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Preface

Critical reasoning requires the criteria provided by logic. It requires a critical reasoner who
is sensitive to the context of the materials being examined. Critical reasoning requires an
evaluation process by which revision is possible, of both the reasoning being examined
and the critical reasoner him- or herself. Furthermore, I have been influenced by my belief
that critical reasoning must be practical. Students will use logic only when they are shown
that it is relevant to them. Also, I have kept in mind that the role of critical reasoning is not
to end discussion, but to stimulate it, for, in discussion, new insights are gained. Critical
reasoning is best learned when students observe instructors doing it and allowing students
to engage in it. As a result, some of the positions taken in this text are open to debate. For
example, does one's attitude toward truth affect one's approach to critical reasoning? Or
can some arguments reflect both deductive and inductive reasoning? Finally, the text
reflects my belief that an adequate system of critical reasoning must have a balanced
emphasis between deductive and inductive reasoning. Induction, which is the most practi-
cal form of reasoning, cannot be relegated to a single chapter or two. Nor should the pre-
sentation of deductive reasoning leave the student with the idea that a valid argument
renders truth. Depending upon the nature of the course, the interests of the instructor, and
the abilities of the students, some sections of the text will be more relevant than others.
While critical reasoning is an art and a science that requires both the discipline and
practical application of logic, there is no single approach to teaching the subject. Some
instructors prefer to approach critical reasoning from a more formal and rigorous angle,
even in their introductory courses in logic. Others—especially those who do critical think-
ing—prefer a very informal approach that deals only with arguments in natural language.
In writing this text, I have kept both approaches in mind. I have maintained the precision
and rigor, to the extent possible in an introductory text, that is required by the more formal
approach. I also have preserved the flexibility of the informal strategy. It is important both
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to make critical reasoning relevant to students and to understand how much material can
be realistically covered in a term, while meeting the requirements and objectives of the
course. This text covers more ground than any instructor could cover in a single semester
with undergraduates. The following lists illustrate four possible approaches to critical rea-
soning and relevant corresponding sections of the text.

Informal-logic emphasis Critical-thinking emphasis

Chapters 1, 2, 3,4,5,6,7 Chapters 1, 2, 3, Application Part I, 5, Application
Part I1, 7, Application Part III, 10

Inductive-Reasoning emphasis Deductive-Reasoning emphasis

1,3,4,5,6 1,3,7,8,9

As with any major writing project, this work is the product of many individuals, and
I want to acknowledge my gratitude publicly. When I began graduate work in philosophy,
Dr. Spencer Wertz piqued my interest in logic. He taught me that logic is not a dead disci-
pline, but a field in which much more work needs to be done. Since then, he has been a
constant source of advice, encouragement, and criticism. I dedicate this work to him. I
want to thank Dr. Louis Pojman for his steadfast support. By example, he taught me what
it means to be a teacher at heart. I have fond memories of the University of Texas—Dallas
because of the courses I took from Professor Pojman. The late Dr. Neil Daniel (of the
English Department at Texas Christian University) had more patience than most people I
know. I want to publicly express my thanks to him for helping me improve my writing
skills. Also, I wish to thank Tony Cantu, Dean of Instruction at Fresno City College, for his
encouragement. While this text owes a debt to all my critical reasoning students at Texas
Christian University (TCU) and now at Fresno City College (FCC), I especially want to
thank David Williams (TCU), Joel Bush (TCU), Gail Mayberry (FCC), Linda Calandra
(FCC), and Kristine Snow (FCC). As always, I must acknowledge the important role my
family played in writing this text: They allowed me to pursue my dream. Thanks, Kath,
Brian, and Mandie.

Others to whom I wish to express gratitude include Danney Ursery (St. Edwards
University), Mary Landers (TCU), Mark Pressman (FCC), John Clifford (University of
Missouri—St. Louis), and Jim Druley (State Center Community College District—North
Centers). The help of the staff at Prentice Hall was indispensable. Special thanks must be
extended to Ross Miller, Karita France, Jennifer Ackerman, Carolyn Smith, Susanna
Lesan, Susan G. Alkana, and the rest of the staff at Prentice Hall, as well as the numerous
reviewers whose comments helped improve this project. They include Robert G. Pielke,
El Camino College; Charles F. Kielkopf, The Ohio State University; Glenn C. Joy,
Southwest Texas State University; Dolores Miller, University of Missouri, Kansas City;
Michael Coste, Front Range Community College; Marina Banchetti, Florida Atlantic
University; Frank X. Ryan, Kent State University; Pedro Amaral, Calif State University,
Fresno; John Halpin, Oakland University; Priscilla Sakezles, Univ of Akron; Peter
Hutcheson, Southwest Texas State University; Kenneth Stern, SUNY, Albany; A.C.W.
Bethel, Calif Polytechnic State University, San Luis Obispo; Royce P. Jones, Illinois
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College; Joseph J. Tarala, Ocean Community College; Thomas G. Morrow, Richland
Community College; Bruce K. Hanson, Fullerton College; Adam D. Moore, Columbus
State Community College; Milton C. Moreland, University of LaVerne; Ann J. Cahill,
Elon College; Joel Lindsey, Pennsylvania State University; Frances Lozano, Gavilan
College.



