determine the value of human life, when human
life becomes more valuable than the human life supporting it, and so on. To
reduce the moral and scientific complexity of the issue to “killing babies” is
to attack a straw man.

Abuse of Language
Withholding Quantification

Sometimes people try to persuade us by withholding information.
Qualifiers such as “all,” “some,” “only,” “usually,” and “always” are left out of
statements in the hope that the listener will fill in the desirable quantifier
but one which is contrary to fact. This type of language abuse is called with-
holding quantification.

Withholding quantification might be used in a mild ad hominem argu-
ment as follows:

Soldiers did drugs in Vietnam. Everybody knows that. And here is
Dean standing before you bragging about his military service. We
know, too, that soldiers suffer from post-traumatic stress disorder. Do
we really want Dean serving in our government as state senator?
Granted, he is not to blame for his status; we applaud him for fight-
ing for us. Nonetheless, we must face the facts: drug abuse and PTSD
are no laughing matters.

In the above argument the speaker suppresses quantification by not specifi-
cally mentioning whether all, many, some, or just a few soldiers did drugs in
Vietnam. Clearly he would like his audience to fill the quantity “all” or at least
“most.” In his statement about post-traumatic stress, the speaker again with-
holds the quantification. What percentage of soldiers actually suffer PTSD?
And for how long? The speaker doesn't say, so we must fill in the blanks. The
speaker’s argument works only if we assume that all or most soldiers did drugs
and all or most of them develop PTSD.
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Suggestion

Withholding quantification is a form of suggestion. Suggestion occurs when
we hint at something without really stating it. In the example above, the speaker
doesn’t say that a// soldiers used illegal drugs, but he suggests it by conceal-
ing the quantification. Another way to suggest an idea without actually stat-
ing it is to couch it with words such as “hope,” “might,” and “maybe.” The
statement “The board might want to question this person’s integrity” suggests
that it ought to. But a person making such a statement can appeal to the lit-
eral interpretation and claim that he did not say that the person’s integrity was
questionable. Similarly, the statement “I hope your party can handle this tough
job” could suggest doubt about the party’s ability to do so. However, it could
also be quickly reinterpreted as a goodwill gesture by changing the meaning
of “hope.”

People may try to persuade us by suggesting we will receive favors or advan-
tages if we comply with their requests, only to back down later by appealing
to the literal interpretation of their promises: “I said maybe I'd speak to the
boss on your behalf if you cooperated with me on this project. I didn’t say I
would.”

In sum, we must be careful about assuming what is only suggested in a
statement. Reading and listening carefully for “mights” and “maybes” and being
cautious about filling in missing quantifiers will help us think more critically
about the claims we hear and will decrease the likelihood of being persuaded
by misleading statements.

Ignoring the Question

Listen carefully. Sometimes it’s not so much what we hear as what we do
not hear. A person trying to persuade another with an argument may face a
threatening challenge or question. One common way of responding to such
a challenge is to ignore the question altogether. This tactic is quite common
in politics: the candidates avoid answering questions that might cost them
votes.

Think About It:  In the first century B. C. E., Publius Syrus, author of the maxim
A rolling stone gathers no moss,” also said, “It is not every question that deserves
an answer.” What questions can you think of that do not deserve an answer? How
should we respond to such questions?

SUMMARY

It could be said that persuasion, of all the types of communication we engage
in, demands the most thinking. Besides having a command of the subject
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matter, we must think carefully about how we present ourselves, think thor-
oughly and empathetically about the audience, hold a tight reign on our emo-
tions, and present our rationale in a positive, sensitive way that supports the
audience’s needs and moves them to accept our position. Then we can ask
for their response, a commitment to take action based on that position.

We have presented an ethical thinking process that can lead to honest,
solid persuasion; but there are other routes, deceitful and often effective, that
we need to recognize and reject, including lowballing, which doesn’t give us
a fair picture of our options; the foot-in-the-door technique, which moves us
toward a redefinition of ourselves and a new level of commitment; the door-
in-the-face technique, which takes advantage of our sense of fair play; spend-
ing time, which uses our sense of guilt to pressure us into an action; attacking
a straw man, which dethrones a simplistic version of our argument; hitting
our human weaknesses with ad hominem attacks; appealing to fear, pity, and
pride; and abusing language through suggestion, withheld quantification, and
ignoring the question.

In short, by thinking carefully, by deflecting cunning persuasive tactics,
and by crafting sensitive, logical persuasive techniques, we can most effectively
persuade.

PERSUASION CHALLENGES

1. This chapter presents a strategy of persuasion that respects those with
other views and is sensitive to their values. Although we addressed chang-
ing views rather than values, are there any situations in which you might
want to change the values of others? When would this be justified? Do
you think the suggestions in this chapter would be useful in such an
endeavor?

2. Ad hominem arguments, particularly in politics, often attack people as
they were. Are such attacks ever justified? In what sense, if any, are we
the same person from one decade to another? What stays the same?

3. In this chapter we left out a step of Pascal’s persuasive process which is
to “reveal to him the side on which [his view] is false” (1958, p. 4).
Our reason for excluding this tactic was that we are trying to persuade,
not win a debate. Do you think this fourth element has a proper place
in persuasion?

4. Can you identify the root elements of people on both sides of these
issues: capital punishment, abortion, gun control, AIDS testing, drug
legalization, flag burning, and euthanasia?

5. During the next week, from magazines, conversations, news, commer-
cials, and TV programs, observe and record any manipulative tactics that
you see.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Some of the manipulative tactics we've discussed are similar and work
quite well together. To help your understanding of them and how they
might be applied, try to create scenarios in which more than one tactic
is used. Is it possible to use all seven?

Under what conditions, if any, is it ethical to use the manipulative tac-
tics of door-in-the-face, foot-in-the-door, and lowballing?

Do you believe that there is a distinction between manipulation and per-
suasion? Or is all persuasion manipulation?

Our rationale for presenting deceitful forms of persuasion is that aware-
ness of them and how they work can reduce their effectiveness. Do you
agree? Are there situations in which awareness alone will not lead to a
solid defense against these techniques?

If you believe that someone is using one of the deceitful techniques on
you, what would be an appropriate response?

To what extent are you encouraged at your place of employment to use
deceitful persuasions for your own or your employer’s gain? Do you ratio-
nalize away the questionable ethics of using such techniques?

We have listed only some techniques for persuasion that could be con-
strued as manipulative. Can you think of other manipulative strate-
gies? For example, what tactics are used in grocery stores?

Identify a recent appeal to pity that was justified and one that was not.
Is the distinction an easy one to make?

There are many kinds of fear but some may be used more than others
in persuasive appeals. For the next week be especially watchful for appeals
to fear and identify the fears that are targeted. Are some kinds of fear
targeted more than others?

Most people engage in some kind of pernicious behavior, such as smok-
ing, drinking, and so on. Identify any pernicious behaviors you have and
the fear messages that are commonly used to try to influence that behav-
ior. Is denial a mechanism that you use to fight such persuasion? Do you
deny denying?

Ad hominem attacks are popular in politics. What other occasions invite
frequent use of such attacks?

Do some people have so little pride in themselves that an appeal to pride
doesn’t work? Does the appeal to pride work better the more pride we
have? Explain.

Identify popular debatable issues and fabricate a straw man for each side.
Are you guilty of using such attacks? To answer this question, think of
positions that you hold with conviction and emotion. Now list the
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19.

20.

21.

opposing position and your common arguments against it. Are your
arguments against a simplistic version of the other side?

Create an argument that intentionally misleads by withholding quan-
tification. Read it to some friends and see if they accept it uncritically.

Intentionally ignore a question that is asked of you and notice the effect
on the speaker. How easy was it to evade the question?

Develop a persuasive essay or speech following these steps:
a. Name your topic.
b. Describe the audience.

c. What is your purpose? What do you want the audience to do, feel,
or think?

d. What are your motivations, biases?

e. Empathetically, in heir words, describe the position that the audi-

ence holds now.

f. Gently, objectively, introduce your position. Be careful to avoid any
inflammatory words.

Show how this position actually better meets the needs of the audi-
ence based on their root elements.

99

h. Now ask them to move to this new position.

i. It is often prudent to test your approach on people who are similar
to the audience you want to persuade. If you lose them at any point,
ask them to identify where you went astray and then improve that
section. Some students in class probably hold the opposite position
and can act as a test group.
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Problem Solving

At least some of the problems of life are novel and must therefore have
novel solutions.

—ABRAHAM MASLOW, “MOTIVATION AND PERSONALITY”

Impasse. The road is blocked. The job isn’t working. The relationship is drift-
ing apart. We have a problem that needs solving. Problem solving is applying
critical thinking to achieve the goals and personal harmony that are impor-
tant in our personal and professional lives. From day to day we face personal
problems involving bad habits; psychological problems of adjustment; mate-
rial problems like trying to figure out why our car won't start; interpersonal
problems, as when our loved ones complain that we don't love them or that
we don’t spend enough time with them; and problems with values and beliefs,
like wondering if God really exists, if prostitution is really wrong, or if there
is life after death.

Some of these problems can be solved primarily through thinking and
some through thinking ending in action. In this chapter we focus on com-
mon problems that can be solved through action, such as meeting our goal
to graduate in four years, paying the bills on time, taking care of children while
in college, getting a commitment to marry from our beloved, meeting finan-
cial goals in business, keeping morale high in the workplace, or meeting the
needs of both employees and managers who have different interests and
objectives.

In this chapter we attack problems in five steps: We define the problem;
we remove barriers; we generate possible solutions through the strategies of
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information gathering, brainstorming, and creative thinking; we select a solu-
tion through preliminary evaluation, trial and error, evaluating pros and cons,
working backwards, and through practical problem-solving tips; and finally,
we evaluate and monitor the solution.

Hopefully we will emerge with a greater ability to solve some of the prob-
lems in our lives that would otherwise decrease our joy in living or hinder
our occupational success. As we wrestle with these problems, we may find
comfort in Carl Jung’s words: “The meaning and purpose of a problem seem
to lie not in its solution but in our working at it incessantly” (Jung, 1969,

p. 394).

DEFINING THE PROBLEM

We cannot solve a problem unless we know what it is. If our car doesn’t start,
we wouldn’t want to define the problem as “Life is one frustration after
another.” Even something like “My car doesn’t work right,” although more
precise, is still an ill-defined problem. Defining the problem carefully means
being as precise and as specific as possible. We could state, “My car doesn’t
start,” or better, “My car doesn’t start in the morning,” or better yet, “My car
doesn’t start on wet mornings.” This more specific definition enables us to
identify the possible causes of the malfunctioning, and it shortens our path
to the solution of the problem.

Consider a person who is suffering a lot of stress, which is making her
life quite miserable. Her vague statement of the problem might be “Life stresses
me out.” If life itself stresses her out, then the solutions are limited and sui-
cide might seem to be a reasonable option. On the other hand, a closer exam-
ination might show that on weekends life is pretty good. That might mean
her problem lies at work or at school. Because she finds that work gives her
a sense of accomplishment and camaraderie, she might narrow the problem
to school. She reflects for a moment and realizes that she does enjoy some of
her classes, such as psychology and American literature, but that her speech
class fills her with an anxiety that lasts most of the week. The problem is
now coming into focus: her enormous fear of giving speeches every week! Now
this fairly well-defined problem can be addressed in a variety of ways. In
sum, defining the problem as specifically as possible helps us focus on appro-
priate solutions.

Problems concerning human relations are often intricate and difficult to
define. Suppose two people in different departments are not getting along very
well. Management might define the problem as “Those departments can’t
stand each other.” However, it may be that the employees are frustrated because
the goals of one department are interfering with the goals of the other. One
department, for example, may focus on production and the other on quality.
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In this case, a better formulation of the problem would state that one depart-
ment’s goal of quantity is interfering with the other’s goal of quality. Without
this precise definition, the manager might get the two departments together
on the same company baseball team to improve camaraderie or change the
office design so that members of the different departments are integrated.
With these solutions, the problem would likely remain. In short, formulat-
ing the problem precisely and carefully is worth the time it takes; it is rewarded
by a more rapid solution to the problem and might even yield an obvious
solution.

Discovering Causes

Part of defining and understanding the problem is to look for the cause of
the problem. A writer, for instance, could be experiencing frustration. She
may find that her frustration comes from an inability to concentrate, and
her lack of concentration stems from problems in a personal relationship. This
discovery of the root cause allows her to try to work out her relationship prob-
lem and thereby regain her ability to focus on her writing.

We can discover the causes of our problems by noticing the relationships
among details. For example, if we notice that our concentration is impaired
only when our children are playing in the house, we can be fairly confident
that our children distract us. By noticing that whenever we feel time pressure
we make mistakes, we can identify time pressure as the cause of our poor job
performance. By noticing that our car starts well except on rainy days, we
identify dampness to be a partial cause of the problem. And when we notice
that low staff morale corresponds to an office restructuring, we might sus-
pect restructuring to be the cause of the problem. In short, when variables
continually coincide with each other, we can gain confidence that a cause-
and-effect relationship is at work. (See chapter 10 for more discussion on deriv-
ing cause and effect from correlation, and chapter 9 for the different kinds of
causation.)

However, just as it is easier to spot a deer on the run than one standing
still, it is usually easier to identify a cause-and-effect relationship when the
causes of our problems come and go than when they are fixed. Our relation-
ship problems, for example, may stem from a persistent negative attitude about
people in general, or a basement water seepage problem may be caused by a
permanent clay soil condition.

Sometimes looking for correlating variables is a tedious task that can
take years of observation before a cause-and-effect relationship is discovered.
Fortunately, many of life’s problems are not nearly as difficult to decipher as
are cold fusion and quantum mechanics.
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Problems Without a Cause

Some problems calling for answers do not have a cause. For instance, mem-
bers of a product-marketing committee gridlocked over a marketing strategy
for a new product do not look for causes but for creative ideas to sell their
product. Another example of a causeless problem is the classic nine-dot prob-
lem. The challenge is to connect all nine dots with only four straight lines
without the pencil leaving the paper. A search for causes will not help you.

For these and other problems for which solutions are not obvious when the
causes are discovered, we need to generate ideas to find the solution that we
desire.

REMOVING BARRIERS

Perhaps the first step in finding solutions is to examine two thinking barriers
that inhibit our full problem-solving potential.

The Myth of Perfection

One barrier that clearly stands in the way of problem solving is the irrational
wish for a perfect solution and the related belief that one best solution exists.
In our world, perfection is generally a myth. There are ideas of perfect
machines, but none exist, and there are ideas of perfect humans, although
no one has yet become one. For many problems, many solutions will work,
each with their own advantages and disadvantages, but rarely will one of them
be perfect. If we search for the perfect solution, we waste time and energy
and we may miss good solutions.

Often our striving for perfection is rooted in our fear of being unloved
or unaccepted by others. We believe that if our solutions are less than per-
fect, then we are less than perfect. We believe that we might suffer ridicule,
humiliation, and loss of self-esteem. It may be admirable to do the best we
can with the situation and talents we are given, but it’s irrational to continu-
ally insist on perfection.

Think About It:  /n what areas do you try to be perfect? Is your goal of perfec-
tion realistic? If not practice accepting the less than perfect results.
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The Myth of Genius

Everyone has problem-solving ability. Problem solving requires creativity, which
correlates only modestly with intelligence (Barron and Harrington, 1981).
Thus, one does not have to be Immanuel Kant or Albert Einstein to be a good
problem solver. That does not mean that we are all qualified to solve advanced
problems in philosophy and science, however, for problem solving also requires
knowledge; without knowledge of a discipline we cannot solve problems in
that area. Fortunately, most of our problems involve knowledge that is read-
ily obtainable and understandable by most persons. In short, what is gener-
ally lacking is not the intellectual ability to solve but the self-confidence to
solve.

GENERATING SOLUTIONS

Once we let go of our barriers, we can begin to generate solutions by gather-
ing information, thinking creatively, and brainstorming.

Gathering Information

Trying to solve a problem without information is like trying to drive a car
without a steering wheel. Consider a college student faced with a scheduling
problem and in a dilemma about what courses to take this semester. If she
chooses her courses without adequate information about the college’s poli-
cies and course scheduling, she may never see graduation. However, if she
acquires information that answers the following questions, she will likely
find a way to graduate on time: (1) what courses are required for the major?
(2) do those courses require a prerequisite? (3) which of those courses are
offered only once a year or every other year? (4) how many upper-level courses
are required? (5) how many credits are allowed to transfer from other insti-
tutions? (6) what courses are offered during the summer session? (7) is inde-
pendent study an option to meet a degree requirement when a scheduling
conflict occurs? (8) are there any conditions under which course substitu-
tions are allowed? (9) what general requirements must still be completed? And
so on. Without gathering this information, she may not be able to solve her
scheduling problem adequately.

With inadequate information, the solutions are weak. Consider the prob-
lem of controlling criminal behavior in the United States, which has one of
the highest rates of violent crime in the world. Some common proposals to
combat violent crime in America are to increase the size of the police force,
develop stiffer prison sentences for offenders, increase the use of capital pun-
ishment for murderers, and increase the role of religion in our lives. Most of
these solutions are not supported by social science research. For example,
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compared with other countries, the sentencing policies of the United States
are actually stricter than many countries whose crime rate is a fraction of what
itis in the United States. Capital punishment does not seem to make an appre-
ciable difference on crime (Bailey, 1990; Newbold, 1990). And as far as reli-
gion goes, the percentage of people in the United States who attend church
and believe in God is one of the highest in the world!

The research suggests instead that we might be better off addressing the
variables that do correlate with increased violent behavior, such as great eco-
nomic inequality among the different social classes, high unemployment, lack
of attachment to significant others, parental abuse, and television violence. As
we pointed out in chapter 10, “Scientific Thinking,” a correlation does not
necessarily mean a causal relationship exists between the variables, but it is
certainly a good place to start.

Think About It:  Is there a problem that you, your company, or the United States
government is trying to solve without adequate information? What information
seems to be missing?

Identifying the Components

The more information we can collect, the better we are able to solve the
problem. We can gain comprehensive information by identifying each known
component of the problem and then obtaining information about each one.
The components of any problem are the persons and objects involved in the
problem, as well as the problem goal itself. If Green College, for example,
has a declining enrollment, the components are the faculty, the administra-
tion, the community, the students, and the goal of increased enrollment. How
knowledgeable, enthusiastic, and caring are the faculty? How competent, effec-
tive, and supportive is the administration? What is the college’s image in the
community? Who are Green College students? Why do students choose to
attend or not attend Green College? How old are they? Where do they live?
What social class are they from? Finally, Green College must look at the goal
itself. Is increasing enrollment a realistic goal given the demographics?

Think About It:  Sometimes we create our own problems. Our standards of per-

formance are unrealistic, the time line we arbitrarily set is too short, the activities
we engage in are too many. Which of these could you change to reduce your lifes
problems?
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THINKING ACTIVITY 12.1
Identifying Problem Components

Identify the components in each of the following problems. What questions would you
ask about each component?

1. The president of the alumni association at the local university is having diffi-
culty getting enough financial support from its alumni to meet the university’s
contribution goals this year.

2. The local community needs a highway bypass to decrease traffic through its city,
but the proposed bypass route takes it through a residential area of a suburb.
The threat of increased congestion, pollution, and noise has the suburbanites
in an uproar.

3. NASA is frustrated because its radio signal is not firing the satellite’s rocket
booster in time to put it into orbit around the planet it is approaching.

4. A college student’s goal of graduating in May is being thwarted by class-sched-
uling problems. Her last two required courses are offered at the same time!

5. Mark and his wife Elizabeth are unable to meet the demands of work and domes-
tic life. Their job demands do not leave enough time for cleaning and main-
taining their home.

6. A secretary cannot get her new computer to send her document to her printer.
The document must be printed for an important business meeting beginning
in fifteen minutes!

Sources of Information

When the problem concerns human relations, information can be
requested of the other person or persons involved. What is their understand-
ing and perception of the problem? What do they need and want? How do
they think it should be solved? Simply talking with those involved often helps
us to understand better. However, many married couples, parents and chil-
dren, managers and employees are often uncomfortable with direct commu-
nication. For them counseling is an option. Counselors spend their lives
primarily aiding people in the communication of their feelings, needs, and
desires in order to solve their problems.

Experts are a prime source of information. We might communicate with
a psychologist about discipline problems with children, an accountant about
a financial crisis, an auto mechanic about our car problems, or a lawyer about
our legal problems. One word of caution: the experts must be objective. A
stock-broker may push high-commission stocks and bonds instead of low-
commission ones. One particularly valuable expert (and not particularly biased)
is the local reference librarian, who can lead us to data such as the changing
demographics in a small town, the pros and cons of various investment
strategies, neighborhood crime statistics, changing property values, effective
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child-raising techniques, and manuals for repairing and building almost
anything.

The last important source of information is ourselves. We all have a wealth
of experience to bring to bear on many problem areas in our lives. Perhaps
we live with the person involved in our problem and know that person bet-
ter than anyone else, perhaps we can find similarities between our current and
our past problems, perhaps we can use our ability to empathize with others
to more fully understand even a novel interpersonal problem, or perhaps we
can use knowledge acquired through years of education to understand more
completely the problem and its components.

Creating a Healthy Communication Climate

Most problems involving people require some kind of communication with others. Such
communication can help define the problem, identify causes of the problem, or help
generate solutions. But communication will not be effective if we do not provide the
right communication climate. Below are some tips that will improve the chances of pro-
ductive communication with others.

1. Avoid loaded words. Some words inhibit people’s true expression of their feel-
ings by stirring up emotions and defensiveness or by setting a person up for rejec-
tion. Words like “stupid,” “childish,” “idiot,” and so on should be avoided
whenever possible. Instead of saying, “What do you think of that stupid slogan
the marketing department came up with?” try, “What do you think of the mar-
keting department’s new slogan?” If someone actually likes the new slogan, the
adjective “stupid” will make them feel that he will be rejected or laughed at if
he expresses his true opinion. In this way loaded words inhibit the expression
of true feelings and do not further communication.

2. Avoid status barriers. People are easily intimidated by signs of status and have a
more difficult time expressing their true opinions when they feel less than equal
to the person they are talking to. If we are sitting in a large chair at a large desk
in a large room, with numerous diplomas decorating the walls, the person we
are talking to might feel intimidated. It is better to come out from behind the
desk and offer the person a seat in a chair that is equal in height to our own. It
is also important to avoid a judgmental or superior attitude that sometimes
accompanies a high-status position.

3. Avoid defensiveness and anger; be a safée person. No one is correct all the time,
including ourselves. We need to remind ourselves that we are still worthwhile
persons when we make mistakes. If we can accept this, we can listen to the crit-
icism of others without turning the communication into a hostile win-or-lose
situation. If we can drop our defensive posture, we will also listen better, hear-
ing what is being said instead of rehearsing our defense. Moreover, if we are
known to turn every attempt at constructive criticism into an angry situation,
others will stop talking to us about important matters.

(continued)
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Creating a Healthy Communication Climate (continued)

4. Be open-minded. If we convey an attitude of intolerance for others” ideas before
we even hear them, there is a good chance we never will hear them. We must
be willing to let go of our tenacious grasp on our own ideas, for no matter how
certain we are that we have the right insight or the correct solution to a prob-
lem, we may be wholly wrong. A rigid attitude only discourages honest com-
munication.

5. Rephrase communication. In order to make sure that we understand what others
are saying to us, it is important to restate their position back to them in our
own words. This reassures them that we are listening and gives them an oppor-
tunity to correct us if we have misunderstood them.

Think About It:  Can you think of any communication that you have experi-
enced recently in which one or more of these suggestions were ignored? What was
the effect on the communication?

CREATIVE THINKING

After we have gathered information and identified components, if a solution
is not apparent, we can use methods of creative thinking to help us find solu-
tions. In thinking creatively we must strive to transcend our usual ways of see-
ing. We should not limit ourselves to seeing what we are supposed to see or
thinking about things as we were taught to think about them. We must learn
to see and think without assumptions, stereotypes, or expectations, much as
a painter does when looking at a penny lying on the floor, seeing it as oval
instead of round or as brown with a white sheen instead of copper.

To think creatively we must transcend the world of dos and don’ts and
enter the world of the impossible, the frivolous, the vulgar, and the absurd.
We must see things not for what they are or for what they were meant to be,
but for what we can imagine them to be. This world of the creative is in each
of us. We need only watch a young child play to realize the creativity that
was once present in all of us.
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THINKING ACTIVITY 12.2

Functional Fixedness

Seeing things only for what they were meant to be used for and not seeing things for

what they can be used for is called functional fixedness. A book is meant for reading, a

waste basket for waste, and a hair dryer for drying hair. But a book can be used for a

weight or a booster seat, a wastebasket for a flowerpot, and a hair-dryer for drying paint.
Try to transcend functional fixedness to solve the two problems below:

Problem 1: Two strings about four feet long are suspended from
an eight foot ceiling at opposite points in a room. Each string is
about three feet from the nearest wall. Your task is to tie them
together. Although the strings are long enough to meet in the mid-
dle, holding on to one of them prevents you from grasping the
other, which is just two feet out of your reach. Nearby, and within
reach as you hang onto one string, is a desk with some tools on
it: a hammer, a pair of pliers, a screwdriver, and a penknife. What
do you do? (adapted from Maier, 1931)

Problem 2: On a table is a full box of kitchen matches, a candle,
and some tacks. Your task is to attach the candle to the wall in a
way that wax will not drip on the floor. What do you do?
(Duncker, 1945)

SELECTING SOLUTIONS

When all ideas have been generated, we can best select solutions by prelimi-
nary evaluation, in which we use our imagination to assess the value of a
solution before it is even implemented. We can also select solutions by assess-
ing pros and cons, by using the trial-and-error method, by working backwards,
and by following a few other tactics and tips.

Preliminary Evaluation

[Newtons] peculiar gift was the power of holding continuously in his
mind a purely mental problem until be had seen through it.

—/JOHN MAYNARD KEYNES

Sometimes we imagine the solution to a problem so automatically that we
may not realize we have solved a problem. For example, how would we remove
three pennies from the bottom of a tall glass if we were only given the choice
of using a clothespin, coat hanger, or long, thin tongs? Which would we choose?
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Undoubtedly we would pick the long tongs and reject the other items; in
essence, we “evaluated” imperceptibly.

Think About It:  There are ways to get the pennies out of the glass with the
other items. Do you know how?

Just as we browse through the shopping malls and imagine how we would
look in certain clothes, in preliminary evaluation we picture the problem,
but with this difference: we attempt to consider many more components
and possible responses to the proposed solution. Most men and women prob-
ably do not imagine how a piece of clothing would fit when they raise their
arms, nor are they likely to imagine how it would look on them as they run
to the bus stop; some may imagine how it would look sitting down or bend-
ing over, but many do not. In preliminary evaluation we must imagine imple-
menting the solution, while considering the solution’s effects on as many
variables as possible.

Problems in Anticipation

1 remember the rage I used to feel when a prediction went awry. 1
could have shouted at the subjects of my experiments. “Behave, damn
you, behave as you ought!” Eventually I realized that the subjects
were always right. It was I who was wrong. I had made a bad
prediction.

—B. E SKINNER, “WALDEN TWO”

Anticipating becomes more difficult when there are many components
and possible interactions. For instance, in order to predict our weather per-
fectly, we would have to know all of the variables precisely. If one small weather
variable were miscalculated, it could eventually affect the entire forecast for a
given area in the future. Failure to accurately measure the ocean’s tempera-
ture in one rather small area, for example, could lead to warmer or colder air
than predicted and make or break the formation of a storm. The immense
difficulty in this type of forecasting has generated the mathematical and sci-
entific theory of chaos.

Anticipation is also confounded by “wildcard” variables. These are vari-
ables that arise unexpectedly, such as the sudden separation and divorce of the
company’s president and its effects on the president’s competence and risk-
taking behavior, volcanic eruptions and their effects on the weather, a sud-
den coup in a foreign country and its effects on the stock market, and an
ex-spouse’s sudden refusal to pay child support and its effects on the other
spouse’s plans to earn a college degree.
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Perhaps the most unpredictable variable is the human variable. Behind
people’s actions are their goals, their life meanings, their personal histories,
as well as whether or not they ate breakfast that morning or suffered insom-
nia the night before. Any predictive solution involving the human compo-
nent is only a fragile prediction.

In sum, because numerous problem variables (especially human ones) and
their numerous interaction effects are difficult to predict, our preliminary eval-
uation cannot be totally accurate, but it can be careful, intelligent, and well-
intentioned; in other words, our evaluation can be good but it will never be
perfect.

Chaotic Systems

Much of science has been dominated by the great laws of nature, concerning motion,
thermodynamics, nuclear periodicity, and relativity. These laws work well when applied
to simple movements such as those of a planet, an airplane, or a baseball, producing
such accurate predictions that the universe appears to be determined. However, other
areas of nature seem to be impossible to determine. These areas are called chaotic sys-
tems. According to chaos theory, chaotic systems are extremely sensitive to “initial
conditions,” meaning that any uncertainty or error in the measurement of the system’s
variables at a given time will eventually lead to conditions that were not foreseeable.
Changing weather, liquid turbulence, and the branching of trees, blood vessels, and
neurons in the brain are examples of chaotic systems. Even economics and human behav-
ior can be seen as chaotic systems.

