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Overview
The goal of Mathematics: A Practical Odyssey is to expose students to the util-
ity, relevance, and beauty of mathematics in the context of every-day themes 
and across multiple disciplines, and to broaden the narrow view of mathemat-
ics that may come from an isolated study of algebra. The text incorporates 
many items of interest, including historical notes, articles, and discussions of 
contemporary issues along with many rich illustrations and fine art to demon-
strate a wide range of topics. We believe that students who engage with the 
content in this text will have a broader outlook and understanding of the 
world around them, in the spirit of a true liberal arts education. They will 
benefit not only from the analytical tools and mathematical skills they prac-
tice and acquire, but from the references to important scientific research and 
discoveries, as well as works of literature, history, art, and politics. 

The following list is meant to make the text’s goals more concrete. Skim 
the list to learn more about typical outcomes for each chapter. Also use the 
list to identify areas that you might cover in your course.

 l In Chapter 1, Logic, learn to analyze the validity of an argument.

 l In Chapter 2, Sets and Counting, and Chapter 3, Probability, learn to under-
stand the risks of inherited diseases and the outcomes associated with lot-
teries and bets.

 l In Chapter 4, Statistics, learn to understand the accuracy and validity of a 
public opinion poll.

 l In Chapter 5, Finance, learn the ins and outs of buying a house or car, 
and using student loans to finance your college education.

 l In Chapter 6, Voting and Apportionment, learn that there is no perfect vot-
ing system or method of apportionment.

 l In Chapter 7, Number Systems and Number Theory, learn about the ori-
gins of commonly used number systems and their applications and learn 
about the expression of the Fibonacci numbers in nature and the golden 
ratio art.

 l In Chapter 8, Geometry, learn to understand its origins and applications.

 l In Chapter 9, Graph Theory, learn to create networks and apply graph the-
ory to schedules.

 l In Chapter 10, Exponential and Logarithmic Functions, learn how popula-
tions grow, how radiocarbon dating works, how the Richter scale mea-
sures earthquakes, and how sound is measured in decibels.

 l In Chapter 11, Markov Chains, learn how manufacturers can predict their 
products’ success or failure in the marketplace.

 l In Chapter 12, Linear Programming, learn how a small business can deter-
mine how to utilize limited resources to maximize its profit.

 l In Chapter 13, Calculus, learn more about the subject and its uses. (Note: 
this chapter does not appear within the textbook, but via www.cengagebrain.
com only.)

ix
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x  OVERVIEW

course Level and Flexibility
Mathematics: A Practical Odyssey is written for the student who has a work-
ing knowledge of  intermediate algebra, not the student who has a perfect 
mastery of  it. The student is expected to use this knowledge to acquire 
critical thinking and quantitative reasoning skills. Even though some chap-
ters are not algebra-based, it could be challenging for a student without 
background in intermediate algebra to succeed in a course using this book. 
While the specific skills students learn in intermediate algebra courses do 
not always directly apply, the chapters require a level of  critical thinking and 
mathematical maturity more commonly found in students who have passed 
intermediate algebra.

This book contains a wide range of topics. As much as possible, it has 
been written so that its chapters are independent of each other. Instructors 
have wide latitude in selecting topics to cover and can therefore customize the 
course so that it is responsive to the needs of each instructor’s individual 
classes and institution. In some cases, a chapter has a suggested core of key 
sections as well as a selection of optional sections that offer enrichment. These 
sections are not labeled as “core” and “optional” in the book; rather, this dis-
tinction is made in the Chapter Summaries that are found in the Instructor’s 
Resource Manual (which can be accessed via the Instructor’s Companion Site 
at www.cengagebrain.com).

While instructors may pick and choose chapters to suit the needs of the 
course, we do recommend that a few topics precede others. Please see the 
Instructor’s Resource Manual posted on the Instructor Companion Site for 
more specifics on content connections and dependencies as outlined in the 
Chapter Summaries.

New to the eighth edition
In Chapter 1, Logic:

 l a new section 1.6 on Deductive Proof of Validity appears. In this section, 
elementary valid argument forms and common rules of  replacement 
are developed; formal proofs of  validity are then constructed by apply-
ing the basic rules of  inference.

 l the four standard form categorical proposition types are now included: the 
universal affirmative, the universal negative, the particular affirmative, and 
the particular negative.

 l all conditional statements of the form “p implies q” now use standard ter-
minology in which p is referred to as the “antecedent” and q the “conse-
quent.”

