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Preface

For a very long time, algebra has been viewed as an essential ingredient in a person’s 
education. And for certain community college students, such as STEM majors, this is 
definitely true. But recently, some instructors have begun to question whether the tradi-
tional algebra sequence best serves all students. Is it the ideal preparation for a career in 
political science? How about psychology? Social science? Probably not.

In addition to evaluating the long-range benefits of algebra, we should also assess 
the short-range ones. For some non-STEM majors, the only transferable math course 
they need to take is statistics. But is the traditional algebra sequence the best prepara-
tion for statistics? Without question, statistics students need to have a solid understand-
ing of certain algebra concepts. But one would be hard-pressed to argue that factoring 
polynomials, completing the square, and solving complicated rational equations are the 
most important concepts to learn before embarking on a statistics course sequence.

It is not only the content of the traditional algebra sequence that is misaligned with 
statistics. It is also the nature of the activities. In algebra, much attention is devoted to 
manipulating symbols. Statistics focuses on analyzing situations, comparing measure-
ments, and interpreting the meaning of concepts and results. Because the nature of the 
activities is so different, it is not surprising that many students enter introductory statis-
tics unprepared.

A Pathway to Introductory Statistics is meant to serve non-STEM community college 
students better than a traditional algebra sequence. In particular, its main goals are to

• Enhance students’ ability to think statistically: analyze, compare, and interpret.

• Address descriptive statistics, including the normal distribution and regression.

• Empower students to discern good and bad practices of statistics.

• Equip students with the algebra essential for success in introductory statistics.

• Inspire students with exciting situations that are relevant to their careers.

• Foster the use of technology to enhance, rather than replace, critical thinking.

• Provide collaborative explorations in which students experience the joy of discovery.

NEW TO THE SECOND EDITION

Students will benefit from the following changes to the second edition of A Pathway to 

Introductory Statistics:

• MyLab Math Exercises: The number of exercises in MyLab Math has been in-
creased. This was the number one request made by reviewers.

• Logarithms and Systems of Linear Equations: To support departments that want to 
prepare students for liberal arts mathematics courses, as well as statistics, chapters 
(11 and 12) on logarithms and systems of linear equations are now available online 
in MyLab Math or at pearsonhighered.com/mathstatsresources.

• Workbook: The author has written a new workbook that contains hundreds of affective 
domain and prestatistics activities. The workbook provides great support for collabora-
tive learning, which research has shown is vital to students’ conceptual and problem-
solving development. It will be especially helpful for teaching corequisite courses.

• Group Explorations: Some explorations have been revised so that they are more 
open-ended, allowing for greater productive struggle and creative problem solving. 
Central themes such as center and variation now have greater emphasis.

• Non-Time-Series Data Sets: There is tension between providing time-series data 
and non-time-series data for regression. Time-series data tend to be more lively 
and easier to input into technology because they often consist of fewer values. 

http://pearsonhighered.com/mathstatsresources
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Non-time-series data sets tend to challenge students more (in a good way), provide 
greater complexity due to possibly having multiple data pairs sharing the same 
value of the explanatory variable, and better prepare students for statistics because 
statistics courses tend to include more non-time-series data. The percentage of 
non-time-series data has been increased for these latter reasons. The author has 
 performed quite a bit of research to find interesting non-time-series data.

• Data Sets with Multiple Columns: To better approximate realistic data sets, the per-
centage of data sets with multiple columns has been increased in Chapters 6–10. This 
also challenges students to determine which columns they should work with.

• Augmented Data Sets: To make the data sets as current and relevant as possible, 
hundreds of data sets in examples and exercises have been augmented to include 
observations for recent years.

• New Data Sets: Hundreds of data sets in examples and exercises have been replaced 
with more compelling and contemporary topics such as immigration, trust in the 
mass media, and health care plans that cover transgender-related services.

• Statistics versus Parameters: Statistics students struggle to keep straight symbols and 
concepts for statistics and parameters. As each measure is introduced, the symbols 
and concepts for it are compared with previously addressed measures.

• Statistical Emphasis: In Chapters 1, 7, and 8, arithmetic and algebra concepts are in-
troduced and developed with a greater statistical emphasis.

• Complex Fractions: Many statistics formulas involve complex fractions, so the skills 
of simplifying complex fractions and evaluating expressions with complex fractions 
have been added to Sections 1.3 and 1.7, respectively.