In chaotic systems, if we cannot measure the crucial variables with infinite preci-
sion, then our prediction will go awry at some time, the more errors, the sooner it will
go awry. And because infinite measurement is impossible, these systems are only roughly
predictable at short intervals and theoretically unpredictable at long intervals. As time
goes by, small errors in measurement mount to make the difference between, say, a hur-
ricane and ideal golfing weather, and they can make the difference between our solu-
tion’s failure or success. In short, there are many uncertainties in problem solving,
particularly in searching for long-term solutions; the further out in time we project
our solution, the more likely chaos will intervene.

Pros and Cons

Problem solutions are imperfect; a solution may often have strengths on
one side and weaknesses on another. We must then determine whether the
strengths outweigh the weaknesses enough to justify implementing the solu-
tion. Assessing the strengths and weaknesses of situations is sometimes called
cost-benefit analysis. This analysis looks at both quantity and quality. For
instance, a solution may have two drawbacks and one advantage; the draw-
backs seem to win from the quantity point of view. But if the single advan-
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tage were very important, it would outweigh the numerically superior
drawbacks.

The strengths and weaknesses of a solution depend on the value we assign
to different outcomes. For instance, if a solution looks profitable it may be
adopted despite serious drawbacks to human psychological and physical health.
This can be seen in U.S. policies on air quality. On more than one occasion,
deadlines for meeting air-quality standards have been extended because indus-
tries have complained of the expense. In the meantime, millions of human
beings suffer the consequences of air pollution, including death. Yet, if one
gives high value to the dollar and low value to health hazards, the solution
may be seen as a good one. Values are intricately linked to our assessment of
a solution’s worth.

Other variables to consider when weighing pros and cons are timeliness,
effectiveness, reliability, reversibility, and the risk of making a bad decision.
A great solution that cannot be implemented for some years may in fact be
no solution at all because it is not timely. Effectiveness is the extent to which
the solution actually resolves the problem. Reliability is how consistently the
solution will work. And reversibility is the ease with which the solution can
be retracted without serious consequences. Supreme Court decisions, for exam-
ple, are not easily reversible.

The risks of making a bad decision can be gauged by asking, “What’s
the worst that can happen?” Would someone die? Would we remain unhappy
for the rest of our days? Would we be fired? Would someone be injured?
Obviously, if the costs of implementing a wrong solution were high, we would
hesitate and look for a better alternative or do a more careful preliminary eval-
uation before implementing it.

Other important questions remain to be asked in a cost-benefit analysis
of the solution. Is it ethical? How will it effect our family and other relation-
ships? Are the human resources available for implementation? And so on. All
the variables described above call for active thinking to determine the best
possible solution.

Rejections on Minor Grounds

It is not usually reasonable to reject a proposal because there is one drawback to it. Often
very good ideas may have one or two disadvantages. Unfortunately, it is quite com-
mon to have such solutions rejected because of minor drawbacks, even though the
advantages far outweigh the disadvantages. The failure of those who reject the pro-
posal might lie in one of two areas: they assume that a perfect proposal exists, or they
fail to recognize the advantages of the solution over the disadvantages. Many good solu-
tions have been rather quickly dismissed because of one salient drawback. The real issue,
however, may be a need to protect some personal interest or simply a fear or reluc-
tance to change. Awareness of these irrational rejections will help us objectively weigh
the advantages and disadvantages of a given solution.
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THINKING ACTIVITY 12.3
Weighing Pros and Cons

Identify the pros and cons of the following solutions to curb the handgun homicide
rate in the United States.

1. Make it illegal to own a handgun and create severe, mandatory sentencing for
violation of this law.

2. Require that people convicted of theft or violent crime after the age of twelve
be forbidden forever to own a handgun.

3. Require that the punishment for any crime committed with a handgun be
double what it would have been without a handgun.

4. Require every middle school and high school in the United States to set up
metal-screening devices in school entrances and conduct thorough locker checks
at random throughout the school year.

5. Require that all citizens carry a handgun in their cars, places of business, and
homes for their own defense.

6. Forbid the television industry to broadcast programs with scenes of gun murder.

7. Require parents to lock up all handguns and ammunition they own and remove
children from the home of any parent who fails to abide by this law.

8. Tax the wealthy more in order to reduce the income inequality that leads to
greater poverty and frustration among the lowest economic class.

9. Initiate an education program starting in elementary school that instills self-
esteem, teaches self-restraint, and explores alternatives to violence for solving
personal problems.

10. Enlist the services of the United States Army in the control of illegal substances
in the United States.

Subgoal Analysis

Sometimes a problem can be broken down into smaller problems, each hav-
ing its own solution. The apparently insurmountable goal of writing a term
paper, for example, can be broken down into many subgoals: write the pros,
write the cons, write the conclusion, and write the introduction. Instead of
one goal involving ten pages, we have four goals involving two or three pages
each. Even subgoals can often be further broken down. In this way over-
whelming tasks become manageable problems. As another example, consider
the goal of building a substantial savings. The first goal might be to get a good-
paying job, the second goal to pay off all debts, and the third goal to invest
in appropriate mutual funds or stocks. Each of these subgoals is a problem
in itself, but as smaller problems they are less threatening and easier to man-
age, and solutions are easier to come by. Moreover, as we find ways to achieve
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each subgoal, we gain reinforcement, self-confidence, and the motivation nec-
essary to achieve our ultimate goals.

Trial and Error

The trial-and-error method of problem solving, involving little preliminary
evaluation, is the process of trying solution after solution until we happen
upon the correct one. Such trials may be guided by nothing more than a hunch
or simple experimental inquisitiveness, or they may be slight modifications
of earlier trials that almost reached the mark.

Often we use this hit-or-miss approach because we do not understand the
problem very well, critical information is lacking, or the problem components
and possible interactions among them are too numerous for us to be able to
anticipate a solution. The trial-and-error method may sound rather primi-
tive and inferior to a more methodical approach, but as a last resort it can be
an exciting way to solve problems. Before beginning trial and error, however,
we must be careful about serious negative consequences that might result. If
the cost of a mistake is high, such as serious injury or losing one’s life sav-
ings, then the trial-and-error method is inappropriate.

Think About It: ~ Should the trial-and-error method be used in medicine? If so,
under what circumstances?

Working Backwards

In solving a problem of this sort, the grand thing is to be able to rea-
son backward.

«

—ARTHUR CONAN DOYLE, ‘A STUDY IN SCARLET”

Another problem-solving technique that involves little or no preliminary eval-
uation is to start with the goal, imagine the step just before the goal, the step
before that step, and so on, until we arrive at the first step. That first step is
then implemented, as are the others, in forward order. Suppose, for example,
that we want to move our library books into what is now the bedroom, so
that the old library room can become the new baby’s room. Thinking back-
wards about this problem might go something like this:

I can’t move the library into the bedroom because the bedroom is
occupied with furniture. So I'll first move the furniture into the spare
room that will be the new bedroom. But the spare room is full of
boxes with all my precious memorabilia. Of course that can go in
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the basement. But the basement leaks water, which means I'll have
to stack the boxes on shelves. Shelves! I don’t have any shelves. So
I'll first have to get some shelves. But I can’t load heavy shelves into
my car. Maybe my brother can help me. I'll give him a call. But I
don’t have his number; he just moved. Mom has it; I'll give her a
call.

In this way we've discovered that the first step in moving our library is to call
mom. As simple as this working backwards procedure is, many people fail to
use it and find themselves stuck in the middle of a mess.

Problem-Solving Tips

When we encounter what appears to be an unsolvable problem, sometimes a
solution is waiting to be discovered. Here are a few tips that can help to
break the impasse.

Tip 1: Change deadlines. When we are overwhelmed with a number
of activities or cannot find the human or other resources in time to accom-
plish the task, we can remember that deadlines are often not firmly fixed
(epitaphs are written in stone, but even the IRS grants extensions). Sometimes
we set a deadline for ourselves and never consider extending it, even though
an extension would cause only minor inconvenience. At other times, of course,
we are at the mercy of deadlines set by others. It is often worth approaching
others for an extension, because many deadlines are set rather arbitrarily in
the first place.

Tip 2: Compromise. Sometimes our problem component is a person
who appears unyielding on an issue, such as the hours he will work or the
kind of work he will do. We need to remember that people are not always as
rigid as they seem to be and that some people are influenced by good reasons
to change. Look for a compromise to solve the problem.

Tip 3: Check the facts. Things are not always what they seem. In the
world of human relationships, we often get a problem picture that is a gross
misrepresentation of the real situation. We might hear, for example, that
employees in department B are angry at management and are threatening to
quit en masse if certain demands are not met. This would be a serious prob-
lem, except that it may be entirely fiction, a mere rumor grown to enormous
proportions. Therefore, it is always worth checking to see if the problem as
we understand it is the problem as it really is.
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Tip 4: Use empathy. Empathy is seeing and feeling the world from
the other’s point of view. In working on problems involving people, it is essen-
tial that we learn to empathize with the situation of others, for only then can
we truly understand the problem.

Tip 5: Take time to reflect. When we are faced with a complicated and
challenging problem, it takes time to acquire the information and under-
standing necessary for a good solution. It also takes time to do an adequate
preliminary evaluation. A hurried approach may give us a brief sense of accom-
plishment and temporary relief from pressure, but only until the solution fails.
Even worse, a quick and haphazard approach may exacerbate the problem.
For example, a quickly and poorly thought-out decision to engage the enemy
in war instead of in diplomatic dialogue could grow into global warfare. On
a lesser scale, imagine the consequences of making a hasty decision about
our major in college, whom to marry, or how to deal with a serious relation-
ship issue. Some problem solutions can be revoked with little or no effect;
others, however, may leave irretrievable marks.

Tip 6: Anticipate potential problems. It is better to have potential
problems worked out ahead of time. Anticipating problems can often lead us
to take a course of action that avoids them altogether. And if a potential prob-
lem emerges, we will have alternatives ready.

Tip 7: See problems as fun! Most problems can be viewed as challenges
or oppportunities, and solving them can even be fun! This perspective reduces
stress and makes problem solving enjoyable. Of course, this attitude is diffi-
cult to achieve if deadlines are pressing and unyielding or the consequences
of a wrong decision are enormously serious.

EVALUATING SOLUTIONS

After the choice is implemented, the solution should be monitored to mea-
sure its effectiveness. If the problem remains, the solution may be rejected in
favor of an alternative one. However, we should hesitate before rejecting the
solution outright; often some slight modification will allow the original solu-
tion to work properly. If the modification required is major, the modifica-
tion may then be treated as another problem to solve.

SUMMARY

We have focused on everyday problems that can be solved through action.
The first step in problem solving is to define the problem as precisely as pos-
sible. If we define our problems precisely we can often identify the causes,
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sometimes leading us immediately to a resolution. Not all problems, however,
are approached correctly by searching for causes.

In working toward a resolution, we must remove barriers such as irrational
ideas about perfection, fear of failure, and fixed ways of thinking. We can then
begin generating solutions by gathering full information from experts, per-
sonal experience, librarians, and the people involved in the problem itself.

Sometimes finding a solution requires thinking creatively about the world.
We can then select a solution through preliminary evaluation, assessment of
pros and cons, identification of subgoals, or working backwards. If key infor-
mation is lacking, or the problem is too complex to anticipate a solution, the
trial and error method can be tried as long as the consequences of a wrong
decision are not critical. Finally, we can recall some problem-solving tips: (1)
change deadlines, (2) compromise, (3) check the facts, (4) empathize, (5) take
time to think, (6) anticipate problems, and (7) see the problem as a challenge.
We then implement and monitor the solution.

PROBLEM-SOLVING CHALLENGES

1. Have you ever solved the wrong problem by buying or fixing the wrong
part? How could this have been prevented?

2. In what way is the search for a clear definition to a problem similar to
searching for the cause of the problem?

3. Solving a mechanical problem is simple compared with a human prob-
lem. How might you solve the problem of a relationship that is going
sour?

4. Select a personal problem and apply the problem-solving strategies in
this chapter. Do any of the problem-solving tips apply here?

5. Select a huge social or economic problem (such as teenage pregnancy,
rampant crime, drug abuse, the high divorce rate) and write a paper on
how you would go about solving this problem using the approaches in
this chapter.

6. If we can name the problem we are half way to solving it. Do you think
this statement is accurate? Why or why not?

7. What are your barriers to solving problems?

8. Why are more managers in manufacturing plants now listening to their
line workers?

9. In this chapter we ask you to think forwards (anticipate how the solu-
tion will work) and to think backwards (to get a starting point). Think
forward and imagine where you want to be in five years. From that point,
think backwards to find the next significant step you must take to get
there.
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10. Having a list of pros and cons can give you greater objectivity. Take a
major personal concern of yours right now (or a social concern, such as

whether all Americans should be tested for AIDS) and list the pros
and cons.

11. What constitutes a good solution? How do we know when a problem
is solved? Although this question sounds simple, it may take more think-
ing than we expect.

12. Trial and error may seem scary or risky. When would you use it? When
would you not use it?
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The Challenge
to Go on Thinking

When Robert Peary the American explorer asked his Eskimo guide
what he was thinking, the guide replied: “I do not think. I have plenty
of meat.”

Thinking does not stop with the end of a book or the end of a course. As
long as we live we think, but Aow we think will be our choice. If we choose,
we can probe the reaches of the unfolding universe, we can explore the intri-
cacies of the mind, we can carve our thoughts into written words, and we
can speak our thoughts with persuasive force. By our thinking and by our
choices and actions, we will define ourselves.

Let’s think about our future thinking. How wide will we range? How deep
will we plunge? How well will we build?

How wide? Philosopher José Ortega y Gasset says that many things fail
to interest us because they don't find enough surfaces in our mind on which
to live. We have to expand our mind so that more themes—more of life—
can find a place within.

How wide will we cast our senses to feed our mind? What is the sensual
milieu in which we will place ourselves? What are the sights and sounds that
we will seek out or reject? What physical weaknesses might distort our sens-
ing, and what personal barriers might warp our perceptions? What strengths
will focus and magnify them? And how can we select, increase, clarify, and
intensify the myriad streams of sensual data that impact our sensory recep-
tors and settle in our mind?
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Think About It:  The above paragraph asks us to think about the deluge of sen-
sual data that inundates us by chance, by default, and by choice. Spending time in
self-reflection, in discussion, and in writing increases our understanding of the
sensory world and helps form and solidify the sensing patterns that best nourish
our minds. Throughout this chapter, pause after each question and think about
the possibilities for enlarging your own thinking.

How far will we let our creativity roam? How hard will we strive to break
the lock of habit? How long will we prod the problem and seek the solution?
How often will we break the crust of custom and begin the dance of creativ-
ity? How much will we trust ourselves to reform and blend old things, ideas,
and structures into new inventions, thoughts, and organizations?

With what words will we stock our mind? What books will we read? What
movies will we watch? With whom will we talk? How long will we wrestle
with our written words? Will we crack our clichés and recast them? Will we
search for better metaphors to carry our meaning?

Breadth without depth would leave us shallow. If we had to choose only
one of these dimensions, would it be “better to know something about every-
thing than to know all about one thing” (Pascal, 1958, p. 10)? To what extent
can we have both?

How deep will we plunge? As we stand on the precipice of our personal
barriers and look down, will we recognize our enculturation and ego defenses?
Will we listen to our feelings when they inspire us and transcend them when
they do not? Will we admit our prejudices and fears? Will we struggle against
our biases and reach toward objectivity? Will we admit when we’re wrong?
Will we read and research to gain the deep knowledge that we need in cer-
tain chosen areas? Will we struggle not to win but to understand and express
our best thinking?

Breadth and depth interrelate. Our deep areas make no sense isolated from
the broader context of the world. Our depth will be greatly aided by breadth.
New ideas for our deep interests will come from the cross-fertilization of our
wide interests.

No matter how wide or deep our knowledge, its use will be in our think-
ing. How well will we build? How will we work to develop effective thinking
patterns in our mind? How will we link our ideas together? How tight will
we keep our lines of logic? How will we combine our thoughts into newness?
How persuasively will we present our thoughts? By effort and by choice we
can change old thinking habits and adopt powerful thinking patterns to
develop what Montaigne calls a “well-formed intellect.” How will we form
that intellect?
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Thinking is not an island separated from the rest of our human nature. It does
not exist in isolation from our feelings, intuitions, or dreams. It is only one
part of us, yet an essential part in all of us. From poet and artist to mathe-
matician and philospher, from musician and designer to scientist and engi-
neer, better thinking will tend toward a better life.

The human species has used its thinking marvelously, but it still knows
very little about so very much, asking today many of the same questions that
were asked by minds thousands of years ago. Great thinking can unlock many
doors, but there may be some that it cannot open. Yet how wondrous is the
thinker: “How noble in reason, how infinite in faculties . . . in apprehension

how like a god.”
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Prescrzptz've Principles

14

Descriptive and
Prescriptive Principles

he science of problem solving is unusual compared with other scientific

domains. Certainly, it parallels—even imitates—the experimental and
theoretical analyses of traditional science. In any experimental science the
researcher brings the subject matter into the laboratory, studies it under var-
ious circumstances, and theorizes about those processes that cannot be directly
observed. For example, the geneticist may study X-ray diffraction photographs
and then theorize about gene structure; the astronomer studies spectrograms
and then theorizes about the dynamics of the universe. Similarly, the prob-
lem-solving researcher brings the subject (for our purposes, the human adult)
into the laboratory, presents a problem, and observes the behavior, that is,
the efforts to solve the problem. Some aspects of the behavior (the time to
solve, the type of errors made, etc.) constitute the data. Theoretical analysis
is required by the fact that the problem-solving processes are unseen. These
processes include strategies being used, hypotheses being tested, thoughts,
imagery, and the like. They all take place within the head of the subject and
are hidden from the scientist. The description of such processes is the task of
theory. Like any scientist, then, the researcher on problem solving obrtains rel-
evant data and theorizes about hidden processes.
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To put it another way, the researcher is trying is trying to derive theoret-
ical principles describing how people solve problems. We will call these descrip-
tive principles of problem solving. In the search for descriptive principles the
science of problem solving is like any other science.

What makes this particular science peculiar is that the scientist wants to
know not only how people, in fact, do solve problems but also how they should
solve problems. Here we leave classical science. The physicist does not ask:
What should the earth’s gravitational constant be? How should the universe
be organized? The constant is 32 feet/second?, the universe is expanding,
and that’s that. In studying problem solving, however, we seek not only descrip-
tions but prescriptions as well. What should one do to increase the likelihood
of solving the problem? If there are traps in a given type of problem, what
should one do to best avoid them? That is, we want a set of principles that
tell not merely how people do behave in solving a problem, but how they
should behave. We will call these prescriptive principles of problem solving,
to distinguish them from the descriptive principles.

The chief aim of this book is to present a comprehensive statement of
these prescriptive rules as I know them. This will include not only those
principles that are scattered throughout the literature, but those that I myself
have discovered and employed during a thirty-year career in the field of prob-
lem solving.

A secondary aim is to relate these prescriptive rules to current descrip-
tive theory, wherever that is possible. It should be noted, however, that that
will definitely be secondary. For the most part, the derivation of prescriptive
principles from theory is beyond the state of the art. Where these are related
to theory or research, the connection, of course, will be made explicit. But the
absence of research, of even validating research, will not prevent considera-
tion of principles that have face validity, that is, of principles that seem sensible.
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15

The Principle of

Intimate Engagement

During the war in Korea I was in the army, an eager corporal assigned to
a psychology research laboratory. We soldiers assisted the civilian psy-
chologists with their research programs. The project to which I was assigned
investigated the problem of nighttime patrolling. According to the reports
sent back from Korea, men assigned to infiltrate enemy lines at night for the
purpose of obtaining information typically failed. They almost always reported
finding or seeing nothing of interest. Our mission was to improve the infor-
mation yielded by these nighttime patrols. The lab specifically studied train-
ing methods to improve both vision at night and map use.

One day a colonel, recently returned from combat, visited the labora-
tory and was briefed by the various project directors. One of my minor jobs
was to chauffeur the VIPs, so I drove this colonel back to the officers’ club.
During the drive we talked about our project, patrolling at night. His com-
ment (or words to this effect) was: “You guys are doing good things. Map
reading, night vision. Yeah, we need to know about that. In my experience,
though, the most important thing is the guy’s ‘guts.” Hes got to be willing to
get out there, past the enemy lines, and take the time to look around. Then
you'll get your information.”

Common sense said the colonel had to be right. It would be too easy for
soldiers to go out into the darkness, to stop well beyond the view of their
own lines but certainly before reaching the enemy lines, and to wait a couple
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of hours. They could then return saying they saw nothing. We were studying
skills and perception (map reading and night vision) when the difficulty may
well have been one of motivation. Whether the colonel was right or wrong,
his comment impressed on me the relative importance of motivation—of
the willingness to get out there and look—on problem solving.

How does the issue of motivation apply to problem solving in general?
The soldiers, after all, may have failed to solve their problem of obtaining
information, but they minimized the risk to their lives. How does motiva-
tion apply to problem solving, when such life-and-death stakes are not
involved? The motivation is manifested in a more subtle way, but it is, nev-
ertheless, evident. For a given type of problem (e.g., an appliance repair prob-
lem, a riddle, or math problem), people vary in their willingness to “engage”
the problem. Try the following: Present your friends with the cryptarith-
metic problem shown in Figure 2.1. Some will gaze at it for a minute, say
something like, “I'm not very good at this,” and dismiss the task. Others will
stop whatever they were doing, take out a pencil, pore over every letter, and
be lost to society for as long as it takes to solve. The latter have engaged the
problem intimately; the former have not.

There is a plausible, descriptive explanation for the difference between
these two extreme behaviors. The engager, it is said, has had a history of suc-
cess with similar problems; the dismisser has had a history of failure. The
dismisser, it would appear, is a captive of the past. Presumably, unless retrained
with successes, the dismisser will always turn away.

I would suggest that that description is oversimplified. It leaves out of
consideration the inner state of the problem solver. Puzzles, like most chal-
lenges, are intrinsically interesting, attractive, and tantalizing. After a history
of failure, the threat of another failure posed by a puzzle produces a negative
emotional attitude, a kind of low-level anxiety. This negative, inhibiting emo-
tion outweighs the positive, attracting character of the puzzle. Thus, a his-
tory of failure changes one’s inner state, one’s attitude toward the puzzle. The
point of this chapter is that one can intervene with oneself, one can change
one’s own attitude. Personal success on a series of problems may be desirable,
but it is not essential. With little more than a few examples, one can talk
oneself into ignoring the threat of failure (the false threat of failure—what,
after all, are the terrible consequences of failing to solve the cryptarithmetic

D FIGURE 2.1

I A cryptarithmetic problem. Each different letter

D represents a different digit. The same letter always takes
the same digit. The result, after replacing the letters
with digits, must be a correct addition problem.

- >

+
D
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problem?). One can become more receptive to the challenge, to that quality
of attraction produced almost naturally by any puzzle. If one does this, if
one deliberately starts to engage problems intimately, to open oneself to the
fascination, then the experience of success will start to follow.

“Why should I go to such trouble?” the dismisser might say. “Who cares
about cryptarithmetic problems and riddles anyway?” Rather than try to answer
these questions for puzzles and riddles, I will use as illustrations an entirely
different class of problems, one where the solutions have material consequences:
around-the-house problems—appliance repair and the like.

An appliance (a toaster, a record player, etc.) stops working. What is the
meaning of intimate engagement in this context? It means: Study the piece
of equipment from all angles. Use your eyes. Turn it over so that you can see
all sides. If the appliance is too big, try to get around it and under it. If there
are panels that are screwed down remove them. See into it. Explore. Thus
you engage the object intimately.

Let me provide a series of examples from my own experience. I'm one of
those people who must have had a history of failure at fixing things because
I was inhibited about attempting any repairs. I would never remove a screwed-
down panel. I always imagined that a spring would pop out along with ten
other pieces. I saw myself staring stupidly at a disintegrated clutter. One day,
a clothes dryer that we had owned for fifteen years stopped working. In the
middle of a cycle it just squealed and stopped. My wife observed that the dryer
was old and had gone the way of all machines. I agreed. Come the weekend,
we would get a new one. For a few days we had only the defunct dryer in the
house. During this time I noticed that the dryer had a panel in the back, bolted
down by four screws. Normally, I would never remove such a panel. This time,
however, I thought “What harm? Even if I cant put the machine back together,
it’s dead anyway.” So, after making sure that the dryer was unplugged, I
removed the panel. Nothing happened other than that the back of the machine
was revealed. It was stuffed, completely stuffed with lint, a fifteen-year accu-
mulation. I vacuumed it out (noting, incidentally, the remarkable simplicity
of the dryer: the large clothing tumbler is driven by a belt that is attached to
a motor—that’s it) and, behold, it worked perfectly—my first success with
intimate engagement.

My second experience happened at the home of another couple. A friend,
Sam, and I were visiting them, all of us sitting around a table that wobbled.
I commented on its sway. The husband replied in disgust that the table was-
n’t two years old and this wobbling had started. He was going to get rid of it.
I nodded sympathetically, but Sam’s response was different. He got under
the table and, after a few seconds, invited us to join him. There was nothing
mysterious. The legs were attached by screws and the screws had loosened. A
few turns of a screwdriver and the table was like new. All one had to do was
to get down and look, to engage intimately the problem of the wobbling table.
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As chance had it, I later faced a similar problem. My car seat was stuck—
I couldn’t get it to move forward or back. The usual movement of the lever
release at the front of the seat did nothing; the seat wouldn’t budge. Previously,
I would have muttered a few colorful words and have driven the car to the
repair shop. Now, however, I had this new principle. I knelt down and peered
under the seat. A wire attached to the release lever had slipped off. I put it
back on. Problem solved. Moral: Engage the problem intimately; get into it.

Since then I've faced a variety of such problems. I routinely try to take
apart a defective appliance. Sometimes I could see the relevant part only by
inserting a mirror; sometimes I could only reach a hand underneath and
visualize the mechanical linkages by patiently feeling them. It is astonishing
how often this intimate engagement, this direct exploration, has revealed a
simple structure and has yielded a solution. Frequently, like the dryer, the mal-
functioning appliance is simply dirty (e.g., a toaster had a large crumb caught
in the pop-up spring); other times an easily replaceable part has obviously bro-
ken. It literally pays to engage the problem, to look deeply.

The psychiatrist Scott Peck (1978) has described his own version of inti-
mate engagement, which he refers to as zaking the time. He first tells how he
would never try to repair anything, feeling that he was deficient in mechan-
ical ability. One day he passed a neighbor who was fixing a lawn mower. He
paused and remarked to the neighbor that he admired him, that he himself
had no ability to repair things. The neighbor replied with one sentence: “That’s
because you don’t take the time.” Dr. Peck went his way stunned by this sim-
ple truth. There was no defect within himself. He had been making a choice.
He had simply refused to engage these problems, to give them the time. As
it happened, the opportunity to test this idea soon occurred. In the follow-
ing passage he describes his first encounter with intimate engagement, with
taking the time, when repairing something. As you will see, his description is
consistent with all the preceding examples.

The parking brake was stuck on a patient’s car, and she knew that there
was something one could do under the dashboard to release it, but she didn’t
know what. I lay down on the floor below the front seat of her car. Then I
took the time to make myself comfortable. Once I was comfortable, I then
took the time to look at the situation. I looked for several minutes. At first
all I saw was a confusing jumble of wires and tubes and rods, whose mean-
ing I did not know. But gradually, in no hurry, I was able to focus my sight
on the brake apparatus and trace its course. And then it became clear to
me that there was a little latch preventing the brake from being released. I
slowly studied this latch until it became clear to me that if I were to push
it upward with the tip of my finger it would move easily and would release
the brake. And so I did this. One single motion, one ounce of pressure
from a fingertip, and the problem was solved. I was a master mechanic! (Peck,

1978, p. 28)
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Here is a different example of the value of intimate engagement. It was
described to me by a reader of the first edition of this book. I include it here
because it expands the activities of engaging a problem. All of the previous
problems involved looking inside, looking into. See how this next example

differs.

I live in a beach house with a basement apartment, which we rent to a
bachelor. The apartment can be entered through a door in the basement,
but it also has a private entrance at the side of the house. This side door is
at the bottom of a short flight of stairs going down from ground level. The
house, including the apartment, has a seawall designed to protect us from
the occasional violent storms that stir up the ocean. In the worst gales the
ocean overflows on both sides of the seawall in rapid streams. These flow
past the house into the street.

One night during just such a storm the tenant urgently called to say that
the storm had broken the latch on the side door and that water was flood-
ing into the apartment. My husband and I went through the basement
into the apartment and found ourselves ankle deep in water. The tenant, a
burly fellow, was leaning with his weight against the side door. Periodically,
the door flung open thrusting him back, letting gallons of water rush in
before he could close it again. My husband went to help him brace against
the door, but the two of them were still thrown back every two or three min-
utes. I was amazed that the wind, strong as it was, could blow the door like
that, but my tenant called back that it wasn’t the wind, it was the buildup
of the water.

The two of them were straining against the door. How could I help? Although
I wasn’t thinking the phrase “intimate engagement,” somehow your book
was at the back of my mind. I decided to go outside into the storm to see
what was happening. As expected, the ocean was overflowing, streaming
along the side of the house. The unexpected was that a large tree branch had
fallen and had become wedged across the current. It formed a kind of dam,
directing most of this river down the steps and against the door. I was able
to push the branch out of the way. The stream resumed its course past the
house, and there was no longer water flowing down against the door. When
I returned to the apartment my husband, who knew only that the pressure
on the door had suddenly stopped, asked in astonishment what sort of mir-

acle I had performed.