In Chapter 3, Probability:

 l hemophilia is now covered along with other inherited diseases.

 l the treatment of Simpson’s paradox has been expanded.

In Chapter 4, Statistics:

 l the distinction between sample and population standard deviation is intro-
duced and explored in new exercises.
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OVERVIEW  xi

In Chapter 5, Finance:

 l there is a new focus on student finance, including student loans and 
maxed-out credit cards.

In Chapter 7, Number Systems and Number Theory:

 l there is a new emphasis on how certain bases, including base four, base 
five, base eight, base ten, base twelve, and base twenty, correspond to 
humanity’s historical use of different body parts in counting, and why 
base sixty is used to keep time and to measure angles.

Chapter 11, Markov Chains, has been rewritten so that the material is more 
accessible, and so that review topics more closely fit our just-enough, just-in-
time review policy.

In many chapters, especially Chapter 3 on Probability, and Chapter 5 on 
Finance, discussions and examples were heavily streamlined and given more 
structure to support students.

Exercises that require that the student engage in hands-on activities are 
now included. These same exercises can be used for in-class activities.

Throughout the textbook, real-world data within examples and exercises 
have been updated.

“Rough checks” now teach the student how to determine if  an answer is 
reasonable; that is, if  it’s “in the ballpark.”
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xii  OVERVIEW

chapter Openers
The chapter openers provide 
background and motivation 
for the study of the topics 
within each chapter. “What 
We Will Do in This Chapter,” 
gives a preview of concepts 
and topics that will be 
explored.

s

Features

examples
The worked-out examples contain 
detailed steps that effectively dem-
onstrate solution methods. There is 
a special emphasis placed on 
checking that solutions are reason-
able and presented in a form that is 
mathematically appropriate. Some 
of the checks are specially called 
out as “Rough Checks” to help 
students get in  the habit of deter-
mining whether an answer makes 
sense. Other “Calculation Notes” 
provide tips to help students avoid 
common errors. Both types of 
checks can be found following the 
solutions of selected examples.

s
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OVERVIEW  xiii

Featured in the News
Newspaper and magazine 
articles illustrate how the 
book’s topics come up in the 
real world.

s

Topic X
Topic X provides an opportu-
nity to reinforce the practical 
emphasis of the text by illus-
trating current, powerful, real-
word uses of the text’s topics. 
The exercises that relate back 
to Topic X, included among 
the end-of-section exercises, 
take on increased significance 
and meaning as students see 
the text concepts put into 
direct context. 

s

Found throughout the text,  
historical Notes high-
light the work of important 
people or events that relate 
to topics or concepts under 
discussion.

s
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xiv  OVERVIEW

The Next Level
These special exercises are 
designed to help prepare stu-
dents for admission exami-
nations such as the GRE 
(required for graduate school) 
or the GMAT (required for 
graduate study in business).

s

The hands On exercises and 
projects provide opportunites 
for further exploration or enrich-
ment, often requiring students to 
try something first-hand or per-
form more open-ended research.

s

Answers to the odd-numbered exercises are given in the back of the book, 
with two exceptions:

 l Answers to historical questions and essay questions are not given.

 l Answers are not given when the exercises instruct the student to check the 
answers themselves.

exercises
The section-ending exercises are 
fresh, relevant, and span a wide vari-
ety of types. They are designed to 
solidify students’ understanding of 
the material and make them profi-
cient in the calculations involved.
 In sections where Topic X appears, 
exercises relating back to the featured 
discussion are included.

s

The short-answer history 
questions are meant to focus 
and reinforce the students’ 
understanding of the histor-
ical material.

s

concept questions 
test students understanding 
of ideas, often asking them 
to provide their own exam-
ples or explain main ideas in 
their own words.

s
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OVERVIEW  xv

GrAphING AND ScIeNTIFIc cALcuLATOrS
Calculator boxes provide all of the necessary keystrokes for both scientific 
calculators and graphing calculators. Calculator subsections go beyond the 
keystrokes to offer more in-depth guidance.

