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Dave Sobecki
I was born and raised in Cleveland, and started college at Bowling Green State University 

majoring in creative writing. Eleven years later, I walked across the graduation stage to receive 

a PhD in math, a strange journey indeed. After two years at Franklin and Marshall College in 

Pennsylvania, I came home to Ohio, accepting a tenure-track job at the Hamilton campus of 

Miami University. I’ve won a number of teaching awards in my career, and while maintaining 

an active teaching schedule, I now spend an inordinate amount of time writing textbooks and 

course materials. I’ve written or co-authored either nine or sixteen textbooks, depending on how 

you count them, as well as a wide variety of solutions manuals and interactive CD-ROMS. I’ve 

also worked on an awful lot of the digital content that accompanies my texts, including Connect, 

LearnSmart, and Instructional videos.

I’m in a very happy place right now: my love of teaching meshes perfectly with my childhood 

dream of writing. (Don’t tell my publisher this—they think I spend 20 hours a day working on 

textbooks—but I’m working on my first novel in the limited spare time that I have.) I’m also 

a former coordinator of Ohio Project NExT, because I believe very strongly in helping young 

college instructors focus on high-quality teaching as a primary career goal. I live in Fairfield, 

Ohio, with my lovely wife Cat and fuzzy dogs Macleod and Tessa. I’m a recovering sports 

fan, still rooting for Ohio State and the Cleveland teams in a saner manner. Other passions 

include heavy metal music, travel, golf, collecting fine art, and visiting local breweries.

This edition of MIOW is dedicated to Katie Stevens and Trina Zimmerman, whose early 

encouragement got me to thinking I just might be able to make something of this author gig.

About the Author

Courtesy of  David Sobecki 
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Letter from the Author

This is the story behind Math in Our World. Liberal Arts Math is different from the other classes we typi-

cally teach to underclassmen, and I think that it requires a different approach. Many of the students have 

had negative experiences in algebra, and come into any math course thinking it’s going to be the same 

old thing again—finding x. Liberal Arts Math provides a great opportunity to show students that math isn’t 

just an abstract subject studied by high-level intellectuals. In this course, we have the opportunity to really 

teach students about reasoning and thinking, rather than train them to mimic procedures. Who wouldn’t 

look forward to that?

Math in Our World has a different style than you’ll find in most college math texts. Both the structure 

of the chapters and the style of writing are designed to make the students think “Wow, this isn’t what I 

expected . . . I can actually read and understand this!” I like to call it “teaching backwards”: rather than first 

learning the math and then studying how it can be applied, every topic is introduced from a conceptual, 

applied point of view. The goal is to engage students at the beginning of each topic, helping them to not 

fall into the old “Why do I have to know this—I’m never going to use it” trap. I’ve been passionate about 

writing as far back as I can remember, and I switched my major from creative writing to math education 

when I got a first taste as a tutor in college. I was captivated then by the “Aha!” moment when struggling 

students GET IT—and I still feel that way today. This book is special to me because it really allowed my 

two passions to come together into a unique product.

No one has ever become stronger by watching someone else lift weights, and our students aren’t 

going to be any better at thinking and problem solving unless we encourage them to practice it. Math 

in Our World includes a veritable cornucopia of applications for students to hone their skills. The exer-

cises for this edition were carefully evaluated to ensure that they are engaging for students and apply 

to fields of study that are common for Liberal Arts Math students. Additionally, I’ve tried to incorporate 

more key ideas from the growing quantitative reasoning movement. You’ll see more open-ended ques-

tions, more discovery learning, and more critical thinking. The goal is to help students develop into 

problem solvers and thinkers beyond the halls of academia. This new focus is reflected in the new 

cover. Pizza has become our trademark, but you’ll notice that the pizza is now a work in progress. To 

me, the essence of a QR approach is encouraging students to use the ingredients they have at hand 

(their background skills) to learn how to produce something great through effort, rather than expecting 

someone to do the preparation for them. And even when the course is over, their pizza isn’t finished: 

learning to think quantitatively becomes an ongoing pursuit that will help in many other courses, and in 

life in general.

While no book can prevent the lack of preparedness of students, we believe the digital component of the 

Math in Our World program (Connect and SmartBook) will help engage students and encourage them to 

develop their own questions about the world. Both programs can play an important role in your class by 

providing opportunities to practice and master the computational as well as conceptual aspects of this 

course. In addition, we’ve added a corequisite guide to our supplements, recognizing that many schools 

are working on creative ways to help students fulfill their math requirements expediently.

I’m confident that this book offers a fantastic vehicle to drive your classes to higher pass rates because 

of the pedagogical elements, writing style, interesting problem sets, and digital components. I hope you 

and your students enjoy using Math in Our World as much as our team enjoyed creating this program 

together. Good luck, and please don’t hesitate to reach out with comments, questions or suggestions. I 

love hearing from instructors and students at davesobecki@gmail.com.

—Dave
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Engage

Highly relevant Application Exercises and Examples drawn from the experiences and research of the author 

further emphasize the importance that Math in Our World places upon students’ ability to form a distinct 

connection with the mathematical content. The new edition brings many brand new and updated application 

exercises to students in each chapter, ranging in topic from credit card usage, college degree majors, elections, 

and relevant business decisions to scenarios involving popular statistics.

 Chapter Openers 

engage student interest 

by immediately tying 

mathematical concepts to 

their everyday lives. These 

vignettes introduce concepts 

by referencing popular 

topics familiar to a wide 

variety of students—travel, 

demographics, the economy, 

television, and even college 

football.

 Used to clarify concepts 

and emphasize particularly 

important points, Math 
Notes provide suggestions 

for students to keep in mind 

as they progress through the 

chapter.

 Sidelights highlight relevant 

interdisciplinary connections 

within math to encourage 

and motivate students 

who have a wide variety 

of interests. These include 

biographic vignettes as well 

as other interesting facts that 

emphasize the importance of 

math in areas like weather, 

photography, music, and 

health.

C H A P T E R

7

Consumer Math

MATH in Gambling REVISITED

 1. The odds against winning the Powerball jackpot are 

292 million to 1. The probability of getting struck 

by lightning is 1/600,000. You are WAY WAY WAY 

more likely to get struck by lightning. By the way, 

think about 292 million to one for a second. Your 

chance of winning Powerball with one ticket is only 

slightly better than your chance of having your 

name chosen out of a hat (a really big hat) contain-

ing the names of every human being in the United 

States.

 2. The probability of getting killed in an accident if you 

text and drive varies by year, but estimates are that 

you’re AT LEAST four times as likely to get killed on 

the road if you text. Not very smart, is it?

 3. (a)  Using the table for rolling two dice on page 587, the 

probability of rolling 2, 3, 11, or 12 is    1 _ 6  ,  meaning the 

probability of losing is    5 _ 6  .  So the two outcomes are 

+$4 with probability    1 _ 6  ,  and −$1 with probability    5 _ 6  .  

The expected value of each trial is then

 +4 ·   
1
 __ 

6
   + (− 1) ·   

5
 __ 

6
   = −   

1
 __ 

6
   

(_)

  (b)  The probability of winning $35 is    1 __ 38  ,  and the proba

bility of losing $1 is    37 __ 38  .  The expected value of each

spin is

 +35 ·   
1
 ___ 

38
   + (− 1) ·   

37
 ___ 

38
   = −   

2
 ___ 

38
   = −    

1
 ___ 

19
   

     In 100 trials, you would expect to lose 100    (  1 __ 19  )  or $5.26.

  (c)  Using the same idea as scenarios 1 and 2, the 

expected value of each ticket is

  
+20,000,000 ·   

1
 ___________ 

175,711,536
   + (− 1) ·   

175,711,535
 ___________ 

175,711,536
  
     

 ≈ − $0.8862

 

      Buying 100 tickets, you would expect to lose 

$100(−0.8862), or $88.62.

  (d)  You would win $1 with probability    1 _ 2  ,  and lose 

$1 with probability    1 _ 2  ,  so the expected value of 

each flip is

 1 ·   
1
 __ 

2
   + (− 1) ·   

1
 __ 

2
   = 0 

 In 100 flips you would expect to break even.

    The best, by far is flipping a coin, followed by 

©Steve Allen/Getty Images RF

Math in College Budgeting REVISITED

 1. Multiplying the yearly amount by 4, we get $93,600 

needed for 4 years.

 2. With 25% paid for, that leaves 75% we’re responsible 

for, minus $5,000 a year we’re contributing up front: 

0.75 (23,400) − 5,000 = $12,550 per year. Multiply this 

by 4 and we get $50,200 we’ll need to borrow.

 3. If we pay interest while in school, the principal at the time 

payments start will remain $50,200. Using the student 

loan payment formula with P = 50,200, r = 0.068, and 

n = 12, we get monthly payments of $557.93. Multiplying 

this monthly payment by 120 (the number of payments 

in 10 years), we get a total payment of $69,351.60. The 

simple interest formula with P = 50,200, r = 0.068, and 

t = 4 will give us the interest that will be paid while in 

school: I = 50,200 · 0.068 · 4 = 13,654.40. Adding these 

amounts, we’d make a total of $83,006 in payments. 

Subtracting the amount borrowed, we find that total inter-

est is $83,006 − $50,200 = $32,806.

 4. If we capitalize the interest, upon graduation our prin-

cipal will be $50,200 + $13,654.40 = $63,854.40. 

This time the monthly payment formula yields $734.84. 

Multiply this by 120 payments to get total payments of 

$88,180.80. Subtract the principal of $50,200 to get 

total interest of $37,980.80.

 5. According to the table, the median salary with a bach-

elor’s degree is $22,516 higher than with a high school 

diploma. In Question 4, we found that the total amount 

paid on loans is $88,180.80; add the $20,000 contrib-

uted while in school, and the total cost of the degree is 

$108,180.80. Finally, divide this amount spent by the 

extra $22,516 we’ll make each year to find that it will 

take 4.8 years to make back the amount spent.

©Digital Vision/SuperStock RF

Many students find it troubling that an argument can be con-

sidered valid even if the conclusion is clearly false. But argu-

ing in favor of something that you don’t necessarily believe 

to be true isn’t a new idea by any means—lawyers do it all 

the time, and it’s commonly practiced in the area of formal 

debate, a style of intellectual competition that has its roots 

in ancient times.

In formal debate (also known as forensics), speakers are 

given a topic and asked to argue one side of a related issue. 

Judges determine which speakers make the most effective 

arguments and declare the winners accordingly. One of the 

most interesting aspects is that in many cases, the contes-

tants don’t know which side of the issue they will be arguing 

until right before the competition begins. While that aspect 

is intended to test the debater’s flexibility and preparation, a 

major consequence is that opinion, and sometimes truth, is 

taken out of the mix, and contestants and judges must focus 

on the validity of arguments.

A variety of organizations sponsor national competi-

tions in formal debate for colleges. The largest is an annual 

championship organized by the National Forensics Associa-

tion. Students from well over 100 schools participate in a wide 

variety of categories. In 2016, the overall team champion for 

the third consecutive year was Western Kentucky University.

Sidelight Logic and The Art of Forensics

©Christina Lane

Math Note

When finding percent 

increase or decrease, make 

sure you divide by the original 

amount, not the ending 

amount.



Practice

Carefully chosen questions help students to form a connection between relevant examples and the mathematical concepts 

of the chapter. Using the engaging writing style characteristic of the text, the author supports concepts through abundant 

examples, helpful practice problems, and rich exercise sets.

 Worked Example Problems with detailed solutions help students 

master and in some cases discover key concepts. Solutions demonstrate 

a logical, orderly approach to solving problems. Each example is titled to 

help you clearly identify the relevant learning objective.

 One of our hallmark features, Try This One practice exercises provide 

immediate reinforcement for students. Designed to follow each example, these 

practice exercises ask students to solve a similar problem, actively involving 

them in the learning process. All answers to Try This One exercises can be 

found just prior to the end-of-section exercise sets for students to complete the 

problem-solving process by confirming their solutions.

 With an increased emphasis on using technology appropriately to allow more 

focus on interpretation and understanding, Using Technology boxes and 

Calculator Guides show students how to perform important calculations 

using spreadsheets and calculators (both graphing and scientific).

 The rich variety of problem material found in the End-of-Section 
Exercise Sets helps check student knowledge in a variety of different 

ways to cater to the varying interests and educational backgrounds 

of students. In each end-of-section exercise set, there are Writing 
Exercises, Computational Exercises, Applications in Our 
World, and Critical Thinking Exercises.

 Exercises and activities located in the End-of-Chapter Material provide 

opportunities for students to prepare for success on quizzes or tests. At the 

conclusion of each chapter, students find critical summary information that 

helps them pull together each concept learned while moving through the 

chapter. In each end-of-chapter segment, students and instructors will find 

an end-of-chapter summary, Review Exercises, and Chapter Test.

 Also featured are the Chapter Projects, which encourage more 

in-depth investigation for students working to summarize key concepts 

from the entire chapter. These projects are valuable assets for instructors 

looking for ways that students can work collaboratively.

Calculator Guide

Computing log base 10 of 

1.25 with a calculator is really 

simple:

Standard Scientific Calculator:

1.25 LOG

Standard Graphing Calculator:
LOG  1.25 ENTER

To meet payroll during a down period, United Ceramics Inc. needed to borrow $2,000 at 4% 

simple interest for 3 months. Find the interest.

SOLUTION

Change 3 months to years by dividing by 12, and change the rate to a decimal. Substitute in 

the formula I = Prt.

  
I
  
=

  
($2,000)(0.04)  (    

3
 _ 

12
   )   

   

 

  

=

  

$20

   

The interest is $20.

4% = 0.04

Example 3 Computing Simple Interest for a Term in Months

 1. Compute simple interest 

and future value.

Marta needs some quick cash for books at the beginning of spring semester, so she 

 borrows $600 at 11% simple interest for 2 months. How much interest will she pay?