Notice again the ingredients of effort, time, and looking. Intimate engage-
ment can be effective even when you have no idea what you will find. What
is different in this example is that, unlike an appliance, the critical compo-
nents were outside the situation. With all the previous examples we opened
things up, looked inside. Here the woman’s sense was that the relevant fea-
tures of the problem were outside the room. She engaged the problem by
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FIGURE 2.2

Portrait of a dryer, showing
the tumbler, motor, belt, and
switch.

looking for circumstances surrounding the problem situation. Intimate engage-
ment makes it easier to learn how the critical components relate, wherever
they are.

The concrete problem solving of the sort just described best reveals inti-
mate engagement—it is seen directly in the behavior. But it applies to all prob-
lems. Engaging a problem intimately has two properties. One is motivational:
Commit yourself to the problem; give it time and energy; do not be stopped
at the outset by your inhibitions (Think of the woman who braved the storm!).
The other entails vision and visual imagery: Use your eyes; visualize the prob-
lem task; mentally, as well as physically, “look” at the task from all sides. These
dual processes, approaching the problem zestfully and using your eyes, are the
essentials of intimate engagement. They apply to all problems.

This principle of intimate engagement raises a question that is relevant
to this entire book. In solving a problem, what is the role of background knowl-
edge, of prior learning about the specific topic? Suppose, for example, my
car fails to start. Committed to intimate engagement, I open the hood and
look into the inner workings. If, however, I know nothing about the battery,
solenoids, the motor, and fan belt and their relation to the engine, then I can
do little. Not all problems are as simple as seeing and removing dirt. Isnt back-
ground knowledge important? The answer is “certainly.” In fact, a foundation
prescriptive rule, one that is so obvious that no special chapter has been allot-
ted to it, is that if you want to solve problems effectively in a given complex
domain (e.g., geometry, car repair, chess) learn as much as you can about
that domain. Read in it, explore in it, practice in it.

The need for background knowledge, however, does not argue against
intimate engagement; on the contrary, it argues for it. Intimate engagement
is a form of exploration. In connection with the example of the dryer, I noted
that removing the rear panel led me to see the inner structure of the machine,
to see how the tumbler was driven by a motor and a connecting belt. It is
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true that prior knowledge may be useful (e.g., I was able to recognize a motor).
Frequently, however, the sheer engagement of the problem deepens your
knowledge of the domain. You not only solve the problem, but you see the
inner workings. This, in turn, will make it easier to solve similar problems in
the future.

For an illustration of this point, consider Figure 2.2. It shows schemati-
cally what I saw when I looked into the dryer. As a result you and I now know
a great deal about dryers. Suppose, for example, we push the button to start
the dryer and little happens. We hear the motor humming, but the tumbler
doesn’t turn. We can infer that the belt is probably broken. For another exam-
ple, suppose that when we push the start button we hear nothing, that is,
not even the hum of the motor. We would conclude either that there is a break
in the electrical system (it isn’t plugged in or the switch is defective) or that
the motor needs to be replaced. Thus, troubleshooting is now easy because
of previous exploration, because of the intimate engagement of an earlier
problem.

We may conclude, then, that although background knowledge (here,
knowledge about dryers) is important, intimate engagement is a powerful pro-
cedure for gaining that knowledge. This conclusion is reinforced by a slightly
more complex version of intimate engagement. Suppose a piece of equipment
is not working and you now, having learned this principle, look inside, study
it, and see nothing that is obviously wrong. What can you do next? If you
have a duplicate that is working, study that duplicate. Look inside of it. See
how the parts are related and move in the intact system; then return to the
defective appliance. Now you may notice that a spring in the good one is miss-
ing in the other, or that a screw has fallen out, or that something else didn’t
match.

Recently I was with a friend when he discovered that he had a problem
that I had faced earlier—his car seat wouldn’ slide back on the track; it was
stuck. I offered to help. Of course, I got down and peered underneath the
seat. Nevertheless, I couldn’t see anything that might be wrong. Now what
could be done? Well, the car was a two-seater and the seat on the passenger
side was working. I went around to the other side, got down by the passen-
ger seat and studied it. I saw how it operated, what the linkages were as I
moved the release lever and pushed the seat back and forth. When I went back
to look at the underside of the defective seat it was now obvious that a spring
was missing. It had fallen off and was lying half-hidden by the seat track. I
hooked it into the location that I remembered from the other seat; the prob-
lem was instantly solved. Thus, a corollary to “use your eyes” is “if necessary,
study a working model.”

You might complain that this last rule is too limiting. “O.K.,” you might
argue, “a car happens to have two similar seats. But who has two dryers or two
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toasters? How can we study a working model?” Here we extend the activity
of intimate engagement still further, but in a plausible direction. A neighbor
of mine tells this story. He had a lawn mower that he had trouble starting.
Studying it closely didn’t reveal the defect. A duplicate model was not avail-
able. He simply went to the library and took out a book on the repair of
lawn mowers. The book showed pictures of a working model, revealing the
inner connections necessary for smooth starting. He was now able, book in
hand, to look at his mower, compare the two, and to solve the problem. The
moral is, again, that intimate engagement, especially of this richer sort, leads
to knowledge. It is not only a way to solve your problem, it is an effective form
of exploration.

One final point about intimate engagement should be made. I have
emphasized using your eyes, seeing into the structure of the situation. This
language of vision is traditional usage to describe understanding. Thus, we
talk about “seeing” relationships among sets of numbers (e.g., do you see
how any number, when added to itself, must yield an even number?). We say
“I see” to instructions given by a friend, when we clearly mean we understand.
Similarly, “using your eyes” is colloquial for close study with any of the senses.
I once located a refrigerator leak by reaching underneath and feeling the
parts carefully until I could “see” what the structure must be like. A friend of
mine, an engineer, located the defect in a piece of electrical equipment by
listening carefully while it operated. He said he could see that a particular relay
wasn’t functioning. “Use your eyes,” then, is a shorthand that means: Explore
in any way that you can.
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Externalize:

The Intimate Engagement
of Mathematical and
Logical Puzzles

When I was a college freshman, taking my first calculus course, the pro-
fessor announced: “Don’t get in the habit of learning mathematics from
my lectures. The way to learn math is by yourself, with a book, a pad, and a
pencil.”

The point of this statement seems clear enough. You should not rely on
others to teach you. Rather, you should get into the habit of learning on your
own. That way you can continue to learn and grow when you have left college,
when teachers are not so handy. All you would need is a book. That certainly
seems like a reasonable interpretation. Why, however, did he add that you
needed a pad and a pencil? That you need a book to learn on your own is
self-evident, but why the other materials?

The answer to that question has emerged from psychological research in
the last thirty years. We need these supplementary aids because the conscious
mind is remarkably limited in the amount of activity it can perform. The con-
scious mind engages in three important processes: (1) It receives external infor-
mation via the senses and interprets this information, as when you look at a
scene or when you hear someone speaking. Right now your conscious mind
is taking in and trying to interpret the words on this page. (2) It “displays”
the information when you are remembering something, whether it is an inci-
dent from several years ago, the face of a friend, a song, or a phone number

283

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



284 Intimate Engagement

that you read 10 seconds ago. (3) It manipulates information that is being
remembered, as when you imagine things (example: picture in your head, that
is, remember, the American flag; now imagine it, not with red-and-white
stripes, but with green-and-white stripes).

The first fact of our limitations is that we cannot do all three things at
once—at least not well. If, as you are reading, you start thinking about last
night’s date, you will find that, although your eyes have moved over the page,
you cannot remember a thing that you have read. If you are trying to hold a
phone number in your mind long enough to get to the telephone, an inter-
ruption (your kid brother stops you and asks for a quarter) will frequently
cause it to be forgotten.

The eminent psychologist George Miller first noted this odd limitation
of human consciousness almost forty years ago (Miller, 1956). He proposed
that we can deal with only about six or seven items of information. With more
than that, the mind becomes overloaded, and we start to lose some of the
information. That is why a momentarily remembered phone number is so
vulnerable to forgetting. It contains seven digits. If while rehearsing it, you
are distracted by your kid brother, that demand on your conscious attention
overloads consciousness. Some of the digits get lost.

A famous experiment, first performed by Collin Cherry (1953), has a per-
son who is wearing earphones hear a different message come into each ear.
Thus, a voice reading from a history book may be heard in the right ear and,
simultaneously, a voice reading from a novel may be heard in the left ear.
The listener is given a special task called “shadowing,” that is, is asked to repeat
word-for-word what is heard in the right ear. Suppose this shadowing is car-
ried on for 5 minutes. Following this the person is asked question about
what was heard in both the right and the left ear. The startling result is that
the person can tell you virtually nothing about what was presented to the
left (the nonshadowed) ear. Not only is the content of the passage lost but if,
for about 2 minutes in the middle of rightear shadowing, the language in the
left ear changes from English to Russian, the person fails to notice that. It is
as though the right-ear shadowing used up all the capacity of the conscious
mind. The information from the left ear could not get in.

This fact, that the conscious mind is severely restricted in how much it
can do, affects problem solving, of course. This limitation may be illustrated
with an obvious example. Consider these two numbers: 483 and 627. Read
them a few times. Make sure you know them so that you can say them with-
out looking. Now, look away from the book and multiply them in your head.

If you are like most people you can picture placing one number above the
other, ready for multiplication. However, when you try to carry out in imag-
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ination the step-by-step multiplication procedures you find that it is next to
impossible. Why is that? You certainly know how to multiply. The reason
should by now be clear. The six digits in those two numbers are about the
limit of what the conscious mind can deal with. If, in addition to remem-
bering those two numbers, you now try to manipulate the information, to
imagine multiplying and adding, the system becomes overloaded. You fail to
carry out even a well-known routine.

How, then, do we obtain the product of those two numbers? Obviously,
we look for a pad and a pencil. These tools are supplements to the conscious
mind. It no longer has to do everything. The pad and pencil permit us to
“externalize” the two numbers. Once they are written down, the conscious
mind doesn’t have to keep remembering them. It can now expend its resources
on the procedures of multiplication. In general, when you use a pad and a
pencil, this precious but limited resource that we call consciousness doesn’t
have to be used up just on remembering things.

Here are a couple of additional examples. First, try to solve each prob-
lem in your head. Then take out a pencil and paper, and work the problem
that way. See for yourself the difference that “externalizing” makes.

A rubber ball has the property that, on any bounce, it returns to
one-third of the height from which it just fell. Suppose the ball is
dropped from 108 ft. How far has the ball traveled the fourth time
it hits the ground?

* * % * * * * * *

A rectangular board is sawed into two pieces by a straight cut
across its width. The larger piece is twice the length of the smaller
piece. This smaller piece is cut again into two parts, one three times
the length of the other. You now have three pieces of board. The
smallest piece is a 7-inch square. What was the original area of
the surface of the board?

The answers to these two problems are given in Appendix A.

* * * * * * * * *

We said that externalizing the information relieves the conscious mind
from having actively to display the information. The mind is then free for
the problem-solving activity itself. However, externalizing does more than that.
It also produces a tight interaction between the eyes, the hand, and the mind.
It helps us, in short, to engage the problem more intimately.

Now that you are persuaded of the value of using a pad and pencil in
studying math (You probably knew it all along. Let’s just say we analyzed
why it is valuable), you might think there is nothing left to say. “O.K.,” you
reply, “from now on when I study math I’ll keep a pad and pencil handy.”
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That’s that. Externalizing, however, has another virtue. There are standard
ways of ordering the information on paper for certain classes of problems.
These methods are not always obvious, and so I want to present a few of them
here.

STRAIGHT-LINE PROBLEMS

In many problems, especially algebra word problems, the information describes
variations along a single dimension (distance, amount of money, number of
apples, etc.—the second problem, discussed earlier, is just such a problem).
Whimbey and Lockhead (1980) suggest that organizing the information along
a straight line makes the problem easier to solve. Consider the following:

John has a pretty good salary. In fact if the salary of his older
brother, Bob, were suddenly doubled, John would make only 100
dollars less than Bob. Bob’s current salary is 50 dollars more than
that of the youngest brother, Phil. John makes 600 dollars per week.
What is Phil’s salary?

* * * * * * * * *

The linear arrangement of the information is shown in the following fig-
ures where the initials of the men stand for the amounts of money they make.

From this figure it is relatively easy to see that 2 * B = 700 and that P =
B 50. Therefore, Bob earns 350 dollars and Phil earns 300 dollars.

50 100

} i ! 4

(600)

Another problem comes from the Peanuts comic strip shown on the next
page. Poor Patti doesn’t know about externalizing and so is overwhelmed by
the information. A linear picture of the distances will suggest how to set up
the correct equation. (Hint: let x stand for the unspecified distance C-D). The
linear ordering is shown in Appendix A.

MATRIX PROBLEMS

In some logic problems, it is helpful to put the information into a table, or
matrix. | will illustrate this method first and will then present a couple of prob-
lems that you can try on your own.

Tom, Dick, Harry, and Al are married to May, Jane, Sue, and Bea,
though not necessarily in that order. Jane, who is Dick’s sister,
has five children. Tom and his wife want to wait a few more years
before starting a family. Tom has never introduced his wife to Sue,
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who is carrying on an extramarital affair with Dick. (May is con-
sidering telling Dick’s wife about it.) Dick and Harry, by the way, are
twin brothers. Who is married to whom?

Again, you might first try to solve this problem in your head. After that,
try it again using a paper and pencil. You may now notice a new problem.
How should you organize the information on paper? Just writing the relations
into a list as you think of them may be helpful, but it is not the most effec-
tive method. There is a way to be systematic about the information you put
on paper so as to make the relationships more obvious. The limitation of a
list is that it goes in only one dimension, that is, from the top down. This
problem, however, has two categories, a set of men and a set of women. We
would like to organize the information to reflect that. We would like, that is,
a two-dimensional way of recording the information. Figure 3.1 shows the
outlines of a matrix that does just that. Each row shows for each man four

Tom

Dick

Harry

Al

May Jane Sue Bea

FIGURE 3.1
A matrix arrangement of the hus-
bands and wives.
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May Jane Sue Bea

Tom ><
Dick X
Harry ><

FIGURE 3.3

Al >< O >< >< The husbands-wives matrix par-

tially filled in.

“cells” corresponding to the four possible wives. Similarly, each column shows
for each woman four possible-husband cells. We can now proceed to fill in
the information that is given. We are told, by implication, that Jane is not
married to Dick, so we can put an X in the corresponding cell (that is, at the
intersection of the Dick row and the Jane column). For the same reason,
Jane is not married to Harry, and, because she has children and Tom does not,
is not married to Tom. Putting X’s into those two corresponding cells, we see
that there is only one remaining possibility for Jane. She must be married to
Al. Let us indicate that by putting a circle into that cell. We may also note
the following: X’s may be put into the other three cells in Al's row since he is
married to Jane and not those other three ladies. At this point the matrix has
the appearance shown in Figure 3.2. Continue filling it in until you have the
complete solution. The rest of the answer is in Appendix A.
Here is a similar problem for you to practice on.

Roger, Harry, George, and Mark work in the city as singer, stock-
broker, salesman, and cook (but not necessarily in that order). Harry
car pools with the salesman and the singer. Mark plays bridge with
the salesman and the cook. The cook drives to work alone. Roger
envies the salesman. Which man has which career?

The next problem is somewhat different in that it involves numbers.
You will again find that a matrix is useful. In addition, however, numbers have
arithmetical properties that become part of the solution.

Three boys, Joey, Jimmy, and Pete, have between them nine quar-
ters and a total of $2.55 in quarters and nickels. Joey has three
nickels, and Jimmy has the same number of quarters. Jimmy has
one coin more than Joey, who has four coins. How many nickels
each do Jimmy and Pete have?

The matrix for each of these last two problems is in Appendix A.
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Here is an interesting problem that the problem-solving theorist John
Hayes (1981) claims to have solved by use of a matrix. First, try solving it your
own way, then read on.

An anthropologist, back from a field trip, was invited to a party with
her husband. Always the scientist, she decided to observe and to
make measurements of the curious American ritual of handshak-
ing. Four other married couples attended the party. Whenever two
people shook hands, she recorded that each of the two people
shook hands one time. In that way, for all of them (including her-
self and her husband), she obtained the total number of times
that each person shook hands. First, she noted two obvious facts.
One didn’t shake hands with one’s own spouse, and one didn’t
shake the same person’s hand twice. Then she looked at her list
and observed an odd fact. If she didn’t count herself, the other nine
people all shook hands a different number of times. That is, one
person didn’t shake any hands, one shook only once, up to one
shaking the hands of all eight of the others.

Question: How many times did her husband shake hands?

Isn’t this an elegant problem? You would swear at first that you have not
been given enough information to solve it. A biochemist that I know, when
he heard this problem, exclaimed “Sure! You might as well ask what was the
color of his tie.”

Since this problem is a bit difficult, let me include a hint. Can the anthro-
pologist’s husband be the one who shook hands eight times, that is, with all
the other couples? No, because then each of those eight people would have
shaken hands with at least one person (the anthropologist’s husband), and it
is given that one of the nine people shook hands with no one. Try to solve
this problem now; then read on to see Hayes’s approach.

* * * * * * * * *

Hayes laid out a matrix similar to the one in Figure 3.3, where the hus-
bands and wives, / and W, are numbered as couples. Here, X’s are placed in
the cells where people definitely did not shake hands with each other. Assume
for the moment that couple 5 is the anthropologist and her husband. For want
of anything better to do, Hayes assumed that husband 1, /;, was the person
who shook hands with everyone else, and filled in checkmarks in the A, row
for everyone (excluding, of course, /4 and his wife). Note that each of the
other eight people shook hands at least once, that is, with ;. This beginning,
says Hayes, “yielded the first important insight into the problem. Since every-
one but H,’s wife shook hands at least once, she is the only person who could
have shaken hands zero times” (Hayes, 1981, p. 66-67).

Incidentally, note the value here of externalizing. Relieving the mind of
having to organize all the information makes it easier to have insights.
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X’s may now be placed in the row and column for W;. Try making H,
be the person who shook hands seven times, and continue on. See if you
cannot solve the problem using the matrix. The complete analysis and the
answer is given in Appendix A.

FUNCTION GENERATING PROBLEMS

Another type of problem that lends itself to systematic externalization of infor-
mation involves determining a general function for a large number of events. The
plan is to look at the results for small numbers of corresponding events and to
see if a pattern doesn't emerge. A couple of simple examples will make this clear.

A gambler bets 3 dollars on the first spin of a roulette wheel. Each
time he loses he doubles his bet. He has lost ntimes in a row. How
do we express A, . 1, the amount of his bet for the next (the n + 1)
spin?

This problem is simple enough that you can probably do it in your head,
but we can conveniently use it to illustrate the method. Make a table, with
two columns, the left one labeled “Number of spins, 7#” and the right col-
umn labeled “Amount bet, A.” Begin, in the first row, with the smallest pos-
sible 7. In this case, let 7 be 1, the first spin, for which it is given that he bet
3 dollars. For the next spin, for 7z = 2, he will bet 3 * 2 = 6 dollars. For the
third spin he will bet (3 * 2) * 2 = 12 dollars, and so on. Figure 3.4 shows
the table carried out for five spins. We study the table to see the pattern that
emerges. We see that the amount bet, 4, is always 3 multiplied by 2 with some
exponent. Furthermore, for each spin that exponent is increased by one, and
is always one less than the number of the spin. This leads to the plausible gen-
eralization that the amount of money bet on the #th spin, A4, is given by

A, =3* 2
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NUMBER OF SPINS 7, AMOUNT BET, 4
1 3
2 3*2=06
3 3*22=12
4 3%23=24
5 3% 24=48

FIGURE 3.4 Generation of the Pattern 4,,,; = 3 * 2.

On the next spin, the amount, 4, , 1, will be
An +1 = 3*2n

If the poor fellow loses ten times in a row, on the next spin he will bet 3
*210=3*1,024 or 3,072 dollars.

Here is another problem that benefits from this mode of externalizing the
information.

New York City decides to hold a handball tournament to deter-
mine the city handball champion. The contest will follow “knockout”
rules: In the first round each contestant will be randomly paired
with another; each pair plays one game; the loser is permanently
out of the contest. (If an odd number of players entered the con-
test, then, at the first round, one person “draws a bye,” that is, does-
n’'t play until the second round.) At the second round, the winners,
and the person who had drawn a bye, are randomly paired. The
process repeats for as many rounds as needed until only one
player, the city champion, remains.

Suppose n people sign up for the tournament. How many games
must be played to determine the champion? (A game, remember,
is defined as two people playing until one of them wins.)

See if you can't work out the answer using a table similar to the one in the
preceding problem. Suppose two people sign up (that is, 7 = 2). How many games
must be played? Continue the investigation for 7 = 3, 4, 5, and so on.

* * * * * * x X *

The pattern suggests that with 7z contestants then 7z — 1 games must be
played. Look back over the table you have generated. Can you see why there
must be exactly one game less than the number of players? If it does not jump
out at you now, see Appendix A.
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For another example consider this next problem. Suppose you have five
dishes numbered 1 to 5, and you have five chess pieces, the king, queen, bishop,
knight, and rook. There are many ways in which you can place all five pieces
on the five dishes. You might, for example, have all five on the first dish. Or
you could have the king, knight, and rook on dish 3, and the queen and bishop
on dish 5. Or you could place one piece on each dish with, say, the king on
dish 1, the queen on dish 2, and so forth (placing the queen on dish 1 and
the king on dish 2 would count as a different arrangement). How many dif-
ferent ways can the five pieces be placed on the five dishes?

Begin by assuming you had only one piece (e.g., the king) to place on
the five dishes. How many different ways can this be placed? Obviously, the
answer is five. Suppose, now, you had two pieces (e.g., the king and the queen).
We first place the king then, for each of the five possible placements, there
are five ways we can place the queen. This yields 5 * 5, or 25, different place-
ments. Make a table now showing from one to five pieces. The table may be
found in Appendix A.

Suppose we had 7 dishes and 7 pieces. You might guess that there would
be 77 different arrangements, and you would be right. What is the answer if
there were # dishes and 7 pieces?

For a more subtle version of these problems, suppose we placed exactly
one of the five pieces on each of the five dishes. How many different arrange-
ments can we have? (Note: This type of arrangement is called a permutation).

Begin with one dish and one piece (the king), then two dishes and two
pieces (the king and queen), and so forth. In the first case there is, obviously,
only one possibility. In the second case, there are two possible placements for
the king and for each of these there is only the one remaining placement for
the queen. For two plates and pieces, then, the number of permutations, 7,
is given as P = 2 * 1. Work out P now, the number of permutations for three
dishes and three pieces, and then extend the table. This is shown in
Appendix A.

The table shows that each time we added a plate and a piece, we multi-
plied the preceding product by the new number. For example, the fifth plate
and piece gives us 5(4 * 3 * 2 * 1) permutations. As you might expect, there-
fore, with 7 plates and pieces, the number of permutations is the product

P=nn-1)n-2)...03)2)Q1)

Thus, whenever 7 is given, P is a product, a number that may be calcu-
lated. Such a number is called a “factorial” and has a shorthand symbol (just
asn *n *n *n *n *nis called an “exponential” and has the shorthand sym-
bol 7°), but I will introduce the symbol later, in the discussion of another per-
mutation problem.
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Visualize:

The Problem

of Comprehension

For a different application of intimate engagement I want to consider the
problem of comprehension, the problem of trying to understand written
or spoken material—a piece, say, of expository prose.

Ernest Hemingway, in For Whom the Bell Tolls, provides us with a perti-
nent definition of good writing. The American soldier in Spain, Robert Jordan,
has just listened to a Spanish peasant, Pilar, tell how the communists took
over her village. He reflects on her tale:

“Pilar had made him see it in that town. If that woman could only write.”

He later reflects again how she had made him “see” the events.

Thus, good writing makes the reader see the story; it lights up images in
the reader’s mind. However, communication between a writer and reader is
not a one-way process; it does not depend only on vivid prose. The writer
must be effective, but the reader must do his or her share. The reader must
be prepared to imagine the information, to make his or her mind light up.
Not every writer is a virtuoso. Important information may have to be com-
municated by someone less skillful than Hemingway. In such a case the reader
must make an effort to “penetrate” the information, must try to visualize what
is being described, to “see” the interrelationship of facts presented. This is inti-
mate engagement of verbal material.

To show the role that the reader plays in comprehension, I'll use an extreme
example. A woman I know wanted to work as a volunteer for a first-aid
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organization. To do so she first had to pass a test based entirely (she said) upon
a book provided by the organization. The book described various injuries
and the corresponding treatment. For example, for treatment of a broken arm,
it said:

A. Broken limbs

1. Lower arm: For a lower arm fracture the following two steps are to be
taken:

a. Splint with board or folded newspapers

b. Secure arm with sling

One day she called me over and asked me to quiz her on her knowledge
of the material. I opened the book to, as it chanced, the section on broken
limbs and asked: “What two steps must be taken if someone has broken the
lower part of his arm?” She said: “They won't ask such questions. You have
to say ‘Broken limbs,” ‘lower arm.” “ I dutifully replied, “O.K. ‘Broken limbs,’
‘lower arm.”” To which she recited word for word: “For a lower arm fracture.
...7 I then did that at another place and was given a similar rote recall. She
occasionally blocked in the middle of an answer and had to start over, but,
on the whole, was satisfied with her performance. I then asked, “Suppose
you see an accident where someone complains that his or her arm feels bro-
ken, what will you do?” She said, “They won’t ask that. You just have to
know what is in this book.”

You will not be surprised to learn that she failed the test. The point, of
course, is that she failed to engage the material. Instead of visualizing the
person, the broken arm, the bandages, the splints, she saw only the words
for these things. She didnt play her part as the receiver of the information;
she didn’t let her mind light up.

This is an extreme example, one that, of course, does not apply to you
or to me, but it highlights by contrast what needs to be done.

Research during the last twenty years has solidly buttressed this thesis,
that visualizing is he powerful way to comprehend written material. The
following examples, adapted from Bransford and Johnson (1972), will permit
you to experience this for yourself. Read the following passage with the idea
that you will be taking an examination on this material tomorrow.

A seashore is a better place than the street. At first it is better to run
than to walk. You may have to try several times. It takes some skill
but it’s easy to learn. Even young children can have fun.

Once successful, complications are minimal. Birds seldom get
too close. Too many people doing the same thing, however, can cause
problems. One needs lots of room. Beware of rain; it ruins everything.
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If there are no complications, it can be very peaceful. A rock will serve
as an anchor. If things break loose from it, however, you will not get
a second chance.

Every sentence seems to make sense, but if you are like most people you
have the uneasy sense that you really didn’t understand the passage. Go back
and reread it now with the information that the passage deals with flying kites.

* * * * * x X * *

Do you see the difference in your comprehension this second time? You
could “see” (visualize) everything that is referred to. It is almost as though
this visualizing is virtually synonymous with understanding.

Here is another opportunity to contrast reading without and with visu-
alizing. Read the next passage also with the thought that you will later be tested
on the information.

The procedure is actually quite simple. First, you arrange things into
different groups. Of course, one pile may be sufficient depending
on how much there is to do. If you have to go somewhere else due
to lack of facilities, that is the next step; otherwise, you are pretty well
set. It is important not to overdo things. That is, it is better to do
too few things at once than too many.

After the procedure is completed, one arranges the materials into
different groups again. Then they can be put into their appropriate
places. Eventually they will be used once more and the whole cycle
will then have to be repeated. However, that is part of life.

As before, I am going to give the title of this passage and to ask you to
read it again. Let me urge you to pay some attention to how different your
experience is this second time, to how much more visual it is. The passage is
about washing clothes. Reread it now.

* * * * * * x X *

Once you key into the topic of the passage, and are able to visualize the
information, it becomes much more a part of you. Bransford and Johnson
had two groups of college students study these passages. One group was given
the topic information (e.g., that the first passage was about flying kites) before
reading the passage; the other group was given the topic only after the read-
ing. On a later test of the information, the first group scored twice as high as
the second. Visualizing is clearly an important process for comprehending.
Better comprehension, in turn, produces better remembering.

In our discussion of comprehension thus far, we have used “seeing” to
mean imagining, mentally picturing a scene. When we discuss visualizing and
remembering in the next chapter, we will see further evidence that this men-
tal picturing is a powerful technique. When the prose passage involves numbers,
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however, “seeing” can mean something deeper. It refers to apprehending or
grasping the logic, the connections among the numbers. One doesn’t neces-
sarily visualize a scene; one, rather, strives for a sense of how the numbers are
related.

When you have “seen” in this sense, two effects typically appear. You know,
by inference, information not directly given in the passage. Also, the numbers
“make sense,” that is, you understand why the author used those numbers and
not some others.

Let us begin with an elementary example to remind you how relation-
ships among numbers permit inferences. Consider the following passage, which
might appear in a children’s story.

As Jack walked to town he met three beggars. He gave them each
4 dollars. That left only 2 dollars for himself, but he didn’t care. He
felt happy.

Notice that if we think about it, we can infer that Jack started with 14
dollars. Furthermore, they were probably all singles.
Here is a slightly more difficult version.