The calculator boxes often offer keystrokes for several models of calculator, to 
provide optimal support.
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xvi  OVERVIEW

Microsoft excel©
A number of subsections that 
give instruction on the use of 
Excel are included. The fol-
lowing topics are addressed:

 l Section 4.1: Histograms 
and Pie Charts on a 
Computerized 
Spreadsheet (page 251)

 l Section 4.3: Measures of 
Central Tendency and 
Dispersion on Excel 
(page 285)

 l Section 5.4: Amortized 
Loans (page 396)

These subsections allow 
instructors to incorporate 
the computer into their class 
if  they so desire, but they are 
entirely optional, and the 
book is in no way computer 
dependent. The subsections 
do not assume any previous 
experience with Excel.

s

Algebra review
Algebra reviews are just-
enough, just-in-time. Algebra 
topics that may not have been 
covered in the students’ alge-
bra classes and topics to 
which students typically need 
multiple exposures are 
reviewed in sections placed 
immediately prior to the loca-
tion where the topics are 
used, usually in a “section 
zero” at the beginning of the 
chapter. Those review sec-
tions cover only what is need-
ed. More basic topics such as 
equation solving are not for-
mally reviewed. Rather, the 
examples are selected so that 
they both explain the new 
material and review the 
appropriate algebra at the 
same time.

s
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OVERVIEW  xvii

chapter review and 
review exercises

At the end of every chapter 
is a Review including impor-
tant Terms, Formulas, and 
summary of procedures or 
steps for solving problems 
found in the chapter. 
Following the Review are 
exercises similar to those 
found in each section of the 
chapter for students to 
use in preparation for a test 
or exam.

s
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xviii  OVERVIEW

TO The STuDeNT, AS yOu eMBArk ON yOur  
ODySSey . . .
This textbook is designed for students in liberal arts programs and other fields 
that do not require a core of mathematics. The term liberal arts is a translation 
of a Latin phrase that means “studies befitting a free person.” It was applied 
during the Middle Ages to seven branches of learning: arithmetic, geometry, 
logic, grammar, rhetoric, astronomy, and music. You might be surprised to 
learn that almost half  of the original liberal arts are mathematics subjects.

In accordance with the tradition, handed down from the Middle Ages, 
that a broad-based education includes some mathematics, many institutions 
of higher education require their students to complete a college-level mathe-
matics course. These schools award a bachelor’s degree to a person who not 
only has acquired a detailed knowledge of his or her field but also has a broad 
background in the liberal arts.

The goal of this textbook is to expose you to topics in mathematics that 
are usable and relevant to any educated person. We hope that you will encoun-
ter topics that will be useful at some time during your life. In addition, you are 
encouraged to recognize the relevance of mathematics to a well-rounded edu-
cation and to appreciate the creative, human aspect of mathematics.

Your algebra background doesn’t have to be perfect, but algebra will 
come up. It’s also true that this book is written for a college-level math course. 
For the best result, you will have to work hard and put in a solid effort. 

Your success in this course is important to us. To help you achieve 
that success, we have incorporated features in the textbook that promote 
learning and support various learning styles. Among these features are 
algebra review and instructions in using a calculator.

Our algebra reviews occur at the very beginning of the chapters, and they 
review only the algebra that comes up in that chapter. There are many topics 
in algebra in which students need to review and sharpen their skills. Calculator 
boxes give you all of the necessary keystrokes for scientific calculators and for 
graphing calculators. Calculator subsections help you learn how to use your 
calculator when a list of keystrokes is just not enough. We encourage you to 
examine these features and use them on your successful odyssey throughout 
this course.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



OVERVIEW  xix

SuppLeMeNTS

FOr The STuDeNT FOr The INSTrucTOr

Instructor’s edition
(ISBN: 978-1-305-10418-1)
The Instructor’s Edition features an appendix containing 
the answers to all problems. (Print)

Student Solutions Manual 
(ISBN: 978-1-305-10863-9)
The Student Solutions Manual provides worked-out solutions 
to odd-numbered problems in the text. Use of  the solu-
tions manual ensures that students learn the correct steps 
to arrive at an answer. (Print)

Instructor’s resource Manual 
(ISBN: 978-1-305-11309-1)
The Instructor’s Resource Manual provides worked-out 
solutions to all of the problems in the text and includes 
suggestions for course syllabi and chapter summaries. This 
manual can be found on the Instructor Companion Site.