• Percent Change: Statistics requires facility in comparing values. One of those skills 
involves computing percent change, which has been added to Section 1.6.

• Two Samples: Exercises that involve two samples (or populations) have been added 
to Chapter 4 so that students can have more practice comparing a measure for two 
groups of data.

• Empirical Rule: To better prepare students for computing normal-curve probabili-
ties in Section 5.5, exercises that require more intricate use of the Empirical Rule 
have been added to Section 5.1.

• Discrete Random Variables: To better prepare students for the concept binomial 
distribution in a statistics course, a section (5.4) on discrete random variables, in-
cluding the compelling and fun concept of expected value, has been added. Of all 
possible concepts that could have been added, this was the top request by reviewers.

• Residuals: In Chapter 6 of the first edition, error was defined to be the predicted 
value minus the observed value, but in Chapter 9, residual was defined to be the 
observed value minus the predicted value. To provide consistency, error calcula-
tions have been replaced with residual calculations in Chapters 6–8. This also allows 
students to acclimate to residuals for several chapters before having to grapple with 
computing and interpreting sums of squared residuals in Chapters 9 and 10.

• y = a + bx Form: In Chapters 7–10, the form y = mx + b has been replaced with 
the form y = a + bx, which is the form typically used in statistics courses.

• Summation Notation: More varied forms of summation notation have been added 
to Section 8.4.

CONTINUED FROM THE FIRST EDITION

A Meaningful, Alternative Path This text contains the key concepts of descriptive 
statistics: experimental design, statistical diagrams, measures of center and spread, 
probability, the normal distribution, and regression. Teaching these topics along with the 
necessary algebra would certainly prepare students for an introductory statistics course 
better than the traditional algebra sequence. But to present the statistics concepts twice in the 
same manner—first in a Pathway course and again in an introductory statistics course—falls 
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short of the sequence’s highest potential. Teaching a concept from two perspectives rather 
than one provides students with a richer and broader learning experience.

But how can statistics be presented in a meaningful way that is different from its 
presentation in traditional statistics courses? There are actually many paths, but to dis-
cover the trailheads we must determine the foundational concepts with which statistics 
students struggle. Certainly one such concept is the normal curve, which lays the foun-
dation for inferential statistics. How many introductory statistics students understand 
why the area of a region under the normal curve is equal to a probability? How many 
introductory statistics students understand how probability rules connect with finding 
such an area? And how many of them see that proportions,  percentiles, and probabili-
ties are closely related and understand why? Most instructors would agree, far too few.

What is compelling is that all three of these issues can be wonderfully addressed 
with one topic that is given short shrift in most, if not all, traditional statistics courses: 
density histograms. Because a normal curve can be viewed as a model that approxi-
mates a density histogram, students who have a firm grasp of density histograms can 
also gain a solid understanding of the three issues.

Many instructors’ first reaction to this path is that density histograms are too dif-
ficult for students to comprehend. Actually, because density histograms are composed 
of rectangles, it is quite easy for students to compute areas and relate them to propor-
tions, percentiles, and probabilities. Pathway takes full advantage of this by having 
students problem solve with rectangles in Chapter 1, construct and interpret density 
histograms in Chapter 3, reflect on how measures of center and spread are connected to 
density histograms in Chapter 4, and apply probability rules when working with density 
histograms in Chapter 5. After completing Chapters 1–5, the great majority of students 
will not only have a strong footing with the three issues mentioned earlier but also with 
related concepts such as probability and measures of center and spread.

Two Approaches: Acceleration versus Replacing Intermediate Algebra In terms 
of sequencing courses, departments will use this text in one of two ways.

Some departments plan to accelerate their non-STEM students through their math 
programs by replacing elementary and intermediate algebra with Pathway. Some of 
these faculty feel that the traditional algebra sequence is an unnecessary obstacle for 
students whose careers will not depend on a significant portion of the sequence. Others 
feel that presenting algebra from a statistical perspective will engage students at a 
higher level and be more relevant to their careers.

And then some departments plan to use Pathway as an alternative to intermediate 
algebra. This means that their non-STEM students will first take elementary algebra 
and then enhance their knowledge of algebra by experiencing it from a statistical per-
spective. This will not only broaden students’ understanding of algebra but may allow 
some departments to put greater emphasis on statistics because their students will have 
seen the necessary algebra once before.