Jack stuffed the 16 dollar bills into his wallet and decided to go to
town to buy a toy. He left his house and walked a half-mile when
he met a beggar. The man seemed so poor that Jack gave him half
the money in his wallet. About every half-mile he was approached
by another beggar, each more wretched than the last. He met the
third one just at the outskirts of town. Jack gave to each one half
the money in his wallet. As he left the third beggar and entered
the town he saw that he had only 2 dollars left but he didn’t care.
He felt happy.

1. Does that final figure of 2 dollars make sense to you? Do you see how
it follows from the other numerical details given in the story?

2. Did Jack have any money in his wallet before he put in the 16 dollars?
(For example, could he already have had 8 dollars?)

3. Approximately how far is Jack’s house from the edge of town?

* * * * * * * * *

Note the word “see” in the first set of questions. That usage does not seem
to imply “visualize” in the sense of vividly imagining a scene. Rather, it refers
to a process that is more abstract; it refers to developing an awareness of the
relationships among the numbers. Thus, we “see” that when we start with 16
and halve it three times, we end up with 2.

The preceding examples were introductory and elementary. The next
examples are more realistic and challenging. They are modeled on descrip-
tions of psychology experiments that may be found routinely in the research
literature. Try to read each passage carefully enough that you can answer the
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questions at the end without having to reread. Since the material is numeri-
cal and a bit technical, you may want to follow the prescription of the last
chapter and externalize; that is, you would do well to use a pad and pencil.

Fifteen subjects (college freshmen) were used in this experiment.
Each subject heard a list of sentences of the noun-verb-noun form
(e.g., The girl sees the dog). These sentences were either posi-
tive (The motorcycle scratched the car) or negative (The truck is
not carrying the bicycle), and this variable was combined with the
variable of verb tense. That is, for each of the two kinds of sen-
tences, the verb could be future, present, or past tense. Five sen-
tences of each of the six types were constructed.

All the sentences were read to the subject one time. Following
this reading of the list of sentences, a recall test was presented.
The first noun in the sentence (e.g., The motorcycle) was stated,
and the subject had to write the entire sentence. A response was
scored correct only if both the verb and second noun were cor-
rectly given. The 450 responses were evaluated in this way.

1. Why does the author say that there were six types of sentences? What
were these six types?

2. How many different sentences were constructed? Why were there 450

responses?
* ok ok ok ok ok ok ok Xk

Here is another example:

Eighty students served in this experiment on problem solving. Each
student received one of four similar problems (referred to as prob-
lems A, B, C, and D). Since we were interested in the effects of
distraction, half the students worked on their problem with music
playing; half worked in silence. The ten students in each condition
consisted of one eight-year-old, four ten-year-olds, and five twelve-
year-old children.

1. How many conditions were there? What were they?
2. Why does the author refer to ten students?

3. How many ten-year-olds served in this experiment?
* * * * * * X * *

And another:

Thirty-six students (eighteen males and eighteen females) served
in an experiment on problem solving. Each of these students
received three problems, A, B, and C. Since each subject was
receiving all three problems, the sequence of problem presenta-
tion was varied. All possible permutations (BCA, CAB, etc.) were
used. Three males and three females were assigned to each of the
six different sequences.
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1. Why were there six different sequences? Could there have been more
than this number? What were these six sequences?

2. Did the number of students used, thirty six, strike you as unusual?
Why did the experimenter use such a number instead of a nice, round
number like thirty or forty? What other numbers might the experimenter
have used?

In reading each passage, most of you, I suspect, followed the description
and felt that you understood the material. Nevertheless, you were surprised
by the questions. If you had asked yourself these questions as you were read-
ing, then you had intimately engaged the material; if not then your reading
was too superficial, not penetrating.

The best way to see the relationships among the numbers is to use the
externalize principle. Complex experiments can usually be described with a
kind of matrix. Read again the first of the three experiments just presented.
Figure 4.1 shows how that information might be represented in table form.
When you intimately engage the information, especially when you external-
ize it in this way, you can almost literally “see” the experiment and its special
properties. The questions at the end of the paragraph are much more readily
answered.

If you haven't already done so, make a matrix for the other two experi-
ments, then review the questions that were asked. See for yourself how, once
you have the appropriate matrix, the information becomes available. There
are more ways than one, incidentally, of preparing such tables. Compare yours
to those in Appendix A.

* * * * * * X * *

A subtle difficulty arises in considering intimate engagement applied to
language (i.e., text or lecture). Many of you felt fooled by the passages you
were asked to read. You felt that you understood them as you were reading.
How could you know that you were not engaging the material sufficiently
closely? The answer to this requires two qualities:

First, you must become more sensitive to your own confusion. As you
are reading and trying to comprehend a passage, an inner bell should ring
whenever something puzzling occurs. Suppose an author writes, “It is obvi-
ous, therefore, that each subject will require six problems.” Is it obvious to
you? Or are you puzzled by that number? Become sensitive to your own state
of confusion—have that bell go off.

Second, do not permit yourself to be confused. Work out the relation-
ships. Use a pad and pencil, if necessary. At a lecture raise your hand: “It is
not obvious to me, professor. Would you please explain it? Would you please
give an example?” ! Do not tolerate confusion. Heed the bell! If you're study-
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SENTENCE MOOD
VERB TENSE POSITIVE NEGATIVE
Past Five sentences Five sentences
Present Five sentences Five sentences
Future Five sentences Five sentences

FIGURE 4.1 A matrix displaying the first of the three experiments
described; the thirty sentences were presented to fifteen
subjects.

ing for a course and, in spite of your best efforts, something in the book just
doesn’t make sense, ask your classmates, or your teacher, or check in the library
for easier explanatory material. Push to penetrate until you can see what is
being discussed. That’s intimate engagement.

'T have a favorite “It-is-obvious” anecdote (apocryphal) that I can’t resist passing along here. A math
professor was explaining a complex proof, writing it step by step on the blackboard. He said, “Now it is
obvious that steps 10 and 11 lead to the following equation,” and he wrote that equation on the board.
One student raised his hand and said, “Sir, it’s not obvious to me that that equation follows from 10 and
11. Would you please explain it?” The professor turned to the blackboard and studied it intently. After a
full 20 minutes he turned back to the class and announced, “Yes, it is obvious!
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Visualize:

Committing Information
to Memory

In the previous chapter we saw that visualizing is not only important for
comprehension, but that this mental seeing leads to better remembering.
Several lines of research provide evidence for this principle, that when your
problem is to remember new information, visualizing helps. Perhaps the most
direct application of the power of picturing images while reading comes from
Levin and Pressley with children and from Anderson with adults. Levin (1973)
instructed a group of fourth-grade children to visualize as they read. Each child
was simply told “to think of a picture in his mind of each sentence’s contents
as he read the passage.” The children then read a twelve-sentence story. A
second group received identical treatment except that the special instruction
to picture the contents was omitted. On a subsequent test, the instructed group
recalled 20 percent more than did uninstructed children. Pressley (1976)
demonstrated a similar effect with third-grade children.

It is not only young children who benefit from instructions to visualize
as they read. Anderson and Hidde (1971) had two groups of college students
read a list of thirty sentences, each of the form: The/noun/verblthe/noun (e.g.
The girl caught the robin). One group was instructed to form an image as
they read each sentence; the other group was instructed, instead, to read each
sentence three times. A recall test followed the reading of the sentence list. For
each of the sentences, the first noun (e.g., “The girl”) was given, and the student
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had to complete the sentence. The imagery group recalled three times as many
sentences as the repetition group. Anderson (Anderson and Kulhavy, 1972)
followed up this demonstration with a more natural task. He tested college
students on their reading of a 2,000-word passage. Students who reported
visualizing the information remembered substantially more than did stu-
dents who failed to visualize.

Thus, from both the work on comprehension and on remembering, the
lesson is clear. When your problem is to remember what you read, visualiz-
ing as you read is an important strategy. Start practicing it now, if you do
not already do so. At first you will be self-conscious about the activity. You
will have the sense that you are actively engaging the material that you are
reading. Later, visualizing will become a habit, and you will simply be a bet-
ter reader.

This strategy that we have just discussed, of visualizing to aid remem-
bering, is “natural” in the sense that it employs an available cognitive process
(although, as we have just seen, it is a process that some people neglect or have
never learned to use). The remaining applications of visualizing to aid remem-
bering are more artificial. They are mnemonic devices, memory tricks that are
employed to produce better recall of particular information. Before we begin
our discussion of these, it is important that you look at Figure 5.1. Read and
follow the directions given in that figure. After you have completed the task,
return to your reading.

Directions

First. Take a piece of paper and cover the list of ten words below. (Do that now.)
Second: Uncover the words one at a time. Study each word by saying it over
and over to yourself for about 5 seconds, then go on to the next word and do the
same thing. Continue in this way until you come to the end of the list. When you
have gone through the list one time do not look back at it but return to your reading.

Baseball
Record
Officer
Spoon
Carpet
Chair
Palace
Gloves
Radio
Flower

CORXNDIHWN ~

—_

FIGURE 5.1 A word-learning problem. Begin by reading the direc-
tions at the top.
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* * * * * * * * *

One of the first mnemonic devices to make its appearance in the mod-
ern psychological literature employs a nursery rhyme. Its use as a memory
aid was first introduced by Miller, Galanter, and Pribram (1960) with a charm-
ing anecdote. I have reprinted it here in its entirety. It describes the rhyme
and illustrates one way in which it might be used to help us remember. (Noze:
In this excerpt, Miller et al. use the term “Plan,” which is roughly equivalent
to the term “strategy.” As we do here, these authors assume that trying to
remember new information is a problem to be solved.)

One evening we were entertaining a visiting colleague, a social psy-
chologist of broad interests, and our discussion turned to Plans. “But
exactly what is a Plan?” he asked. “How can you say that memoriz-
ing depends on Plans?”

“We'll show you,” we replied. “Here is a Plan that you can use
for memorizing. Remember first that:

one is a bun,

two is a shoe,
three is a tree,
four is a door,
five is a hive,

six are sticks,
seven is heaven,
eight is a gate,
nine is a line, and
ten is a hen.”

“You know, even though it is only ten-thirty here, my watch
says one-thirty. 'm really tired, and I'm sure I'll ruin your experiment.”

“Don’t worry, we have no real stake in it.” We tightened our
grip on his lapel. “Just relax and remember the rhyme. Now you have
part of the Plan. The second part works like this: when we tell you
a word, you must form a ludicrous or bizarre association with the first
word in your list, and so on with the ten words we recite to you.”?

“Really, you know, it'll never work. 'm awfully tired,” he replied.

2Let me spell this out. The visitor is being asked to take each successive word and to put it into an
image (Miller et al. use the old-fashioned term, “association”) with each successive noun in the rhyme.
Thus, the first word, “ashtray,” is to be put into a bizarre image with the noun, “bun” (e.g., the visitor
might picture an ashtray “sandwich,” an ashtray between two halves of a bun). This instruction was made
explicit in subsequent formal research.
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“Have no fear,” we answered, “just remember the rhyme and then
form the association. Here are the words:

. ashtray,

. firewood,

. picture,

. cigarette,
table,

. matchbook,
glass,

. lamp,

. shoe,

10. phonograph.”

N I R N

O

The words were read one at a time, and after reading the word, we
waited until he announced that he had the association. It took about
5 seconds on the average to form the connection. After the seventh
word he said that he was sure the first six were already forgotten.
But we persevered.

After one trial through the list, we waited a minute or two so that
he could collect himself and ask any questions that came to mind.
Then we said, “What is number eight?”

He stared blankly, and then a smile crossed his face, “I'll be
damned,” he said. “It’s ‘lamp.””

“And what number is cigarette?”

He laughed outright now, and then gave the correct answer.

“And there is no strain,” he said, “absolutely no sweat.”

We proceeded to demonstrate that he could in fact name every
word correctly.*

To appreciate the extent of the visitor’s accomplishment, take the fol-
lowing test of your memory of the words in Figure 5.1. (Do 7ot look back at
Figure 5.1 at this time.)

What was the eighth word?
What number in the list was the word “carpet”

Take a pencil and paper and write, in the sequence that they were
presented, all the words that you can recall.

Now look at Figure 5.1. How many did you get right?
The chief difference between you and the visitor in the anecdote is that
you used the standard rote-rehearsal method for learning the list. The visitor

*Miller, George A., Galanter, Eugene, and Pribram, Karl H. (1960). Plans and the structure of behav-
ior (pp. 134— 136). New York: Henry Holt.
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visualized each item in a bizarre image. His performance was a hint of the
power of visualizing in remembering. This hint was subsequently incorpo-
rated into a formal experiment by Bugelski, Kidd, and Segmer (1968). They
had two groups of college students learn lists of words. Both groups first learned
the one-is-a-bun jingle and then learned the word list. One group was
instructed to learn the list using the visualizing method described by. Miller
et al. The second group used only the rote-rehearsal method. The visualizing
people remembered 40 percent more words than did those using rote-rehearsal.
We see again that “picturing means remembering.” It enhances learning and
retention.

Two sets of applications have followed from this work. The first, related
to counting, is based on informal data derived from my own experience. The
other application is related to learning vocabulary words in a foreign language.
Here the method has been illustrated and verified in laboratory research.

The first example, in which the one-is-a-bun ditty is used in counting,
came from a clinical psychologist friend of mine. He regularly taught deep-
relaxation methods to clients suffering from psychological stress. One of the
methods entailed sitting or lying quietly and breathing deeply. The client
was to do this until he had taken twenty breaths. (This focus on breathing
while trying to relax was to block out any disturbing thoughts about one’s
job or family, etc.) He said that frequently clients would complain that they
“lost count.” At some point in the series, they would stop and say that they
didn’t know how many breaths they had already taken. His solution to this
was to train them to use the one-is-a-bun rhyme. His instructions were: Instead
of just saying “one” to yourself, picture a bun; when you say “two,” picture a
shoe; and so forth; when you come to eleven start over. This problem, he said,
was solved. His clients never again had trouble keeping count.

As chance had it, another counting problem came to my attention a few
weeks later. A colleague and I were discussing memory problems in everyday
life. She mentioned a particular problem that she had been having while swim-
ming. She swam every day for several laps but found that she frequently lost
count of the laps. Her explanation was that she was also monitoring her stroke,
checking that it was following a 1-2-3-4 rhythm. The number sequence of her
stroke, she felt, interfered with the numbering of the laps, and so she lost
count.

Well, dear reader, do you have the solution for her problem? I suggested
that instead of counting the laps with numbers, she use the one-is-a-bun rhyme
(with which she was already familiar). Picture a bun on the first lap, a shoe
on the second, and so on. She tried and reported back that it worked like a
charm. It was easy to do, and the problem was eliminated.

The second application of visualizing to solve a remembering problem
is, as I mentioned, to the learning of vocabulary words in a foreign language.
This method entails a critical change in the one-is-a-bun technique. In fact,
the rhyme is not used. Remembering by using the rhyme, as in the anecdote
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quoted, is referred to as the pegword method. The word “bun,” for example,
is a “peg” to which the word to be remembered is attached with imagery. In
vocabulary learning you use the “keyword” method. Here, instead of using
the thyme words as the pegs, new pegwords are continually created. After that,
the methods are the same. For example, suppose your homework assignment
consists of learning a long list of French-English vocabulary pairs. Let us say
that the first pair is lechien = the dog. Using the keyword method, you first
think of an English word that sounds like the French word (here, for exam-
ple, you might use “chin” as similar to chien). Next, you put the keyword,
chin, into an image with the English word to be learned. Thus, you might
picture a dog with a very long chin. Suppose the next pair were /e /ivre = the
book. You might take as the keyword the word “lever” and picture a lever
lifting a book.

The hypothesis here is that, in your subsequent readings in French, when
you come across the French word (e.g., le chien) you now have two chances
to remember the meaning of the word. You may, of course, directly remem-
ber its English equivalent. Failing this, however, chien may remind you of
“chin,” which, in turn, will evoke your original image of the dog with the long
chin and, hence, the English equivalent.

Although the keyword method seems artificial, it has the endorsement
of many researchers. In a comprehensive review, Pressley, Levin, and Delaney
(1982) suggest that the keyword method surpasses all others in learning a
foreign vocabulary. Furthermore, they say, people who use this method gen-
eralize to more natural use of the foreign language: they learn to read the
language better than those who used other vocabulary-learning methods (e.g.,
repeated review of the word pairs). There is, however, one qualification. The
method works best in one direction. Given the foreign language term (either
in a vocabulary test or in reading a passage in that language), you readily
remember the English equivalent. However, the keyword method does not
appear to help with the reverse task. Given the English word, one does not
recall the foreign language term any better than with other methods. In other
words, the method helps you to learn to read in a foreign language but not
to speak or to translate from English into that language.

It is worth reviewing, therefore, a second way in which visualizing may
be used to enhance the learning of a foreign vocabulary. Although there is no
formal research evaluating this method, it is one that I have used myself and
have found to be effective. One can imagine saying the word in the presence
of the object itself. For example, if you want to learn that the French phrase
le chien means “the dog,” you can say /e chien and picture a dog. Use the phrase
in a simple sentence that you know and imagine yourself in an appropriate
situation talking, say, to a friend. Thus, you might say “Regardez le chien,”
imagining yourself pointing a dog out to a friend, adding “Le chien est noir
[black],” if that is the color of the dog you are imagining. If the next word-
pair on your list is /e /ivre = the book, you might picture yourself giving a book
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to a friend, saying “Voici votre livre.” Or, to give yourself a review, you might
imagine a dog carrying a book between his jaws and say “Le chien porte [is car-
rying] le livre.”

Although the effectiveness of this second method is not established in for-
mal research, it uses imagery, which we now know is generally effective for
remembering. It should definitely be better than the usual flashcard, rote-
learning method. It also has a certain naturalness to recommend it. We pic-
ture ourselves in situations similar to those in which we might one day use
the words. We practice, in imagination, the way we might actually use the
words if we were living in that foreign country.

This practicing in imagination has other uses that we will discuss later. For
now we may note that Anderson (1980), in an important book on thinking,
suggests that practicing in imagination is useful for other kinds of memory
problems. He writes:

To remember an intention, imagine the situation in which you will
have to carry it out and vividly imagine yourself carrying it out or
imagine something associated with the intention. If you have to buy
some soap on your way to the gym, imagine yourself walking to the
gym and then turning off to go to the drug store, or imagine your-
self walking into the gym and seeing a huge bar of soap there. To
remember where you are putting something, imagine yourself want-
ing to find it and then looking in the place where you are now putting
it. (Anderson, 1980, p. 58)

In general, we are most likely to remember a future action (saying the cor-
rect word, making a purchase, locating an object) by rehearsing that action
in the proper setting. Practicing the action in the imagined proper setting is
an excellent substitute for practicing it in the real world.

The thesis of this section, that the use of imagery makes it easier to remem-
ber information, raises an additional question. What kind of imagery is best?
Is it better to imagine the new items in certain scenes rather than others? Some
recent research suggests that it does make a difference, in two directions.

The first is that you should relate the information to people, animals, or
situations that you know very well. In the previous French-sentence exam-
ple, if you want to remember the meaning of Le chien porte le livre, picture
not just a general “dog” but one that you know well, perhaps your own or a
neighbor’s. The book that he is carrying, also, should be particular, perhaps
a favorite of yours. If you have a grocery list of items to remember (e.g., apples,
toothpaste, etc.), picture yourself eating an apple, your brother squeezing a
tube of toothpaste onto his brush, and so forth. Populate your imagery with
famous people, relatives, even yourself. This seems to be the best way of imag-
ining to remember. Rogers, Kuiper, and Kirker (1977), in what is now a clas-
sic experiment, first demonstrated that relating a list of adjectives to oneself
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makes the list easy to remember. Starting with this seminal experiment, other
researchers (e.g., Greenwald and Banaji, 1989) have shown that relating items
to any people or situations well known to you makes for effective remembering.

The second direction concerns the vividness of the imagery. A great deal
of literature suggests that the more dynamic, interactive, and unusual the
imagery, the more likely will the information be remembered. For example,
Brown, Keenan, and Potts (1986) had subjects form an image of nouns (e.g.,
dog) in given sentences. These subjects were later tested on their recall of the
nouns. If the sentences were dynamic and unusual (e.g., The boy scrubbed
the ) the nouns were recalled much better than if the sentences were
static and ordinary (e.g., The boy sat next to the ). We saw, also, in the
anecdote describing the use of the one-is-a-bun technique, that the instruc-
tions were to form a “ludicrous or bizarre” association. To continue with our
example of learning the French sentence, Le chien porte le livre, not only should
your image of the dog and book be concrete and familiar, but you might
picture the dog doing something strange, e.g., balancing the book on his head.

As was emphasized earlier, intimate engagement has two properties: zest
(giving energy and time) and seeing (visualizing). All the cases we have just
discussed about aids to remembering have both of these properties. First,
you actively engage the material. You do not just passively connect the words
“le chien = the dog,” but you make an effort: You think of a keyword, you
picture a scene. You give more of yourself over to the learning. Second, you
use your (inner) eyes—you visualize. If the problem is to remember, seeing is
solving.
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EXERCISES FOR INTIMATE ENGAGEMENT

(Appendix B contains additional answers.)

. A dryer has two heat settings, Warm and Hot. When the switch

is set to Hot, the machine normally feels much hotter than when
it is set for Warm. One day you notice a change. Although the
switch is set to Hot the dryer feels only warm to you. You check
it out the next day and become convinced that Hot is producing
only the same moderate temperature as Warm.

: How do you think this dryer produces heat? (Hint: How do light

bulbs and toasters produce heat?)
It is likely that the heat is generated by passing electricity through a coiled wire.

: What do you think is the construction that allows for the two settings?

There could be two coils. When the switch is set on Warm only one coil is heated. On
Hot both coils are heated.

: What is the next step?
: After unplugging the dryer unscrew the back panel. Look for and check on those coils.

Are there two? Is one broken?

You have a common, if unglamorous, problem. Your toilet is bro-
ken. You move the handle, which moves freely, but nothing hap-
pens.The toilet doesn’t flush; that is, the water doesn’t flow from
the tank into the bowl.

: Try to imagine the connection between movement of the handle and

the resulting rush of water from the tank into the bowl. What must
the construction be like?

The handle must be connected by a chain or a rod to some sort of a stopper. Pulling
on the handle lifts the stopper so that the water in the tank is released.

What do you think went wrong?

The chain or rod between the handle and the stopper must have broken or fallen off
the handle.

: What action should you take?

Remove the top of the tank and look inside. Verify your imagined construction. Do you
see something like a broken chain?

A sleep research laboratory proposes to compare two brands of
sleeping pills, brands X and Y, for their effectiveness. Ten men
will be recruited who, for 20 dollars per night, are willing to sleep
in the laboratory every night for a period of six weeks. Each
person will take one of the pills before going to sleep each night.
He will take brand X for one week, then brand Y for the second
week, brand X for the third week, and so on. (This will be coun-
terbalanced, so that half the men will start with brand Y). Each
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morning each person will rate how well he slept with a single
number ranging from zero (slept terribly) to ten (slept soundly).

Can you visualize the experimental plan? (Externalize—Make a dia-
gram showing who will receive what pills when.)

: After you have drawn your diagram, compare it to the one shown at the end of this

problem.

How many total ratings will the researchers obtain?

: Ten people will each provide 42 ratings, for a total of 420 ratings.

The researchers approach a pharmaceutical company to fund the research.

How much money will the drug company have to allocate just for
the research recruits?

: The ten subjects will each receive 20 dollars per night for 42 nights. This comes to 8,400

dollars.

The drug company asks if the subject costs can be cut approx-
imately in half. They ask, “Can five subjects be run? Or can the
experiment be run for only three weeks?”

What is wrong with these two alternatives? What is a better com-
promise?

Five subjects, or any odd number, is not elegant. Half the subjects are receiving pill X
while the other half are receiving pill Y. Therefore, you would like an even number of
subjects. Similarly, an odd number of weeks is not ideal. You would like each subject
to reccive pill Y for the same number of weeks that he receives pill X.

What is a better compromise?

Have eight men participate for four weeks. Everything will be counterbalanced. The
cost will be 8 * 20 dollars/night * 28 nights = 4,480 dollars.

WEEK
PERSON 1 2 3 4 5 6
1
2
3 X Y X Y X Y
4
5
6
7
8 Y X Y X Y X
9
10
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4.

5.

Consider the following list of sixteen words in the Fredonian lan-
guage and their English equivalents. Learn the odd-numbered
pairs by using the keyword method. Learn the even-numbered
pairs by repeating them to yourself five times each. About 24
hours after learning these pairs, take the test shown following
Exercise 18. See how many of each of the two types of word pairs
you remember. Judge for yourself the effectiveness of the key-
word technique.

1. wilnorim = police officer
2. klavik = potato
3. wolniky = ocean
4. dorbichel = headache
5. copel = avenue
6. dipenik = trumpet
7. nassit = artist
8. bondor = sunset
9. pilchin = banana
10. wvolikin = automobile
11. pentalis = monkey
12. tibilis = carpet
13. renfo = pencil
14. sorbun = sugar
15. digitum = painting
16. rikin = mouse

A day or two after completing Exercise 4 try this one. Attempt
to memorize the following list of words thusly: Go down the list
once, one word at a time; use the pegword method (one-is-a-bun,
etc.) for the words labeled with a “p”; learn the other words by
repeating each one five times. Wait about 24 hours (try to avoid
rehearsing the words during this time); then test yourself by writ-
ing down all the words you can recall. Which method yields bet-
ter results?

pl: 1. bicycle
2. elephant
p2: 3. carrot
4. clarinet
p3: 5. syrup
6. lawyer
p4: 7. basketball
8.  whistle
p5: 9. computer
10. dancer
p6:  11. balloon
12. palace

p7:  13. cowboy
14. turtle
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p8:  15. waiter
16. violets

p9: 17. umpire
18. mustard

pl0: 19. handkerchief
20. telephone

Begin with the square of a given humber, n (e.g., let n=15; begin
with 152 = 225).

How much must be added to that number (here, 225) to produce
the next square (162 = 256)?

: In this example, 31 must be added to 225 to produce 256.

: In general, that is, for any #, how much must be added?

: Derive the relationship for all 7 by building a function generating table. (After making

the table, compare yours with the one shown in Appendix B.)

From studying this table, what is the relation between #2 and (n +
1)22

The difference between the squares of two adjacent numbers, 7 and 7 + 1, is the sum
of the two numbers, 7 + (7 + 1). Thus, in A;, 31 = 15 + 16.

Can you now prove algebraically the relationship between 72 and (»
+1)2

Bill J. has, he believes, a foolproof method for winning at roulette.
He will bet 1 dollar on black. If he wins, he will again bet 1 dol-
lar on black. If he loses he will double his bet and keep on dou-
bling each time he loses, betting 1 dollar, then 2 dollars, then 4
dollars, and so on. Whenever he wins he will start again betting
1 dollar and will repeat the method. Bill says “sooner or later
black is bound to win and then | am 1 dollar ahead.” (Note: In
roulette black and red come up randomly each close to 50 per-
cent of the time. If you picked the winning color, you win exactly
what you bet on that spin. If Bill is betting 8 dollars the first time
that black comes up, he keeps his 8 dollars, and the house gives
him 8 dollars).

Suppose Bill loses on the first # spins. What is the function relat-
ing A, the amount bet, to 7, the number of the spin?
A function generating table like the one used on page 291 will indicate that A = 271,

Why does Bill say that as soon as he wins (no matter at which spin)
he will be 1 dollar ahead?

: Make up another function generating table, this one showing the total amount lost, 7,

after C consecutive losses. It will indicate that 7= 27-1 - 1.

Bill followed his system perfectly for eight spins. He won on the
first and second spin and lost on the next six spins. After the
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eighth spin (his sixth consecutive loss), Bill declared that he was
“wiped out,” he had no money left.

: How much money did Bill start with?
: Bill bet 1 dollar at spin 3, doubling up for the next six spins and losing

consistently. He lost a total of 63 dollars, but 2 dollars were gained on
the first two spins. He started, therefore, with 61 dollars.

Beth and Lisa, who had been math majors and roommates at col-
lege, meet on the street. Here is part of the conversation.

Beth: You have three daughters? How old are they?

Lisa: The product of their ages is 36.

Beth: That’s not enough information.

Lisa: Do you remember our room number at college? The sum
of their ages is the same as that room number.

Beth: Of course | remember our room number, but that’s still
not enough information.

Lisa: My oldest wishes that she had a twin sister.

Beth: OK. Now | know their ages.

: You want to figure out the ages of the three daughters. How do you

begin?

: Begin by externalizing. List all the possibilities that fit Lisas first statement. (Note: Only

whole years are intended; not years plus months or fractions).

: What was their room number? (Hint: Why isn’t the information in

Lisa’s second statement sufficient?)

: Of all the possibilities of three numbers that multiply to 36, only two have the same

sum, that is, leave Beth still uncertain about the ages. That sum, 13, must be their
room number.

How old are the three daughters?

: The only ages that fit with Lisa’s three statements are 2, 2, and 9.

The following problems are not conceptually difficult, but demon-
strate, nevertheless, the advantage of externalizing.

Four men, Ed, Fred, Jed, and Ted, are going to the bank. The black-
haired fellow has 40 dollars. Jed has as much money as the other
three together. Fred, who has 10 dollars less than Ted, would
have had more, but he spent some of it to have his hair dyed
blond. The bald fellow is broke. Altogether they have 80 dollars.