Text Specific DVDs 
(ISBN: 1111571570)
Hosted by Dana Mosely, these professionally produced 
DVDs cover key topics of the text, offering a valuable 
alternative for classroom instruction or independent study 
and review. (Media) 

Text Specific DVDs
(ISBN: 1111571570)
Hosted by Dana Mosely, these professionally produced 
DVDs cover key topics of the text, offering a valuable 
alternative for classroom instruction or independent study 
and review. (Media) 

enhanced WebAssign®

Instant Access Code: 978-1-285-85803-6
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When writer Lewis Carroll took Alice on her journeys down the rabbit hole to 
Wonderland and through the looking glass, she had many fantastic encounters 
with the tea-sipping Mad Hatter, a hookah-smoking Caterpillar, the Cheshire Cat, 
and Tweedledee and Tweedledum. On the surface, Carroll’s writings seem to be 
delightful nonsense and mere children’s entertainment. Many people are quite 
surprised to learn that Alice’s Adventures in Wonderland is as much an exercise 
in logic as it is a fantasy and that Lewis Carroll was actually Charles Dodgson, an 
Oxford mathematician. In addition to “Alice,” Dodgson’s many writings include 
the whimsical The Game of Logic and the brilliant Symbolic Logic.

Logic has fascinated scholars, philosophers, detectives, and star ship of-
ficers from the ancient, classic Greeks, to the ecentric, violin-playing Sherlock 
Holmes, to the deadpan, emotionless Mr. Spock. In today’s world of misleading 
commercial claims, innuendo, and political rhetoric, it is imperative that we em-
ploy logic to distinguish valid from invalid arguments; consequently, armed with 
the fundamentals of logic, we can “live long and prosper.”

What We Will Do In This Chapter
 l We will study the basic components of logic and its application.
 l We will explore different types of reasoning (deductive and inductive) and 

how they are applied to puzzles, critical thinking, and problem solving.

logic

(continued)
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Logic is the science of correct reasoning. Webster’s New World College Dictionary 
defines reasoning as “the drawing of inferences or conclusions from known or 
assumed facts.” Reasoning is an integral part of our daily lives; we take appropri-
ate actions based on our perceptions and experiences. For instance, if you always 
encounter a traffic jam when taking a specific route while driving to school, you 
may decide to take an alternate route or leave home earlier on the day of an exam!

What We Will Do In This Chapter (continued)

 l We will analyze and explore various types of statements and the conditions 
under which they are true. This process will be steamlined by translating verbal 
statements into symbolic form.

 l We will explore equivalent forms of statements, including those of the 
conditional form “if . . . then . . .”. In so doing, we will learn the difference 
between a “necessary condition” and a “sufficient condition.”

 l We will use various methods including Venn diagrams, truth tables, and formal 
deductive proofs to determine the validity of an argument.

 l We will look at the lives and accomplishments of some of the influential people 
who have shaped the study logic.

Logic is the science of correct  reasoning. 
Auguste Rodin captured this ideal in his 
bronze sculpture The Thinker. 

Va
nn

i A
rc

hi
ve

/A
rt 

Re
so

ur
ce

, N
Y

In their quest for logical perfection, the  
Vulcans of Star Trek abandoned all emo-
tion. Mr. Spock’s frequent proclamation that 
“emotions are illogical” typified this attitude. 
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DeDuctive versus inDuctive reasoning1.1

objectives
  l Use Venn diagrams to determine the validity of deductive arguments

  l  Use inductive reasoning to predict patterns
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1.1 Deductive versus Inductive Reasoning  3

 n Problem solving
Logic and reasoning are associated with the phrases problem solving and criti-
cal thinking. If  we are faced with a problem, puzzle, or dilemma, we attempt 
to reason through it in hopes of arriving at a solution.

The first step in solving any problem is to define the 
problem in a thorough and accurate manner. Although this 
might sound like an obvious step, it is often overlooked. Al-
ways ask yourself, “What am I being asked to do?” Before you 
can solve a problem, you must understand the question. Once 
the problem has been  defined, all known information that is 
relevant to it must be gathered, organized, and analyzed. This 
analysis should include a comparison of the present problem 
to previous ones. How is it similar? How is it different? Does 
a previous method of solution apply? If it seems appropriate, 
draw a picture of the problem; visual  representations often 
provide insight into the interpretation of clues.