Try This One 3

 With an increased 

emphasis on using 

technology appropriately 

to allow more focus 

on interpretation and 

understanding, Using 
Technology boxes and 

Calculator Guides 

show students how 

to perform important 

calculations using 

spreadsheets and 

calculators (both graphing 

and scientific).

Using a Spreadsheet for Trial and Error

One of the things that spreadsheets do best is carry out repetitive calculations, which is a 

pretty good description of what we did in Example 3. Here’s a screenshot of a spreadsheet 

I put together when writing that problem. I knew that the number of items had to add to 12,  

Using Technology



McGraw-Hill Connect® Math Hosted by ALEKS® 

offers everything students and instructors need 

in one intuitive platform. ConnectMath is an 

online homework engine where the problems and 

solutions are consistent with the textbook authors’ 

approach. It also offers integration with SmartBook, 

an assignable, adaptive eBook and study tool 

that directs students to the content they don’t 

know and helps them study more efficiently. With 

ConnectMath, you get the tools you need to be the 

teacher you want to be.

Looking for a consistent voice between text 
and digital? Problem solved!

A dedicated team of specialists and faculty consultants ensure that your ConnectMath 

implementation is seamless and painless . . . from start to finish. 

ConnectMath Service and Support Offers: 

• LMS integration that provides single sign-on capability and gradebook synchronization

• Industry-leading technical support and 99.97% uptime

• Resources for implementation, first day of class orientation, how-to videos and more

• Onsite seminars/workshops and webinars with McGraw-Hill and faculty consultants

Trusted Service and Support

“I like that ConnectMath reaches students with 
different learning styles . . . our students are 

engaged, attend class, and ask excellent questions.”
– Kelly Davis, South Texas College

©Steve Debenport/Getty Images



www.mheducation.com

I like to learn by __________. 

Whether it’s reading, watching, discovering, or doing, ConnectMath has something for everyone. 

Instructors can create assignments that accommodate different learning styles, and students aren’t 

stuck with boring multiple-choice problems. Instead they have a myriad of motivational learning and 

media resources at their fingertips. SmartBook delivers an interactive reading and learning experience 

that provides personalized guidance and just-in-time remediation. This helps students to focus on what 

they need, right when they need it. 

I still don’t get it. Can you do that problem again?

Because the content in ConnectMath is author-developed and goes through a rigorous quality control 

process, students hear one voice, one style, and don’t get lost moving from text to digital. The high-

quality, author-developed videos provide students ample opportunities to master concepts and 

practice skills that they need extra help with . . . all of which are integrated in the ConnectMath  

platform and the eBook. 

How can ConnectMath help solve your students’ challenges?

I need meaningful data to measure student success!   

From helping the student in the back row to tracking learning trends for your entire course, 

ConnectMath delivers the data you need to make an impactful, meaningful learning experience for 

students. With easy-to-interpret, downloadable reports, you can analyze learning rates for each 

assignment, monitor time on task, and learn where students’ strengths and weaknesses are in each 

course area.

We’re going with the ________ (flipped 

classroom, corequisite model, etc.)

implementation.   

ConnectMath can be used in any course 

setup. Each course in ConnectMath comes 

complete with its own set of text-specific 

assignments, author-developed videos and 

learning resources, and an integrated eBook 

that cater to the needs of your specific 

course. The easy-to-navigate home page 

keeps the learning curve at a minimum,  

but we still offer an abundance of tutorials 

and videos to help get you and your 

colleagues started. 

How can ConnectMath help solve your classroom challenges? 

©McGraw-Hill Education



I did all my homework, so why am I failing my exams?

The purpose of homework is to ensure mastery and prepare students for exams. ALEKS is the only 

adaptive learning system that ensures mastery through periodic assessments and delivers just-in-time 

remediation to efficiently prepare students. Because of how ALEKS presents lessons and practice,  

students learn by understanding the core principle of a concept rather than just memorizing a process.

I’m too far behind to catch up. - OR - I’ve already done this, I’m bored.

No two students are alike. So why start everyone on the same page? ALEKS diagnoses what each  

student knows and doesn’t know, and prescribes an optimized learning path through your curriculum. 

Students only work on topics they are ready to learn, and they have a proven learning success rate of 

93% or higher. As students watch their progress in the ALEKS Pie grow, their confidence grows with it.

ALEKS® uses artificial intelligence to precisely 

map what each student knows, doesn’t know, and 

is most ready to learn in a given course area. The 

system interacts with each student like a skilled 

human tutor, delivering a cycle of highly individual-

ized learning and assessment that ensures mastery. 

Students are shown an optimal path to success, and 

instructors have the analytics they need to deliver a 

data-informed, impactful learning experience.

Looking to motivate and engage students? 
Problem solved!

How can ALEKS help solve your students’ challenges?

“ALEKS has helped to create the best classroom experience 
I’ve had in 36 years. I can reach each student with ALEKS.”

– Tommy Thompson, Cedar Valley College, TX



The ALEKS Instructor Module 
offers a modern, intuitive 

interface to manage courses 
and track student progress.

www.aleks.com/highered

I need something that solves the problem of cost, time to completion, and student preparedness.

ALEKS is the perfect solution to these common problems. It provides an efficient path to mastery 

through its individualized cycle of learning and assessment. Students move through the course content 

more efficiently and are better prepared for subsequent courses. This saves both the institution and 

the student money. Increased student success means more students graduate. 

A unique solution requires unique support. A dedicated team of specialists and faculty consultants 

ensure that your ALEKS implementation is seamless and painless . . . from start to finish. 

ALEKS Service and Support Offers: 

• LMS integration that provides single sign-on capability and gradebook synchronization

• Industry-leading technical support and 99.97% uptime

• Flexible courses that can align with any textbook and/or resources, for any classroom model

• Resources for implementation, first day of class orientation, how-to videos and more

• Onsite seminars/workshops and webinars with McGraw-Hill and faculty consultants

Trusted Service and Support

How can ALEKS help solve your classroom challenges? 

My administration and department measure success 

differently. How can we compare notes?

ALEKS offers the most comprehensive and detailed 

data analytics on the market. From helping the 

student in the back row to monitoring pass rates 

across the department and institution, ALEKS 

delivers the data needed at all levels. 

The customizable and intuitive reporting features 

allow you and your colleagues to easily gather, 

interpret, and share the data you need, when you 

need it.
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McGraw-Hill conducted in-depth research to create a new learning 

experience that meets the needs of students and instructors today. 

The result is a reinvented learning experience rich in information, 

visually engaging, and easily accessible to both instructors and 

students.

 ∙ McGraw-Hill’s Connect is a web-based assignment and 

assessment platform that helps students connect to their 

coursework and prepares them to succeed in and beyond 

the course.

 ∙ Connect enables math and statistics instructors to create and share 

courses and assignments with colleagues and adjuncts with only 

a few clicks of the mouse. All exercises, learning objectives, and 

activities are vetted and developed by math instructors to ensure 

consistency between the textbook and the online tools.

 ∙ Connect also links students to an interactive eBook with access to 

a variety of media assets and a place to study, highlight, and keep 

track of class notes.

To learn more, contact your sales rep or visit www.connectmath.com.

 

New in ALEKS® are the Liberal Arts Math and Quantitative 

Reasoning course areas. These course products cover topic areas 

such as personal finance, probability, statistics, algebra, and 

symbolic logic. They emphasize “real-world” applications of 

concepts, while still providing a solid mathematical foundation.

SmartBook is the first and only adaptive reading experience 

available for the higher education market. Powered by the intelligent 

and adaptive LearnSmart engine, SmartBook facilitates the reading 

process by identifying what content a student knows and doesn’t 

know. As a student reads, the material continuously adapts to ensure 

the student is focused on the content he or she needs the most to 

close specific knowledge gaps.

With McGraw-Hill Create™, you can easily rearrange chapters, 

combine material from other content sources, and quickly upload 

content you have written, like your course syllabus or teaching 

notes. Find the content you need in Create by searching through 

thousands of leading McGraw-Hill textbooks. Arrange your book 

to fit your teaching style. Create even allows you to personalize 

your book’s appearance by selecting the cover and adding your 

name, school, and course information. Assemble a Create book and 

you’ll receive a complimentary print review copy in 3–5 business 

days or a complimentary electronic review copy (eComp) via e-mail 

in minutes. Go to www.mcgrawhillcreate.com today and experience 

how McGraw-Hill Create™ empowers you to teach your students 

your way.

Instructor’s Testing and Resource Online
This computerized test bank, available online to adopting 

instructors, utilizes TestGen® cross-platform test generation 

software to quickly and easily create customized exams. Using 

hundreds of test items taken directly from the text, TestGen allows 

rapid test creation and flexibility for instructors to create their own 

questions from scratch with ability to randomize number values. 

Powerful search and sort functions help quickly locate questions 

and arrange them in any order, and built-in mathematical templates 

let instructors insert stylized text, symbols, graphics, and equations 

directly into questions without need for a separate equation editor.

Student and Instructor Solution Manuals
provides comprehensive, worked-out solutions to all exercises in 

the text.

Lecture and Exercise Videos
introduce concepts, definitions, theorems, formulas, and problem-

solving procedures to helps students comprehend topics.

Corequisite Workbook
provides corequisite remediation of the necessary skills for a liberal 

arts math course. The included topics are largely independent of 

one another and may be used in any order that works best for the 

instructor.

 Supplements
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 ∙ As the quantitative reasoning movement has gained steam nationwide, the main goal of this revision was to emphasize the critical 

thinking and discovery learning typified by QR while maintaining the traditional format of a liberal arts math book. This was addressed 

in several ways. Many solved examples were replaced or rewritten to encourage more thinking and less computing, as were many Try 

This One questions. There’s more emphasis on appropriate use of technology, both spreadsheets and calculators, freeing instructors and 

students to focus on interpretation and application. The critical thinking exercises have also been expanded. Finally, a new category of 

exercise was added in several sections: Using Technology. These are questions specifically designed for students to create spreadsheets to 

aid in solving interesting problems.

 ∙ I’ve always tried to base as many applications as possible on real, current data. That’s a good thing. The downside is having to update or 

replace all of the problems with each revision. It’s a lot of work, but well worth it, especially for information age students, many of whom 

feel like anything that happened before 2012 is ancient history.

 ∙ As always, I reevaluated every single passage in the book, looking for opportunities to improve readability and tone. I also tried to add a 

little more humor this time around—learning is supposed to be fun, right?

 ∙ Next is a list of some chapter-specific changes. Note that when listing the number of “improved” example questions, I’m not talking about simple 

rewording, or updating data. These are problems that were significantly improved, in most cases by adding a further critical thinking element.

Chapter 1 Problem Solving
 ∙ Chapter opener was updated with new questions.

 ∙ The section on estimation was revamped to put emphasis on when an estimate is an overestimate or underestimate, and when each would 

be desirable.

 ∙ Four totally new examples, and seven improved examples

Chapter 2 Sets Theory
 ∙ Sometimes example problems using abstract sets are the simplest way to introduce procedures and concepts, but I made an effort to 

minimize the number of abstract examples.

 ∙  Cartesian product was moved from a topic in lesson 2-2 to a series of discovery questions in the Critical Thinking exercises.

 ∙ Three totally new examples, and 10 improved examples

Chapter 3 Logic
 ∙  In general this chapter needs far less updating when shooting for more reasoning, as of course the entire chapter is all about logical 

reasoning. The most significant change is a new feature that illustrates a technique for simplifying complicated truth tables: students are 

encouraged to cover up all but the relevant columns at each stage with strips of paper, and this is graphically reflected in solved examples.

 ∙  Two totally new examples, and three improved examples

Chapter  4 Numeration Systems
 ∙  New chapter opener on computer graphics and base number systems

 ∙  When studying the history of numeration systems, more emphasis is put on comparing the efficiency of different types of systems.

 ∙  One totally new example, and three improved examples

Chapter  5 The Real Number System
 ∙  I feel like this chapter already had a pretty good emphasis on a deeper understanding of the real number system, so less updates were 

made than typical.

 ∙ Four totally new examples, and four improved examples

Chapter  6 Topics in Algebra
 ∙ This represents a major change in content and organization. The algebra review portion of Math in Our World used to span both Chapters 

6 and 7. This has been streamlined into a single chapter. The algebraic topics that are most likely to be needed for other chapters in the 

book were left in the print version, with the remaining content shifted to an online algebra review supplement.

 ∙ One totally new example, and two improved examples

Global Changes

Updated Content
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Chapter 7 Consumer Math
 ∙ The most obvious change is a completely new section on personal budgeting.

 ∙ The coverage of converting percentages between formats was streamlined.

 ∙ As financial calculations get more complicated, optional spreadsheet calculators have been created to allow students to save time on 

number crunching. These are available in instructor resources and can be shared with students if so desired.

 ∙ In the coverage of student loans, the difference between capitalized and non-capitalized interest has been clarified.

 ∙ Two new Sidelights have been added, one on retirement savings and another that studies how much of a mortgage payment goes directly 

to interest based on the age of the loan.

 ∙ The coverage of stock tables has been completely revamped to reflect the information that is most typically available in modern online 

stock listings.

 ∙ Coverage of stock splits has been added.

 ∙ Seven completely new examples, and seven improved examples

Chapter 8 Measurement
 ∙ Improved coverage of dimensional analysis and conversion factors

 ∙ Three completely new examples

Chapter 9 Geometry
 ∙ Chapter opener was updated with a recent use of geometry in my world.

 ∙ Substantial changes were made to coverage of perimeter, area, and volume, with more formulas developed in example problems, and less 

supplied. This chapter has some of the best examples of the new emphasis on reasoning and critical thinking (if I do say so myself).

 ∙ Seven totally new examples, and four improved examples

Chapter 10 Probability and Counting Techniques
 ∙ In previous editions, counting techniques were covered first, making it pretty hard to motivate the topic. The basic concepts of probability 

now come first, and counting techniques are introduced as tools for helping to study probability.

 ∙ Eight totally new examples, and 10 improved examples; this chapter has MANY examples of the new emphasis on reasoning.