What is the red-head’s name? How much money does he have?
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10. If Bill were twice as tall as he is today, he would be 10 inches
taller than Tom. In fact, Tom is 15 inches taller than Bill. How tall
is each person?

11. Four men own the following musical instruments: Matthew, oboe
and bassoon; Hank, trumpet and flute; Jack, flute and clarinet;
Bill, trumpet and oboe. If the bassoon is cheaper than the oboe,
the trumpet is more expensive than the flute, the oboe is cheaper
than the flute, and the bassoon is more expensive than the clar-
inet, who owns the most expensive instruments?

12. Smith, Johnson, and Cohen live in Brooklyn, Manhattan, and the
Bronx (not necessarily in that order). They are flying to New York
City in a jet whose pilot, copilot, and navigator are named
Smythe, Jenson, and Kohn (again, not necessarily respectively).
It is known that

a. Cohen lives in The Bronx.
b. Johnson is deaf and mute.
c. Smythe had a brief fling with the copilot’s wife.

d. The passenger whose name sounds like the navigator’s lives in
Brooklyn. The navigator, however, lives in Manhattan.

e. The navigator’s next-door neighbor, one of the passengers, is a famous
opera singer.

What are the positions of Smythe, Jenson, and Kohn? (Hint: There
are four sets of information. Two matrices might be useful.)

The following two situations were reported to me by readers of
the first edition of this book. For each one, what is the next step
that you would take?

13. “l went to get into my car, but the door jammed. It would open
only about an inch. Something was obviously catching. | looked,
but | don’t know much about these things and didn’t see any-
thing helpful.”

14. “l bought an electric floor fan at a store about one-half hour from
my house. Taking it out of the box, | plugged it in, turned it on,
and prepared to relax in the cool breeze. It worked all right, but
it made a terrible clatter.”

15. Two ranchers sold a herd of cattle and received as many dol-
lars for each animal as there were cattle in the herd. (If there were
two animals, they received 2 dollars for each one; if three, 3
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16.

17.

18.

dollars for each one; etc. We're told that they started with no more
than 20 cattle.) With the money, they bought as many sheep as
they could at 10 dollars a head, and a goat with the remainder
(less than 10 dollars). Finally, they divided the animals between
them. There was, however, an odd number of sheep. So one
rancher took the extra sheep and the other the goat. The rancher
who got the goat was given his friend’s new pocketknife as com-
pensation. If this was an equal division, what was the value of
the pocketknife? (Hint: externalize; list the squares.)

An anthropologist discovers an isolated tribe whose written alpha-
bet contains only six letters (call the letters A, B, C, D, E, and F).
The tribe has a taboo against using the same letter twice in the
same word. It’s never done. If each different sequence of letters
constitutes a different word in the language, what is the maximum
number of six-letter words that the language can employ?

In how many different ways can six people be lined up in a row
for a group picture? Can you see that this is exactly the same
problem as the preceding?

In how many different ways can a ten-question multiple-choice
exam be answered if each question has three possible answers,
a,b,orc?

Test for Exercise 4

For the sixteen Fredonian words that follow, write the English equivalent.

nassit
volikin
digitum
klavik
vilnorim
rikin

pilchin

tibilis
renfo
dorbichel
volniky
bondor

pentalis

dipenik
copel

sorbun

Compare the odd and even-numbered words in Exercise 4. Which of the

two

methods produced better recall?
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Special Features of the
Problem Space

Rfsearchers on problem solving occasionally study the effects of hints on
olution behavior. A difficult problem is presented to the subject. When
the subject appears unable to solve the problem, the experimenter provides a
hint of some sort. The typical purpose of such research is to determine the
relative effectiveness of different kinds of hints.

Consider, for example, a well-known problem-solving task studied by
Maier (1931). Maier tied two strings to hooks in the ceiling about 15 feet
apart. Each string hung down from its hook to a point about a foot above
the floor. The strings were far enough apart that a person holding the bot-
tom end of one of the strings and walking as far as he could toward the other,
could not reach and take hold of the other. The situation is suggested in Figure
6.1. Except for a pair of pliers lying about and the experimenter standing with
his pen and paper, the room was empty. The task Maier gave to his subjects
was: tie the two strings together.

If, after several minutes had passed, the subject still had not solved the
problem, Maier gave him a hint. Without saying anything he walked into one
of the strings causing it to sway briefly. This event sometimes directed the
problem solver toward a solution: attach a weight to one of the strings and
start it swinging like a pendulum. The subject then tied the pliers to one of
the strings, started it swinging, then went and took hold of the other string
bringing it as close as he could to the still-swinging string. When that swung
toward him, he caught it and was then able to tie the two strings together.

315
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FIGURE 6.1 Maier’s two-string problem. The two strings are hung
from the ceiling far enough apart that a person holding
one cannot reach the other.

Our interest here is in the hint. By providing it, Maier gave his subject,
who was apparently blocked, a new direction to go in—a new start in an
otherwise baffling situation. Let us think of a hint in that way: It provides us
with a new direction in the problem space when we are stopped and don’t
know how to proceed. Another example of this role of a hint would be if
you were in a maze looking for the goal and came to a choice point with
four paths going off in different directions. A knowledgeable observer might
say, “try path B.” He isn’t telling you where the goal is but is suggesting how
to start moving again. Thus, when you are stopped in a problem space, a
hint suggests where and how you might move.

Suppose, however, that we're alone with a problem—there is no “knowl-
edgeable observer” present (or if there is, we don’t want him to give us any
hints). Is there any way that we can tell ourselves where to start and how to
move when we find ourselves baffled and blocked? For many problems there
is. Frequently, there is a special feature in the problem space that serves as a
useful guide. We as problem solvers must learn to be sensitive to these fea-
tures so that we may more readily locate them. These special features are the
hints. This is the thesis of these next chapters. Special properties of the space
can guide us through the problem. By studying examples in several problems
we begin, it is hoped, to learn what these features look like. We learn, in short,
how the material of the problem itself can give us hints. This chapter deals
with problems in which all that is required is a search of the space for its spe-
cial features. The next chapter will deal with special features produced by
systematically changing the problem.

For the first example, consider the cryptarithmetic problem shown here:

L ETS
+ WAVE

L A TER
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In this problem, each letter represents one of the digits between 0 and 9.
The same letters, for example, the two A, stand for the same digit; different
letters take different digits. A solution is the assignment of digits such that the
result is a correct addition problem.

Let’s begin this problem together so that I can directly demonstrate the
search for special features. Before we do so, however, it is useful to review an
elementary property of addition. When you add a column of two digits (in
this problem we're adding four columns each containing two digits) if the sum
is equal to or greater than 10 you must carry a 1 to the next column. We will
indicate this carrying by parentheses, as (1).

Now, how shall we proceed? Where is the special feature in this problem
space? Notice that the first column, S + E = R, consists of just three different
letters—nothing special there. Similarly for T+ V=E,E+ A =T, and L +
W = A, there is nothing unusual with any of these. What appears to be special?

What is that L in the answer doing all by itself, under a column without
any letters? How can that be? That configuration is certainly a special-look-
ing feature. Can you determine what L must be? If not, let’s take a step that
we will discuss systematically in Chapter 8: Let’s ask the question under sim-
pler conditions. Suppose the entire problem were

L + W clearly add to a number greater than 9, to something in the teens.
Of course! That L standing alone must equal 1. (L cannot be a 2; no two
digits can add up to 20.) We can now write

1
W

=+

This result leads to the next step. We know that 1 + W must be greater
than 9 (always keeping in mind that a (1) may possibly be carried from the
preceding column). Therefore, W must be a large digit. Whether we carry
(1) from the preceding column or not, W cannot be 7 or less. Can W = 8?
Yes, but only if we carry (1) from the preceding column. Notice that if W =
8 (and we carry (1) from the preceding column), then the sum is 10 and A
= 0. Can W = 9? Yes, but only if we do 7oz carry (1) from the preceding col-
umn (since carrying a (1) in this case would make A = 1, which it cannot be
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because L = 1). If, therefore, W = 9 then A = 0. We may conclude, then, that
W is either 8 or 9, depending on whether or not we carry (1), and that in
either case A must be 0.

If we go back now to the original problem, we’ll see that we have made
some progress.

L ETS 1 ET S
WAV E|l _ o, B90VE
L ATER 1 0T ER

We've narrowed the task down to the three right-hand columns, although
we are still a bit uncertain about W. Is there now something peculiar in these
three right-hand columns? Is there a special feature? Yes, that 0 in the third
column. Usually, adding a 0 to something doesn’t change it. How then can
E + 0 =T? It can only mean that a (1) is being carried from the preceding
column. T must be exactly (1) more than E. Let’s write that third column as
an equation, starting with the (1) that is carried:

(1) + E+ 0 =T

Can T be part of a two-digit number (i.e., in the teens)? Only if E is 9, then
T would be 0. But we saw that A is already 0, so E = 9 is ruled out and T is
not part of a two-digit number. Most important, therefore, a (1) is not car-
ried to the next column. What does that say about that next column? Right!
W =9.

Let’s stop here and review our strategy. To get started we looked for a
special feature in the space and found the L standing alone. That permitted
us to make some progress. Then we noted the 0 in the third column (the
only special feature in the three right-hand columns) and that led us to see a
simple relationship. This strategy exemplifies the procedure advocated in this
chapter. A scan of the problem space will sometimes reveal an unusual fea-
ture. This feature is frequently a “hint,” a good place to start exploring.
Incidentally, it is probably no coincidence that the zero in the third column
was useful. The 0 is one end of the series of digits. According to a principle
discussed in the next chapter (called “Look at the Extremes”), the ends (or
extremes) of dimensions are frequently special features.

We will not continue with this cryptarithmetic problem here. Those of
you who want to complete it on your own will need a piece of information
that I have so far neglected to give you: S = 7. The entire problem is worked
in Appendix A.
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Now that you're warmed up on a cryptarithmetic problem let us try
another.

+
OO
OofmO
®| o Z

AL
Al
ER

- {00

This is the best known of these problems. It has been intensively theo-
rized about (Newell and Simon, 1972) and appears in almost every textbook
dealing with cognitive psychology. The problem is to be solved according to
exactly the same rules as the problem just given: Each different letter repre-
sents a different digit and so on. Here it is given that D = 5; therefore, T =
0, and a (1) must be carried to the next column.

Try this problem on your own first. Make a mental note of how you got
started. If you were stopped at some point, what gave you a “hint” (i.e., what
moved you further along)? The following paragraphs will demonstrate these
procedures systematically.

* * * * * X X * *

What special features do we see in this problem? First, we see that in
columns 2 and 3, the same letter is repeated: L + L= Rand A + A = E. We
can make some small progress with these facts, but they will not carry us too
far. Specifically, we know that R must be odd. Whenever a digit is added to
itself, the result is an even number (2 + 2 =4, 3 + 3 = 6, etc.), but L + L has
(1) carried from the preceding column. The sum of (1) + L + L, therefore,
must be odd.

A second special feature concerns the left-most column. We know one
of the letters (D = 5). Also, the sum must be no greater than 9, or else there
would be another letter, a letter standing alone, at the left of the answer (com-
pare the L in the answer of the preceding cryptarithmetic problem). Thus, R
must be greater than 5, and, from (1) + L + L = R, it must be odd. This
leaves exactly two possibilities, 7 or 9.

Any other special features? Yes, a most important detail. In the second
column from the left, we have O + E = O. Something (here, E) added to a
number produces the same number. How can that be? One easy answer is that
E = 0because 1 + 0 =1, 2 + 0 = 2 and so on. Unfortunately, this won't work
because it is already given that T = 0. How else can O + E = O? Suppose a
(1) were carried from the preceding column. In such a case E could be 9. We
would have (1) + O + 9 = O (and carry a (1) to the last column), that is, (1)
+1+9 =1 (carry (1)), (1) + 2 + 9 = 2 (carry (1)), and so on. Therefore, E =
9 and (1) is carried to the left-most column. Recall, now, that in that col-
umn R was either 7 or 9. Because E is 9, R must be 7. The left column, then,
has (1) + 5+ G = 7, and G must be 1. These results are shown in Figure 6.2.
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ma (1)

DONALD SONALS
+ GERALD _ 19 7AL S5
ROBERT /70B 970

FIGURE 6.2  Part of the solution to the cryptarithmetic problem.

The rest of the problem is straightforward and won't be carried out here
(but see Appendix A for the entire problem).

Lest you think that the search for special features applies only to cryptarith-
metic, the remainder of this chapter illustrates the principle with a variety of
other problems. Let us consider next the elegant problem shown in Figure
6.3, called the Lonely-8 problem. The task is to replace each X with a digit
between 0 and 9, so that the result is a correctly solved problem in long divi-
sion. Again, study this problem to see not merely if you can determine the
solution but how you started toward the solution. What was the first step
you were able to take? Then, if you became stopped midway, what moved you
further along?

* * * * * * * * *

Before we begin looking for the special features in this problem, we will
do well to remind ourselves of the language and rules of long division. Consider
the problem as it is presented in Figure 6.4. The three digits at the left (the
divisor, abbreviated DIV) are multiplied in turn by each digit in the answer
(the quotient). The product of (divisor * quotient-digit) is written appropri-
ately underneath the number divided into (the dividend) and is subtracted.
In Figure 6.4 the products have been labeled PROD 1, 2, and 3 for ease of

reference. Following each subtraction, successive digits from the dividend

XX8XX

XXX | XXXXXXXX
XXX FIGURE 6.3

—_— The Lonely-8 problem.
x X x X Substitute a digit between 0
X X X and 9 for each X so that the
result is a correctly solved
X X X X problem in long division.

(NVote. Initial digits in a string

X x XX are never zero.)
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XX8XX
DIV = XXX | XXXXXXXX
XXX & PROD 1
XXXX
XXX <« PROD 2

XXXX
XXXX & PROD 3

FIGURE 6.4
The Lonely-8 problem again, with some of the terms labeled.

are carried down to the difference until the resulting number is larger than
DIV. The next product is then obtained and so forth. Since all this is famil-
iar, let’s go on.

There are several special features in this problem. For example, PROD 1
was not placed under the first three digits but under the second three. What
does that mean? Perhaps the most unusual feature in the space, and the one
that offers a promising beginning, is the fact that PROD 2 is a result of mul-
tiplication by a known digit, 8. Let’s start, then, with PROD 2. Where does
that beginning lead? We see that multiplying 8 by DIV, which is a three-
digit number, produces—a three-digit number. How can that be? Only if DIV
is a relatively small three-digit number. Can DIV be a number in the 200s?
No, for 8 * 200 would yield 1,600, and we would have a four-digit product.
DIV, therefore, must be a number in the 100s. The leftmost digit of DIV, in
other words, must be a 1. By similar reasoning, actually, we can know that
DIV must be less than 125 because 8 * 125 = 1,000, a four-digit number.
DIV, therefore, is a number between 100 and 124, and PROD 2 is some num-
ber between 800 (8 * 100) and 992 (8 * 124).

What is the next special feature to consider? Let’s stay with PROD 2 for
the moment. It is between 800 and 992. Look at PROD 2 in Figure 6.4; there’s
something peculiar about it. It is subtracted from a four-place number but
yields only a two-place result, that is,

X X X X X X X X

— 8 X X — 9 X X
or

X X X X

How can that be? The only combination for which this can hold (the reader
can check this out by trying different sets of numbers) is where, from the
second column, a (1) is “carried” to the 9. Therefore, DIV * 8 > 900 so that
DIV 2 113 (and is not greater than 124).
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1 0 X X
- 9 X X
X X

Where shall we now turn? As we indicated, there are several special fea-
tures in this problem, any of which would repay investigation. Let’s here
consider next PROD 3. First, it has a couple of special features. It is the only
product with four digits, the others have only three; also, when subtracted, it
yields all zeros; that is, it is identical to the number it is subtracted from.
Furthermore, that number is related to PROD 2 (it is the answer produced
after subtracting PROD 2), a number about which we already have some
information.

We know that multiplying DIV by 8 yields a three-digit number that is
greater than 900. However, multiplying DIV by the final quotient-digit yields
PROD 3, a four-digit number. This can mean only that that final quotient-
digit is larger than 8. Specifically, it must be 9. Because DIV is between 113
and 124, PROD 3 must be between 9 * 113 = 1,017 and 9 * 124 = 1,116.

The problem, with the new knowledge that we have gained, is shown in
Figure 6.5. Let’s leave, now, the problem of the Lonely-8 (which is no longer
so alone). For those of you who wish to continue, I'll point out a couple of
other special features: the 1 beneath PROD 2 and the fact that two digits must
be carried down before we can obtain PROD 2. Can you find others? The
complete problem is worked in Appendix A.

The next problem is fairly familiar, but it serves an important function:
It expands the meaning of the concepts “problem space” and “special features.”
Here is the problem:

A man leaves his camp by traveling due north for 1 mile. He then
makes a right turn (90 degrees) and travels due east for 1 mile.
He makes another right turn and travels due south for 1 mile and
finds himself precisely at the point he departed from, that is, back

XX8X9

DIV = TXX} XXXXXXXX
XXX

10XX
XXX « PROD 2

TXXX
IXXX « PROD3

FIGURE 6.5 The Lonely-8 problem with several of the digits filled in.
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at his campsite. Where is the campsite located (or where on earth
could such a sequence of events take place)?

In the previous problems, the problem space was the space of the givens.
Thus, we studied the presented configuration of the cryptarithmetic prob-
lem and of the Lonely-8 problem, looking for anything unusual in that con-
figuration. In the cryptarithmetic problem, it was the extra letter leftmost in
the answer. In the Lonely-8 problem, it was the 8, itself, and the zeros result-
ing from subtraction. These were all in the presented materials. In the pre-
sent problem the givens are in the statement of the problem itself, and that
all seems straightforward. Where shall we look for special features? Let’s broaden
the concept of problem space to cover more than the givens. Here the prob-
lem space will include not only the givens but all the possible solutions.
Specifically, it will include all the places in the world from which the man
might start his trip. In the current problem we have an infinite range of solu-
tions—all the possible places on the earth. It is among these that we want to
look for special features. For all of you, I'm sure, two types of special features
come to mind: the equator and the poles. It is intuitively obvious that every-
place else on earth is like every other place in that, for any of these, the givens
would be impossible—the camper would end up some distance east of his
starting point.

Consider first the equator. Could the campsite be located on some point
of this central line? No, because the camper would end up exactly 1 mile east
of the campsite. How about the North Pole? No, because it is given that he
traveled north. From the North Pole one can travel only south. How about
the South Pole? That leads to the path shown in Figure 6.6 and is, indeed,
the solution.3

Consider this next problem. A fellow buys a new hand calculator and
notices that it has a key he doesn’t recognize. It is marked x with an excla-
mation mark (!) after the letter. The x, he knows, refers to the number you

FIGURE 6.6

A view of the South Pole show-

ing how, by traveling north,

east, and south, you can arrive
South Pole Pack at your starting point.

3There are other solutions to this problem. For the purposes of our illustration, the North Pole
solution was dismissed correctly but too casually. Although the North Pole itself is not a solution, its con-
figuration, its “specialness,” produces nearby solutions.

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.



324 Special Features

punch in. For example, pressing the key marked x? after punching in a num-
ber gives you that number multiplied by itself. But what does this x! key do
to the number that you punch in?

He decides to engage the problem intimately by making a table. He
punches in each number from 3 to 10, follows each one with this x! key, copies
down the result in the display, clears the calculator, and starts over with the
next number. In this way he generates the table in Figure 6.7. What do you
infer is the meaning of this! symbol?

* * * * * * * * *

What special feature do you see in this table? A surprising result is the
similarity in the display after pressing 9 or 10. The display for 10 is, in fact,
ten times the display for 9. Can it be that each display is the number punched
in times the preceding display? Yes, 24 is 4 * 6, 120 is 5 * 24, and so forth.
So 3!is 3(2)(1), 4! is 4(3)(2)(1), and 10!'is 10(9)(8) . .. (2)(1). In general,

x=x(x—1Dx—-2)...3)2)(1)

This is the number we came across in generating permutations of items
(p- 20). This type of number, the product of a starting number, x, and all the
other numbers below it down to 1, is called a factorial and is symbolized as
x! [read: x factorial].

Our lesson, again, is that the unusual configuration in a problem space
is frequently a hint indicating a starting point. Here the unusual configura-
tion was the similarity of the displays for x = 9 and x = 10. Notice that in the
various problemsthe unusual feature took a different form. It was the L stand-
ing alone, it was the repeated letters, it was the digit 8. There is no predict-
ing in advance what it will look like. You must survey each problem on its
own terms to see what features are special. Anything unusual, however, is worth
exploring.

N DISPLAY
6

24

120

720

5,040
40,320
362,880
3,628,800

X

0 oo O

—
(e

FIGURE 6.7 The table generated when a number, x, is punched into
a cleared calculator followed by the x! key.
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The next two chapters are devoted to other ways of finding special fea-
tures and also draw examples from mathematics and numerical puzzles. We
should note, however, that the search for special features is useful in a variety
of everyday problems. When we discussed repairing defective equipment, for
example, we suggested looking at a working model. A comparison of the defec-
tive piece with the working model helps us see the special feature that is dif-
ferent: the spring that is missing, the plastic that has slipped, and so forth.

For another type of example, consider the following story reported to me:

A man who has had a heart attack goes every evening to a super-
vised exercise program. He handles the exercise well during the
first 15 sessions, maintaining a heart rate at about 100
beats/minute. In the middle of the sixteenth session, however, his
heart rate suddenly shoots up to 130 beats/minute. Although this
may not be dangerous, nevertheless, the attendant has him stop
exercising and calls the supervising doctor. The man is short of
breath but otherwise feels fine. The change in heart rate appears
to be his only symptom. The doctor asks one important question.

If you were the doctor, what question would you ask? The doctor looks
for a special feature in the man’s recent life. He asks, “What did you do today
that was unusual?” The man, in fact, responded that because it was his son’s
birthday his wife had prepared a birthday dinner. He had eaten more than
he normally eats, later than usual, and came to exercise directly after eating.

Here is a parallel example.

A man went to wash his face on awakening and found that there
was no hot water. He knew to look for a special feature. He asked
his wife whether she had done anything the day before near the
boiler. Her response was in the negative. She added, however, “I
didn’t have a chance to tell you, but the oil company sent a man
yesterday to clean the furnace.” That certainly looked like a promis-
ing hint. A call to the oil company led to the solution of the problem.

It would appear that, when an everyday problem arises through an unusual
event, the special feature to look for is another unusual event close in time
and place.
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Go to the Extremes

In the preceding chapter the special feature was located simply by searching
the problem space. It might have been the space of the givens (as in the
cryptarithmetic and the Lonely-8 problems) or the space of the solutions (as
in the travel problem), but nothing more than a study of this space was needed.
In this chapter and the next, we consider special features that are produced
by manipulation of the space. It is occasionally worthwhile to transform the
space in standard ways, to work on a special case of the problem. Sometimes
this produces the solution directly. More frequently, the change helps us to
gain insight into the structure of the problem, an insight that applies to the
original problem. The prescriptive principle that we will discuss here is: Look
at the extremes. This rule covers two kinds of transformations. In one, reviewed
in this chapter, we look at the extreme limits of the problem space. In the
other, considered in the next chapter, the extreme that we consider is that of
simplicity—we will transform the problem to a simpler version.
Let’s demonstrate going to the extreme limits with a few problems.

Two flagpoles are standing, each 100 feet tall. A 150-foot rope is
strung from the top of one of the flagpoles to the top of the other
and hangs freely between them. The lowest point of the rope is
25 feet above the ground. How far apart are the two flagpoles?

Stop here. Take some time to solve this problem. Jot down a note describ-
ing how you would (or did) solve it. See if your method agrees with the analy-
sis that follows.

326

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Go to the Extremes 327

Rope length = 150

100 FIGURE 7.1

A standard representa-
tion of the flagpole
25{ problem.

A commonly drawn representation of the problem is shown in Figure 7.1.
The problem seems to call for a brute force attack: get out our books on ana-
lytic geometry and, from the formulas, work out the spatial relationships. Let’s
first ask, however, whether there isn't a simpler approach. The suggestion here
is: Look at the extreme possible conditions of the problem. First, let’s look at
the largest extreme. How far apart can the poles be? What does the situation
look like at that point? Well, the poles can be 150 feet apart. The rope is
then taut with the central point 100 feet above the ground—clearly not related
to the solution. Consider, now, the other extreme: How close together can the
poles be? Of course, they can be right next to each other (0 inches apart).
The rope then would be folded in half 75 feet on a side and its low point
would be 25 feet from the ground. Clearly we have the answer.

Another problem involving the same principle comes from Martin
Gardner (1981), a leading writer on recreational mathematics. Gardner’s ver-
sion went something like this:

As a spaceship was cruising through space, it passed along a large
flat, disklike ring of dust. The navigator determined that the ring
was bordered by two perfectly concentric circles. Its shape, in other
words, was like a phonograph record with a large opening in the
center. The captain declared that it would be of scientific value to
know the area of the disk.

“Well,” said the navigator, “the ship had cruised alongside the
disk on a straight line that crossed the outer circle at point X, was
tangent to the inner circle at Y, and crossed the outer circle again
at Z” The navigator further announced that in going from point X
to Zthey had traveled exactly 200 miles.

“That’s all well and good,” said the captain, “but what is the
area of the disk?”

“m not sure | can obtain that,” said the navigator. “We do not
know the radii of the inner and outer circles.”

A lieutenant standing nearby, who knew the principle . . . exter-
nalize, drew a picture of the disk. This is shown in Figure 7.2. The
captain glanced at it and remarked, “Say, that reminds me of a
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200 miles
" )
X /\ z

FIGURE 7.2

The ring of dust and the 200-
mile path, XYZ, taken by the
spaceship.

theorem | once learned in geometry. The area of the band between
the two circles is determined by the length of that chord X—2”

“You mean,” checked the lieutenant cautiously, although a cer-
tain excitement was in his voice, “that given that the length of X—
Zis 200 miles, the area of the disk is a constant regardless of the
sizes of the two circles?”

“Right,” replied the captain.

The lieutenant immediately announced the area of the band.

How did he do it? What is the area of the band between the two circles?
The only additional information you need is the well-known mathematical
fact that the area, 4, of any circle of radius 7, is given by

A =12

Notice something else. The theorem the captain referred to says that if the
disk looked as it does in Figure 7.3, the area would still be the same.

See, now, if you can figure out how the lieutenant was able to solve the
problem so quickly. After you try to solve it, write a note describing your
method, the way you went about it.

* * * * * * * * *

In tackling this problem, let’s follow our new rule and study the prob-
lem at the extremes. Lets first make the radius of the inner circle as large as
possible. This is the direction taken in Figure 7.3. We quickly realize that there
is no limit. No matter how large the inner circle is, we can always have an
outer circle such that the chord X—LZ is 200 miles. (We can see, incidentally,
why it is plausible that the area of the disk must be constant. As the radius
of the ring increases, the distance from the inner to the outer circle decreases;
compare Figures 7.2 and 7.3.) How about the other extreme? We can imag-
ine making the disk smaller until the inner circle becomes so small as to be
indistinguishable from a point at the center of the outer circle. At that point,
the disk has the appearance shown in Figure 7.4, and the answer is obvious:

Critical Thinking, Second Edition, by Gary R. Kirby and Jeffery R. Goodpaster.
Copyright © 1999 by Prentice-Hall, Inc., an imprint of Pearson Education, Inc.

X-68508-9€5-0



0-536-80589-X

Go to the Extremes 329

200 miles

r —" N
P ; z
FIGURE 7.3
Another possible represen-
tation of the ring and the

200-mile path.

200 miles

FIGURE 7.4
The representation of the
ring at the other extreme.

The area of the disk is the same as the area of a circle whose radius is 100
miles. In other words,

A=3.1416 * 1002 = 31,416 miles?

As before, the problem is solved at an extreme.*
Here is a related problem.

You have a large, solid sphere of gold. A cylinder of space is “bored”
through this sphere, producing a ring (see Figure 7.5). The length
of that cylindrical line is 6 inches. You want to know how much gold
you have left in the ring. Specifically, What is the volume of the
ring? (It is known that the volume, V, of any intact sphere is given
by the formula,

V=mnD3/6
where D is the diameter of the sphere.)

Note that no information is given about the dimensions of the original
sphere. It could be as large as the earth, in which case the ring would be approx-
imately 25,000 miles long (the length of the equator), 6 inches wide, and paper

FIGURE 7.5

/Binches™\ Two views of a sphere
that has been drilled
through, producing an
inner cylinder of space 6
inches in length.

“The theorem referred to by the captain, that the area of the disk depends only on the length of the
chord and not on the radii of the circles, is not difficult to prove. Try it for yourself. The proof will be
found in Appendix A.
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thin; or it could be the size of a bowling ball, producing a thick ring with a
thin, 6-inch long tube of space running through the center. The fact that we
can vary the size of the sphere in this way seems to imply that the answer, the
volume of the resulting ring, is independent of the original sphere size.
Again, try at this point to solve this problem. After you solve it—or try
to solve it—write a note describing your method, the way you went about it.

The solution will be found in Appendix A.

* * % * * * * * *

The next problem not only affords another opportunity to use our prin-
ciple, look at the extremes, but provides an interesting contrast with another
popular approach to problem solving.

As shown in Figure 7.6, a circle with a 1-inch radius has a rec-
tangle inscribed in one of its quadrants. What is the length of line K?