Before using any specific formula or method of solu-
tion, determine whether its use is valid for the situation at 
hand. A common error is to use a formula or method of so-
lution when it does not apply. If  a past formula or method 
of solution is appropriate, use it; if  not, explore standard 
options and develop creative alternatives. Do not be afraid 
to try something different or out of the ordinary. “What if  I 
try this . . . ?” may lead to a unique solution.

 n Deductive reasoning
Once a problem has been defined and analyzed, it might fall into a known 
category of problems, so a common method of solution may be applied. For 
instance, when one is asked to solve the equation x2 5 2x 1 1, realizing that 
it is a second-degree equation (that is, a quadratic equation) leads one to put 
it into the standard form (x2 2 2x 2 1 5 0) and apply the Quadratic Formula.

Using his extraordinary powers of logical deduction, 
Sherlock Holmes solves another mystery. “Finding the 
villain was elementary, my dear Watson.”
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 examPle 1 Using dedUctive reasoning to soLve an eqUation  Solve 
the equation x2 5 2x 1 1. 

The given equation is a second-degree equation in one variable. We know that 
all  second-degree equations in one variable (in the form ax2 1 bx 1 c 5 0) can 
be solved by applying the Quadratic Formula:

x 5
2b 6 Ïb2 2 4ac

2a

Therefore, x2 5 2x 1 1 can be solved by applying the Quadratic Formula:

x2 5 2x 1 1

x2 2 2x 2 1 5 0

x 5
2s22d 6 Ïs22d2 2 s4ds1ds21d

2s1d

x 5
2 6 Ï4 1 4

2

SoluTIon
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4  CHAPTER 1 logic

x 5
2 6 Ï8

2

x 5
2 6 2Ï2

2

x 5
2s1 6 Ï2d

2

x 5 1 6 Ï2

 The solutions are x 5 1 1 Ï2 and x 5 1 2 Ï2.

In Example 1, we applied a general rule to a specific case; we reasoned that 
it was valid to apply the (general) Quadratic Formula to the (specific) equation  
x2 5 2x 1 1. This type of logic is known as deductive reasoning—that is, the 
 application of a general statement to a specific instance.

Deductive reasoning and the formal structure of logic have been studied for 
thousands of years. One of the earliest logicians, and one of the most renowned, 
was Aristotle (384–322 b.c.). He was the student of the great philosopher Plato 
and the tutor of Alexander the Great, the conqueror of all the land from Greece 
to India. Aristotle’s philosophy is pervasive; it influenced Roman Catholic theol-
ogy through St. Thomas Aquinas and continues to influence modern philoso-
phy. For centuries, Aristotelian logic was part of the education of lawyers and 
politicians and was used to distinguish valid arguments from invalid ones.

For Aristotle, logic was the necessary tool for any inquiry, and the syllo-
gism was the sequence followed by all logical thought. A syllogism is an argu-
ment composed of two statements, or premises (the major and minor prem-
ises), followed by a conclusion. For any given set of premises, if  the conclusion 
of an argument is guaranteed (that is, if  it is inescapable in all instances), the 
argument is valid. If  the conclusion is not guaranteed (that is, if  there is at least 
one instance in which it does not follow), the argument is invalid.

Perhaps the best known of Aristotle’s syllogisms is the following:

1. All men are mortal. major premise
2. Socrates is a man.      minor premise
Therefore, Socrates is mortal. conclusion

When the major premise is applied to the minor premise, the conclusion 
is  inescapable; the argument is valid.

Notice that the deductive reasoning used in the analysis of Example 1 has 
 exactly the same structure as Aristotle’s syllogism concerning Socrates:

1.  All second-degree equations in one variable can be major premise
 solved by applying the Quadratic Formula. 
2. x2 5 2x 1 1 is a second-degree equation in one variable. minor premise
 Therefore, x2 5 2x 1 1 can be solved by applying the  conclusion
Quadratic Formula.

Each of these syllogisms is of the following general form:

1. If  A, then B. all A are B. (major premise)
2. x is A.         We have A. (minor premise)
Therefore, x is B. therefore, we have B. (conclusion)

Historically, this valid pattern of  deductive reasoning is known as modus 
ponens.
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1.1 Deductive versus Inductive Reasoning  5

 n Deductive reasoning and venn Diagrams
The validity of a deductive argument can be shown by use of a Venn diagram. 
A venn diagram is a diagram consisting of various overlapping figures contained 
within a rectangle (called U, the “universe”). To depict a statement of the form 
“All S are P” (or, equivalently, “If S, then P”), we draw two circles, one inside the 
other; the inner circle represents S (the “subject category”) and the outer circle 
represents P (the “predicate category”). This relationship is shown in Figure 1.1.