Chapter 11 Statistics
 ∙ Chapter opener was expanded to include a third data set, allowing for further exploration of correlation.

 ∙ Coverage of bar graphs and pie charts refocused on when it’s appropriate to use each type rather than just creating or reading graphs.

 ∙ Expanded and improved coverage of stem and leaf plots

 ∙ The section on measures of average has perhaps the best examples of the focus on reasoning. Far more attention is given to when 

particular measures are most appropriate, and when measures of average can be deceiving.

 ∙ More attention is given to contrasting descriptive and inferential statistics.

 ∙ A fun new sidelight on spurious correlations was added.

 ∙ Twelve completely new examples, and 11 improved examples

Chapter 12 Voting Methods
 ∙ More focus on comparing results using different voting methods

 ∙ More focus on understanding what the standard divisor and standard quota really are, allowing for an easier understanding of 

apportionment methods

 ∙ New sidelight on Alexander Hamilton added.

 ∙ Two totally new examples, and seven improved examples

Chapter 13 Graph Theory
 ∙ One totally new example, and eight improved examples

Chapter 14 Other Mathematical Systems
 ∙ The study of other systems is so based on mental flexibility and thinking outside the base 10 box that I didn’t feel many changes were useful.

 ∙ One totally new example
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Automotive

Alcohol-related fatalities, 330, 652

Average speed, 15, 27–28, 502

Car accidents, 734

Distance traveled, 338–339

Driving distance, 15, 25, 251, 501

Driving routes, 821–825, 827–828, 

836, 841
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502

Driving time, 15, 25, 312–313, 357, 

479
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Leasing, 315, 412
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446–447

New car depreciation, 289

Parking fines, 289

Rental, 19, 329, 338
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446–447
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710–711

Road trips, 27–28, 797, 836

Safety testing, 96, 582

Seat belt use, 622, 638

Speeding, 638

Texting while driving, 14, 555

Thefts, 653

Tickets issued, 638

Tire life, 714

Used car purchase, 446–447

Consumer Information

Apartment rental costs, 25, 36, 304

App downloads, 652, 664

Bar codes, 192, 195

Battery life, 732

Book prices, 715

Buying power, 330

Cab fare, 326

Cable television costs, 25

Carpeting costs, 463, 468, 479, 510

Cell phone costs, 19, 36

Cell phone type, 565, 612, 632

Cell phone usage, 632

Chicken prices, 475

Coffee costs, 374

Computer sales, 37, 622

Concrete needed, 467

Copy machine service calls, 678

Credit card balance, 398, 406–409,  

412–414, 443, 445

Credit card finance charge, 406–409, 

412–413, 443, 445

Credit card minimum payment,  

409–410, 413–414, 443

Deceptive advertising, 740

Decorating costs, 25, 468

Defective products, 315, 605, 618

Dining out costs, 25, 357, 375–377, 

442, 444

Discount/sale prices, 25, 304, 339, 357, 

366–367, 369–372, 442

Electric bill, 304
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676, 678, 694

Fabric needed, 462, 468, 517, 551
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Flower bed construction, 502, 517
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Gas prices, 650, 685, 728
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655–657

Happy hour costs, 375
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New home prices/sales, 371–372, 715
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Oil prices, 728
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Class rank, 689, 693–694

Class scheduling, 576
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Completion time for graduate degrees, 

732
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Debt after graduation, 617–618, 632
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Earning power and, 363

Enrollment in evening classes, 304

Entrance exam scores, 664, 700, 707, 

732
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Exam scheduling, 805

Extra credit, 87
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Financial aid, 87

Foreign students graduating, 622

Freshman arrest records, 87

GPAs, 359, 663, 733

Graduate school applications, 693

GRE scores, 693

Grouping of students, 34, 36, 224, 303, 
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Homework and grades, 340
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Law School Admission Test (LSAT), 156
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Missed classes, 686

Nurses with master’s degrees, 366

Professor to student ratio, 315

Reasons for failure, 88

SAT scores, 700, 707, 732

Student elections, 745–746, 748–749, 
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Student housing, 42

Student loans, 383–384, 413–417, 425, 

443, 445

Student population, 237

Study habits, 612, 622, 644

Study time, 339, 622, 648, 685, 734

Teacher salaries, 371, 714

Test grades/scores, 26, 33–34, 36, 41, 

301, 357–358, 687, 693–694, 711, 

716, 727

Test times, 714

Textbook costs, 39–40, 338, 714

Textbook sales/resales, 39, 97

Time needed to complete class project, 

316

True/false questions, 338, 566

Tuition (and fees), 304, 363, 371, 442, 

676–677

Finance

Account balance, 230, 234–236, 293

Actuarial method, 404–405, 411, 443

Amount invested, 40, 304, 358, 

397–398

Annual percentage rate, 403–404, 411, 

443, 445

Annuities, 393–396, 398–399, 445

Apartment rental costs, 25, 36, 304

Athlete salaries, 280

ATM banking, 632

Average salaries, 667–669, 674–675, 

678, 714–715, 734

Banker’s rule, 383, 386, 442, 445

Bankruptcy filings, 661

Bonds, 435–436, 438, 444–445

Budgeting, 36, 374–377, 442, 444, 656

Business costs, 353

Business revenues, 303, 353

Capitalized interest, 417–418, 425, 443, 

445

Car loans, 401, 405, 411, 443, 446–447

Car rental, 19, 329, 338

Certificate of deposit, 292, 353, 386, 

397, 399, 439

Checking account balance, 234–235, 293

Commissions, 338, 368, 371, 442,  

444, 678

Compound interest, 349–350, 353–354, 

387–390, 393, 398–399, 443, 445

Credit card balance, 398, 406–409,  

412–414, 443, 445

Credit card finance charge, 406–409, 

412–413, 443, 445

Credit card minimum payment, 409–

410, 413–414, 443

Daily wages, 311, 355

Depreciation, 289

Discounted loans, 383–384, 386–387, 

442, 445

Discount/sale prices, 25, 304, 339, 357, 

366–367, 369–372, 442

Down payment, 411–412, 425–427

Earning power and education, 363

Earnings and happiness, 632

Effective interest rate, 392–393, 443, 

445

Estate division, 251, 304, 357

Finance charges, 406–408, 411, 443

Financial aid to students, 87

Future value, 379, 385–388, 393–395, 

397–399, 442–445

Home values, 339, 358, 372

Hourly wages, 25, 32, 35–36, 304,  

713, 715

Household income, 717, 724

Husband/wife earnings differences, 632

Installment purchases, 401–402, 406, 

411, 443, 445

Interest on investment, 40, 304, 349–

350, 353–354, 358–359

Interest on loans, 290, 353–354, 386

Interest on savings, 290, 315, 349, 385

Interest rate, 381, 385–386, 442, 444

Investment growth, 290, 349–350

Investment property, 478

Leasing a car, 315, 412

Monthly annuity payments, 396, 398

Monthly earnings, 304

Monthly loan payments, 36, 380, 386, 

402, 411–413, 416–417, 425, 

442–445

Mortgage interest, 421–427

Mortgage payments, 353, 419–427, 

443–444

Mortgage terms, 361

Mutual funds, 606

National debt, 213, 292

Payoff amount, 404–405, 411, 443, 445

P/E ratio, 431, 438

Principal, 381, 385, 414

Prize winnings, 25

Profits, 279, 293, 338, 353

Profit sharing, 235, 279–280

Property tax, 315

Recreational spending, 727

Rule of 78, 405–406, 411–412, 414, 

443, 445

Salary increases, 287–288, 290

Salary vs. hourly wage, 32

Sales tax, 304, 370–371

Sales trends, 339–340

Saving for a home, 287

Savings accounts, 290, 315, 349, 381, 

385, 393–395, 397–399, 442, 446

Shipping costs, 31

Simple interest, 40, 304, 315, 378–381, 

383, 387–388, 398–399, 442, 

444–445

Starting salaries, 290, 637–638

Stock dividends, 359, 439, 693

Stock earnings per share, 432, 438, 445

Stock listing, 429–430, 437–438, 

444–445

Stock prices, 429, 445, 654, 685

Stock proceeds, 434, 438–439, 444, 606

Stock purchase, 359, 372, 433, 438

Stock sales, 284, 372, 434, 438

Stock split, 433–434

Student loans, 383–384, 413–417, 425, 

443, 445
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Medicare expenditures, 330

Meeting scheduling, 805

Military expenditures, 330

Morse code, 195

Municipal waste, 251

Musical notes, 245, 283

Music preferences, 85

Music production costs, 330

Music sales, 57

National debt, 213, 292

National Park acreage, 461–462, 

652–653

Native languages spoken, 25

News sources, 88, 652

Packaging goods for sale, 220, 224

Paper money, 589

Pentagon, 469, 506, 508

Period of pendulum, 262

Permutations, 571–578, 582–583,  

589–590, 596

Pet food consumption, 311

Picture cropping, 315

Picture dimensions, 353

Picture framing, 36, 459, 507, 552

Picture hanging, 35–36

Pizza preferences, 88

Plans for worst gift, 39

Postage stamp size, 459

Poster board area, 462

Postnet code, 195

Public library use, 630

Pyramids, 522

Quiz show, 290

Radio preferences, 89, 97, 632

Recycling of waste paper, 41–42

Restaurant sales, 339, 664

Roof construction, 496

Room size, 25, 36, 251, 528

Sea level, 227

Service call schedules, 224

Shoe prices, 732

Shoe sizes and heights, 728

Sidewalk/path length, 833, 835

Skim milk consumption, 314

Snack food selection, 68

Social networking, 714–715, 810

Soft drink consumption, 82, 293, 466, 

584, 604–605

Spam, 89, 613

Spreading rumors, 279

Staircase construction, 501, 538

Statue weight, 312

Steak consumption, 475

Street plans, 800–801, 809, 817, 841

Swimming pool tiles, 36, 459

Swimming pool vacuum hose, 501

Cutting objects, 29, 37, 304, 459

Cutting recipe, 251

Deck construction, 35, 40, 301–302, 

358, 462, 481

Diamond size, 459

Dog food consumption, 311

Domain name costs, 329

Drink preferences, 82, 604–605

Driveway coating, 517

Drunk driving, 624

Earnings and happiness, 632

Elevator weight capacity, 475

Encoding account numbers, 175

Encryption, 205

Energy drinks, 36, 89, 458, 632

Error messages in online transactions, 632

Euler paths and circuits, 811–814,  

816–818, 839–841

Facebook use, 87

Felony charges, 68

Fencing, 30, 345, 505, 507, 518

Fish tank dechlorination, 478

Floor area, 469

Floor plans, 799, 808–810, 817–818, 

838–840

Food bank supplies, 237

Fundraising, 580

Garden planning, 29, 458

Government revenue, 369

Government spending, 213, 292, 330, 

368–369

Grocery stockroom, 236

Halloween spending, 304

Hamilton paths and circuits, 819–824, 

827–828, 839–841

Healthy body weight, 475, 479

Home improvement, 481, 534

House plans, 251

Inaugural address length, 688

Insect legs, 459

Instagram use, 87

Internet access/usage, 26–27, 694

Internet cafe set-up, 35

Ladder distance from wall, 501, 534, 

537, 549–550

Laptop sales, 664

Lighthouses, 224

Loft construction, 459, 501

Lot sizes, 251, 479, 552

Making combinations, 577–580, 582, 

596

Manufacturing costs, 330, 358

Map colors, 805–806, 809–810, 

839–840

Market research, 89

Massage costs, 694

Take-home pay, 305, 373, 376, 442, 

444

Teacher salaries, 371, 714

Term of a loan, 382, 385, 444–445

Time needed to reach investment goal, 

391, 398, 443

Tips, 35, 302, 338

Total cost with tax, 370–371, 442, 444

Unearned interest, 404–405, 411–412, 

443, 445

Utility costs, 25, 304

Weekly income, 338

Weekly salaries, 40

Yearly earnings, 25, 731

General Interest

Animal shelter, 611

Arrestees with priors, 35

Arts community, 89

ASCII code, 205

Athlete salaries, 280

Band setup time, 716

Beam strength, 313, 316

Book publishing, 88–89

Border relationships, 799–800, 808–

810, 817–818, 839–840

Box office revenues, 279

Bridges connecting islands, 798–799, 

807–810, 816–818, 838

Building heights, 478, 535, 537, 549

Building materials, 525

Bungee jumping, 290

Calendar design, 580

Candy bag weight, 470

Capitol rotunda area, 479
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Corporate e-mail use, 329–330

Crime statistics, 83–85

Currency conversion, 449, 459



 Index of Applications   xxiii

Exercise habits, 357

Fat content of cafeteria food, 87

Fat content of ice cream, 459

Fever, 475, 478

Fitness classes, 88

Health insurance, 251, 630

Healthy body weight, 475, 479

Hearing loss in elderly, 97

Heart attack risk factors, 85–86

Indoor smoking ban, 123

Lead poisoning in children, 741
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Window caulking, 36

Wire length, 550, 833, 835–836
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535, 537

Object distance with trigonometry, 
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669–670

Speed of light, 277, 279, 459

Speed of sound, 293

Support beam, 313, 316

Surface area of Mars, 527

Temperature conversions, 449, 472–

473, 475–476, 478–479

Toddlers’ weights, 660

Vertical distance from Mt. McKinley to 
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For answers, see Math in Criminal Justice Revisited on page 38

In traditional cops-and-robbers movies, crime fighters use 

guns and fists to catch criminals, but in real life, often it’s brain 

power that brings the bad guys to justice. Law & Order: SVU is 

one of the longest-running investigative shows ever. While the 

folks who make that show are not above the occasional foot 

chase, more often crimes are solved and prosecuted by gath-

ering and organizing as much relevant information as possible, 

then using logic and intuition to formulate a plan. If all goes 

well, this leads investigators to a suspect. At that point, it’s up 

to the prosecution to lead jurors to use reasoning skills to get 

to the truth.