The Big Picture When the big picture is presented, students will have a map that tells 
them where the course’s path is headed and how concepts connect. Once students have 
revisited many arithmetic concepts and a few simple algebra concepts in Chapter 1, they 
are ready for an overview of statistics in Chapter 2, which explores both good and bad 
experimental design. Unlike many statistics textbooks that then drop this crucial topic in 
subsequent chapters on descriptive statistics, Pathway encourages students to reflect on 
issues such as sampling error and sampling bias throughout the rest of the course.

At first glance, some reviewers wonder why the content of Chapter 6 was placed 
before the content of Chapters 7 and 8. After a closer look, they realize that Chapter 6’s  
development of the four characteristics of an association (shape, strength, direction, 
and outliers) provides the big picture for the rest of this book. In fact, the four charac-
teristics are further developed in a myriad of ways in subsequent chapters. A significant 
additional benefit to this organization is that Chapter 6 does not involve algebra. So, 
departments who want to heavily emphasize statistics can address all of Chapters 2–6 
and, time permitting, pick and choose algebra topics from Chapters 7–12.
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Compelling Modeling Reviewers have praised the modeling in this text because the 
data sets are current, authentic, and compelling. And although a homework section’s 
modeling exercises emphasize the concepts addressed in the section, investigations 
prompted by the “story” of an authentic situation are also embraced. It is in part due to 
these excursions “off the path” that make the modeling exercises come alive.

Judiciously Selected Algebra Topics Some reviewers feel that this book contains 
too much algebra. Others think that the amount of algebra is just right. What is 
interesting is that almost all reviewers believe that for the most part, the only algebra 
that should be included are the concepts needed in an introductory statistics course. 
This suggests that instructors teach introductory statistics in different ways. For example, 
some instructors solve inequalities to derive confidence intervals. Others provide a more 
intuitive explanation. Some instructors solve equations to derive error formulas. Again, 
others get the idea across intuitively. And some do both.

With one possible exception, every algebra topic included in this text will be of 
service to some instructors who teach introductory statistics.

The one possible exception is the inclusion of functions. Although functions 
operate behind the scenes of introductory statistics courses, most textbooks do not 
make much, if any, use of function notation, language, and concepts. Nonetheless, 
keeping in mind that some departments will allow students to take Pathway instead of 
the traditional algebra sequence, functions have been included in this book in the hopes 
that any student who graduates from a community college will have an understanding 
and appreciation of a concept that is key for so much of mathematics.

Although exponential functions are definitely not included in most introductory 
statistics courses, they are arguably the second most important type of function (next to 
linear), and students can gain a significantly better understanding of linear modeling by 
comparing and contrasting the process with exponential modeling.

Arithmetic and Algebra Seen through a Statistics Lens To better prepare students 
for Chapters 2–12, some of the arithmetic and simple algebra concepts in Chapter 1 are 
presented with statistics in mind. For example, Section 1.3 uses fractions as a springboard 
for proportions and the complement rule. In Section 1.7, students will evaluate statistics 
expressions and work with areas of rectangles that resemble density histograms.

Likewise, algebra concepts addressed in Chapters 7–12 have been developed from 
a statistics perspective. For example, rate of change is investigated in Section 7.2 before 
slope of a line is introduced. Evaluating linear functions in Section 7.4 is parlayed into 
using linear models to make predictions. And rather than have students work with 
geometry and science formulas, Section 8.4 requires students to solve probability and 
statistics formulas for a variable.

Group Explorations Every section of Pathway contains at least one exploration 
that supports student investigation of a concept. Instructors can use explorations as 
collaborative activities during class time or as part of homework assignments. Section 
Opener Explorations are directed-discovery activities that are meant to be used at the 
start of class. Near the end of class, teams of students can work on additional explorations 
meant to deepen their understanding of key concepts. Both types of explorations 
empower students to become active explorers of mathematics and can open the door to 
the wonder and beauty of the subject.

Balanced Raw Data and Visual Approach Most statistics textbooks devote an entire 
chapter to constructing statistical diagrams but then make little use of such diagrams 
in homework exercises of subsequent chapters. This is unfortunate because students 
learn best when new concepts are integrated with previously learned ones. For example, 
to gain a solid understanding of the measures of center and spread, students should 
analyze some exercises that supply raw data and others that supply statistical diagrams. 
Throughout this book, homework sections contain a good balance of both types of 
exercises.