This problem was first presented by the Gestalt psychologist Wolfgang
Kohler as a demonstration of the importance of “seeing” the problem differ-
ently, of having “insight” into the structural relations inherent in the prob-
lem. While I am sympathetic with that view of problem solving, here it leaves
us unguided. It advises us to be sensitive to the problem structure. Aside
from that, however, the new way of seeing the problem, the happy insight,
occurs mysteriously. In contrast, our current maxim (look at the extremes) is
at least a procedure for generating a reasonable determination of the answer.

In the preceding problem, the size of the sphere was unstated, with the
implication that the answer was independent of sphere size. Here the dimen-
sions of the rectangle are unstated, with the implication that 4, the length of
the diagonal, will be the same for any such inscribed rectangle. Thus, in Figure
7.7, the rectangle is narrower than in Figure 7.6. Since the problem asks only
for & without specifying the rectangle, presumably the diagonal is the same
for any such inscribed rectangle.

r=1linch
f_/_\

FIGURE 7.6
A rectangle inscribed in a
quadrant of a circle whose
radius is 1 inch. What is the
length of k?
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FIGURE 7.7

The same problem as in
Figure 7.6 with a more
extreme rectangle.

Let’s now see if we can solve the problem by going to an extreme. What
happens as we make the rectangle still taller and thinner, so that the two longer
sides start to become the same line? As this happens, the two sides approach
the length of the radius. 7he diagonal, also, will approach the length of the radius.
Thus, at the extreme, the diagonal equals the radius. If our presumption is
correct, that 4 is the same for all such rectangles, then the answer is that £
equals the radius, that is, £ = 1 inch.

It is interesting to contrast this method of arriving at the solution with
that proposed by Kshler. He suggested two steps. First, we must be prompted
by the bright idea of drawing into the rectangle the other diagonal. Second,
we must recognize that that other diagonal is the radius of the circle. His
demonstration is superior to the one I've proposed since it does not require
any assumption about the invariance of the solution for different rectangles.
In fact, it proves that that assumption is correct by determining the answer
for any arbitrarily selected rectangle. In that sense, it is certainly a better
solution.

As we noted, however, the difficulty with Kohler’s solution is that it depends
upon inspiration, upon getting the bright idea. It must occur to us to draw in
the other diagonal. Where does this inspiration come from? Kohler provides
no guides. Our look at the extremes, on the other hand, is a rule that we can
take out and apply like a tool from a toolbox. For the three preceding problems,
the flagpole, the disk, and the sphere problems, it is not clear that “inspiration”
could serve you better than application of the rule.

There is another consideration. In the sphere problem and the diagonal
problem our procedure was valid only on the assumption that the answer
was constant for all values of the unspecified givens. If this assumption were
not correct, then the answer would be complex. It would be a mathematical
function of the critical dimension of the figure, that is, of the diameter of
the sphere and of the size of the rectangle. The problem would then belong
in the realm of mathematical textbook proofs rather than in casual, semi-
recreational discourse. In other words, there is a tacit understanding that the
answer to such problems is simple.
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Simplify the Problem

e have just considered the special features produced when the prob-

lem was moved toward an extreme. That extreme was a limit, a bound-
ary, of one of the dimensions. The nature of that dimension depended on
the problem. Now we will consider variations along a particular dimension,
the dimension going from complex to simple. The extreme of interest here is
the simplest case.

Consider this example: A friend proposed the following stunt. He said,
“Write down a long number, about seven or eight digits in length. Do not
show it to me.” He added, “The number should have a random-appearing
character. Avoid systematic or repetitive numbers. Avoid, for example, 1234321
or seven 4s.” I wrote the number labeled A in Figure 8.1. He continued, “Write
the number in reverse.” I did and he then said, “You now have two numbers,
the original and the one in reverse. Write the smaller of the two numbers
underneath the larger of the two, and subtract one from the other.” Figure
8.1 shows my number in reverse (labeled B) and the subtraction carried out.

The instructions continued: “Circle one of the digits in your answer. Circle
any digit other than a zero. After you have done this, read aloud to me the
remaining digits. That is, read all the digits in your answer except the one that
you circled. You may read them in any sequence.” For the problem shown in
Figure 8.1 I read “1-2-2-3-6-7-8.” After reflecting for no more than two sec-
onds he said, “You circled a 7.” Figure 8.2 shows another such problem, for
which he would, after hearing the other digits, inform me that I circled a
6—or whatever else I had just circled.
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FIGURE 8.1
A digit-guessing problem. The
number B is the reverse of the

361
7 3 9 number A and, being smaller, is
622

subtracted from it. It is possible to
deduce the digit that is circled just
from hearing the other digits in
the answer.

273! Q8 8 FIGURES.2

Another digit-guessing problem.
8 9 5329 Whereas the number, A, In Figure
3 8.1 has eight digits, this one has

406)59 seven.

How did he do this? Or, more to our present concern, how can we fig-
ure out how he did this? This is the problem we will consider here: How
shall we proceed to determine his secret? One brute force method is to write
out a great many of these problems and hope that some pattern will emerge.
I don’t recommend this in quite that way; there will be too much variation
from problem to problem to see the relationships. A hint, however, on how
to proceed is in his vagueness about the length of the original digit string. It
obviously could be any length. The problem should work, therefore, with digit
strings of very short lengths (e.g., two or three digits). Let’s try several two-
digit lengths. A few examples are shown in Figure 8.3.

What pattern do we see in these answers? Consider one property: they are
all multiples of 9. Is that fact relevant to the longer strings, the ones shown
in Figures 8.1 and 8.2? Not really. Our friend surely doesn’t know a// strings
of all lengths that are products of 9. Is there any other property common to
the answers in Figure 8.3? Yes, each answer adds to 9; thatis, 2 +7 =9, 4 +
5=9,1+8=9,and 3 + 6 = 9. Thus, there seems to be something odd about
this procedure of writing a number, reversing, and subtracting: The digits in

41 A= 83 A=175 51
A=14 38 57 A:>i
27 45 18 36

FIGURE 8.3  Several digit-guessing problems where the starting num-
ber, A, consists of two digits.
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the answer add to 9. You could actually do the trick yourself now using two-
digit numbers. The digit circled would always be 9 minus the remaining digit.

You might explore now the answers for three- and four-digit numbers. I
recommend that to you. After doing that, let’s return to the original prob-
lems shown in Figures 8.1 and 8.2. They obviously don’t sum to 9; they’re too
large. However, they sum to multiples of 9 (7 + 7 + — +2=36,3 + 4 + —
+ 9 = 27). The omitted circled number is the one needed to bring the sum
to the next higher multiple of 9. Voila! You are now ready to mystify your
friends.

Note the procedure we followed in our detective work. We were given a
problem in a complex (seven or eight digits) form. We solved the problem
by studying analogous, simple forms. This is the rule proposed here: Simplify
the problem; look at the simple extreme.>

The next example is the Tower-of-Hanoi problem of which a typical dis-
play is shown in Figure 8.4. This problem is particularly important for a sin-
gle reason: It has been explored in several experiments during the past decade
(for the more recent research, see Kotovsky, Hayes, and Simon, 1985). The
problem is presented to the solver more or less as follows:

As you see, six disks are all stacked on pole A.Your task is to have
all the disks stacked in exactly the same way on pole C. There
are the following restrictions on how the disks are to be moved:
(1) You must move only one disk at a time; (2) the disk must be
moved from one pole to another (it may not be temporarily placed
elsewhere); (3) it must never be placed on top of a smaller disk.
You may begin.

Figure 8.4 shows a tower with six disks. The exact number of disks used may
vary from problem to problem.

The typical way in which this is studied is to record the moves that the
problem solver makes. Sometimes he or she is asked to think aloud, and the
verbal reports are also recorded. These and the record of movements are ana-
lyzed in an effort to determine the various strategies used by different peo-
ple. Clearly, these studies yield descriptive principles, principles that tell us

FIGURE 8.4
The Tower-of-Hanoi
problem. The six disks
on pole A are to be
[ | moved to pole C
according to the rules

A B c described in the text.

5The method of determining the omitted number can be streamlined a bit.
See if you can improve on it.
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L

FIGURE 8.5 A two- and three-disk version of the Tower-of-Hanoi problem.

how, in fact, people approach this problem. Our concern here, in contrast, is
with prescriptive principles: How should one approach such a problem?

In this section we are considering one of these prescriptive principles:
Look at special features of the problem space; more specifically, look at the
extremes; still more specifically, look at the simple extreme. What this means
here is turn away from this six-disk problem. Solve the problem first for a two-
disk problem (illustrated in Figure 8.5). This two-disk problem is simple
enough that you can probably do it in your head. You may, however, want to
externalize, to cut out a few disks of different sizes to study this Tower-of Hanoi
problem. Try next the three-disk problem (see Figure 8.5). What insights start
to occur?

You will have noticed that for the two-disk problem the first move requires
putting the top disk on B; for the three-disk problem, the top disk must be
moved to C. What general rule does this suggest? Notice, also, that both the
two- and three-disk tasks have as a preliminary goal (sometimes called a sub-
goal) moving the bottom disk to C. This means that all the disks above the
bottom disk must first get onto B. For the three-disk problem in Figure 8.5,
we must first arrive at the configuration shown in Figure 8.6. But that is equiv-
alent to the two-disk problem, where we must get the top two disks onto B.
What rule does that suggest?

As you see, working at this simple version of the problem can provide you
with an understanding of its fundamental properties. This knowledge will
transfer to the original six-disk problem, which you can probably now do with-
out a misstep. We see again that a complex problem is solved by first explor-
ing a simple version.

It may strike you as a strange recommendation, that to solve a problem
most efficiently you should turn away from that problem temporarily to work
on another (a simple) version of that problem. Would not the time spent on

FIGURE 8.6
A subgoal, or necessary stage,
C — [ ] on the way to solving the three-
A B C disk problem.
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the simple version be better spent—or at least as well spent—on the more
complex version? At least, you might argue, we would then be moving toward
the solution of interest (e.g., for the six-disk problem).

Here some laboratory research comes to our support. An Australian psy-
chologist, John Sweller, has demonstrated what he calls the seguence effect. The
general procedure involves giving two groups of subjects the same set of related
problems. One group receives the set in the order going from the simplest to
the most complex, the other group receives the set in the reverse order, with
the complex problem presented first (sometimes, for this group, the complex
problem is not followed by any other).

A typical experiment (Sweller, 1980a) went as follows: College students
were presented with a starting number and were told that they must convert
it into another number in a fixed amount of moves using only certain arith-
metic operations. Specifically, they were told that the starting number was 8
and that they must convert this to 15 in exactly six moves (neither more nor
less) with the allowable operations of multiplying by 2 and subtracting 7. The
solution consists in alternating multiplication by 2 and subtraction by 7, with
the first move being multiplication. Thus, starting with 8 you would go 8 *
2=16,16-7=9,9*2=18,18-7=11,11*2=22,22-7 = 15.

Sweller presented this problem to two groups. One group (complex) sim-
ply received this problem; the other group (simple-to-complex) first received
two simpler problems (e.g., convert 8 to 9 in two moves using those two oper-
ations). On the average, the complex group required over 406 seconds to solve
the one problem; the simple-to-complex group required only 97 seconds to
solve the same (the complex) problem and only 192 seconds for all three prob-
lems. Sweller has demonstrated this effect with a variety of problems. Even
problems that people normally fail at can be solved after practice on simpler
versions (Sweller, 1980b).

To generalize this result to the Tower-of-Hanoi problem, I'd predict that
people, after studying the two- and three-disk problems for 5 minutes, will
perform the six-disk problem in nearly the minimum number (63) of moves,
requiring approximately 2 minutes. Thus, a total of about 7 minutes will be
used. People working only on the six-disk problem, without the detour to
the simpler versions, will make many more moves than the minimum num-
ber and will require considerably more than 7 minutes. Furthermore, explor-
ing the simpler problem permits you to have insight into the structure of the
task, so that you can readily solve any Tower-of-Hanoi problem. People who
worked only on the six-disk problem have difficulty if they are next given
the five-disk problem. One’s performance working only on the six-disk prob-
lem is so much trial and error that one transfers little learning over to other
forms of the problem. Working with the simple versions, on the other hand,
should provide insights that are useful for any version of the problem.

The next problem, called the clipped-checkerboard problem, also illus-

trates this conclusion, that simple versions permit insights into complex prob-
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FIGURE 8.7 A standard black and red (R) checkerboard with the

upper-left and lower-right squares removed.

lems. We are given an 8- X 8-square standard checkerboard with the upper-
left and lower-right square removed (Figure 8.7). We also have a large num-
ber of dominoes all the same size, each one of which can cover two adjacent
squares (horizontal or vertical) on the board. Can we, using 31 dominoes,
cover all the squares on this 62-square board? Justify your answer.

* * * * * * * * *

Don’t know how to proceed? Obviously, because the problem is included
in this chapter, 'm going to suggest that you simplify the problem. But how,
exactly, do you do this? First, let’s notice some essential properties of this prob-
lem, properties that must be retained when we simplify. The standard checker-
board that we start with has an even number of squares, half red and half
black. The number of dominoes used is half the number of squares in the
clipped board.

Suppose we begin with a 3- X 3-square board (Figure 8.8, /efi), which
has 9 squares, 5 red and 4 black. We want, remember, an even number of
squares, half red, half black. We may produce this by deleting one of the red
squares. Let’s delete the center square, producing a kind of straight-edge dough-
nut. This new board, with the upper-left and lower-right squares also removed,
is shown in Figure 8.8 (right). It contains a total of six red/black squares.
Can we, using three dominoes, cover these six squares?

FIGURE 8.8 Left, a 3 X 3 checkerboard; right, the 3 X 3 board with

the center square eliminated and with the upper-left and
lower-right squares removed.
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* * * * * * * * *

It becomes obvious that we cannot. Why not? What result emerges? Two
black squares are always left over. What is the property of a domino? It must
cover 1 red square and 1 black square. But because there are 4 black and 2
red squares (or, to put it in a more general way, 2 more black than red squares)
there will always be 2 black squares left over. Reconsider now the 8 X 8 checker-
board in Figure 8.7, where there are 32 black and 30 red squares. After plac-
ing 30 dominoes, each covering one red and one black square, there will be
two black squares left over. The 31st domino will not be able to cover them.
If you are not quite convinced or if you feel that the 3 X 3 board minus the
middle square is not a real checkerboard, try the problem with a 4 x 4. It is
still enough simpler than the 8 X 8 so that you can verify your insight from
the 3 x 3.

The mathematician Polya, in an early but still pertinent essay on how to
solve mathematics problems (Polya, 1957), also advocated this principle of
simplify the problem. Here is one of his examples:

A rectangular-shaped room is given whose dimensions are A, B,
and C. What is the length, x, of the diagonal from the lower right-
hand corner in the front to the upper left-hand corner in the back?
The diagram is shown in Figure 8.9.

If you do not find this an easy problem, that is, if you do not see imme-
diately how to proceed, then, suggests Polya, use this rule: “Look at the
unknown! And try to think of a familiar problem having the same or a sim-
ilar unknown” (Polya, 1957, p. 9). Polya refers to a “familiar problem” where
we speak of a simpler problem. In practice, familiar problems will tend to be
simpler than the novel, difficult problem. In this particular case, we are asked
to find the diagonal of this three-dimensional figure. What simpler (or famil-
iar) problems have you faced with a similar unknown? Well, you all have, I
am sure, learned to find the hypotenuse of a right triangle whose sides are

FIGURE 8.9  Express the length of the diagonal, x, in terms of the
known lengths 4, B, and C.
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known. Also, knowing this, you can find the diagonal of a rectangle whose
sides are known. Review that information. Is it relevant to the present prob-
lem? The answer will be found in Appendix A.

* ok ox k% ok ok ok kX

The importance of working with simpler versions of a problem was also

emphasized by Wickelgren (1974, pp. 157-166), who provides these examples:

(1)—You have 24 coins that look alike. With the exception of one
counter-felt, they are all made of gold and weigh exactly the same.
The “bad” coin is either heavier or lighter than the others, you do
not know which. You also have available an old-fashioned balance
scale. What is the minimum number of weighings you must make
in order to locate the bad coin?

* * * * * X X * *

This problem is interesting in that there are two ways you can simplify.
First, suppose it is known that the bad coin is, specifically, heavier. Second,
consider the problem with three coins. Of course, you may combine both
types of simplification, that is, begin with three coins, one heavier. Determine
the minimum number of weighings for these simple problems; then return
to the more complex version.

(2)—You are given 10 stacks of what should be 10 gold pieces
each. Each gold piece weighs two ounces. Unfortunately, one stack
contains 10 counterfeits, each coin weighing only one ounce. You
have a bathroom-type scale, one that reads out the weight put on
by printing it on a card. The problem: Determine the counterfeit
stack with a single weighing.

kox ok ok ok ok ok kX

If you are baffled by this last problem, try it for three stacks with three
coins each. See if you don’t find this reduced version easier to think about.
These problems are discussed in Appendix A.

There seems to be no question but that, by simplifying a problem, we
increase our chances of solving the original. To the many examples given in
this chapter we could add others. (Try the anthropologist problem given on
pp. 17-18 by assuming that the anthropologist and her husband meet only
one other couple; the function generating section in Chapter 3 essentially rec-
ommends working systematically with simplified versions.) As we noted in
the preceding chapter, the Gestalt psychologist Wolfgang Kéhler proposed
that we should become sensitive to the structure of problems. Kaplan and
Simon (1990), in their analysis of the clipped checkerboard problem, advo-
cate a similar principle. They suggest that the problem solver should nrozice
invariants in the problem space. What I am proposing here is that simplifying
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the problem enhances dramatically our ability to notice these invariants, to
achieve insights into the essential properties of the problem.

Why is that? Why are we more likely to see the solution with three gold
coins than with twenty-four gold coins? In Chapter 3, when we discussed
the virtue of externalizing information, we reviewed evidence that our con-
scious mind is limited in its capacity. I believe that that limitation underlies
this advantage of simplifying. We must visualize more in a complex problem
than in a simple problem. For example, we must visualize ten stacks of ten
coins as opposed to three stacks of three coins. The six-disk Tower of Hanoi
is confusing even when it is physically in front of you, whereas you can do
the two-disk version in your head. Because, with the simpler version, we
need to visualize fewer things, we can employ more of our cognitive capacity
for solving the problem.

Why, then, is the principle simplify the problem effective? It helps us to

overcome a limitation inherent in the way that we humans handle information.
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1.

A]Z

Az!

EXERCISES FOR SPECIAL FEATURES

(Appendix B contains additional answers.)

Here is the cryptarithmetic problem that was introduced in
Chapter 2. See if you can do it now.

AD
+ DI
DID

A man built a rectangular house such that each side had a south-
ern exposure. One day a bear lumbered past the house. What
was the color of the bear?

Consider the following drawing.

Can you draw the figure in one continuous movement, without tak-
ing your pencil from the paper and without tracing any part of the
path two times?

Yes, by starting at the lower left-hand corner of the rectangle.

For each of the pairs of figures shown at the top of the following
page, one can and one cannot be drawn in one continuous move-
ment. For each pair indicate which one can be drawn.

Both left-hand figures can be drawn in one continuous, nonoverlapping line; the ones
on the right cannot.
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(a) or

Q; : How would you determine the principles that underlie (1) the deci-
sion as to where to begin drawing these figures and (2) the method
for constructing them?

A;: Construct and study several simple versions such as the following. Check out your
insights on the more complex figures. The principles are described in Appendix B.
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4. A car goes on a 20,000-mile trip. The tires, including the spare,
are rotated every 4,000 miles, so that the five tires were used
for an identical number of miles.

Q;: For how many miles was each tire mounted on the car, in use?

A;: Consider a simple extreme and externalize. The trip was divided into five units and the
tires rotated after each unit. Suppose the car went 5 miles and the tires were rotated
every mile. Make a chart showing how each tire would be placed (i.e., on the car or in
the trunk) each mile. Apply the resulting answer to the original problem.

Q,: Is there another way of simplifying the problem?

A;: Yes. Focus on a single tire, the spare. Each tire was the spare for exactly one of the 4,000-
mile units. It was mounted on the car, therefore, for the other four 4,000-mile units.

5. Jo announces: “l have more than 999 books.”
Jean says: “No, Jo! You have fewer than 1,000 books.”
Mary says: “Jo has at least 1 book.”
Only one of these statements is true. How many books does Jo
own?

6. In discussing the Tower of Hanoi, we said that the minimum num-
ber of moves in which the six-disk problem can be solved is 63
(see p. 64). Can you determine how that was arrived at? Can
you determine the minimum number for a five-disk version? Can
you derive the equation relating the number of disks to the min-
imum number of moves? (Hint: Simplify and externalize, that is,
make a function-generating table.)

7. A stranger comes to a mountain inn and tells the owner that he
must stay there and wait for a friend who will come sometime
within the next twenty-one days. Unfortunately, he says, he has
no money. He produces, however, a chain of exactly twenty-one
gold links and convinces the innkeeper that the links are of the
purest gold. He offers to give in payment one link per day. The
innkeeper agrees that a gold link is easily worth a day’s food and
lodging, but only if the link is intact. A cut link, he says, is
nowhere nearly as valuable as an intact link. He does not want
to end up with twenty-one cut links. The visitor then works out
an arrangement where, giving the innkeeper one more link each
day, he will cut the minimum number of links. What is the small-
est number of links that he must cut? (Note: “Swapping” may
take place; for example, on the tenth day the guest may exchange
a string of ten links for the nine links the innkeeper is holding.)

Q;: What is a good way to proceed?

A;: Consider this problem, first, for a smaller number of days and links. Suppose, for
example, the problem involved five days and five links, or seven days and seven links,
and so on.
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8.

Az:

10.

11.

12.

A large city has close to 100,000 children in the eighth grade.
The mean IQ of this population of eighth graders is known to
be 100. In a genuinely random way you are to select fifty of these
children for a study of educational achievements. The first child
tested has an 1Q of 150. What do you now expect the mean 1Q
will be for the whole fifty-child sample? In other words, do you
still expect the mean 1Q of the sample to be about 100? Or do
you expect it to be slightly greater than 100?

: What is a good way to gain insight into this problem?

: Look at the extreme. Assume that the sample size is not fifty but two; that is, only two

people are to be randomly selected, the first of whom has an IQ of 150. What do you
expect the mean IQ of this sample to be? Is the answer not clearer in this form?

A man starts striking a bass drum every 2 seconds.

: From drum beat 1 to drum beat 60 how much time has elapsed?

: If your answer is 2 minutes (or 120 seconds), think again. Simplify the problem to deter-

mining the elapsed time between the drumbeats 1 and 2, between 1 and 3, and so on.
In effect, make a function-generating table.

Now, what is the answer to the original problem?

(60-1) * 2 = 118 seconds.

Nine men and two boys, trekking through the jungle, need to
cross a river. They have a small inflatable boat and it’'s easy
enough to row it across the river.The boat, however, can hold no
more than one man or the two boys. How can they all get across?
(Hint: Suppose there was only one man and two boys.)

Tomorrow is your uncle’s 47th birthday. Is this the start or the
end of his 47th year? (Hint: Look at the extremes.)

Just to show you that this section has a practical side, we con-
clude with a two-person gambling game called NIM. Each of two
people puts eight pennies (or nickels, or dimes, etc.) on a table.
The players then take turns picking up pennies. At his or her turn
the player must pick up at least one and no more than three pen-
nies. The person who goes last, that is, picks up the last penny,
wins the pot of sixteen pennies. The questions that may occur
to you are: Is it better to go first or second in this game? What
is the best strategy to use? The problem you first need to face
is: What should you do to figure out the answers to these
questions?
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Don’t Be Blind

great deal of evidence, some of which we will review here, suggests that
when people try to solve a problem, they typically employ a standard
strategy. That is, they follow some habitual mode of responding. Most of the
time this strategy (or the habit) is appropriate to the problem: The person who
holds that strategy solves the problem faster than does someone who does not.
Occasionally, however, a mismatch occurs; the strategy is not appropriate to
the particular problem at hand. This leads to a baffling aspect of problem solv-
ing: The person acts as though he or she were blind to the solution.
This temporary functional blindness has been demonstrated in a variety
of ways in the laboratory. It is dramatically illustrated, however, in a couple
of incidents that were reported to me.

(1)—A woman was with her baby son in the living room of her house.
The infant was sitting on the rug peacefully sucking a rubber nipple
as the mother was tidying the room. Suddenly the boy swallowed
the nipple which lodged in his throat; he started gagging and cry-
ing. The alert mother sat the child up and slapped his back, hoping
that the blow would dislodge the obstruction. It didn’t work. She
started to become frantic and thought of hitting the child’s back while
holding him upside down. She called for help to her sister who was
in another room of the house. The sister came in, heard in a rush of
half-sentences the problem and what the mother wanted to do. Going
over to the choking baby she saw a string coming out of his mouth.
She pulled on the string and out came the nipple. Happy ending.

345
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The mother, fixed on this notion that hitting the back was the way to dis-
lodge something stuck in the throat, literally failed to see the string; she was
functionally blind to it.

(2)—A fellow was sitting alone in the passenger side of his own car,
a two-seater sports model. The car, standing on a slightly inclined
street, started to roll backward. The man tried to get around the stick-
shift to get his foot onto the brake pedal but the movement was
awkward, difficult, and slow. Before he could succeed the back of
the car banged into a pole.

What here reflects functional blindness? Immediately to his left, between
the two seats, was the hand brake. So strong was the fellow’s habit, his “set,”
toward using the foot-brake pedal that the hand brake was utterly blocked
from his consciousness. It never occurred to him to pull up on the handle
just to his left. He was blind to that possibility.

These anecdotes describe the functional blindness of people in urgent sit-
uations—there was danger and time was short. Functional blindness, how-
ever, is a more general phenomenon. We do not require these special
circumstances to see it. Research psychologists, using situations in which there
is no stress or urgency, have succeeded in demonstrating the effect. They
have labeled it with a variety of terms; einstellung (a German term meaning
“set” as in “set in his ways”), set, rigidity, functional fixedness, and functional
blindness. An early and well-known demonstration was given by Luchins
(1942), who presented people with a series of water-jar problems. A typical
water-jar problem goes as follows:

You have three jars, one that holds 11 quarts, one that holds 9
quarts, and one that holds 4 quarts (referred to as the 11, 9, and
4 jar, respectively). How can you obtain exactly 6 quarts of water?

One solution is to fill the 11 jar, pour from it and fill the 9 jar, leaving 2
quarts in the 11 jar. Fill the 4 jar and pour it into the 11, thus producing 6
quarts. If we label the 11, 9, and 4 jars as A, B, and C, respectively, then the
solution may be symbolized as A — B + C. Luchins presented a series of such
problems to students of various ages. A sample series is seen in Figure 9.1. The
problem we just discussed is shown in the top row of that figure. Before read-
ing on, try to solve the remaining ten problems. Do them in the sequence 1
to 10.

* ok ok ok ok ok ok Kk

You have no doubt noticed that you ran into a dead-end in Problem 10,
that a habitual mode of solution suddenly didn’t work. You had to back up
and go off in a new direction. It probably took you longer to solve Problem
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Jars
PROBLEM A B C OBTAIN
EXAMPLE 11 9 4 6
1 21 127 4 98
2 15 90 4 67
3 14 163 25 99
4 18 43 10 5
5 9 43 6 22
6 20 59 4 31
7 14 36 8 6
8 23 49 3 20
9 7 20 4 5
10 28 76 3 25

FIGURE 9.1 A series of water-jar problems. The demonstration prob-
lem is described in the text. Solve the remaining prob-
lems in the sequence 1 to 10.

10, although it has a very simple solution. All the other problems can be solved
by the pattern B — A — 2C. (For example, problem 1 is solved by filling the
127 jar (B), pouring from it and filling first the 21 jar (4) and then the 4 jar
twice (2C); this leaves 98 quarts in the B jar.) Problem 10, however, is not
solved by that but by the simpler pattern A — C. About three out of four
people (adults as well as children) go through the long solution and learn
that it fails. They review the problem again and only then do they see the sim-
pler solution (sometimes people first retry the long solution thinking that they
had made an arithmetical error).

A more surprising result concerns Problems 7 and 8. Both of these can
be solved in the usual way (B—A —2C), and most of you undoubtedly solved
it that way. Did you notice, however, that there was also an easy way (4 — C)
to solve those problems? Or were you functionally blind to that solution?
Again, about 75 percent of people fail to see the easier solution.

Sweller and Gee (1978) took this last demonstration even further. At
Problem 7 one of the jars held the target amount. They might, for example,
present 37, 80, and 3 as A, B, and C, with the task of obtaining 37 quarts.
Most of the people tested used the B — A — 2C method!

Another striking demonstration of set came from my own laboratory
(Levine, 1971). A person is shown a deck of 3- X 5-inch cards on each of
which is typed just two letters: A and B. On half of the cards, the A is on the
left side of the card with B on the right; on the remaining half, the two locations
are reversed. The cards do not vary in any other way. There are 50 of each of
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these two types. The deck has been thoroughly shuffled, so that the two types
of cards are randomly distributed throughout. The person is given the fol-
lowing instruction: Go through the deck slowly, one card at a time, choosing (and
saying aloud) at each card one of the two letters. The experimenter says “correct”
or “wrong” for each choice according to a preselected solution. (The learner
has been told to try to be correct as often as possible.) Some typical solutions
might be (1) always choose the letter that’s on the right side of the card; or
(2) choose alternate sides (i.e., choose the letter on the right on the first card,
the letter on the left on the second, then right, then left, etc.); or (3) choose
according to some more complex sequence of positions, for example, first
choose the letter on the left, then right for the next two cards, then left once,
and right once then start over (i.e., go L-R-R-L-R repeatedly); or (4) choose
A all the time; or (5) choose some sequence of the letters (e.g., go A-A-B-A-
B repeatedly). From his own choices and the correct-wrong feedback from the
experimenter, the problem solver can figure out what the solution is.