This same strategy is the essence of problem solving 

in many walks of life other than criminal justice. Students 

in math classes often ask, “When am I going to use what I 

learn?” The best answer to that question is, “Every day!” Math 

classes are not only about facts and formulas: they’re also 

about exercising your mind, training your brain to think logi-

cally, and learning effective strategies for solving problems. 

And not just math problems. Every day of our lives, we face a 

wide variety of problems: they pop up in our jobs, in school, 

and in our personal lives. Which computer should you buy? 

What should you do when your car starts making an awful 

noise? What would be a good topic for a research paper? 

How can you get all your work done in time to go to that 

party Friday night?

Chapter 1 of this book is dedicated to the most impor-

tant topic we’ll cover: an introduction to some of the classic 

techniques of problem solving. These techniques will prove 

to be useful tools that you can apply throughout the rest of 

this course, and in the rest of your education. But more impor-

tantly, they can be applied just as well to situations outside the 

classroom.

And this brings us back to our friends from SVU. The logic 

and reasoning that they use to identify suspects and prove 

their guilt are largely based on problem-solving skills we’ll 

study in this chapter. By the time you’ve finished the chapter, 

you should be able to evaluate the situations below, all based 

on episodes from Season 17 of SVU. In each case, you should 

identify the type of reasoning, inductive or deductive, that was 

used. Then discuss whether you think this evidence would be 

likely to lead to a conviction. 

 1. A corrections officer is accused of sexually assault-

ing several inmates. Many of the victims have been 

blackmailed into keeping quiet about the attacks. 

Video footage shows the officer escorting several of 

the alleged victims into a closed room, and his part-

ner appearing to stand guard outside. (Episode 22: 

“Intersecting Lives”)

 2. When DNA evidence found on a murder suspect 

leads to a familial match, detectives are forced to 

try and obtain DNA samples from several mem-

bers of the family to identify the killer. (Episode 8: 

 “Melancholy Pursuit”)

 3. A contestant on a reality dating show claims to have 

been raped by another contestant. Because so much 

of their activities were being filmed, detectives were 

able to find video showing that the accused was in a 

different place at the time of the attack. (Episode 21: 

“Assaulting Reality”)

 4. A series of attacks occur in an area near a shelter, 

and the attacks match the specifics of similar crimes 

committed by an ex-con living in the shelter, so 

one of the SVU detectives goes undercover at the 

 shelter. (Episode 19: “Sheltered Outcasts”)

Math in Criminal Justice



4   Chapter 1 Problem Solving

A big part of being an adult is mak-

ing decisions on your own—every 

day is full of them, from the simple, 

like what to eat for breakfast, to 

the critical, like a choice of major, 

career, job, or mate. How far do you 

think you’ll get in life if you flip a 

coin to make every decision? I’m 

going to say, “Not very.” Instead, 

it’s important to be able to analyze a 

situation based on logical thinking. 

What are the possible outcomes of 

making that decision? How likely 

is it that each choice will have posi-

tive or negative consequences? We call the process of logical thinking reasoning. It doesn’t 

take a lot of imagination to understand how important reasoning is in everyone’s life.

You may not realize it, but every day in your life, you use two types of reasoning to make 

decisions and solve problems: inductive reasoning or induction, and deductive reasoning or 

deduction.

Section 1-1 The Nature of Mathematical Reasoning

LEARNING OBJECTIVES

 1. Identify two types of reasoning.

 2. Use inductive reasoning to make 

conjectures.

 3. Find a counterexample to 

 disprove a conjecture.

 4. Explain the difference between 

inductive and deductive 

reasoning.

 5. Use deductive reasoning to 

prove a conjecture.

Inductive reasoning is the process of reasoning that arrives at a general conclusion 

based on the observation of specific examples.

For example, suppose that your instructor gives a surprise quiz every Friday for the first four weeks 

of your math class. At this point, you might make a conjecture, or educated guess, that you’ll have 

a surprise quiz the next Friday as well. As a result, you’d probably study before that class.

This is an example of inductive reasoning. By observing certain events for four specific 

Fridays, you arrive at a general conclusion. Inductive reasoning is useful in everyday life, and 

it is also useful as a problem-solving tool in math, as shown in Example 1.

 1. Identify two types of 

reasoning.

A game show contestant is given the following string of numbers:

 1, 2, 4, 5, 7, 8, 10,     ¯  ,     ¯  ,     ¯   

She’ll win $1,500 if she can continue the pattern and fill in the three blanks. Use inductive 

reasoning to find a correct answer. How confident are you in your answer? 100%? Or less 

than that?

SOLUTION

To find patterns in strings of numbers, it’s often helpful to think about operations that can turn 

a number into the next one. In this case, we can use addition to find a regular pattern:

  
1   2   4   5   7   8   10     ¯        ¯       ¯  

     
 + 1 + 2 + 1 + 2 + 1 + 2 + 1  + 2   + 1

   

The pattern seems to be to add 1, then add 2, then add 1, then add 2, etc. So a reasonable con-

jecture for the next three numbers is 11, 13, and 14.

Now let’s talk about confidence. I like this answer a lot, but I’m not 100% confident. I 

made an educated guess based on just seven numbers. There’s no guarantee that this is the 

ONLY correct answer.

Example 1 Using Inductive Reasoning to Find a Pattern

©foodandmore/123RF
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Make a reasonable conjecture for the next figure in the sequence.

SOLUTION

In the first four figures, the flat part goes from facing up to right, down, then left. There’s also 

a solid circle ∙ in each figure. The sequence then repeats with an open circle ° in each figure, 

so in the next one, the flat part should face left and have an open circle: 

Example 2 Using Inductive Reasoning to Find a Pattern

 a. When two odd numbers are added, will the result always be an even number? Use induc-

tive reasoning to determine your answer.

 b. How many pairs of numbers would you need to try in order to be CERTAIN that your 

conjecture is true?

SOLUTION

 a. First, let’s try several specific examples of adding two odd numbers:

   

3 + 7 = 10 

  

25 + 5 = 30

    5 + 9 = 14   1 + 27 = 28    

19 + 9 = 28 

  

21 + 33 = 54

  

  Since all the answers are even, it seems reasonable to conclude that the sum of two odd 

 numbers will be an even number.

 b. Did we really slip in a trick question this early in the book? You bet. This is a very impor-

tant point about inductive reasoning: you can try specific examples all day and always get 

an even sum, but that can never guarantee that it will ALWAYS happen. For that, we’re 

going to need deductive reasoning.

Example 3 Using Inductive Reasoning to Make a Conjecture

Recognizing, describing, and 

creating patterns are important 

in many fields. Many types of 

patterns are used in music 

like following an established 

pattern, altering an established 

pattern, and producing 

variations on a familiar pattern.

©Photodisc/Getty Images RF

Use inductive reasoning to find a pattern and make a reasonable conjecture for the next 

three numbers by using that pattern.

 1, 4, 2, 5, 3, 6, 4, 7, 5,     ¯  ,     ¯  ,     ¯   

Try This One 1

Make a reasonable conjecture for the next figure in the sequence.

1
2 3

4 4
3

Try This One 2
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One number is divisible by another number if the remainder is zero after dividing. For exam-

ple, 16 is divisible by 8 because 16 ÷ 8 has remainder zero, but 17 is not divisible by 8 because 

17 ÷ 8 has remainder 1.

Use inductive reasoning to decide if the following conjecture is likely to be true: any four-

digit number is divisible by 11 if the difference between the sum of the first and third digits 

and the sum of the second and fourth digits is divisible by 11.

SOLUTION

Let’s make up a few examples. For 1,738, the sum of the first and third digits is 1 + 3 = 4, 

and the sum of the second and fourth digits is 7 + 8 = 15. The difference is 15 − 4 = 11, so 

if the conjecture is true, 1,738 should be divisible by 11. To check: 1,738 ÷ 11 = 158 (with 

no remainder).

For 9,273, 9 + 7 = 16, 2 + 3 = 5, and 16 − 5 = 11. So if the conjecture is true, 9,273 

should be divisible by 11. To check: 9,273 ÷ 11 = 843 (with no remainder).

Let’s look at one more example. For 7,161, 7 + 6 = 13, 1 + 1 = 2, and 13 − 2 = 11. 

Also 7,161 ÷ 11 = 651 (with no remainder), so the conjecture is true for this example as well. 

While we can’t be positive based on three examples, inductive reasoning indicates that the 

conjecture is likely to be true.

Example 4 Using Inductive Reasoning to Test a Conjecture

Math Note

Once again, inductive reason-

ing can’t tell us for certain that 

the conjecture is true. On the 

other hand, in this case it’s 

at least possible to try every 

four-digit number. But on the 

fun scale, that would rank 

somewhere in between a root 

canal and paying taxes.

Inductive reasoning can definitely be a useful tool in decision making, and we use it 

very often in our lives. But we’ve talked about a pretty serious drawback: because you can 

very seldom verify conclusions for every possible case, you can’t be positive that the conclu-

sions you’re drawing are correct. In the example of the class in which a quiz is given on four 

consecutive Fridays, even if that continues for 10 more weeks, there’s still a chance that there 

won’t be a quiz the following Friday. And if there’s even one Friday on which a quiz is not 

given, then the conjecture that there will be a quiz every Friday proves to be false.

This is a useful observation: while it’s not often easy to prove that a conjecture is true, 

it’s much simpler to prove that one is false. All you need is to find one specific example that 

contradicts the conjecture. This is known as a counterexample. In the quiz example, just one 

Friday without a quiz serves as a counterexample: it proves that your conjecture that there 

would be a quiz every Friday is false. In Example 5, we’ll use this idea to prove that a conjec-

ture is false.

 2. Use inductive reasoning 

to make conjectures.
If two odd numbers are multiplied, is the result always odd, always even, or sometimes 

odd and sometimes even? Use inductive reasoning to answer.

Try This One 3

Use inductive reasoning to decide if the following conjecture is likely to be true: if the 

sum of the digits of a number is divisible by 3, then the number itself is divisible by 3.

Try This One 4
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Find a counterexample that proves the conjecture below is false.

Conjecture: A number is divisible by 3 if the last two digits are divisible by 3.

SOLUTION

We’ll pick a few numbers at random whose last two digits are divisible by 3, then divide the 

original number by 3, and see if there’s a remainder.

1,527: Last two digits, 27, divisible by 3; 1,527 ÷ 3 = 509 

11,745: Last two digits, 45, divisible by 3; 11,745 ÷ 3 = 3,915

At this point, you might start to suspect that the conjecture is true, but you shouldn’t! We’ve 

only checked two cases, and there are infinitely many possibilities.

1,136: Last two digits, 36, divisible by 3;  1,136 ÷ 3 = 378   
2
 __ 

3
   

This counterexample shows that the conjecture is false.

Example 5 Finding a Counterexample

Remember: One counterexample is enough to show that a conjecture is false. But one 

 positive example is never enough to show that a conjecture is true.

CAUTION

Use inductive reasoning to make a conjecture about the number of sections a circle is divided 

into when a given number of points on the circle are connected by chords. (A chord is a line 

connecting two points on a circle.) Then test the conjecture with one further example.

SOLUTION

We’ll draw several circles, connect the points with chords, and then count the sections.

1

2

1

1
2

4

3 1
2

3

8
7

6
5

4

16

15

14
11

1213

9
108

53 4

76

1 2

Point(s) 1 2 3 4 5 6

Sections 1 2 4 8 16 ?

Example 6 Making and Testing a Conjecture

Math Note

Example 6 illustrates what 

is, in some sense, the very 

essence of math and sci-

ence: we have an idea that 

something might be true, and 

we use inductive reasoning 

to test it. But the result of the 

example shows why inductive 

reasoning can’t be used to 

prove results: what appears 

to be true after looking at 

several examples can still turn 

out to be false.

 3. Find a counterexample 

to disprove a conjecture.

Find a counterexample to disprove the conjecture that the name of every month in 

 English contains either the letter y or the letter r.

Try This One 5
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Looking at the pattern in the number of sections, we see that a logical guess for the next 

 number is 32. It looks like the number of sections keeps doubling. In fact, the number of sec-

tions appears to be 2 raised to the power of 1 less than the number of points. This will be our 

conjecture. Let’s see how we did by checking with six points:

31

23
22

21

13

54

12

20

19

16

15

18

26
27

28

29

30
25

24

14

17

7 8

9

10

11

3

2

1

6

Uh oh . . . there are 31 sections! It looks like our conjecture is not true.

The other method of reasoning that we will study is called deductive reasoning, or 

deduction.

Deductive reasoning is the process of reasoning that arrives at a conclusion based on pre-

viously accepted general statements. It’s based on overall rules, NOT specific examples.

Here’s an example of deductive reasoning. At many colleges, a student has to be   

registered for at least 12 hours to be considered full-time. So we accept the statement  

Given that there are 31 sections with 6 points, guess how many there will be with 7, and 

then check your answer.

Try This One 6

Here’s a clever way to understand the difference between 

inductive and deductive reasoning. Suppose a friend invites 

you over to his new apartment, and while walking over there, 

you come across a house with a loose dog in the yard. 

As you pass, the dog runs over and bites you on the ankle. 

Ouch! If you’re walking back to your friend’s place again a 

week later, you might decide to take the same path—hey, it’s 

the quickest way to get there, and the dog bite was an iso-

lated incident. But as you’re passing by the same house, the 

same dog runs over and bites you again. At that point, you’d 

probably decide, based on two specific incidents, to walk a 

different way next time. That’s inductive reasoning.

On the other hand, suppose that instead of a loose dog, 

in front of that house there’s a big hole where the sidewalk 

used to be, with no way to get around it. Would you have to 

fall into the hole twice to decide that taking a different route 

would be a good idea? Probably not . . . you’re not a goof, so 

you know that a known principle (I call it “gravity”) dictates 

that you can’t walk over a big hole without falling in. That’s 

deductive reasoning.