Venn diagrams depicting “No S are P,” “Some S are P,” and “Some S are 
not P” are shown in Figures 1.2, 1.3, and 1.4, respectively.

U

S

P

Figure 1.1  All S are P. (If S, 
then P.)

S P

U

Figure 1.2 No S are P

U

S

P

Figure 1.3  Some S are P. (At 
least one S is P.)

U

S

P

Figure 1.4  Some S are not P. (At 
least one S is not P.)

The four basic sentences (or propositions) “All 
S are P,” “No S are P,” “Some S are P,” and 
“Some S are not P,” are known as the standard 
form categorical proposition types. A categori-
cal proposition is a statement affirming or 
denying that one category, S, (the subject cat-
egory) is wholly or partially contained in some 
other category, P (the predicate category). 
Each of the standard form categorical propo-
sitions has a title, as indicated in Figure 1.5.

anaLyzing a dedUctive argUment  Construct a Venn diagram 
to verify the validity of the following argument:

1. All men are mortal.
2. Socrates is a man.       

Therefore, Socrates is mortal.

Premise 1 is of the form “All A are B” and can be represented by a diagram like 
that shown in Figure 1.6.

Premise 2 refers to a specific man, namely, Socrates. If  we let x 5  
Socrates, the statement “Socrates is a man” can then be represented by placing 
x within the circle labeled “men,” as shown in Figure 1.7. Because we placed x 
within the “men” circle, and all of the “men” circle is inside the “mortal” circle, 
the conclusion “Socrates is mortal” is inescapable; the argument is valid.

SoluTIon

 examPle 2

categorical 
Proposition type title venn diagram

All S are P. Universal affirmative Figure 1.1

No S are P. Universal negative Figure 1.2

Some S are P. Particular affirmative Figure 1.3

Some S are not P. Particular negative Figure 1.4

Figure 1.5 Standard form categorical proposition types.

U

men

mortal

Figure 1.6  All men are mortal.

U

x
men

mortal

x 5 Socrates

Figure 1.7  Socrates is mortal.
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6  CHAPTER 1 logic

 anaLyzing a dedUctive argUment  Construct a Venn diagram to 
determine the validity of the following argument:

1. All doctors are men.
2. My mother is a doctor.         

Therefore, my mother is a man.

Premise 1 is of the form “All A are B”; the argument is depicted in Figure 1.8.
No matter where x is placed within the “doctors” circle, the conclusion 

“My mother is a man” is inescapable; the argument is valid.

Saying that an argument is valid does not mean that the conclusion is true. 
The argument given in Example 3 is valid, but the conclusion is false. One’s 
mother cannot be a man! Validity and truth do not mean the same thing. An 
argument is valid if  the conclusion is inescapable, given the premises. Nothing 
is said about the truth of the premises. Thus, when examining the validity of 
an argument, we are not determining whether the conclusion is true or false. 
Saying that an  argument is valid merely means that, given the premises, the 
reasoning used to  obtain the conclusion is logical. However, if  the premises of 
a valid argument are true, then the conclusion will also be true.

SoluTIon

 examPle 3

U

x
doctors men

x 5 My mother
Figure 1.8  My mother is a man.

Historical Note Aristotle 384–322 b.c.

Aristotle was born in 384  b.c. 
in the small Macedonian town 
of Stagira, 200 miles north of 
Athens, on the shore of the  
Aegean Sea. Aristotle’s father 
was the personal physician  
of King Amyntas II, ruler of  
Macedonia. When he was sev-
enteen, Aristotle enrolled at 
the Academy in Athens and 
became a student of the famed 
Plato.

Aristotle was one of Plato’s bright-
est students; he frequently questioned 
Plato’s teachings and openly disa-
greed with him. Whereas Plato em-
phasized the study of abstract ideas  
and mathematical truth, Aristotle was 
more interested in  observing the “real 
world” around him. Plato often referred 
to Aristotle as “the brain” or “the mind 
of the school.” Plato commented, 
“Where others need the spur, Aristotle 
needs the rein.”