The problem of interest here is the one with the simplest solution: Choose
A all the time. If you're an observer watching the experimenter present this
problem to a student you might hear something like: “A” “correct”; “B”
“wrong”; “A” “correct”; “A” “correct”; “A” “correct”; “B” “wrong”; and so on.
The problem couldn’t be easier. Any self-respecting monkey learns a similar
problem (for food, of course) in perhaps ten to twenty trials (i.e., choices).
College students typically learn it in about three trials.

How can we demonstrate einstellung with this simple problem? Can we
arrange the conditions such that the student, who is typically eager to do well,
is functionally blind to this pairing of “A-correct” and “B-wrong”? The answer
is yes. Suppose the student is led to expect that the solution will be a com-
plex position sequence (such as “choose the letters according to the pattern
L-L-R-L-L-R-R-L-R; then start over”). In other words, suppose he is primed
to look for one of these complicated sequences, but in fact the solution is the
simple “choose A.” In such a case he will fail. He will appear to be saying A
and B randomly.

How did we produce such functional blindness? Specifically, we con-
structed six decks of such cards and gave the subjects a series of six problems.
Each of the first five problems had as its solutions a complex position sequence.
Students typically became good at solving such problems; that is, they quickly
figured out the position sequence and responded correctly thereafter. After the
fifth problem, the experimenter said, as was said after each of the other prob-
lems, “That ends that problem; here’s a new one.” The student then was handed
a new (the sixth) deck. For this sixth problem, the experimenter used the
easy “choose-A” solution. In this case, almost all the students failed: They
chose A only half the time throughout the entire problem. This problem lasted
for one hundred trials. That is, the students said “A” fifty times and heard
“correct”; they said “B” fifty times and heard “wrong.” Nevertheless, they failed
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to see the simple solution. When asked at the end of the problem what the
solution was, they almost always said that they thought it was some compli-
cated position (L-R) sequence.

Let’s review one more variant of einstellung, first described by Duncker
(1945). He showed that people become so attached to the particular func-
tion of an object (e.g., shoes are used to protect one’s feet) that they fail to
see other uses to which the object might be put. Consider these situations;
You are working at your desk when a wind blowing through an open win-
dow at the other end of your room starts to scatter several papers on your desk.
How do you both hold the papers down and get to the window to shut it?
Would it occur to you to use your glasses or your wallet as a paper weight?

You want to hang a picture in your office. You not only brought the pic-
ture, but you purchased special nails that should not damage plaster. Here you
are ready to hang the picture when you realize that you dont have a ham-
mer. Would it occur to you to use your shoe as a hammer? Duncker demon-
strated that people frequently fail to solve a problem when the solution requires
new functions for objects. He called this “functional fixedness.” It is clearly a
special case of einstellung.

Scanning these several examples, we see that we become functionally blind
under fairly predictable circumstances. It happens when our behavior is dom-
inated by routine or custom. Strong habits, previously successful strategies,
and routine functional applications prevent our seeing obvious alternative
strategies and functions. The question of concern in this book, of course, is
what can we do about this? How can we prevent ourselves, in critical prob-
lem situations, from becoming functionally blind?

There are two types of answers to this question. One involves a point of
view, an awareness that we have about problems; the other deals with spe-
cific techniques. We will discuss the role of awareness here. The specific tech-
niques will be reviewed in the next chapter.

The first contribution to reducing einstellung is, then, awareness. What
do I mean by this? The knowledge you have just gained, that fixation on one
(incorrect) type of solution might happen, that you as a human being are
vulnerable to such restricted thinking, should help you. Luchins ran some
conditions with the water-jug series where he first told the people “don’t be
blind.” He advised them to be flexible in the way that they went about solv-
ing the problems. The instruction was helpful. More of the people who had
received such instructions found the simple solution on the critical problems
(Problem 7 and 8 in Figure 9.1). In my own research on the “choose A”
problem, I never specifically tried to instruct people in this way. Nevertheless,
some revealing comments were made. A few people (about one in five) do
solve that final, critical problem. When asked about it afterward one of these
people who solved the problem said, “We had just read about Luchins’s exper-
iment in my psychology course. I thought of that while doing this.” Another
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said, “I was looking for a trick. Psychologists do things like that.” Thus, the
awareness of the possibility that the solution might lie elsewhere made it eas-
ier to break out of the set, to locate the solution.

The moral of both Luchins’s and my experiments is that it helps to know
about einstellung. This awareness can alert you, even while you're using a
tried and true strategy, to other possibilities. The noted problem-solving the-
orist, Edward de Bono (1969, 1972) has formalized the consequences of this
awareness very nicely. He calls a conventional attack on a problem vertical
problem solving. We unthinkingly have a preconception about how a prob-
lem should be solved and try to work forward with it even though we may
be up against a hidden wall. He recommends instead /ateral problem solv-
ing. See the problem in a new way. Come at it from a new direction. Don’t
just keep digging away at the wall; see if you cant sneak around it. He gives
these examples:

(1)—He had returned from a trip on a wet icy night, arriving at the
same airport from which he'd left and where he'd parked his car. Going
out to the parking lot in the freezing rain, he saw that several people
were having trouble because their cardoor locks were frozen—the key
wouldn’t turn in the lock. Like the others he first tried heating the
key by lighting matches but was having no success, in part because
the wind kept blowing out the flame. Then he changed his direction
entirely. Obviously, water had gotten into the lock and had frozen.
He remembered that alcohol has a lower freezing point than water.
Alcohol, therefore, might melt the ice. He took from his luggage a
bottle of duty-free liquor that he had bought and poured a bit of it
into the lock. In a moment the key turned easily.

(2)—He was staying alone in a country cottage and needed to iron
a shirt, but no iron was available. He could, of course, have gone into
town to buy one (the vertical approach, here wasteful of time and
money). He was able, however, to find another type of solution: He
heated up an available frying pan, put it into a paper bag, and com-
fortably ironed the shirt. Note how this particular instance of the “lat-
eral” approach entailed overcoming functional fixedness (frying pans
are to fry things in).

(3)—An ambulance on a mountain road found itself behind a large
flock of sheep. The driver sounded the siren and gently nudged the
rearmost ram, but it was useless. The mountain embankments pre-
vented the sheep from getting out of the road. Between the baaing
of the sheep, the siren, and the driver shouting at the shepherd it
was a din. Finally, the shepherd raised his hand to signal the ambu-
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Calvin and Hobbes by Bill Watterson

QUIT HOGGING THE BED. EVER THINK ABOUT GENSERS

YOURE, WAY OVER ON AND WATERFAUS ? HANDREDS| |.

MY SHE. OF THOUSANDS OF GALLONS
TDUG\\S IOF WATER ! FLOWING, SPILING,

RUSHING, GUSHING , SAASHi

FIGURE 9.2 Hobbes engages in lateral problem solving.

lance driver to stop the vehicle. When it had stopped he turned the
sheep around and led them back past the ambulance. In a minute the
vehicle had a clear, unobstructed road. (This last example is close to
the old vaudeville line, “Don’t raise the bridge; lower the river.” Here
it is “Don’t get the ambulance past the sheep; get the sheep behind
the ambulance.”)

A final example is seen in the Calvin and Hobbes comic strip in Figure
9.2. The direct (vertical) approach to Hobbes’s problems is to push and com-
plain. Hobbes, however, finds a new direction from which to approach the
problem. As so frequently happens, the lateral solution is easy and it works.

Have you caught the spirit of lateral thinking? Even while working on the
straightforward approach, you have to be alert to other possibilities, to solu-
tions that come from a different angle.

These examples conclude our introduction to the topic of e/nstellung. In
this we concentrated on demonstrations of the phenomenon. Although I
haven't yet discussed specific techniques for avoiding this strange functional
blindness, we did see that the very awareness of its possibility helps. Simply
knowing about eznstellung and about its converse, lateral thinking, should start
you toward being a more flexible problem solver. The next chapter supple-
ments this initial advantage with some specific techniques for avoiding
einstellung.
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he several examples in the preceding chapter (the car lock is stuck, the

shirt needs ironing, etc.) describe problems that arise suddenly and that
affect a single individual. They are the sort of problems that might occur to
you or to me at any time. However, most of the writing on flexibility in
problem solving deals with problems that tend to be less acute. They are prob-
lems such as “How can I build a better mousetrap?” There is no urgency.
You can take weeks or longer to think about and to solve the problem.
Furthermore, several people can work on the problem simultaneously. They
may work competitively or in a group, cooperatively. My favorite in this cat-
egory is perhaps the clearest example of lateral problem solving. It also comes

from de Bono (1969).

A new skyscraper was built and the offices quickly rented. Within a
few weeks a defect became obvious. There weren't enough elevators
in the building to accommodate all the traffic. The owners of the
building received a steady stream of complaints about the long wait
for an elevator. Engineers and architects were called in and estimates
were obtained of the cost and inconvenience of installing additional
elevators. The estimates were depressingly high. One of the consul-
tants, however, thought laterally and found a simple solution. Mirrors
were installed on every floor near the elevators. People waited just as
long but no longer found it boring. They had an interesting distrac-
tion (presumably themselves, but possibly also viewing the crowd,
flirting, etc.). The number of complaints dwindled.
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The second class of problems, then, tends to have solutions that can be
thought about at one’s leisure. We've just seen that the distinction between
vertical and lateral thinking applies here. The awareness that one should not
be rigid (think only vertically) but should be flexible (i.e., think laterally)
should enhance one’s ability as a creative problem solver. However, authors
on this topic have a few specific techniques to recommend.

BRAINSTORMING
This is probably the best known of the techniques. Alex Osborn (1963),

who is credited with its development, has trained hundreds of executives and
engineers in its uses. The technique is applicable to any but, perhaps, the most
acute problems. Brainstorming is frequently done by problem solvers in groups,
although individuals can certainly engage in it. A group of people interested
in a specific problem are brought together. The problem is reviewed, and solu-
tions are requested. Two fundamental rules guide the search for the solutions.

The first rule is that criticism is not allowed. Take any proposed solu-
tion, no matter how farfetched, and write it down. It is easy to be critical of
novelty, especially of other people’s novel suggestions. However, nothing
inhibits wideranging, flexible, lateral thinking like a critical, judgmental atmos-
phere. Don’t judge. Even the crudest ideas are to be respected. The brilliant
critic, who immediately sees the flaws in every suggestion, does not belong
here. Neither does the bureaucrat who, comfortable with his routine, is afraid
of change. One must feel free to be “lateral,” to search for strange and won-
derful ideas.

This attitude of don’t judge is so important that I want to elaborate on it.
A positive equivalent is respect crude ideas. The human intellect seems to move
naturally toward shaping, improving, streamlining. Clocks began as huge
crank-and-lever objects, requiring frequent rewinding, and losing minutes of
accuracy each hour. One can almost hear a fifteenth-century grouch com-
plaining: “Clocks are useless. They keep slowing up and always need to be
tended. They are more trouble than they’re worth.” Over the years, however,
clocks have become streamlined, moving toward the contemporary wristwatch,
automatically energized, accurate for months. Many inventions around us
reflect this evolving process. Consider how television sets have gradually
changed over the last forty years. From 6-inch screens with green-and-white
blurry images they were designed and redesigned into wall-size pictures in bril-
liant color with sharp-edge lines.

This step-by-step refinement can also occur within an individual prob-
lem. Here are two examples from my own experience.

(1)—In the middle of a project I needed to cut a rigid wire, about
one-eighth of an inch in diameter. I looked for the wire cutter around
my workbench but it was missing. Now what? How do I cut the
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wire and get on with my project? The following sequence took place
over the next couple of minutes.

a. I remembered how, as children playing in the street, we would
cut a piece of twine by rubbing it back and forth over the sharp edge
of the curb. Could I do something like that with this wire? (This is
the crude idea. It sounds foolish, but I didn’t dismiss it. I actually
looked around for a sharp edge.)

b. I next thought of constructing an edge, one that would be sharp
enough to do the job. I could lock into the vise a hacksaw blade
with the teeth sticking up above the vise. That way I could rub the
wire back and forth over the teeth. I reached up to get a loose blade
hanging near my hacksaw

c. “Wait a minute!” thought I. “Let’s reverse this. Let’s clamp
the wire into the vise, take the hacksaw, and cut the wire. That, of
course, was the natural way to do it. The crude idea became trans-
formed, step by step, into a proper solution.

(2)—Two business partners, owners of a pet shop specializing
in exotic animals, were discussing how to improve sales. They both
agreed that many people are uneasy about buying these pets because
of their own ignorance. People are afraid that they will do some-
thing wrong and possibly harmful to the animal. Partner A said “I
know. With each animal purchased let’s give away one of the books
describing everything about the animal. We can play that up in our
advertising.” (This is the crude idea.) Partner B, who hadn’t read
Osborne or this book, immediately rejected it. “Are you crazy? Those
books cost us six dollars apiece. We would be losing half the profits
on the sale.” Nevertheless, partner A stayed with the idea. First, he
shopped around for less expensive books. Finally, he realized that
the entire book, with photos and interesting facts about the animal,
wasn’t necessary. All that was needed was the section on the care and
feeding of the animals. He wrote this out and again approached his
partner, who now became more receptive. They had a printer make
up a handsome pamphlet on the care and feeding of exotic animals
and gave these out free, at a cost to themselves of less than one dol-
lar each.

Moral: Don’t be quick to reject “crazy” ideas. Live with them, explore
them, refine them. This first rule is at the core of brainstorming.

The other important rule is that quantity is important. At the start of
brainstorming, you should search for and express as many ideas as possible.
Generate a good long list—without, remember, censoring. Only after a large
set of alternatives is generated does the critical work begin. Even in this phase,
where suggestions will start to be eliminated, each item on the list should be
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treated respectfully, looked at in a variety of ways, seriously explored. As we
have seen, a clumsy idea may evolve into an elegant solution. Some ideas, inad-
equate by themselves, may be combined with others on the list to yield a
useful solution.

An interesting feature of brainstorming is that it can be practiced like a
skill. Osborne suggests several exercises, many of which serve as practice in
overcoming functional fixedness. We might call it novel function practice.
Osborne asks, “How many uses can you think of for a brick?” You might try
this now. Imagine that you own a brick-making factory. To stimulate sales you
want to advertise all the ways that bricks might be used. Make as long a list
as you can. Remember, do not censor. After you have finished, read on.

* * * * * * * * *

Most people begin by listing all the things that they could build out of
brick: build a house, build a retaining wall, a shed, a barbecue, for example.
Those are all within the traditional functions of a brick. Did your list include
any “exotic” uses?

Consider these: a doorstop, a paperweight, an anchor, making brick sculp-
tures and collages, weights for weight lifting, a new track event—the “brick
put,” warming sheets on a cold night (these last two courtesy of Adams, 1974).
This should give you the idea of how lateral thinking can be practiced. You
can start over with other objects (novel uses for paper clips? for a paint brush?
etc.). See if you can break away from the traditional functions of objects.

The remaining techniques appear on the surface to be different from brain-
storming and from each other. However, they have an underlying common
function. The aim of each of them is to stimulate novel approaches toward
the problem. They are, in other words, direct strategies for flexibility in solv-
ing any problem.

THE INTERMEDIATE IMPOSSIBLE

This is a phrase coined by de Bono (1969) to describe a method that he pio-
neered. When you are blocked on a difficult problem, he suggests that you
deliberately think of a clearly impossible solution. Let your mind play freely
with it. He proposes that that will frequently lead to a novel and real, feasi-
ble solution. Thus, the impossible solution is intermediate between the prob-
lem and the ultimate solution. Here are some examples.

(1)—The loading and unloading of ships is uneconomical. The ship
must sit dockside, it and its crew inactive, for the hours or even days
it takes to unload. A concern for this problem makes one look for
more efficient unloading systems. Perhaps one could make better
use of cranes and other unloading equipment, or of the longshore-
men. Instead of these obvious and well-explored possibilities, let’s
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think, suggests de Bono, of something semifantastic. For example,
suppose we think of unloading the ship while it is still at sea coming
toward the port. What does that suggest (after you get past the image
of the cargo being dumped into the sea)? Perhaps the ship could be
redesigned so that most of the unloading preparation could be done
while the ship is still at sea. Perhaps longshoremen could be flown
aboard by helicopter and, while the ship was still traveling toward the
port, could organize the cargo into specially designed containers.
When the ship reached dockside the prepared cargo would then be
all ready for unloading. One would need only to transfer it to the
proper truck or train. Thus, the “wild idea” opens the way to new
classes of solutions.

(2)—The city council of a port city learns that a new, efficient type
of commercial ship is being used, but that it cant come into their city.
The reason is that the main bridge spanning the river is a few feet too
low. The new ships can’t quite clear it. It appears that a major source
of revenue will be lost to the city. One class of solutions is to raise or
rebuild the bridge, and much thought would be expended on that.
Remember the joke “Don't raise the bridge; lower the river”? Absurd,
right? But let your imagination play with absurd possibilities. In this
case, let’s mull over “lowering the river.” Perhaps the state govern-
ment would be interested in shunting part of the river for an inland
canal, or for a lake. Would it be cheaper to build locks to control
water level than to replace the bridge? The point is that this absurd
notion of “lowering the river” leads to a new class of potentially fea-
sible solutions.

(3)—A factory on a river takes in pure water flowing past and dumps
out polluted water. Of course, it is not the factory but the people
downstream who suffer from the pollution. An intermediate impos-
sible solution would be to put the factory downstream of itself so that
the management would feel the effects of its pollution. Thats silly,
of course. However, this in turn led to the suggestion of simply
exchanging the location of the intake and outlet pipes. Put the intake
water pipe of the factory downstream of the outlet, pollution-dis-
charging pipe. The factory could now monitor directly the amount
of pollution it was producing.

RANDOM ASSOCIATIONS

This refers to another method proposed by de Bono. It helps, he suggests, to
get a fresh start on a difficult problem by juxtaposing with it a word randomly
chosen from the dictionary. He gives the following example:
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Suppose that you are an engineer trying to solve the problem of noise
in your city. The vertical approach, of course, is to impose fines on
people who make noise, who honk car horns, whose cars have defec-
tive mufflers, and so forth. Let’s try another approach and randomly
select a word from the dictionary. Suppose that the word chosen is
“anthracite.” Reflect on it. Let your mind roam freely between the
word and your problem (here, reducing noise pollution). Anthracite
comes from under the ground. What does that suggest? Perhaps traf-
fic can be routed underground. Perhaps relaxation centers for quiet
activities (libraries and the like) can be provided underground.
Another direction: Anthracite is black, which suggests the absence
of light. We have eyelids and pupils to protect ourselves automati-
cally against bright light. The ears, however, have nothing like that.
Perhaps we could invent similar kinds of ear protection (e.g., mus-
cle-controlled or sound-operated flaps). Again, new classes of poten-
tial solutions come into being, more alternatives than if we focused
only on how to stop people from making so much noise.

There has been a stunning demonstration recently that creative produc-
tions can also be stimulated by a random selection of elements. Ronald Finke,
an eminent researcher on the functions of mental imagery, presented ordinary
college students with the following task. He first randomly selected three shapes
from an assortment including those in Figure 10.1. He showed these three
shapes—for example, the wheels, the half-sphere, and the wire—to the stu-
dent with the instruction to manipulate them mentally and to form a useful
object out of them. In imagination, the shapes could be rotated or changed
in size, but they had to retain their shape character (the half-sphere, for exam-
ple, could not be “flattened out” to form a disk). The invented object had to
use all three shapes. Finke found that the students not only could do this,
but that they frequently constructed novel, clever objects that, in many cases,

D 9 ==

0g

FIGURE 10.1 A cylinder, half-sphere, rectangular block, wheels, and
wire. These are a few of the fifteen items from which ran-
dom selection was made.
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RANDOMLY
SELECTED
ITEMS CONSTRUCTION EXPLANATION
The "hip exerciser."
Half-sphere By shifting one's weight
rectangular block while standing on the
wire device one can exercise
one's hips.
Half-sphere =0 The "sliding lamp." The
wire overhead lamp can be
wheels g moved to illuminate
different parts of a
room.
The "teeter toddler.”
;if;gﬁ?;? block ¢ D N The half-sphere allows
cylinder U children to spin around
as they seesaw.

FIGURE 10.2 Three “useful objects” constructed by people in Finke’s

experiment.

might be patentable. To give you a feeling for this task, here are three exer-
cises Finke gave to his students. Spend a few minutes with each one trying to
form a “useful object.” Exercise: (1) half-sphere, rectangular block, wire; (2)
half-sphere, wire, wheels; (3) half-sphere, rectangular block, cylinder.

* ok ok ok ok ok ok Kk

Three constructions by Finke’s students are shown in Figure 10.2. They
reflect well the originality that this arbitrary task evokes. How do your con-
structions compare? The lesson of both de Bono’s suggestion and this research
is that novel stimuli, even those that seem irrelevant, can facilitate creative
solutions to problems.

ANALOGIES OR METAPHORS

William J. J. Gordon, in a movement called Synectics, has emphasized the
important role that analogies or metaphors play in creative problem solving
(Gordon, 1961; Gordon and Poze, 1987). Several scientists had revealed that
they solved a critical problem by thinking of an analogy. He cites the follow-
ing examples:

A major problem of underwater construction was solved when Brunel

observed a worm tunneling into timber. The construction of a tube

as the worm moved suggested the method for underwater tunneling.
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Alexander Graham Bell studied the workings of the human ear and
saw that a light membrane moved a relatively heavy set of inner bones.
He used this idea of a membrane causing vibrations in heavy objects
in his design of the telephone.

The French biologist, Louis Pasteur, puzzled over the cause of infec-
tion in human wounds. In his time it was assumed that infections
came from tainted blood. From his work with wine Pasteur knew that
external impurities caused the juice from crushed grapes to ferment.
Seeing in this the parallel to infection, he proposed the correct the-
ory, that infection came from external impurities, i.e., germs or
microbes.

Notice in these examples the interplay between biological phenomena
(the worm, the ear, grapes) and engineering or physical processes (tunnel
drilling, the telephone, wound infection). Gordon has long stressed that
metaphors are important in problem solving and that biological metaphors
seem to be particularly fruitful.

In recent years Gordon and his colleague, Tony Poze, have analyzed the
process of using metaphor for creative problem solving into four basic steps
or components. To see what these are consider first a hypothetical anecdote
that they present. The tale concerns an ancient cave-dweller chieftain trying
to catch fish with a pointed stick.

He was standing in rushing water up to his waist, his stick held ready.
Schools of edible fish swarmed around him and even darted between
his legs. He jabbed at them. From time to time he impaled a fish,
but he had been there for hours and had only a few fish to show for
his effort. He needed much more for his village.

Finally, exhausted from his labor, he lay down in the shade to
consider his problem, how to get more food. While thus thinking,
he noticed a spider above him completing an intricate web. Soon after,
a little group of flies buzzed toward the web. Some flew into it because
it was invisible to them; they stuck to it and couldn’t escape. “What
a wonderful way to catch things!” the man thought. “All those flies
caught at one time.”

Suddenly he leaped up and ran back to the village. There, he
saw what he was looking for, a hammock hanging between two trees.
Tearing it off the trees he hurried back toward the stream. He rushed
right into the water and let the hammock sink down to the bottom.
In a moment, dozens of fish swam over the hammock-net. Yanking
it up and holding it clear of the water, he exulted. It was filled with
wriggling fish.

It is clear that the spider’s problem—how to catch living creatures that
serve as food—is an analogue to the chief’s problem. Gordon and Poze note
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four events that always appear in the process of using an analogue: (1) A prob-
lem or, as they sometimes refer to it, 2 paradox exists. Here, the paradox is that
the chief needs fish and is surrounded by them but cannot catch them. (2) An
analogue is observed or comes to mind in which a parallel problem seems to
exist. Here, the spider must find food. (3) The unique activity, or solution, in
the analogue is studied. The unique activity is the building of the web to
trap food. (4) The equivalent of this unique activity back in the original prob-
lem is determined. In this example, the chief grasps how a netlike structure
would work to capture the fish. In brief, the four critical steps are: Specify
the paradox, find an analogue, observe the unique activity that solves the prob-
lem in the analogue, and determine the equivalent activity in the original
problem.

For another illustration, we may take an industrial problem on which
Gordon and Poze were consulted: the problem of shipping potato chips.
Because of the irregular shape of each potato chip, bags of them contain mostly
air. Thus, air is being transported at great shipping cost. What could be done
to reduce package size so that shipping would be more efficient? Notice that
one cannot simply make the packages tighter and more compact—that would
produce too many broken potato chips.

One of the people trained by the authors said “Leaves. It’s like leaves.” He
expanded on this, pointing out that when you rake the leaves in autumn, the
plastic bags fill up very quickly. A dried leaf has an irregular shape so that a
filled plastic bag has mostly air. The trick is to wet the leaves down. They
become flexible, rest tightly against each other, with the result that many more
go into the bag. This analogue ultimately led to a moistening step in the
processing of potato chips and thats how Pringles were born. As an exercise,
describe the four steps of analogy making (paradox, etc.) as they appear in this
example. The answer is in Appendix A.

In addition to emphasizing the importance of metaphor in problem solv-
ing and to analyzing it into key episodes, Gordon and Poze add a claim that
is central to our concerns in this book. They assert that metaphorical think-
ing in problem solving is a skill that can be trained. Their basic message is that
one should form the habit of looking for metaphors when facing difficult
problems. Learning to find the right analogue is the key to lateral thinking.

SLEEP ON IT

The final technique for overcoming set or einstellung is, perhaps, the most
widely recommended. Authors as different as Osborne, who focused upon
industrial-corporate problems, and Wickelgren, who wrote on the solving of
mathematics problems, make the same recommendation. When you are
absolutely blocked on a problem, when none of the techniques seems to work,
turn away from the problem. Do other things. The problem-solving process
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seems to be aided by the sheer passage of time—the technical term is
incubation.

A problem resists solution because we have the wrong approach; we are
thinking vertically. The recommendation is that we put the problem aside and
become involved in other activities. This frequently has one of two results.
The first is that the solution will later occur to us when we least expect it. It
is as though the mind has been unconsciously working on the problem while
we have been going about our daily routine. The second effect of taking a
break is not only that the problem-solving process “incubates,” but that our
mind has changed when we return to the problem. We are less dominated,
controlled, by the incorrect set we had several hours earlier. We are now more
likely to think of new approaches. So, if you are frustrated by a problem, if
you have engaged it intimately but nothing comes—stop. Come back to it
later. This is a particularly powerful recommendation if you're working on a
problem in the late evening. Sleep on it. The mind seems to be more flexible
in the morning. Many is the math problem that was impossible for me to
solve at night that, the next morning, was seen to be transparently simple.

This ends our discussion of einstellung. We have reviewed two methods
for overcoming these effects of “set.” One is the collection of techniques (brain-
storming, taking the intermediate impossible, using analogies, incubation)
just enumerated. The other is to be aware in any problem situation of the
risk of einstellung. This means that even as you pursue a particular strategy
with diligence, you stay alert to other possibilities, to more far-out, lateral
solutions. Be flexible. Don’t be entirely fenced in by past habits and strategies.

De Bono (1972) considers this attitude of flexibility so important that
he has generalized it from problem solving to all of life. He calls an approach
to life in which you think imaginatively with a willingness to explore new
ideas PO thinking (from, I believe, the letter pair in words like supPOse,
POssible, hyPOthesize—words that imply tentativeness). He contrasts this
with YES-NO thinking, which he characterizes as logical, critical, and dog-
matic. The addition of PO thinking to YES-NO thinking, he urges, will lead
not only to better problem solving, but to a generally more creative life.
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Az:

EXERCISES FOR LATERAL THINKING

(Appendix B contains additional answers.)

. A circular cake is shown at the right.

With a single cut you can easily divide
the cake into two equal parts (see the
dashed line in the figure). You can also
divide the cake into four equal parts
with two cuts by making the second cut
at right angles to the first.

: Can you, with three straight cuts, divide

the cake into eight equal parts?

Yes, but you must stop thinking about making another
diameter across the top of the cake.

: How else can you cut it?

Slice it sideways, through the center of the cylindrical
part of the cake.

Here is a variant of a problem presented in Chapter 8 (p. 67).
You have eight look-alike coins of which one is a heavier coun-
terfeit. A balance scale is available and the counterfeit is to be
located in two weighings. Present this problem to a friend; ask
that person to think aloud while working out the solution.

: What do you predict will be your friend’s initial approach?

: People tend to divide the coins in half, 4 and 4 on each side of the scale, and then 2

and 2.

: Why is this problem illustrating “set”?

: Because there are two sides to a balance scale and because 8 is an even number (i.e.,

readily divisible by 2) and, possibly, because it is known that 8 is a power of 2, most
people will be set to divide the coins into two groups of 4 and 4. To solve the problem
in two weighings, however, the coins must first be divided into zhree groups of 3, 3,
and 2.