Sidelight Of Fuzzy Dogs and Inductive Reasoning

©Ingram Publishing/SuperStock RF
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“A student is full-time if he or she is registered for at least 12 hours” as true. If we’re then told 

that a particular student has full-time status, we can conclude that she or he is registered for 

at least 12 hours. The key is that we can be positive that this is true. On the other hand, you 

might have 10 friends who are full-time students, and all of them might be taking 15 or more 

hours of classes. If you concluded that “full-time” means more than 14 hours, you’d be using 

inductive reasoning, not deductive. And in this case, you’d probably be wrong.

So that’s what separates deductive reasoning from inductive reasoning. In Example 7, 

we’ll look at an incredibly important aspect of these types of reasoning. We’ll use inductive 

reasoning to MAKE a conjecture, and deductive reasoning to PROVE it.

 4. Explain the difference 

between inductive and 

deductive reasoning.

Consider the following problem: think of any number. Multiply that number by 2, then add 6, 

and divide the result by 2. Next subtract the original number. What is the result?

 (a) Use inductive reasoning to make a conjecture for the answer.

 (b) Use deductive reasoning to prove your conjecture.

SOLUTION

(a) Let’s begin by picking a few specific numbers randomly, and performing the described 

operations to see what the result looks like.

Number: 12 5 43
Multiply by 2: 2 × 12 = 24 2 × 5 = 10 2 × 43 = 86
Add 6: 24 + 6 = 30 10 + 6 = 16 86 + 6 = 92
Divide by 2: 30 ÷ 2 = 15 16 ÷ 2 = 8 92 ÷ 2 = 46
Subtract the original number: 15 − 12 = 3 8 − 5 = 3 46 − 43 = 3
Result: 3 3 3

 At this point, you may be tempted to conclude that the result is always 3. But this is just 

a conjecture: we’ve tried only three of infinitely many possible numbers! As usual when 

using inductive reasoning, we can’t be completely sure that our conjecture is always true. 

But at this point, it seems like it would at least be worth the effort to see if we can prove 

that our conjecture is true.

(b) The problem with the inductive approach is that it requires using specific numbers, and 

we know that we can’t check every possible number. Instead, we’ll choose an arbitrary 

number and call it a. Think of that as standing for “any old number.” If we can show that 

the result is 3 in this case, that will tell us that this is the result for every number. Remem-

ber, we’ll be doing the exact same operations, just on an arbitrary number a.

 Number:   a

 Multiply by 2:  2a

 Add 6:   2a + 6

 Divide by 2:      
2a + 6

 _____ 
2
   =    

2a
 ___ 

2
   +    

6
 __ 

2
   = a + 3 

 Subtract the original number: a + 3 − a = 3

Now we know for sure that the result will always be 3, and our conjecture is proved.

Example 7 Using Deductive Reasoning to Prove a Conjecture

Math Note

Here’s another way to think 

about the difference between 

inductive and deductive rea-

soning: inductive reasoning 

begins with specific exam-

ples, and leads to a more 

general conclusion. Deduc-

tive reasoning starts with a 

general principle, and uses 

it to draw conclusions about 

specific examples. In short:

Inductive: Specific → General

Deductive: General → Specific

 5. Use deductive reasoning 

to prove a conjecture.
Consider the following problem: think of any number. Multiply that number by 3, then 

add 30, and divide the result by 3. Next subtract the original number. What is the result?

 (a) Use inductive reasoning to make a conjecture for the answer.

 (b) Use deductive reasoning to prove your conjecture.

Try This One 7
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Let’s try another example. Try to focus on the difference between inductive and deductive 

reasoning, and the fact that inductive reasoning is great for giving you an idea about what the 

truth might be for a given situation, but deductive reasoning is needed for proof.

Use inductive reasoning to arrive at a general conclusion, and then prove your conclusion is 

true by using deductive reasoning.

 Pick a number:

 Add 50:

 Multiply by 2:

 Subtract the original number:

 Result:

SOLUTION

Approach:   Induction

Try a couple different numbers and make a conjecture.

 Original number: 12 50

 Add 50: 12 + 50 = 62   50 + 50 = 100

 Multiply by 2:     62 × 2 = 124   100 × 2 = 200

 Subtract the original number: 124 − 12 = 112 200 − 50 = 150

 Result: 112  150

A reasonable conjecture is that the final answer is 100 more than the original number.

 Approach:    Deduction

 Pick an arbitrary number:  a

 Add 50:    a + 50

 Multiply by 2:   2(a + 50) = 2a + 100

 Subtract the original number:  2a + 100 − a

 Result:    a + 100

Our conjecture was right: the final answer is always 100 more than the original number.

Example 8 Using Deductive Reasoning to Prove a Conjecture

Calculator Guide

If you use a calculator to try 

the repeated  operations in 

Example 8, you’ll need to

press  (scientific  calculator)  

or ENTER  (graphing calculator)

after every operation, or you’ll 

get the wrong result. Suppose 

you simply enter the whole 

string:

Standard Scientific 

Calculator

12 +  50 ×  2 −  12 

Standard Graphing 

Calculator

12 +  50 ×  2 −  12 ENTER

The result is 100, which is 

incorrect. In Chapter 5, we’ll 

find out why when we study 

the order of operations.

In common usage, the word arbitrary is often misinterpreted 

as a synonym for random. When reaching into a bag of 

potato chips, you make a random selection, and some peo-

ple would also call this an arbitrary selection. But in math, 

the word arbitrary means something very different. When 

randomly selecting that chip, you have still chosen a specific 

chip—it is probably not representative of every chip in the 

bag. Some chips will be bigger, and others smaller. Maybe 

you got that one gross little burned chip. Yuck.

When we use arbitrary in math, we’re referring to a non-

specific item that is able to represent all such items. In the 

series of calculations we looked at above, we could never 

be sure that the result will always be 3 by choosing specific 

numbers. Why? Because we’d have to try it for every number, 

which is, of course, impossible. You have better things to do 

than spend the rest of your life testing number after number. 

The value of performing the calculation on an arbitrary num-

ber a is that this one calculation proves what will happen for 

every number you choose. It is absolutely crucial in the study 

of mathematics to understand that choosing specific num-

bers can almost never prove a result, because you can’t try 

every number. Instead, we’ll rely on using arbitrary numbers 

and deductive reasoning. Now ponder this deep question: is 

there such a thing as an arbitrary potato chip?

Sidelight Making an Arbitrary Point
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Now that we’ve seen how inductive and deductive reasoning can be used, let’s review by 

distinguishing between the two types of reasoning in some real situations.

Math Note

You probably recognized the 

deductive approach to prov-

ing our conjecture in Example 

8 as algebra, where we use a 

symbol (in this case the letter 

a) to represent an arbitrary 

number. If you need some 

help brushing up on algebra, 

we have you covered: Chap-

ter 6 reviews some key ele-

ments of algebra, and there 

are online resources as well.

The last six times we played our archrival in football, we won, so I know we’re going to win 

on Saturday. Did I use inductive or deductive reasoning?

SOLUTION

This conclusion is based on six specific occurrences, not a general rule that we know to be 

true. (No team wins every game!). I used inductive reasoning.

Example 9 Comparing Inductive and Deductive Reasoning

The syllabus states that any final average between 80 and 90% will result in a B. If I get 78% 

on my final, my overall average will be 80.1%, so I’ll get a B. Did I use inductive or deductive 

reasoning?

SOLUTION

Although we’re talking about a specific person’s grade, the conclusion that I’ll get a B is 

based on a general rule: all scores in the 80s earn a B. So this is deductive reasoning.

Example 10 Comparing Inductive and Deductive Reasoning

Arrive at a conclusion by using inductive reasoning, and then try to prove your conclu-

sion by using deductive reasoning.

Pick a number:

Add 16:

Multiply by 3:

Add 2:

Subtract twice the original number:

Subtract 50:

Result:

Try This One 8

There is no mail delivery on holidays. Tomorrow is Labor Day so I know my student 

loan check won’t show up. Did I use inductive or deductive reasoning?

Try This One 9

Everyone I know in my sorority got at least a 2.5 GPA last semester, so I’m sure I’ll get 

at least a 2.5 this semester. Did I use inductive or deductive reasoning?

Try This One 10
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Writing Exercises
 1. Explain the difference between inductive and deductive 

reasoning.

 2. What is meant by the term conjecture?

 3. Give an example of a decision you made based on 

inductive reasoning that turned out well, and one that 

turned out poorly.

 4. What is a counterexample? What are counterexamples 

used for?

 5. Explain why you can never be sure that a conclusion you 

arrived at using inductive reasoning is true.

 6. Explain the difference between an arbitrary number and 

a number selected at random.

 7. Take another look at the opener for Chapter 1 on page 2. 

How do the terms inductive and deductive reasoning 

apply to evidence in court?

 8. Describe the difference between being confident that a 

conjecture is true, and being CERTAIN that it’s true.

Remember that both inductive reasoning and deductive reasoning are useful tools for prob-

lem solving. But the biggest difference between them is that conclusions drawn from induc-

tive reasoning, no matter how reasonable, are still at least somewhat uncertain. In Problems 

67–72, we’ll distinguish between weak and strong inductive arguments. But conclusions 

drawn by using deductive reasoning can be considered definitely true, as long as the general 

rules used to draw the conclusion are known to be true. 

In addition, you should take a minute or two to think about the fact that to disprove a 

conjecture, you only need to find one specific example for which it’s not true. But to prove a 

conjecture, you have to show that it’s true in every possible case.

Exercise Set 1-1

Computational Exercises
For Exercises 9–18, use inductive reasoning to find a pattern, 

and then make a reasonable conjecture for the next number or 

item in the sequence.

 9. 1  2  4  7  11  16  22  29  ____

 10. 6  10  22  58  166  490  ____

 11. 10  20  11  18  12  16  13  14  14  12  15  ____

 12. 2  3  8  63  3,968  ____

 13. 100  99  97  94  90  85  79  ____

 14. 9  12  11  14  13  16  15  18  ____

 15. 

 16. 

 17. 

 18. 

For Exercises 19–22, find a counterexample to show that each 

statement is false.

 19. The sum of any three odd numbers is even.

 20. When an even number is added to the product of two odd 

numbers, the result will be even.

 21. When an odd number is squared and divided by 2, the 

result will be a whole number.

 1 Pattern: every entry is 1 more than the one that 

comes two spots before it. The next three numbers 

are 8, 6, 9.

 2 
2

 3 Always odd

  4 True

  5 June has neither a y nor an r.

  6 There are 57.

  7 10

  8 The result is the original number.

  9 Deductive

 10 Inductive

Answers to Try This One
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 22. When any number is multiplied by 6 and the digits of the 

answer are added, the sum will be divisible by 6.

For Exercises 23–26, use inductive reasoning to make a con-

jecture about a rule that relates the number you selected to 

the final answer. Try to prove your conjecture by using deduc-

tive reasoning.

 23. Pick a number:

  Double it:

  Subtract 20 from the answer:

  Divide by 2:

  Subtract the original number:

  Result:

 24. Pick a number:

  Multiply it by 9:

  Add 21:

  Divide by 3:

  Subtract three times the original number:

  Result:

 25. Pick a number:

  Add 6:

  Multiply the answer by 9:

  Divide the answer by 3:

  Subtract 3 times the original number:

  Result:

 26. Pick an even number:

  Multiply it by 4:

  Add 8 to the product:

  Divide the answer by 2:

  Subtract 2 times the original number:

  Result:

For Exercises 27–36, use inductive reasoning to find a pattern 

for the answers. Then use the pattern to guess the result of 

the final calculation, and perform the operation to see if your 

answer is correct.

 27. 12,345,679 × 9 = 111,111,111

  12,345,679 × 18 = 222,222,222

  12,345,679 × 27 = 333,333,333

     ⋮

  12,345,679 × 72 = ?

 28. 02 + 1 = 1

  12 + 3 = 22

  22 + 5 = 32

  32 + 7 = 42

  42 + 9 = 52

  52 + 11 = ?

 29. 999,999 × 1 = 0,999,999

  999,999 × 2 = 1,999,998

  999,999 × 3 = 2,999,997

    ⋮

  999,999 × 9 = ?

 30. 1 = 12

  1 + 2 + 1 = 22

  1 + 2 + 3 + 2 + 1 = 32

    ⋮

  1 + 2 + 3 + 4 + 5 + 6 + 7 + 6 + 5 + 4 + 3 + 2 + 1 = ?

 31.     9 × 9 = 81

      99 × 99 = 9,801

     999 × 999 = 998,001

      9,999 × 9,999 = 99,980,001

  99,999 × 99,999 = ?

 32.    1 × 8 + 1 = 9

     12 × 8 + 2 = 98

    123 × 8 + 3 = 987

    1,234 × 8 + 4 = 9,876

  12,345 × 8 + 5 = ?

 33.       1 · 1 = 1

       11 · 11 = 121

      111 · 111 = 12,321

      1,111 · 1,111 = 1,234,321

  11,111 · 11,111 = ?

 34. 9 · 91 = 819

  8 · 91 = 728

  7 · 91 = 637

  6 · 91 = 546

  5 · 91 = ?

 35. Explain what happens when the number 142,857 is 

multiplied by the numbers 2 through 8.

 36. A Greek mathematician named Pythagoras is said to have 

discovered the following number pattern. Find the next 

three sums by using inductive reasoning. Don’t just add!

  1 = 1 

  1 + 3 = 4

  1 + 3 + 5 = 9

  1 + 3 + 5 + 7 = 16

  1 + 3 + 5 + 7 + 9 = ?

  1 + 3 + 5 + 7 + 9 + 11 = ?

  1 + 3 + 5 + 7 + 9 + 11 + 13 = ?

 37. Use inductive reasoning to make a conjecture about the 

next three sums, and then perform the calculations to 

verify that your conjecture is true.