Aristotle stayed at the Academy for 
twenty years, until the death of Plato. 
Then the king of Macedonia invited 
Aristotle to supervise the education of 
his son Alexander, the future Alexander 

the Great. Aristotle ac-
cepted the invitation 
and taught Alexander 
until he succeeded his 
father as ruler. At that 
time, Aristotle founded 
a school known as the 
Lyceum, or Peripatetic 
School. The school 
had a large library with 
many maps, as well as 
botanical gardens con-

taining an extensive collection of plants 
and animals. Aristotle and his students 
would walk about the grounds of the 
Lyceum while discussing various sub-
jects (peripatetic is from the Greek word 
meaning “to walk”).

Many consider Aristotle to be a 
founding father of the study of biology 
and of science in general; he observed 
and classified the behavior and anat-
omy of hundreds of living creatures. 
Alexander the Great, during his many 
military campaigns, had his troops 
gather specimens from distant places 
for Aristotle to study.

Aristotle was a prolific writer; some 
historians credit him with the writing 

of over 1,000 books. Most of his works 
have been lost or destroyed, but schol-
ars have re-created some of his more 
influential works, including Organon.

Aristotle’s collective works on syllogisms and de-
ductive logic are known as Organon, meaning “in-
strument,” for logic is the instrument used in the 
 acquisition of knowledge.
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1.1 Deductive versus Inductive Reasoning  7

If  x is placed as in Figure 1.9, the argument would appear to be valid; the 
figure supports the conclusion “The Rock is a professional wrestler.” However, 
the placement of x in Figure 1.10 does not support the conclusion; given the 
premises, we cannot logically deduce that “The Rock is a professional wres-
tler.” Since the conclusion is not inescapable, the argument is invalid.

anaLyzing a dedUctive argUment  Construct a Venn diagram 
to determine the validity of the following argument:

1. All professional wrestlers are actors.
2. The Rock is an actor.      
Therefore, The Rock is a professional wrestler.

Premise 1 is of the form “All A are B”; the “circle of professional wrestlers” is 
contained within the “circle of actors.” If  we let x represent The Rock, premise 
2 simply requires that we place x somewhere within the actor circle; x could be 
placed in either of the two locations shown in Figures 1.9 and 1.10.

SoluTIon

 examPle 4

actors

U

x 5 The Rock

professional
wrestlers x

Figure 1.9

actors

U

x

x 5 The Rock

professional
wrestlers

Figure 1.10

Saying that an argument is invalid does not mean that the conclusion is 
false.  Example 4 demonstrates that an invalid argument can have a true con-
clusion; even though The Rock (Dwayne Johnson) is a professional wrestler, 
the argument used to obtain the conclusion is invalid. In logic, validity and 
truth do not have the same meaning.  Validity refers to the process of reasoning 
used to obtain a conclusion; truth refers to conformity with fact or experience.

Venn Diagrams and invalid Arguments
To show that an argument is invalid, you must construct a Venn diagram in 
which the premises are met yet the conclusion does not necessarily follow.

anaLyzing a dedUctive argUment  Construct a Venn diagram 
to determine the validity of the following argument:

1. Some plants are poisonous.
2. Broccoli is a plant.  

Therefore, broccoli is poisonous.

Premise 1 is of the form “Some A are B”; it can be represented by two over-
lapping circles (as in Figure 1.3). If  we let x represent broccoli, premise 2 re-
quires that we place x somewhere within the plant circle. If  x is placed as in 
Figure 1.11, the argument would appear to be valid. However, if  x is placed 

SoluTIon

 examPle 5

Even though The Rock is 
a  professional wrestler, the 
 argument used to obtain the 
 conclusion is invalid. 
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8  CHAPTER 1 logic

as in Figure 1.12, the conclusion does not follow. Because we can construct a 
Venn diagram in which the premises are met yet the conclusion does not follow 
(Figure 1.12), the argument is invalid.

plants
poison

U

x 5 broccoli

x

Figure 1.11

plants
poison

U

x 5 broccoli

x

Figure 1.12

When analyzing an argument via a Venn diagram, you might have to 
draw three or more circles, as in the next example.

anaLyzing a dedUctive argUment  Construct a Venn diagram to 
determine the validity of the following argument:

1. No snake is warm-blooded.
2. All mammals are warm-blooded.

Therefore, snakes are not mammals.