Contents

Preface XiX

PART ONE: INTRODUCTION

PREFACE TO INTRODUCTION 1

1 Introduction to Critical
Reasoning 2

1.1 TWO EXAMPLES OF REASONING 2
1.2 WHY STUDY CRITICAL REASONING? 3

1.3 HOW SHOULD WE STUDY CRITICAL
REASONING? 5

2 Foundations 7

2.1 LANGUAGE: A SOURCE OF PROBLEMS AND
INSIGHTS 7

2.1A Exercise: Identifying Types of Definitions 13
2.1B Exercise: Identifying Usage of Definitions 16
2.1C Exercise: Evaluating Definitions 18

2.2 BASIC EPISTEMOLOGY 19

2.3 CLEAR THINKING: CLARITY, RELEVANCE,
AND CONSISTENCY 23

ix



3 Introduction to Arguments 25

3.1 CHARACTERISTICS OF ARGUMENTS 25
3.2 RECOGNIZING ARGUMENTS 29

3.3 EXERCISE: IDENTIFYING
ARGUMENTS 33

3.4 ASSUMPTIONS 36

3.5 EXERCISE: IDENTIFYING
ASSUMPTIONS 37

3.6 EXPLANATIONS VERSUS
JUSTIFICATIONS 38

3.7 EXERCISE: IDENTIFYING AND
INTERPRETING ARGUMENTS 38

3.8 EXTENDED ARGUMENTS 46

3.9 EXERCISE: EXTENDED ARGUMENTS 49

3.10 BASIC CRITERIA FOR ALL ARGUMENTS 53

3.11 EXERCISE: IDENTIFYING FALLACIES
CAUSED BY UNCLEAR THINKING 60

3.12 ONE ADDITIONAL STEP 64

3.13 EXERCISE: BASIC TYPES OF
REASONING 66

3.14 A CLOSING COMMENT 67

Contents



Contents xi

PART ONE: APPLICATION 68

NOTES FOR PART 1 76

PART TWO: INDUCTIVE REASONING
PREFACE TO INDUCTION 79
THE PROBLEM OF INDUCTION 80

RESPONSES TO THE PROBLEM 81

4 Introduction to Probability 86
4.1 PROBABILITY THEORY 86

4.2 BASIC PROBABILITY 88
4.3 SINGLE-EVENT PROBABILITIES 89

4.4 EXERCISE: SINGLE-EVENT
PROBABILITIES 90

4.5 CONJUNCTION OF INDEPENDENT
EVENTS 90

4.6 EXERCISE: CONJUNCTION OF
INDEPENDENT EVENTS 91

4.7 CONJUNCTION OF DEPENDENT
EVENTS 92



xii

4.8 EXERCISE: CONJUNCTION OF DEPENDENT
EVENTS 93

4.9 MUTUALLY EXCLUSIVE ALTERNATIVE
EVENTS 93

4.10 EXERCISE: MUTUALLY EXCLUSIVE
ALTERNATIVE EVENTS 95

4.11 TWO ADDITIONAL FORMULAS 95

4.12 EXERCISE: MIXED PROBABILITIES 96
4.13 BAYESIAN CONFIRMATION 97

4.14 EXERCISE: BAYESIAN CONFIRMATION 101

4.15 LOOKING AHEAD 103

5 Enumerative Induction 104

5.1 INTRODUCTION TO ENUMERATIVE
INDUCTION 104

5.2 CRITERION FOR EVALUATING
ENUMERATIVE REASONING 105

5.3 ADDITIONAL OBSERVATIONS 112
5.4 ANALYSIS 117

5.5 SIMPLE ENUMERATION 119
5.5A Exercise: Simple Enumeration 122
5.5B Exercise: Writing Simple Enumerative
Arguments 122

5.6 INDUCTIVE GENERALIZATION 123

5.6A Exercise: Inductive Generalization 126

Contents



Contents xiii

5.6B Exercise: Writing Inductive
Generalizations 127

5.7 ARGUMENT FROM ANALOGY 127

5.7A Exercise: Argument from Analogy 129
5.7B Exercise: Writing Arguments from
Analogy 131

5.8 STATISTICAL SYLLOGISM 131
5.8A Exercise: Statistical Syllogism 133
5.8B Exercise: Writing Statistical Syllogisms 134

5.9 APPEAL TO AUTHORITY 135
5.9A Exercise: Appeal to Authority 136
5.9B Exercise: Writing Appeals to Authority 136

5.10 APPEAL TO EXPERIENCE 136

5.10A Exercise: Appeal to Experience 137
5.10B Exercise: Writing Appeals to
Experience 138