  

1 +    
1
 __ 

2
    =    

3
 __ 

2
  

  

1 +    
1
 __ 

2
    +    

1
 ____ 

2 ⋅ 3
    =    

5
 __ 

3
  

   

1 +    
1
 __ 

2
    +    

1
 ____ 

2 ⋅ 3
    +    

1
 ____ 

3 ⋅ 4
    =    

7
 __ 

4
  

    

1 +    
1
 __ 

2
    +    

1
 ____ 

2 ⋅ 3
    +    

1
 ____ 

3 ⋅ 4
    +    

1
 ____ 

4 ⋅ 5
    =  ?

    

1 +    
1
 __ 

2
    +    

1
 ____ 

2 ⋅ 3
    +    

1
 ____ 

3 ⋅ 4
    +    

1
 ____ 

4 ⋅ 5
    +    

1
 ____ 

5 ⋅ 6
    =  ?

     

1 +    
1
 __ 

2
    +    

1
 ____ 

2 ⋅ 3
    +    

1
 ____ 

3 ⋅ 4
    +    

1
 ____ 

4 ⋅ 5
    +    

1
 ____ 

5 ⋅ 6
    +    

1
 ____ 

6 ⋅ 7
    =  ?
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 38. Use inductive reasoning to determine the unknown sum, 

then perform the calculation to verify your answer.

  2 = 1(2)

  2 + 4 = 2(3)

  2 + 4 + 6 = 3(4)

  2 + 4 + 6 + 8 = 4(5)

  2 + 4 + 6 + 8 + 10 + 12 + 14 = ?

In Exercises 39–42, use inductive reasoning to find a pattern, 

then make a reasonable conjecture for the next three items in 

the pattern. You may have to think outside the box on some of 

them. That’s a good thing.

 39. d b e c f d ___ ___ ___

 40. a b c e d f i g h o ___ ___ ___

 41. J F M A ___ ___ ___

 42. D N O S A ___ ___ ___

Applications in Our World
In Exercises 43–58, determine whether the type of reasoning 

used is inductive or deductive reasoning.

 43. The last four congressional representatives from this 

district were all Republicans. I don’t know why the 

Democratic candidate is even bothering to run this year.

 44. I know I’ll have to work a double shift today because I 

have a migraine and every time I have a migraine I get 

stuck pulling a double.

 45. If class is canceled, I go to the beach with my friends. I 

didn’t go to the beach with my friends yesterday; so class 

wasn’t canceled.

 46. On Christmas Day, movie theaters and Chinese 

restaurants are always open, so this Christmas Day we 

can go to a movie and get some Chinese takeout.

 47. For the first three games this year, the parking lot was 

packed with tailgaters, so we’ll have to leave extra early 

to find a spot this week.

 48. Every time Beth sold back her textbooks, she got about 

10% of what she paid for them; so this semester she 

decided to not bother selling her books back.

 49. Experts say that opening e-mail attachments that come 

from unknown senders is the easiest way to get a virus 

on your computer. Shauna constantly opens attachments 

from people she doesn’t know, so she’ll probably end up 

with a virus on her system.

 50. Whenever Marcie let friends set her up on a blind date, 

the guy turned out to be a total loser. This time, when a 

friend offered to fix her up, she decided the guy would 

be a loser, so she declined.

 51. Dr. Spalsbury’s policy is that any student whose cell 

phone goes off during class will be asked to leave. So 

when Ericka forgot to turn hers off and it rang during a 

quiz, out the door she went.

 52. While experimenting on learning in mice, a biology 

student was able to successfully train six different mice 

to finish a maze, so she was really surprised when the 

next one was unable to learn the maze.

 53. Since Josie ate a diet of mostly foods high in saturated 

fat, she was not surprised when her doctor said her 

cholesterol levels were too high.

 54. In the past, even when Chris followed a recipe, her meal 

was either burned or underdone. Now her party guests 

know to eat before they attend her dinners so they won’t 

starve all evening.

 55. Working as a nurse in a hospital requires at least a two-year 

degree in this state, so when I was in the emergency room 

last week I asked the nurse where he went to college.

 56. Marathon runners should eat extra carbs before a big 

race, and since Mark did not eat enough carbs before the 

race, he felt sluggish the entire time.

 57. Organizing chapter contents in your own words before 

the test will decrease the amount of study you have to 

do before a test. When Scott tried this method, he was 

pleasantly surprised at how fast he was able to study.

 58. The last several network dramas I’ve followed have been 

canceled just when I started getting into them. So I’m not 

going to bother watching the new one they’re advertising 

even though it looks good, because I don’t want to be 

disappointed when it gets canceled.

Critical Thinking
 59. Do a Google search for the string “studies texting while 

driving.” Suppose that you’ve driven while texting 10 

times in the past without any incident. How likely would 

you be to text while driving if you use (a) inductive 

reasoning, and (b) deductive reasoning based on your 

Google search? Describe your reasoning in each case.

 60. Just about everyone had a conversation like this with 

their parents at some point in their childhood: “But all 

my friends are doing it!” “If your friends jumped, off a 

bridge, would you jump, too?” Describe how arguments 

like this apply to inductive and deductive reasoning. 

Specifically, what type of reasoning is each person using, 

and who in your opinion makes a stronger argument?

61. (a)   Find a likely candidate for the next two numbers in 

the following sequence: 2, 4, 8, . . .

 (b) Was your answer 16 and 32? How did you get that 

answer? Can you find a formula with variable n that 

provides the numbers in your sequence?

 (c) My answer is 14 and 22. How did I get that answer? 

Can you find a formula with variable n that pro-

vides the numbers in my sequence? (Note: The last 

question is NOT easy!)
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 (d) Fill in the following table by substituting the given 

values of n into the formula. Can you answer the 

last question in part (c) now? Based on all parts of 

this problem, what can you conclude about finding 

a pattern when you have just a bit of information 

to use?

n 1 2 3 4 5

n2 − n + 2

62. (a)   Find a likely candidate for the next two numbers in 

the following sequence: 3, 9, 27, . . .

 (b) Was your answer 81 and 243? How did you get that 

answer? Can you find a formula with variable n that 

provides the numbers in your sequence?

 (c) My answer is 57 and 99. How did I get that answer? 

(Hint: Find differences between the first two pairs 

of terms and look for a pattern.) Can you find a for-

mula with variable n that provides the numbers in 

my sequence? (Note: This is NOT easy!)

 (d) Fill in the following table by substituting the given 

values of n into the formula. Can you answer the 

last question in part (c) now? Based on all parts of 

this problem, what can you conclude about finding 

a pattern when you have just a bit of information 

to use?

n 1 2 3 4 5

6n2 − 12n + 9

63. (a)   In several of the problems in this section, you 

looked at a string of numbers then decided what the 

next number would be. This time, write a string of 

five numbers with a pattern so that the next number 

in the string would be 10.

 (b) Next, write a string of five numbers with a pattern 

so that the next two numbers in the string would be 

10 and 13.

 (c) Finally, write a string of five numbers with a pat-

tern so that the next three numbers in the string 

would be 10, 13, and 17.

 64. Refer to Problem 63.

 (a) Write a string of three numbers so that the next 

number in the string would be    4 __ 81   .

 (b) Next, write a string of three numbers so that the next 

two numbers in the string would be    4 __ 81    and  −   5 ___ 243   .

 (c) Find a formula with variable n that provides the 

numbers in your sequence.

Problems 65 and 66 use the formula average speed = 

distance/time.

 65. Suppose that you drive a certain distance at 20 miles per 

hour, then turn around and drive back the same distance 

at 60 miles per hour.

 (a) Choose at least four different distances and find the 

average speed for the whole trip. Then use inductive 

reasoning to make a conjecture as to what the aver-

age speed is in general.

 (b) Use algebra to prove your conjecture from part (a).

 66. Suppose that you drive a certain distance at 40 miles per 

hour, then turn around and drive twice as far at 20 miles 

per hour.

 (a) Choose at least four different distances and find the 

average speed for the whole trip. Then use induc-

tive reasoning to make a conjecture as to what the 

average speed is in general.

 (b) Use algebra to prove your conjecture from part (a).

All conclusions drawn from inductive reasoning aren’t cre-

ated equal. We can distinguish between a weak inductive 

argument, where a conclusion is drawn from just a few spe-

cific instances, and a strong inductive argument, where a 

conclusion is drawn from a large amount of observations. In 

Problems 67–72, classify each argument as weak or strong 

induction, and discuss your reasoning.

 67. The Cubs lost the first six games of the season. They 

have NO chance tonight.

 68. There are 52 people on my flight to the Bahamas, and 40 

of them brought carry-on bags to avoid paying baggage 

fees. So I’m thinking that about 80% of air travelers 

bring carry-ons to avoid fees.

 69. Public Policy Polling conducted a poll of 1,224 

Americans in December of 2016 and reported that 75% 

of those surveyed disapprove of the job that Congress 

is doing. I conclude that a majority of Americans were 

unhappy with Congress at that point.

 70. I played the first nine holes of a local golf course last night, 

and the grass was brown on all nine of them. I imagine all 

nine holes on the back nine are burned out, too.

 71. There were 109,000 people at the Ohio State-Michigan 

State game last year. Almost all of them cheered when 

Ohio State scored, so the game must have been played in 

Ohio.

 72. All three high school math teachers I had were kind of 

nerdy. I guess that all math teachers are nerds.

 73. The numbers 1, 3, 6, 10, 15, .  .  . are called triangular 

numbers since they can be displayed as shown.

1 3 6 10 15

The numbers 1, 4, 9, 16, 25, . . . are called square 

numbers since they can be displayed as shown.

1 4 9 16 25
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The numbers 1, 5, 12, 22, 35, . . . are called pentagonal 

numbers since they can be displayed as shown.

221251

 (a) Using inductive reasoning, find the next three trian-

gular numbers.

 (b) Using inductive reasoning, find the next three 

square numbers.

 (c) Using inductive reasoning, find the next three 

 pentagonal numbers.

 (d) Using inductive reasoning, find the first four 

 hexagonal numbers.

 74. Refer to Exercise 73. The formula for finding triangular 

  numbers is    
n[1n − (−1)]

 ___________ 
2
    or    

n(n + 1)
 _______ 

2
  .  The formula for 

  finding square numbers is    
n(2n − 0)

 ________ 
2
    or n2. The formula 

  for pentagonal numbers is    
n(3n − 1)

 ________ 
2
  .  Find the formula 

  for hexagonal numbers, using inductive reasoning.

Section 1-2 Estimation and Interpreting Graphs

LEARNING OBJECTIVES

 1. Identify some uses for 

estimation.

 2. Round numbers to a given level 

of accuracy.

 3. Estimate the answers to 

 problems in our world.

 4. Use estimation to obtain 

 information from graphs.

Everyone likes buying items on sale, so we should all be familiar with the idea of finding a 

rough approximation for a sale price. If you’re looking at a pair of shoes that normally sells 

for $70 and the store has a 40% off sale, you might figure that the shoes are a little more than 

half price, which would be $35, so they’re probably around $40. We will call the process of 

finding an approximate answer to a math problem estimation. Chances are that you use esti-

mation a lot more than you realize, unless you carry a calculator with you everywhere you go. 

(Okay, so your cell phone has a calculator, but how often do you use it?)

Estimation comes in handy in a wide variety of settings. When the auto repair shop 

technicians look over your car to see what’s wrong, they can’t know for sure what the exact 

cost will be until they’ve made the repairs, so they will give you an estimate. When you 

go to the grocery store and have only $20 to spend, you’ll probably keep a rough estimate 

of the total as you add items to the cart. (Imagine buying a week’s worth of groceries and 

keeping track of every price to the penny on your cell phone. Who has time for that?) If you 

plan on buying carpet for a room, you’d most likely measure the square footage and then 

estimate the total cost as you looked at different styles of carpet. You could find the exact 

cost if you really needed to, but often an estimate is good enough for you to make a sound 

buying decision.

Estimation is also a really useful tool in checking answers to math problems, particularly 

word problems. Let’s say you’re planning an outing for a student group you belong to, and 

lunch is included at $3.95 per person. If 24 people signed up and you were billed $94.80, you 

could use estimation to quickly figure that this is a reasonable bill. Since 24 is close to 25, and 

$3.95 is close to $4.00, the bill should be close to 25 × $4.00 = $100.

You also use estimation when rounding numbers for simplicity. If someone asks your 

height and age, you might say 5′11″ and 20, even if you’re actually  5′10   1 _ 2  ″  (everyone fudges a 

little) and 20 years, 4 months, and 6 days old.

Since the process of estimating uses rounding, we’ll start with a brief review of rounding 

numbers. This is based on the concept of place value. The place value of a digit in a number 

tells the value of the digit in terms of ones, tens, hundreds, etc. For example, in the number 

325, the 3 means 3 hundreds or 300 since its place value is hundreds. The 2 means 2 tens, or 

20, and the 5 means 5 ones. A place value chart is shown here, along with instructions for 

rounding numbers.
 1. Identify some uses for 

estimation.

©Imagehit Limited/123RF
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Steps for Rounding Numbers

 1. Locate the place-value digit of the number that is being rounded. Here is the place-

value chart for whole numbers and decimals:

  8,    9  8   5,   7    3    0,    2    6    1    ∙  2    3     5   6    7     8

 2a. If the digit to the right of the place-value digit is 0 through 4, don’t change the place-

value digit.

 2b. If the digit to the right of the place-value digit is 5 through 9, add 1 to the place-value 

digit.

Note: When you round whole numbers, replace all digits to the right of the digit being 

rounded with zeros. When you round decimal numbers, drop all digits to the right of the 

digit that is being rounded.
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Math Note

We often use the word 

 nearest to describe the place 

value to round to. Instead 

of saying, “Round to the 

hundreds place,” we might 

say, “Round to the nearest 

hundred.”

Round each value as requested.

 (a) $147.38 to the nearest 10 dollars

 (b) According to Wikipedia, an average person’s nails grow at the rate of 0.1181 inches per 

month. (That makes me well above average I guess. Yay me.) Round that length to the 

nearest hundredth of an inch.

 (c) As of December 11, the losing candidate in the 2016 presidential election was credited 

with 65,432,202 votes. Round this to the nearest million.