Can you connect the five dots at the right

with three straight lines without lifting your

pencil from the paper? °

: Why does this problem reflect einstellung ¢ °

: The usual set that people have is to connect the dots,

to change line direction at each dot. You have to break ® ®
away from that set, to extend the lines beyond the dots.
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4. A researcher on problem solving gives you a candle, a few
thumbtacks, and a box of safety matches.

SAFET Y
MATCHES

b
e P

The experimenter points to a bulletin board against the wall and
instructs you as follows: Using only these materials attach the
candle to the board in such a way that you can safely light the
candle; then light the candle. Describe how you would do this.

5. The figure at the right shows how, given
three matches, you can make a triangle.
With six matches, make four triangles all
the same size as the one shown in the
figure. =

6. Twelve matchsticks are arranged into the pattern shown.

g hY B
{

D D

o ) 0

D @]

Remove two matches leaving exactly two squares.
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7.

Q;:

A]:

A25

You are called as a problem-solving expert to consult on a prob-
lem in a local factory. A small group of workers have the job of
stuffing newspapers into barrels to keep the contents, pottery,
from moving during shipment. The supervisor reports that the
workers are constantly distracted by what they read in the papers
as they are working. They stop to read the articles, or they call
news items to each other’s attention. Sometimes everyone stops
to read or even to argue about an article. A backlog frequently
develops at this stage of production.

What can he done? Brainstorm a bit. How many different solu-
tions can you come up with?

Some obvious possibilities: Talk to the workers; give incentives for speeding up; pay, not
hourly, but by the barrel stuffed; assign an additional supervisor to devote more time
to this particular group.

Some more unusual suggestions: Hire illiterate people for this
job, hire non-English speakers, keep the same employees but
use foreign language newspapers (note how this solution evolves
from the two preceding), blindfold the workers, employ blind
workers. (This last alternative was suggested by the preceding
and, because it fit with the company’s policy to hire the handi-
capped, was favored by management. Notice how the crude and
ridiculous notion of blindfolding workers led to a useful solu-
tion. Respect crude ideasl)

Suppose that you are a designer of new products for a firm that
produces novelty items. Your problem is to find a couple of new
items to propose at tomorrow’s board meeting.

How many new uses can you think of for a pencil? Practice brain-
storming. Write out your list before reading on.

: People tend to suggest a phone dialer, bookmark, weapon, pointer, dowel. Does your

list contain more unusual alternatives? How about a measuring tool, swizzle stick, tooth-
pick, pipebowl cleaner, fishing bob, nail cleaner, shoe horn?

Assume that you, as product designer, had generated the preceding
list. Survey this list. What new products can you come up with?
Here are a couple of suggestions:

(1) The pencil as a measuring instrument. Maybe an inch or millimeter scale can be
printed along the length of the pencil. In one instrument, then, you would have both
a ruler and a writer.

(2) A pencil as a swizzle stick or as a toothpick doesn't seem too hygienic. How about,
however, a swizzle stick with a pointed end? It could be used in fruity drinks to
spear the fruit as well as to serve as a toothpick.
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9. A young man’s car developed a flat tire as he was driving along
a deserted street. He pulled over to the curb and did all the usual
things: removed the hub cap, unscrewed the lugs and rested
them carefully in the hub cap, jacked up the car. As he was
putting the spare tire onto the axle he accidentally kicked the
hub cap. The lugs rolled out, and all five of them fell down a
nearby grate. Peering through the bars of the grate the man
thought that he could see the lugs about 6 feet below in a shal-
low water puddle. He had a problem. How do you think he
solved it?

10. A fellow was driving a truck whose top was 10 feet from the
ground. He approached an overpass that carried a sign saying,
“Low bridge. Vehicles 10 feet or higher must detour.” Ignoring
the sign he drove ahead. With a screech the roof of the truck
jammed against the underside of the bridge. The truck got locked
in, stuck. Full power applied to the engine couldn’t budge the
truck. What is the next step?

11. You are at a theater with your younger brother, reading the pro-
gram, waiting for the play to begin. Your brother utters a cry of
dismay and shows you that the right sidepiece of his glasses
has become separated, disconnected from the main frame. This
is a new problem to you. You do not wear glasses and do not
know much about them.

Q;: What is the first thing to do?

A;: Intimate engagement is called for. Study the point of junction of the sidepiece and the
frame. See how the two fit together. You observe the relationship shown in the follow-

ing figure.
i .

Q,: How can you get additional information about how the two fit
together?

A;: Study the junction of the other, the left, sidepiece of the glasses. This, being intact, will
show you how the sidepiece is normally attached to the frame. You observe that the holes
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A32

12.

13.

14.

15.

16.

in the frame and sidepiece are lined up and a hinge is formed with a tiny screw. Obviously,
the screw on the right side fell out.

You search for the screw on the seat and the nearby floor but
do not find it. In the past you have seen people with a small safety
pin at the corner of their glasses and you now understand why.
However, you have no safety pin.You inquire of the people around
you; they have none. The show will begin in about two minutes.

: What else can you do?

A little lateral thinking to overcome functional fixedness is needed now. You might
remove a staple from the theater program and use it as a temporary hinge. Can you think
of other solutions? Other methods for attaching two pieces together?

The language of riddles frequently induces an incorrect set. See
how that works in these next problems.

You are wandering in the woods, lost, cold, and wet, when you
come on an abandoned cottage. Inside the cottage are three use-
ful objects: a fireplace containing some dried branches, a stove
that still has gas, and a kerosene lantern. You check your pock-
ets and find that, fortunately, you have one dry match. Which
do you light first?

It is noon, your lunch hour, but you cannot go out because there
is a terrific hailstorm. Turning on your radio you hear the weath-
ercaster predict that the hail will change to rain and that it will
pour all day today. How can you determine whether the sun will
be shining in 36 hours? Justify your answer.

Mary, Bill, and George are standing side by side in a straight line.
Mary is to the right of Bill; George is to the right of Mary.
Conclusion: Bill is to the left of George? No. Quite the contrary,
Bill is to the right of George. How can that be?

A salesman traveled due west from city A to city B. The dis-
tance he traveled, that is, the distance from A to B, was X miles.
He returned from B to A and found that he had traveled half the
distance, X/2 miles. How can that be?

Here are some additional real-life experiences that illustrate the
value of being flexible, of lateral thinking.

At a luxury hotel, a husband and wife were dressing for a fancy
dinner for which they were already late. The husband put on a
new jacket that had a large price tag dangling from a buttonhole.
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17.

18.

19.

A]:

A22

The tag was attached by a 3-inch plastic wire through the but-
tonhole to a disk much larger than the opening. Tag, wire, and
disk were all of one piece of tough molded plastic. A knife or
scissors would have cut through the wire, but they had neither.
The husband tried to bite through it but couldn’t. What next?

An elderly gentleman, whose wife was away for a month, liked
4-minute eggs for breakfast. He removed the egg from the boil-
ing water with a long-handled spoon, but when he went to crack
open the shell and scoop out the half-hardened white and yolk,
the shell was so hot that he burned his hands. The next day he
tried holding the egg in a paper towel, but that was clumsy and
messy. What next?

The neighbors of a young man who needed seclusion for a few
days offered him the keys to their cabin in Maine. Arriving there
on a damp and cold autumn evening he saw that while the cabin
had normal running water and electric lights, for heat it had only
a pot-bellied stove. Fortunately, there was plenty of wood, kin-
dling, newspaper, and matches. Being an experienced hand at
making a fire, he opened the damper, put into the stove crum-
pled newspaper, and properly stacked the kindling and logs.The
matches, however, wouldn’t light. They were too damp from the
humidity. The nearest town was 30 miles away, and, anyway, it
was late. What next?

This last problem is difficult. Solving it calls for a few of the prin-
ciples we’ve studied.

Balance scales are most often used to determine the weights
of packages. You place the package on one pan, and one or more
known weights on the other. When they balance you have the
weight of the package. Suppose you are content to measure
packages to the nearest whole number. What is the smallest num-
ber of weights you need to measure anything between 1 and 40
pounds?

: What principle from the special-features section of this book is rel-

evant here?
Work with simple versions. Try the problem first for 1 to 4 pounds and so forth.

Here is where lateral thinking comes into this problem. Suppose you
have a 1- and a 3-pound weight. How can you balance a 2-pound
package?

Weights can be “subtracted from” as well as added to. You can balance a 2-pound pack-

age by putting the 3-pound weight on the empty pan and the 1-pound weight on the
side with the package.
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Q;: What is the solution for the simpler problem (1 to 4 pounds)?
A;: Two weights, 1 and 3 pounds.
Q4 What is the largest weight you can add to the 1- and 3-pound weights
to measure a 5-pound package?

A4 A 9-pound weight. Place the 1- and 3-pound weights on the side with the package and
the 9-pound weight on the empty pan. You should now be ready to work on the orig-
inal problem.
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Appendix:
Propositional Logic

Propositional logic, also called sentential logic, is concerned with the determi-
nation of the truth value of sentences. Because the effectiveness of any argu-
ment depends on the truthfulness of its assumptions, an understanding of
propositional logic can help us determine the validity and soundness of
arguments.

Propositional logic is concerned with compound sentences, that is, sen-
tences made up of two or more simple sentences. Specifically, sentential logic
is concerned with how the meaning of sentence connectives like “and,” “or,”
“if, . . . then,” and “if and only if, . . . then” affect the truthfulness of the
compound sentence.

Let’s begin with a compound sentence that uses the “and” connective:
“Sue is smart and Mark is strong.” According to propositional logic, the truth-
fulness of this sentence depends on the truthfulness of each of the two sim-
ple sentences within it. In other words, if it is true that Sue is smart and it is
also true that Mark is strong, then the sentence “Sue is smart and Mark is
strong” is true. However, if either of the simple sentences within the com-
pound sentence is false, then the entire compound sentence is false. Thus, if
Sue is smart but Mark is actually weak, then the sentence “Sue is smart and
Mark is strong” is false. Bear in mind that propositional logic is concerned
only with the use of “and” as a conjunction between simple sentences, not as
a link in a chain such as, “The house was old, unsightly, and covered with
moss.”

The following truth table for the connective “and” summarizes the con-
ditions in which compound sentences using this connective are true or false.
The letters P and Q stand for the two simple sentences joined by the con-
nective “and.” T and F stand for true and false. Thus, the first row of the truth
table (*) would read, “If P is true and Q is true, then the sentence P and Q
is true.”
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P Q Pand Q
*T T T

T F F

F T F

F F F

The connective “or” used in disjunctive sentences and disjunctive syllo-
gisms is a lictle more interesting because it can have two different meanings.
The inclusive “or” really means “and/or,” whereas the exclusive “or” means that
only one alternative can be true. Consider the following sentence: “Abraham
went to church or he stopped at the grocery store.” In the inclusive sense of
“or,” Abraham could have stopped at church or the grocery store or both,
and the sentence would be true. But in the exclusive sense of “or,” the sen-
tence means that he could have done only one and not the other. Thus, whether
the sentence “Abraham went to church or he stopped at the grocery store” is
true depends on the sense in which we use “or.” The following truth table
for the connective “or” summarizes the conditions in which disjunctive sen-
tences are true or false. Notice that there is one set of conditions (*) that pro-
duces different truth values for the exclusive and inclusive meanings of “or.”

P | Q P and Q (inclusive) | P or Q (exclusive)
*T T T F

T F T T

F T T T

F F F F

The last connectives we'll look at are found in two variations of if-then
statements, often called hypothetical statements, which appear in hypotheti-
cal syllogisms. In the first variation, “If P, then Q” or “If the sun comes out
(P), it will be warm (Q),” the sentence is true if Q follows P. However, in
propositional logic the sentence is also true if P and Q do not occur, that is,
if the sun did not come out and if it did not get warm. This is because the
fact that P does not occur does not render false the relation “If P, then Q.”
Also, if P does not occur and Q does, the sentence is true, for we did not say
“Ifand only if P, . . . “With respect to the example above, if the sun does not
come out (P is false) but it becomes warm nonetheless (Q is true) this fact is
still compatible with and does not negate the statement “If the sun cornes out,
it will be warm.” If, however, the statement was “If and only if the sun comes
out (P), then it will be warm (Q),” then we could not have it be warm (Q is
true) without the sun (P is false) without the sentence being false. Note that
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if-then statements are addressing a logical connection between two elements,
not a causal one. Thus, “If B, then Q” does not imply that P causes Q.

The table below summarizes the truth values of if-then sentences. Notice
the one difference in truth value (*) for “if” and “if and only if” statements.

P | Q If P then Q | Ifand only if P then Q
T T T F
T F F F
*F T T F
F F T T
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CHAPTER 16
p. 285
:':|<—-108
(1/3) *108 = 36

// (1732 * 108 = 12
(1733 *108 =4
f ¥4

1 2 3 4
Bounce

FIGURE A.1 The distance, D, the ball travels:
D=108+2*36+2*12 + 2 * 4 =212 feet.

(Note: The assumption is that the ball is dropped vertically. I have repre-
sented it at an angle so that the components could be more clearly displayed.)

p- 286
A diagram of the rectangular board is shown in Figure A.2. From the
figure we see that

3y 4

| [7]7"
AN /7 \\ /
2X X

FIGURE A.2 A diagram showing the board that has been cut into three
pieces. What is the area of the board?

y =7 inches
x=4*y =28 inches
area=7*(2*x+x) =588 inches?
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p. 286
City: A B C D
l { |’ \’
10+(10+x) 10+x X
Distance, D
FIGURE A.3 A representation for Patti’s problem: D = 3(10 + x) =
390 miles
p. 288

We may use the following information to complete the matrix in
Figure 3.2.

Sue is not married to Tom.
Dick is not married to Sue or to May.

Putting X’s in these cells we see that Dick must be married to Bea. Putting
X’s in Bea’s column for Tom and Harry shows that Tom must be married to
May, Harry, in turn, is married to the unfaithful Sue.

p. 288

The matrix showing the givens is presented in Figure A.4. Use the infer-
ences to complete the matrix. Remember, each time you put in a circle, the
responding row and column can be filled in with X’s.

Stock- Sales-
broker Cook man

X
X110 | X | X
O
X X

FIGURE A.4 A representation of the second matrix problem, with the
given information filled in.

Singer
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p.288
Figure A.5 shows the filled-in matrix for the three boys with their quar-
ters and nickels. Pete and Jimmy have one and two nickels, respectively.

Quarters Nickels

Joey 1 3
Jimmy 3 2
Pete 5 1
Totals 9 6
(=$2.25) Grand total = $2.55

FIGURE A.5 Completed matrix for the coin problem.

pp- 289-290

If, in the handshaking problem, we let ; be 8, that is, be the person who
has shaken all eight of the others” hands, then only his wife, W, can be 0, that
is, can have shaken no one’s hands (the others have all shaken at least the hand
of H)).

Similarly, if we let /, be 7 then W, must be 1—everyone else (except W)
has shaken the hand of H; and H,. By similar analysis /5 is 6 and Wj is 2,
and Hj is 5 and W; is 3. The anthropologist’s husband, therefore, must have
shaken hands 4 times.

pp. 291

Suppose that, in the handball tournament, there are 7 contestants. Because
there can be only one winner, there must be 7 — 1 losers. Because there is
one loser per game, there must be 7z — 1 games.

p.- 292
No. of pieces, 7 No. of arrangements, A4,
1 5
2 5%5=52
3 5%5%5=53
4 5%5%5%5=54
5 5*5%5%5%5=5

FIGURE A.6  Generation of the pattern A, = 5.
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p. 292

k dishes and 7 pieces will produce 47 different arrangements.

p-292

No. of plates
and pieces, 7

No. of

permutations, P,

N N =

1
2*%1 =2
3*2*1 =6

4*3*2*%1 =24
5%4*3*2*1 =120

FIGURE A.7 Generation of the pattern P, = n(n-1) (»-2) . . .3(2)(1).

CHAPTER 17
pp. 297-298
PROBLEM
GROUP | AGE A B c D
8 n=1} 1 1 1
Music 10 4 4 4 4
12 5 5 5 5
8 1 1 1 1
Quiet 10 4 | 4| 4 | 4
12 5 5 5 5

FIGURE A.8 A matrix displaying the second of the three experiments.
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pp-297-298
PROBLEM No.
SEQUENCE OF S's

A B C 3 )
B Cc A 3

Males c A B 8 > n=18
A C B 3
Cc B A 3
B A o] 3
A B C 3
B c A 3

Females c A B 3 > n=18
A C B 3
Cc B A 3
B A C 3 )

FIGURE A.9 A matrix displaying the third of the three experiments.

CHAPTER 19

pp- 316-318
The analysis in the text of the LETS + WAVE = LATER problem brought

us to the point shown in the figure here:

1 ET 7
9 0VE
1 OTER

In addition, we know, from column 3, that E is 1 less than T. Look,
now, at column 2: T, when V is added to it, produces 1 less than itself. How
can that be? It is easy if V were 9, because any number plus 9 produces a
digit (in the teens) that is one less than itself. For example, 5 + 9 = 14, and
so on. V, however, cannot be 9, because we have already concluded that W is
9. Suppose, however, that a (1) is carried from the first column. Then V can
be 8. With that piece of information and the fact that T is 1 more than E we
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can turn our attention to the first column. If we let E take on different val-
ues, we immediately run into contradictions for all values but E = 5. (e.g.,
Can E be 4? No, because that would make R = 1, but L already = 1.) The
complete solution is

LETS 156 7
WAV E _ 9 0 85
L ATER 1065 2
pp. 319-320
From
DONALD
+ GERALD
R OBERT
we achieved
maao o
5 0NAL S
197 AL S
70B970

We can consider the special feature that there are two A’s in column 3.
The only digit that, when doubled and has a (1) added can produce a 9 (or
a 19) is 4 (or 9, which is excluded because E = 9). Similarly, L is either 3 or
8. Because a (1) is carried to the next column it must be 8. Continuing in
this way we conclude that

DONALD 5
GERALD _1

ROBERT 7

2 6
9 7
2 3

O H b
~ o
o o O
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pp- 322-323
Starting with Figure 6.5, we can make substantial progress in the Lonely-
8 problem by focusing on PROD 2. This has the appearance of

1 0 x x
- 9 x x « PROD?2

1 x

We know this much about the pair of X’s in the second column: They pro-
duce a difference of 1 and a (1) must be carried over to the 9 in the third
column. The only pairs of digits for which these conditions can hold are 0-
9, 0-8, or 1-9 (in the last two cases a (1) must be carried from the first col-
umn). Thus, PROD 2 is either 99x or 98x. This in turn means that DIV is
either 123 or 124.

Two other features will lead us to the complete solution.

1. Whenever a number is carried down and the result is not larger than DIV, we
place a 0 in the quotient. This happens two times—at the second and fourth
quotient digit.

2. The PROD-1 subtraction pattern is identical to the PROD-2 subtraction pat-
tern. Therefore, the first quotient digit must be an 8.

DIV, therefore, is 123 or 124, and the quotient is 80809. By multiply-
ing each of these possible DIVs by the digits in 80809, we find that only
124 produces a result consistent with all the information. The final answer is

80809

124 , 10020316

9%

1003
992

1116
1116

CHAPTER 20

pp- 327-330

We want to prove the theorem referred to by the captain, that the area
of the ring in Figure 7.2, where the length of the chord is given, is constant
regardless of the radii of the circles. The ring is shown again in Figure A.10,
where the radii of the two circles have been drawn in. The area of the larger
circle, Ap, is
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Ap=TR
and the area of the smaller circle, 4,, is
A, =12
The area of the disk is
Agix = Ap— A, = TR2 — 02 = T(R2 — 12).

Consider now the triangle formed by R, 7, and 100 in Figure A.10. By the
Pythagorean theorem,

7”2+ 1002 = R2 or 1002 = R2 — 42

Therefore, Agig = ©1002, regardless of the radii of the circles.

p. 329

We treat the sphere the way we did the disk in the preceding problem.
Determine the smallest sphere for which a 6-inch tube could be drilled through.
This approaches a sphere whose diameter is 6 inches, for which the width of
the tube approaches 0. If the volume of the resulting ring is the same for all
tubes of 6-inch length, then the ring volume is equal to the volume of a sphere
6 inches in diameter; that is,

V= (n63)/6 = 361

FIGURE A.10 The ring of dust with the radii of the two circles drawn in.
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CHAPTER 21
pp- 338-339

We can start toward the solution of the room diagonal by noticing that
it is part of the triangle shown in Figure A.11. If we can determine ¥, the floor
diagonal, then we can determine x from the Pythagorean theorem. Of course,
Y'is the hypotenuse of the triangle ABY and is

V-4 B
and

2=+ C=A2+ B+ (2

FIGURE A.11 The room showing the diagonal, x, as part of the trian-
gle xyc.

p- 339

Most people have trouble with this problem because they initially divide
the 24 coins into two groups of coins. Take the simplest version of only 3
coins, one of which is heavy. Place a single coin in each pan, setting the third
coin aside. If one pan goes down, that pan, of course, has the heavy coin. If
the pans balance, then the heavy coin must, of necessity, be the coin that was
set aside. Thus, you can locate a heavy coin among three in a single weigh-
ing. Follow a similar plan with 24 coins one of which is heavy. Divide them
into three groups of 8, 8, and 8, placing one group on each pan and setting
the third group aside. If neither side goes down then the third group must
contain the heavy coin. Thus, one weighing reduces the problem into find-
ing the heavy coin among eight. By dividing into three groups repeatedly,
the heavy coin can be determined in a total of three weighings. If the nature
of the defect (heavier or lighter) of the bad coin is not stipulated, then one
additional weighing is required (again, try it first with three coins).

p. 339

Take the simpler version of three stacks of three coins. Two of the stacks
contain two-ounce coins, one stack is counterfeit, consisting of one-ounce
coins. The bad stack may be determined in a single weighing by taking one
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coin from stack 1, two from stack 2, and three from 3. Place these six coins
on the scale. If all the coins were good, these six coins should weigh twelve
ounces. The number of ounces less than twelve gives the number of the stack
with the counterfeit coins.

CHAPTER 23

p- 360

The problem is to pack potato chips more compactly into their bags. The
analogue problem is to pack leaves efficiently into plastic bags. The unique
activity in the analogue is hosing down the leaves to make them pliable. The
equivalent is a process of moistening the potato chips before packing them.
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INTIMATE ENGAGEMENT

6—A22
n | 1 | 2 | 3 | 4
Difference between || 22 — 12 32_22 42 _ 32 52 42
(7 + 1)2 and »2 =3 =5 = =9

6-Qs (n+1)2—n2=n*+2n+1-n2=2n+1

7-A;.
Spin, 7 m |2 |3 |4 |5
Amount bet, A||1 2 4 8 16
20 21 22 23 24 A=on-1
7-A,.
Consecutive 7,
losses, C 1 2 3 4 5 6 win
Amount lost
each spin 1 2 4 8 16 | 32 || 64
Total amount
lost, T 1 3 7 15 31 63

Notice that the amount the gambler wins the first time (i.e., on the nth
spin) is 27~ 1. The total amount he has lost on all the preceding spins is 27!
— 1. Thus, on spin 7 he wins 64 dollars. Up to the start of spin 7, however,
he has lost 63 dollars.
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10. Externalize. A picture works nicely here:

' infasits g
10"
X 3
15"
A
P
Tom's
height
Bill's
height F—X
today
~
A
X=25"
11. A picture works nicely here too:
I | | I I I |
‘ trumpet flute oboe bassoon  clarinet ‘
More Cheaper

expensive

13. She went and looked at the passenger door, which opened normally.
She could see a piece of plastic near the lock assembly that was at a slightly
different angle from the plastic she had seen in the malfunctioning door. Going
back to that door and opening it the inch, she was able to move the plastic
into place. The door swung open.

14. He looked closely at the fan while it was operating. The protective
grill was attached to the body of the fan by three screws, but one of the screws
was missing. Touching that screw hole with his finger stopped the clatter. A
new screw solved the problem.

15. The key is that there was an odd number of sheep. Make a table of
dollars received for different numbers of cattle from 4 to 20. The only num-
bers of cattle that permit you to buy an odd number of sheep at 10 dollars a
sheep are 4 (16 dollars), 6 (36 dollars), 14 (196 dollars), and 16 (256 dol-
lars). These amounts all have a remainder of 6 dollars, with which they buy
the goat. Therefore, the pocketknife is worth 4 dollars.
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16. 720.
18. 310, A function-generating table will show you the way to the answer.

SPECIAL FEATURES

1. The D standing alone at the left must be equal to 1. From the first
column it follows that 7 = O. Therefore, A = 9.

2. Where on earth can a house be built such that each side has a south-
ern exposure? The North Pole. Hence, the bear must be white.

3-A;. In drawing a figure continuously, every time we approach an inter-
section we must leave it. Therefore any point in the middle of our drawing
must have an even number of lines radiating from it (in the following figure,

o

O

points A, B, C, and D each have two lines). Suppose two points have three
lines radiating, as O; and O, in the figure. The figure can still be drawn with
one continuous movement, but you must start at one of these “odd” inter-
sections and end at the other. If there are more than two odd intersections
(compare the figure below) then the figure cannot be drawn in one continu-
ous movement.

O
B C
O4 O;
A D
o)
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5. For any number between 1 and 999 Jean and Mary are both right.
For numbers greater than 999, Jo and Mary are both right. Try zero.

6. We can establish the minimum number of moves required for any
Tower-of-Hanoi problem with the aid of a function generating table. Proceed
as follows:

1. We have seen that a two-disk problem requires three moves.

2. A three-disk problem (moving the disks from A to C) requires first moving the
top two disks to B (three moves), moving the bottom disk to C (one move) and
then the top two disks, now on B, to C (three moves). Thus, the three-disk
problem is a two-disk problem followed by one move followed by another two-
disk problem. It requires, therefore, 3 + 1 + 3 = 7 moves.

3. Similarly, the four-disk problem is two three-disk problems plus one move, or
7 + 1 + 7 moves. This generates the table shown here.

Number of Disks Minimum Number of Moves
2 3
3 3 +3 +1= 7
4 7 +7 +1=15
5 15 +15 +1 = 31

If we study the pattern in the number of moves, we see that they are all
1 less than a power of 2; that is, the four numbers in the right-hand column
may be written as 22 — 1, 23 — 1, 24 — 1, 25 — 1. In general, for 7 disks, the
minimum number of moves required is 27 — 1.

7. Suppose the visitor had a five-link chain and wanted to stay five days.
He need cut only the center link. He will then have three sections of 2, 1,
and 2 links. He uses the single, link for the first day, a two-link unit (taking
back the 1) for the second day, 2 + 1 for the third, 2 + 2 for the fourth, and
all of them for the fifth. Thus, one cut link will suffice for a five-link chain.
Try it now for longer chains and longer visits.

8. Suppose that everything in the problem is the same except that, instead
of taking a sample of size fifty, we take a sample of size two. The first child
tested has an IQ of 150. Because the second child will be randomly selected,
our best estimate of the second score will be something close to the mean, that
is, to 100. Therefore, the mean of this sample of size two will almost always
be greater than 100. This is true no matter how large the sample is, although
the expected mean value comes closer to 100 as the sample is made larger.

12. Work with simple versions of this game. Suppose you played with 4
pennies instead of 16. Clearly, you would want to go second. Your oppo-
nent, going first, must leave you with 1, 2, or 3 pennies, so you can always
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pick up the last penny. Four pennies is the “loser choice,” and you always want
your opponent to have it. With 5, 6, or 7 pennies you want to go first. (Why?)
Continue increasing the number, making a table. What pattern do you see?
Do you understand why, with 16 pennies, you want to go second?

LATERAL THINKING

3.

4. Beware of functional fixedness. Most people have trouble with this
problem because they don’t think to use the box. They see its function as a
container of matches and, therefore, fail to see other uses to which it might
be put. The solution is to empty the inner box and tack it to the corkboard.
The box then becomes a stand on which the candle can be safely mounted.

5. You must break out of the two-dimensional set and think in three
dimensions. A pyramid, whose faces are four triangles, can be made with six
matches.

Q= Q) P =0
I R i
= —- - J —— <)

9. The fellow removed one lug from each of the other three wheels. He
bolted the spare tire onto the axle with the three lugs and drove this way
until he came to a station where he could buy additional lugs.

10. The driver let some air out of the tires until the truck lowered enough
that he could back out.

12. The match.
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13. The sun will not be shining. Thirty-six hours following noon it will
be midnight.

14. All three are standing side by side in a straight line, but George is
facing in the opposite direction from Bill and Mary.

15. In returning from B to A the salesman went west again. In other words,
he didn’t go forth and back, but went around the world.

16. The wife took a book of hotel matches sitting on the desk, lit one,
and in an instant burned through the plastic wire.

17. He got the bright idea of putting the spoon and egg under cold water
for a few seconds. The shell cooled enough that he could grasp it, but the
egg itself stayed hot.

18. He held a match near a lit bulb. The heat from the bulb dried the
match so that he was able to light it.

19. With a 1-, 3-, and 9-pound weight you can weigh anything up to 13
pounds. Satisfy yourself that this is the case. The largest additional weight that
will permit you to weigh 14 pounds is a 27-pound weight (put the 27-pound
weight on one side and the remaining weights on the other). With these four
weights (and the use of the subtraction procedure) you can measure any pack-
age up to 40 pounds. Incidentally, do you notice an interesting progression
in these numbers?
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