5.11 OVERVIEW OF ENUMERATIVE
INDUCTION 138

5.12 EXERCISE: MIXED ENUMERATIVE
INDUCTION 139

5.13 EXERCISE: WRITING ENUMERATIVE
ARGUMENTS 148

6 Causal Reasoning 149

6.1 INTRODUCTION TO CAUSAL
REASONING 149

6.2 CAUSAL FALLACIES 150



Xiv

Contents

6.3 NECESSARY AND SUFFICIENT
CONDITIONS 151

6.4 EXERCISE: CAUSAL REASONING 152
6.5 MILL'S METHODS 154

6.6 EXERCISE: MILL'S METHODS 160
PART TWO: APPLICATION 163

NOTES FOR PART 11 L&l

PART THREE: DEDUCTIVE REASONING

PREFACE TO DEDUCTION 175

7 Conditional Logic 177

7.1 CONDITIONAL STATEMENTS 177
7.1A Exercise: Conditional Statements 178
7.1B Exercise: Writing Conditional
Statements 181

7.2 CONDITIONAL ARGUMENTS 182
7.2A Exercise: Conditional Arguments 184
7.2B Exercise: Writing Conditional
Arguments 187

7.3 USING CONDITIONAL REASONING
TO WRITE 187

7.3 Exercise: Writing an Essay Using

Conditional Reasoning 188



Contents

8 Propositional Logic 189

8.1 KEY CONCEPTS 189
8.2 CREATING FORMAL LANGUAGE 194

8.2A EXERCISE: ORDER OF
INTERPRETATION 199

8.2B EXERCISE: WRITING WFFs 199

8.3 CONSISTENCY AND TRUTH TABLES 199
8.3A Exercise: Truth Tables and Consistency 201
8.3B Exercise: Consistency of a Single
Statement 201
8.3C Exercise: Writing Sets of WFFs and Testing
Them 202

8.4 LOGICAL EQUIVALENCE AND TRUTH
TABLES 202

8.4A Exercise: Logical Equivalence and Truth

Tables 202

8.4B Exercise: Write Pairs of WFFs and Testing

for Equivalence 203

8.5 STATEMENTS AND TRUTH TABLES 203
8.5A Exercise: Statements and Truth Tables 204
8.5B Exercise: Writing WFFs and Testing
Statements 204

8.6 ARGUMENTS AND TRUTH TABLES 205
8.6A Exercise: Arguments and Truth Tables 206
8.6B Exercise: Writing Arguments 209

8.7 TRANSLATING FROM ENGLISH INTO
FORMAL LANGUAGE 209

8.7A Exercise: Translating Sentences 210

XV



XVi

8.7B Exercise: Translating Arguments 211
8.7C Exercise: Writing and Translating
Arguments 214

8.8 TRUTH TREES 214
8.8A Exercise: Truth Trees and Validity 217
8.8B Exercise: Truth Trees and Consistency 221
8.8C Exercise: Truth Trees and Statements 222
8.8D Exercise: Truth Trees and Equivalence 223

8.9 NATURAL DEDUCTION 224
8.9A Replacement Rules 224
8.9A Exercise: Natural Deduction and
Replacement Rules 227
8.9A-2 Exercise: Natural Deduction and
Ordinary Language 228
8.9B Derivation Rules 228
8.9C Using Replacement and Derivation Rules to Test for
Validity 230
8.9C Exercise: Natural Deduction and
Justification 231
8.9D Reductio ad Absurdum 236
8.9D Exercise: Natural Deduction and Reductio
ad Absurdum 238
8.9E Conditional Proofs 241
8.9E Exercise: Natural Deduction and
Conditional Proofs 242
8.9F Exercise: Natural Deduction and Validity 245
8.9G Natural Deduction and Writing 247
8.9H Exercise: Using Natural Deduction to Write 248

9 Categorical and Predicate
Logics 249

9.1 INTRODUCTION TO CATEGORICAL
LOGIC 249

9.1A Exercise: Categorical Statements 253

Contents



Contents Xvii

9.1B Exercise: Nonstandard Categorical
Statements 254

9.2 TESTING BY RULES 255
9.2A Exercise: Categorical Arguments 256
9.2B Exercise: Categorical Arguments 256

9.3 INTRODUCTION TO PREDICATE LOGIC 257
9.4 EXERCISE: TRANSLATING 259

9.5 PREDICATE LOGIC AND TRUTH TREES 260
9.5A Exercise: Predicate Logic 264
9.5B Exercise: Predicate Logic 265

9.6 EXERCISE: TRANSLATION AND PREDICATE
LOGIC 266

PART THREE: APPLICATION 267

NOTES FOR PART 111 271

PART FOUR: APPLICATION

10 Pulling It All Together 274
10.1 COURSE PROJECT 274

10.2 STUDENT PAPERS 275

NOTES FOR PARTIV 286
Appendix: Scientific Confirmation 287

Answers to Selected Problems 294