Premise 1 is of the form “No A are B”; it is depicted in Figure 1.13. Premise 
2 is of the form “All A are B”; the “mammal circle” must be drawn within the 
“warm-blooded circle.” Both premises are depicted in Figure 1.14.

SoluTIon

 examPle 6

warm-blooded

snakes

U

Figure 1.13 No snake is warm-blooded.

mammals
snakes

warm-blooded

U

x 5 snake

x

Figure 1.14 All mammals are warm-blooded.

Because we placed x (5 snake) within the “snake” circle, and the “snake” 
circle is outside the “warm-blooded” circle, x cannot be within the “mammal” 
 circle (which is inside the “warm-blooded” circle). Given the premises, the con-
clusion “Snakes are not mammals” is inescapable; the argument is valid.

You might have encountered Venn diagrams when you studied sets in 
your algebra class. The academic fields of set theory and logic are historically 
intertwined; set theory was developed in the late nineteenth century as an aid 
in the study of logical arguments. Today, set theory and Venn diagrams are 
applied to areas other than the study of logical arguments; we will utilize Venn 
diagrams in our general study of set theory in Chapter 2.

 n inductive reasoning
The conclusion of a valid deductive argument (one that goes from general to 
specific) is guaranteed: Given true premises, a true conclusion must follow. 

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



1.1 Deductive versus Inductive Reasoning  9

However, there are arguments in which the conclusion is not guaranteed even 
though the premises are true. Consider the following:

1. Joe sneezed after petting Frako’s cat.
2. Joe sneezed after petting Paulette’s cat.

Therefore, Joe is allergic to cats.

Is the conclusion guaranteed? If  the premises are 
true, they certainly support the conclusion, but we 
cannot say with 100% certainty that Joe is allergic to 
cats. The conclusion is not guaranteed. Maybe Joe is 
allergic to the flea powder that the cat owners used; 
maybe he is allergic to the dust that is trapped in the 
cats’ fur; or maybe he has a cold!

Reasoning of this type is called inductive rea-
soning. inductive reasoning  involves going from a se-
ries of specific cases to a general statement (see Fig-
ure 1.15). Although it may seem to follow and may in 
fact be true, the conclusion in an inductive argument is 
never guaranteed.

Figure 1.15
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indUctive reasoning and Pattern recognition  What is 
the next number in the sequence 1, 8, 15, 22, 29, . . . ?

Noticing that the difference between consecutive numbers in the sequence is 7, 
we may be tempted to say that the next term is 29 1 7 5 36. Is this conclusion 
guaranteed? No! Another sequence in which numbers differ by 7 are dates of 
a given day of the week. For instance, the dates of the Fridays in the year 2016 
are  (January) 1, 8, 15, 22, 29, (February) 5, 12, 19, 26, . . . . Therefore, the next 
number in the sequence 1, 8, 15, 22, 29, . . . might be 5. Without further infor-
mation, we cannot determine the next number in the given sequence. We can 
only use  inductive reasoning and give one or more possible answers.

SoluTIon

 examPle 7

Figure 1.16 A blank sudoku grid.

Throughout history, people have al-
ways been attracted to puzzles, mazes, 
and brainteasers. Who can deny the 
inherent satisfaction of solving a seem-
ingly unsolvable or perplexing riddle? 
A popular new addition to the world 
of puzzle solving is sudoku, a numbers 
puzzle. Loosely translated from Japa-
nese, sudoku means “single number”; a 
sudoku puzzle simply involves placing 
the digits 1 through 9 in a grid contain-
ing 9 rows and 9 columns. In  addition, 
the 9 by 9 grid of squares is subdivided 
into  nine 3 by 3 grids, or “boxes,” as 
shown in Figure 1.16.

The rules of sudoku are quite simple: 
Each row, each column, and each box 

must contain the dig-
its 1 through 9; and no 
row, column, or box can 
contain 2 squares with 
the same number. Con-
sequently, sudoku does 
not require any arithme-
tic or mathematical skill; 
sudoku requires logic 
only. In solving a puzzle, 
a common thought is 
“What happens if I put 
this number here?”

Like crossword puz-
zles, sudoku puzzles are printed daily in 
many newspapers across the country and 
around the world. Websites containing 

sudoku puzzles and strategies provide an 
endless source of new puzzles and help. 
See  Exercise 74 to find links to popular sites.

Topic X  Sudoku: logic in the Real World
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