 (d) Is $1 million a lot of money? It depends who you ask. That amount is 0.23749% of the 

amount the federal government spent in 2015— in ONE HOUR. Seriously. Round that 

percentage to the nearest thousandth of a percent.

SOLUTION

(a) Rounding to the nearest ten dollars is the tens place, and the digit there is 4. The digit to 

the right of that is 7, which is more than 4. So we round the 4 up to 5, and replace the 7 

with a zero, to get $150. You could include zeros in the two places after the decimal if it 

means a lot to you, but you can just leave them off as well.

(b) The digit in the hundredths place is 1, and it’s followed by an 8. Again, this is more than 

4, so we round up the 1 to a 2 to get 0.12 inch.

(c) The millions place is the second digit here, which is 5. The following digit (4) is less than 

5, so we leave the 5 as is and replace the last six digits with zeros. The rounded result is 

65,000,000 votes.

(d) Thousandths is the third digit after the decimal point, which in this case is 7. The follow-

ing digit (4) is less than 5, so we keep the 7 and round to 0.237%.

Example 1 Rounding Numbers
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Estimation

When we use estimation to simplify numerical calculations, we use two steps:

 1. Round the numbers being used to numbers that make the calculation simple.

 2. Perform the operation or operations involved.

The owner of an apartment complex needs to buy six refrigerators for a new building. She 

chooses a model that costs $579.99 per refrigerator. Estimate the total cost of all six and 

decide if your answer is an overestimate (more than the actual value) or an underestimate 

(less than the actual value).

SOLUTION

Step 1 Round the cost of the refrigerators. In this case, rounding up to $600 will make the 

calculation easy.

Step 2 Perform the calculation: $600 × 6 = $3,600. Our estimated cost is $3,600.

The actual cost will be a little less than $3,600—since we rounded the price up, our estimate 

will be high.

Example 2 Estimating Total Cost When Shopping

Students often wonder, “How do I know what digit to round to?” It would be nice if there 

were an exact answer to that question, but there isn’t—it depends on the individual numbers. 

In Example 2, the cost of the refrigerators could have been rounded from $579.99 to $580. 

Then the cost estimate would be $580 × 6 = $3,480. This is a much closer estimate because 

we rounded the cost to the nearest dollar, rather than the nearest $100. But the calculation is 

harder.

Deciding on how much to round is really a tradeoff: ease of calculation versus accuracy. 

In most cases you’ll get a more accurate result if you round less, but the calculation will be a 

little harder. Since there’s no exact rule, it’s important to evaluate the situation and use good 

old-fashioned common sense. And remember, when you’re estimating, there is no one correct 

answer.

 2. Round numbers to a 

given level of accuracy.
Round each value as requested.

 (a) The average distance from Earth to the moon is 238,856 miles. Round to the nearest 

hundred miles.

 (b) The moon is moving away from Earth at the rate of 1.488189 inches per year. Round 

to the nearest ten-thousandth of an inch.

 (c) $8.93 to the nearest 10 cents.

Try This One 1

At one ballpark, large frosty beverages cost $7.25 each. Estimate the cost of buying one 

for each member of a group consisting of four couples. Is the actual cost more or less 

than your answer?

Try This One 2
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Back when we were still living in caves, really large numbers 

probably weren’t of much use. Early humans could use their 

fingers and toes to count their families and possessions, 

and I imagine that was good enough. How the world has 

changed! In the 21st century, we’re bombarded with large 

numbers from every direction, and being able to have some 

perspective on the size of those numbers is a useful skill. 

The truth is that most people have absolutely no idea how 

big a number like a million actually is.

One million is a one followed by six zeros (1,000,000). If 

you wanted to count to a million and you counted one num-

ber each second with no time off to eat or sleep, it would 

take you just about  11   1 _ 2    days. Wow. A stack of one million 

pennies would be almost a mile high; a pile of one million 

dollar bills would weigh almost a ton. As of this writing, the 

federal minimum wage is $7.25 per hour. If you worked 

40 hours a week at a minimum wage job, it would take you 

over 66 years to make one million dollars—before taxes!

Add three more zeros to the end of a million and you 

get one billion (1,000,000,000); that makes a billion equal to 

1,000 million. In 2010, the federal government spent about  

7   1 _ 2    billion dollars—per DAY. So how big is a billion?

Counting to one billion by ones would take you about 

32 years (no rest or sleep, of course). A billion pennies would 

make a stack almost 1,000 miles high; a pile of one billion 

dollar bills would be about the size of a medium-sized office 

building, and weigh over a thousand tons. And guess what? 

From some perspectives, a billion isn’t even that much.

In 2016, the federal government spent 433 billion dol-

lars just paying interest on the national debt. (And guess 

where that money is coming from?) Here’s the actual 

amount of money spent by our government in 2016: 

$3,540,000,000,000. I would be willing to bet that 80% of 

the population can’t even read that number out loud, let 

alone have any perspective on just how big it is. For the 

record, that’s 3 trillion, 540 billion dollars. It would take over 

100,000 YEARS to count that high. Everyone knows that a 

person making a million dollars a year is wealthy, but he or 

she would have to work for 3.54 million years to make the 

amount of money the feds spend in one year.

Once you get past a trillion, things get just plain silly. A 

quadrillion is one followed by 15 zeros. Eighteen zeros gives 

you a quintillion, and 21 zeros a sextillion. The entire Earth 

weighs about 6 sextillion, 570 quintillion tons; the weight of 

all the people on Earth is a mere 525 million tons. The larg-

est number with a name ending in -illion that I know of is the 

vigintillion, which has 63 zeros.

So is that the biggest number of all? Not even close. A 

nine-year-old girl came up with the name “googol” in 1938 

to describe one followed by 100 zeros. Scientists think this 

is more than the total number of protons in our universe. But 

if you want to make a googol look small, go up to a googol-

plex, which is one followed by a googol of zeros. It’s almost 

impossible to imagine how large a number this is, but writ-

ing it out would require a piece of paper far longer than the 

known universe.

Finally, here’s an easy way to show that there IS no 

biggest number: give me any number, and I can give you a 

 bigger one by adding one to it. Maybe a million isn’t so big 

after all.

Sidelight Just How Big Are Big Numbers?

You’re considering a new cell phone plan where you have to pay $179 up front for the latest phone, 

but the monthly charge of $39.99 includes unlimited minutes, data, and messaging. Estimate the 

cost of the phone for 1 year if there are no additional charges. If you were trying to decide if you 

could afford this phone in your budget, would you want an overestimate or an underestimate?

SOLUTION

Step 1 We can round the cost of the phone to $180 and the monthly charge to $40.

Step 2 The monthly cost estimate for 1 year will be $40 × 12 = $480; add the estimated cost 

of the phone to get an estimated total cost of $480 + $180 = $660.

When building a budget, you’d want an overestimate to make sure that you don’t end up 

spending more than you were planning on.

Example 3 Estimating the Cost of a Cell Phone

©Sam Edwards/Glow Images RF

A rental car company charges a rate of $78 per week to rent an economy car. For an up-

front fee of $52, you can upgrade to a midsize car. Estimate the cost of renting a midsize 

car for 3 weeks. When planning a vacation, would you want an overestimate or an under-

estimate of the cost?

Try This One 3
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The Osbueño family plans on remodeling the living room. They will be replacing 21 square 

yards of carpet at a cost of $23 per square yard (installed), and they also need to have 26 linear 

feet of crown molding installed. They’d like to keep the total cost around $1,000. Estimate the 

cost per foot of crown molding that they can afford.

SOLUTION

First, we’ll estimate how much is going to be spent on carpet: we can round the 21 square 

yards down to 20, and the $23 per square yard up to $25, giving us 20 × $25 = $500. So the 

Osbueños will have about $500 left to spend on crown molding.

We can round the 26 linear feet down to 25, and use division to estimate the price per 

foot: $500 ÷ 25 = $20, so they should be looking for crown molding that costs no more than 

$20 per linear foot installed.

Example 4 Estimating Remodeling Costs

Math Note

While rounding up or down 

to intentionally get either an 

over- or underestimate can be 

useful, for calculations involv-

ing addition and multiplica-

tion, rounding one quantity 

up and the other down can 

reduce the total error.

In our world, useful or interesting information is often displayed in graphical form. In 

Examples 5–7, we’ll illustrate how estimation applies to interpreting graphical information.

A bar graph is used to compare amounts or percentages using either vertical or horizon-

tal bars of various lengths; the lengths correspond to the amounts or percentages, with longer 

bars representing larger amounts.

The graph shows the number of suicides for every 100,000 people in the United States in 

2015, broken down by both age and sex. Use the graph to find about how many suicides there 

were per 100,000 males in the 15–24 age range, and also to estimate the largest discrepancy 

between males and females in any age range. How confident are you in these estimates?

Example 5 Getting Information from a Bar Graph
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SOLUTION

The blue bars illustrate the rate for males, so we need to estimate the height of the first blue 

bar (the first pair of bars corresponds to the 15–24 age group). That bar appears to be a little 

 3. Estimate the answers to 

problems in our world.

Next up for the Osbueños: a bedroom remodel. They will have 28 linear feet of wall 

painted at $12 per foot, and need 19 square yards of carpet. If the budget for the bedroom 

is $900, estimate the price per square yard of carpet they can afford.

Try This One 4
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more than halfway between 15 and 20, so I’d estimate that height to be 18, and say that there 

were about 18 suicides for every 100,000 males in that age range.

The biggest discrepancy between males and females is in the 65 and over age range. The 

blue bar looks to be about height 31, while the female is right on 5, so there were about 26 

more suicides for every 100,000 males than females in that age range.

Confidence is in the eye of the beholder, but because the grid only has lines marked every 

5 units, it’s hard to be much more precise than to the nearest whole number. So if we’re inter-

ested in accuracy greater than that, I wouldn’t be terribly confident.

Which difference in suicide rate is greater for females: between the 15–24 and 25–44 

groups, or between the 45–64 and 65+ age groups? By how much?

Try This One 5

A pie chart, also called a circle graph, is constructed by drawing a circle and dividing 

it into parts called sectors, according to the size of the percentage of each portion in relation 

to the whole.

Using the pie chart shown in Example 6, find the approximate number of fatal occupa-

tional injuries that resulted from transportation incidents.

Try This One 6

The pie chart shown represents the number of fatal occupational injuries in the United States 

for 2013. If the total number of fatal injuries was 4,585 for the year, estimate how many 

resulted from assaults and violent acts.

Example 6 Getting Information from a Pie Chart

Source: U.S. Bureau of Labor Statistics
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SOLUTION

The sector labeled “Assaults and violent acts” indicates that 17% of the total fatal occupational 

injuries resulted from assaults and violent acts. So we need to find 17% of 4,585. To find a 

percentage, we multiply the decimal equivalent of the percentage by the total amount. In this 

case, we get 0.17 × 4,585 = 779.45. Since 0.45 fatal injury makes no sense, we round to 779.

Math Note

To change a percent to deci-

mal form, move the decimal 

point two places to the left 

and drop the percent sign: 

18 percent means “18 per hun-

dred,” which is 18/100, or 0.18. 

We’ll study percents in detail 

in Section 7-1.

A time series graph or line graph shows how the value of some variable quantity 

changes over a specific time period.
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The graphs below each illustrate the number of Americans that were living in poverty accord-

ing to federal guidelines that determine the poverty level.

 (a) Find the approximate number of Americans living in poverty in 2015.

 (b) Find the average rate at which the number of folks living in poverty changed between 

1995 and 2000.

 (c) Estimate the year in which the number of Americans living in poverty first topped 40 million.

 (d) Which of the two graphs do you think gives a more accurate view of the poverty rate?

Example 7 Estimating Information from a Line Graph

Source: Statista.com
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SOLUTION

(a) First, find the year 2015 along the horizontal axis, and move straight upward until hitting the 

graph. Then move horizontally to the left to find the height on the vertical axis as shown.
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The height is a bit below 44, so we estimate that there were about 43.5 million people 

living in poverty in 2015.

(b) The point corresponding to 1995 is almost halfway between heights 36 and 38, so we can 

estimate about 37 million people in poverty in 1995. The height of the point for 2000 is 

almost right on height 32, so we can estimate 32 million people in 2000. Subtracting, we 

find that the approximate change in number of people in poverty is 32 million − 37 mil-

lion, or −5 million (the negative represents a decrease in amount). This occurred over a 

span of 5 years, so the rate of change is

   
−5 million people

  ___________________ 
5 years

    = −1 million people per year 

In other words, between 1995 and 2000, the number of people living in poverty decreased 

by an average of about a million people per year.

(c) This question is basically the opposite of part (a): we’re given a number of people 

(a height on the graph), and are asked to find the corresponding year. So we locate height 

40 on the vertical axis (which corresponds to 40 million people), and move across to the 

graph, then move down to find the year on the horizontal axis.
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Americans in Poverty, 1990–2015

It certainly happened after 2005. Either 2006 or 2007 would be good guesses, but I’d 

probably go with 2006.

(d) This question brings up a really interesting point about the scale for graphs. Notice that 

the vertical axis on the first graph starts at zero, resulting in a lot of “dead space” near 

the bottom of the graph. The second starts at 30. That makes it a little easier to read the 

graph precisely, which is good. But the first graph provides a more accurate picture of 

the poverty situation: it shows that the number in poverty fluctuated over 25 years, but 

not THAT much. The second graph makes the change look much more drastic than it 

actually was.

 (a) About how many people lived in poverty in 2010?

 (b) Find the average rate of change in the number of people living in poverty over the 

entire span from 1990 to 2015.

 (c) Do you think your answer to part (b) provides a complete picture of the change in 

poverty over that time span? Why or why not?

 (d) Estimate the year or years in which there were about 44 million people living in 

poverty.

Try This One 7
 4. Use estimation to obtain 

information from graphs.
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 1 (a) 238,900 miles

  (b) 1.4882 inches

  (c) $8.90

 2 About $56; actual cost is more

 3 About $290; you’d want an overestimate 

 4 About $30 per square yard

 5 The difference between 45–64 and 65+  is about 2 

or 2.5 suicides per 100,000 people greater than the 

difference between 15–24 and 25–44.

 6 About 1,880

 7 (a) About 46.5 million

  (b) About 380,000 more people per year

  (c)  It provides an incomplete picture, because it totally 

ignores all of the ups and downs in between those 

two years.

  (d) Around 2008 and 2014

Answers to Try This One

Exercise Set

Writing Exercises
 1. Think of three situations in our world where you could 

use estimation.

 2. Explain why an exact answer to a math problem isn’t 

always necessary.

 3. How can estimation be used as a quick check to see if the 

answer to a math problem is reasonable?

 4. Describe the rules for rounding numbers to a given place.

 5. Explain why there is never a single, correct answer to a 

question that asks you to estimate some quantity.

 6. Explain how to estimate the size of a quantity from a bar 

graph.

 7. How is information described in a pie chart? What sort 

of information works well with pie charts?

 8. How can you tell when a quantity is getting larger over 

time from looking at a time-series graph?

 9. Think of a situation where you’d most likely want an 

overestimate, and one where you’d most likely want 

an underestimate.

 10. When information is presented in the form of a bar graph 

or time-series graph, you could get more exact values if 

all of the data were just listed out in table form. Then 

why not always do that? Why bother with graphs?

Computational Exercises
For Exercises 11–30, round the number to the place value 

given.

 11. 2,861 (hundreds)

 12. 732.6498 (thousandths)

 13. 3,261,437 (ten-thousands)

 14. 9,347 (tens)

 15. 62.67 (ones)

 16. 45,371,999 (millions)

 17. 218,763 (hundred-thousands)

 18. 923 (hundreds)

 19. 3.671 (hundredths)

 20. 56.3 (ones)

 21. 327.146 (tenths)

 22. 83,261,000 (millions)

 23. 5,462,371 (ten-thousands)

 24. 7.8662 (thousandths)

 25. 272,341 (hundred-thousands)

 26. 63.715 (tenths)

 27. 264.97348 (ten-thousandths)

 28. 1,655,432 (thousands)

 29. 482.6002 (hundredths)

 30. 426.861356 (hundred-thousandths)

For Exercises 31–34, estimate the result of the computation 

by rounding the numbers involved, then use a calculator to 

find the exact value and find the percent error. (Note: Percent 

error is the amount of error divided by the exact value, writ-

ten in percentage form.)

 31. −4.21(7.38 + 3.51)

 32. 10.24(−8.93 + 2.77)

 33.    
 √ 

____
 9.36  
 _________ 

7.423−9.1
   

 34.    
47.256−9.90

 ___________ 
 √ 

______
 24.501  
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Applications in Our World
For Exercises 35–50, supply the requested estimate, then 

describe your answer as an overestimate or underestimate.

 35. Estimate the total cost of eight high-intensity LED 

lightbulbs on sale for $16.99 each.

 36. Estimate the cost of five months of HD cable at $39.95 

per month.

 37. Estimate the time it would take you to drive 237 miles at 

37 miles per hour.

 38. Estimate the distance you can travel in 3 hours 25 minutes 

if you drive on average 42 miles per hour.

 39. Estimate the sale price of a futon you saw on eBay that 

costs $178.99 and is now on sale for 60% off.

 40. Estimate the sale price of a sweater that costs $42.99, on 

sale for 15% off.

 41. Estimate the total cost of the following meal at 

McDonald’s:

 Quarter pounder with cheese $3.89

 Large fries   $1.89

 Small shamrock shake  $1.29

 42. Estimate the total cost of the following items for a dorm 

room:

 Loft bed    $159.95

 Beanbag chair     $49.95

 Storage cubes     $29.95

 Lava lamp     $19.95

 43. A group of five architecture students enters a design 

for an eco-friendly building in a contest, and wins third 

place, with a prize of $950. Estimate how much each 

student will get.

 44. A biology lab houses 47 rats for experiments, and 

they go through about 105 pounds of food each week. 

Estimate how much food the average rat eats per  

week.

 45. If Erin earns $48,300.00 per year, estimate how much 

she earns per hour. Assume that she works 40 hours per 

week and 50 weeks per year.

 46. If Jamaal earns $8.75 per hour, estimate how much he 

would earn per year. Assume that he works 40 hours per 

week and 50 weeks per year.

 47. Estimate the cost of putting up a decorative border in 

your family room if the room is 24 feet long and 18 feet 

wide and the border costs $5.95 every 10 feet.

 48. Estimate the cost of painting a concrete patio if it’s a 12 

foot by 16 foot rectangle, and a quart of paint that covers 

53 square feet costs $11.99.

 49. The Green Party at a large university plans to line both 

sides of a 30-foot-long hallway with posters endorsing 

a candidate for state senate. Each of the posters costs 

them $4.95, they’re 2 feet wide, and there will be 5 feet 

between posters. Estimate how much this will cost.

 50. Estimate your cost to live in an apartment for 1 year if the 

rent is $365.00 per month and utilities are $62.00  per 

month.

Use the information shown in the bar graph for Exercises 

51–54. The graph shows the number of people (in millions) 

that are native speakers of the top five most common lan-

guages in the world.

Source: Ethnologue
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 51. Estimate the number of native English speakers in the 

world.

 52. Estimate the number of native Chinese speakers in the 

world.

 53. Estimate the difference in the number of native speakers 

between the first and fifth most common languages.

 54. Which has more native speakers: Chinese, or the next 

four languages combined?

Use the information shown in the graph for Exercises 55–58. 

The graph represents a survey of 1,385 office workers and 

shows the percent of people who indicated what time of day is 

most productive for them.

 55. Estimate the number of people who feel they are most 

productive outside normal office hours.

 56. Estimate the number of people who feel they are most 

productive before late morning.

 57. How many more people feel they’re most productive in 

the first few working hours compared to those that feel 

they’re most productive in the last few office hours?

 58. How many times more people are most productive before 

office hours compared to after?

Source: USA Today
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The next graph covers Exercises 59–62. It shows the percent-

age of college undergraduate students who worked at least 

part-time for a certain number of weeks out of the year in 2013.

 67. Find the average rate of change in cigarette consumption 

for the years shown when consumption was increasing.

 68. Find the average rate of change in cigarette consumption 

for the years shown when consumption was decreasing.

The next two graphs describe Internet access by continent as 

of 2016. The first shows the NUMBER of people that have 

Internet access in the place where they live, in millions. The 

second shows Internet penetration, which is the PERCENT-

AGE of people on each continent that have Internet access 

where they live. Use the graphs to answer Exercises 69–74.

Source: U.S. Census Bureau
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 59. About what percent of students worked at least some 

during the year? Round to the nearest full percent.

 60. About what percent of students worked less than half of 

the year? Round to the nearest full percent.

 61. On one campus, 620 undergraduate students work 50 

or more weeks. If this student body is average in terms 

of work habits, about how many undergrads would you 

expect there to be on the entire campus?

 62. In a survey at one community college, 310 undergrads 

surveyed said they don’t work at all. If this student body 

is average in terms of work habits, about how many 

undergrads would you expect were surveyed total?

Use the line graph shown for Exercises 63–68. The graph 

shows annual cigarette consumption (in billions) for the 

United States for the years 1900 to 2014.

Source: www.infoplease.com
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 63. Estimate the number of cigarettes smoked in 1950.

 64. Estimate the number of cigarettes smoked in 1985.

 65. Estimate the year or years in which 200 billion cigarettes 

were smoked.

 66. Estimate the year or years in which 400 billion cigarettes 

were smoked.

Source: www.internetworldstats.com
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 69. Which continent has the most people with Internet 

access at home? The least?

 70. If you picked a person at random from each continent, on 

which continent would it be most likely that the person 

has Internet access at home? Least likely?

 71. Estimate the number of Internet users in Europe, and the 

Internet penetration in Asia.

 72. Estimate the Internet penetration in Africa and the 

number of Internet users in the Middle East.

 73. What do you think accounts for the fact that North 

America has the longest bar on the second graph, but is 

middle of the pack on the first one?

 74. Does Asia have more Internet users than the rest of the 

world combined? Justify your answer.
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 75. By how much did the percentage change from 1998 to 

2014 in the developed world? What about the developing 

world?

 76. Is the gap between the developed and developing worlds 

getting bigger or smaller? Discuss.

 77. Which had a more significant increase between 1998 and 

2014, the developed or developing world? Explain how 

you decided.

 78. Which of the trends shown on the graph is likely to 

continue for the next 5–10 years? Explain how you 

decided.

 79. In Jared’s math class, he scored 84, 92, 79, and 86 on 

the first four tests. He needs at least an 80% overall test 

average to earn the B he’s shooting for. Without doing 

any computation at all, make a guess as to the score you 

think he would need on the final (which is worth two 

test grades) to have an average of at least 80%. Then 

find what his average would be if he got the score you 

guessed. How did you do?

 80. Entering a postseason basketball tournament, Marta’s 

goal is to average at least 15 points per game for the 

tournament. (Marta is not the greatest team player in 

the world.) She scores 16, 12, 9, and 18 in the first four 

games. How many points do you think she will need 

to score in the remaining two games to reach her goal? 

First, make a guess without doing any computation. 

Then find what her average would be if she scored the 

number of points you guessed. How did you do?

 81. One of the most valuable uses of estimation is to roughly 

keep track of the total cost of items when shopping. Use 

rounding to estimate the total cost of the following items 

at a grocery store: 4 cans of green beans at 79 cents each; 

8 cups of yogurt at 49 cents each; a 29-ounce steak at 

$5.80 per pound; 4 energy drinks at $1.29 each; and 100 

ounces of mineral water at $3.08 per gallon. (Hint: You 

may need to look up conversions for units of weight and 

volume.)

 82. Refer to Problem 81. In getting my swimming pool ready 

for summer, I usually buy the following supplies. Use 

rounding to estimate the total cost: 8 boxes of baking 

soda at 89 cents per box; 20 gallons of bleach at $1.29 for 

96 ounces; 8 pounds of chlorine stabilizer at $11.99 for a 

4-pound bottle; and four 24-can cases of refreshments at 

60 cents per can.

Source: International Telecommunications Union
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Critical Thinking
 83. Sometimes graphs are drawn in such a way as to support 

a conclusion that may or may not be true. Look at the 

graph and see if you can find anything misleading.
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 84. The choice of labeling on a graph can have a profound 

effect on how the information is perceived. Compare the 

graph to the one from Exercises 75–78. It contains the 

same information for the developing world as the earlier 

graph. Why does it appear to show a much sharper 

increase in Internet penetration?

Recall that the average speed of an object over some time 

period is calculated using the formula: speed = distance/time. 

The following graph describes an overnight road trip to go to 

an off-campus party at another college: the horizontal axis 

is hours driven, and the vertical axis is miles from the home 

campus. Use the graph to answer Exercises 85–90.

 85. Estimate the average speed over the first hour of the 

trip, then the first 2 hours, the first 3 hours, and the first 
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The next graph displays growth in Internet penetration from 

1998 to 2014 in the developed world compared to growth in the 

developing world. Use this graph to answer Exercises 75–78
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4 hours. Based on your results, write a description of 

the trip.

 86. How long did the road-trippers stay at the other school? 

How far away was it from their own campus?

 87. Estimate the average speed from time 16 hours to 17 

hours, then from 17 hours to 18 hours. What is the 

significance of the sign in the first answer? What 

happened between 17 and 18 hours?

 88. Without doing any calculations, how can you tell if the 

average speed on the trip back was more or less than the 

average speed on the trip there?

 89. Using your results from Exercises 85–88, what feature of 

the graph do you think corresponds to the average speed 

over a portion of the trip?

 90. Find the average speed for the whole trip. Why is your 

answer nonsense? What can you conclude about using 

the average speed formula?

 1. State the four steps 

in the basic problem-

solving procedure.

Section 1-3 Problem-Solving Strategies

Here’s an idea that can help you understand your math classes better: once in a while, think 

about what some of the math words you take for granted actually mean in English. For exam-

ple, have you ever thought about why we call math problems “problems?” In real life, when 

a problem confronts you, you probably think about different strategies you might use to over-

come an obstacle and then decide on the best course of action. So why not use that same 

strategy in solving math problems? This is probably the single biggest reason why taking 

math classes is useful to anyone: math is all about learning and practicing problem-solving 

strategies.

A Hungarian mathematician named George Polya did a lot of research on the nature of 

problem solving in the first half of the 20th century. His biggest contribution to the field was 

an attempt to identify a series of steps that were fundamental to problem-solving strategies 

used by great thinkers throughout human history. One of his books, published in 1945 (and 

still a big seller on Amazon!), set forth these basic steps. How to Solve It is so widely read that 

it has been translated into at least 17 languages.

Polya’s strategy isn’t necessarily earth-shattering: its brilliance lies in its simplicity. It 

provides four basic steps that can be used as a framework for problem solving in any area, 

from math to home improvements.

LEARNING OBJECTIVES

1. State the four steps in the basic 

problem-solving procedure.

2. Solve problems using a diagram.

3. Solve problems using trial and 

error.

4. Solve problems involving money.

5. Solve problems using 

calculation.

Polya’s Four-Step Problem-Solving Procedure

Step 1 Understand the problem. The best way to start any problem is to write down 

information that’s provided as you come to it. Especially with longer word prob-

lems, if you read the whole thing all at once and don’t DO anything, it’s easy to 

get overwhelmed. If you read the problem slowly and carefully, writing down 

information as it’s provided, you’ll always at least have a start on the problem. 

Another great idea: carefully identify and write down what it is they’re asking you 

to find; this almost always helps you to devise a strategy.

Step 2 Devise a plan to solve the problem. This is where problem solving is at least as 

much art as science—there are many, many ways to solve problems. Some com-

mon strategies: making a list of possible outcomes; drawing a diagram; trial and 

error; finding a similar problem that you already know how to solve; and using 

arithmetic, algebra, or geometry.
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