Technology Back in the ’80s, statistics students were expected to construct large 
numbers of statistical diagrams by hand and perform copious calculations with their 
calculators. Currently, most statistics instructors believe students should perform a 
limited number of such activities to get the idea and from then on use technology. 
The freed-up class time is devoted to enhancing students’ ability to analyze authentic 
situations, compare measures of center and spread, and interpret concepts and 
results.

Pathway assumes students have access to technology. With so many packages to 
choose from, this text’s technological support would be spread thin if it attempted to 
address all of them. This book focuses on the TI-84 graphing calculator and StatCrunch 
because the vast majority of community college instructors use one of these two tech-
nologies in their introductory statistics courses.

However, in the homework sections, the word technology is used rather than speci-
fying the TI-84 or StatCrunch to accommodate classes using other technologies, unless 
an algebraic command specific to the TI-84 (such as intersect) is required.

Appendices A and B: TI-84 and StatCrunch Instructions Appendices A and B 
contain instructions on how to use a TI-84 and StatCrunch, respectively. A subset of 
either appendix can serve as a tutorial early in the course. In addition, each time this text 
introduces a command from either technology, students are referred to a section of the 
appropriate appendix. 

“Data” Icon To support the appropriate use of technology, data sets in exercises 
and explorations that involve approximately 12 or more data values are available to 
download at MyLab Math and at the Pearson Downloadable Student Resources for 
Math and Statistics website: http://www.pearsonhighered.com/mathstatsresources. Such 
exercises are flagged in the text by the icon .

Big Data It can make a significant, positive impression on students the first time they 
use technology to construct a histogram of about 100 observations when up to that 
point they have constructed histograms of only about 20 observations by hand. They are 
understandably struck by the ease, speed, and accuracy of using technology. But students 
can gain an even higher level of appreciation by using technology to describe a data set 
that consists of entries in thousands of rows and multiple columns.

Such an activity is especially relevant in today’s age of big data. Although most 
Pathway students will not perform statistics in their careers, some will work with big 
data. And as part of their general education, all students should have some sense of 
what statisticians do.

To meet this end, exercises that involve large data sets are sprinkled throughout 
this text. Identified by the heading “Big Data,” they are positioned at the end of home-
work sections. Some of these data sets contain thousands of rows and tens of columns.

Hands-On Research Even though every authentic data set in this book provides a 
source, some students still think that the data is fabricated. Having students find data 
sets themselves drives home the point that the concepts they are learning can truly be 
applied to real-life situations. Students begin to see that statistics can be used not only to 
inform but also to persuade.

To guide students in this process, this text contains exercises that direct students to 
analyze data found by online searches of blogs, newspapers, magazines, and scientific 
journals. These exercises are at the end of select homework sections, directly following 
the heading, “Hands-On Research.”

Hands-On Projects Compelling project assignments are positioned near the end of 
most chapters. Some of the assignments are similar to the Hands-On Research exercises, 
but they are more extensive and challenging. These projects reinforce the idea that 
statistics is a powerful tool that can be used to analyze authentic situations. They are also 
an excellent opportunity for more in-depth writing assignments.
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Some of the projects are about climate change and have been written at a higher 
reading level than the rest of this text to give students a sense of what it is like to per-
form research. Students will find that by carefully reading (and possibly rereading) the 
background information, they can comprehend the information and apply concepts 
they have learned in the course to make meaningful estimates about this compelling, 
current, and authentic situation.

Level of Difficulty As was discussed earlier, some departments plan on using Pathway 
to accelerate non-STEM students through their math program. This is a worthy goal, 
provided it is done well. But some instructors have collapsed the notion of acceleration 
with making the course easier. The line of reasoning is that if certain students would 
not succeed in a traditional algebra course, then those students would not succeed in 
an alternative course that is just as challenging. This logic does not hold up because the 
nature of the two courses can differ greatly. We should not rob students of the knowledge 
and self-esteem that result from diligent study.

Furthermore, employers in search of college graduates certainly want a college 
degree to mean that students have succeeded at courses that are just as demanding as 
those in the past.

It is for these reasons that this text has been written to challenge students as much 
as they are challenged in traditional algebra courses. This is primarily achieved in two 
ways. First, exercises and projects require the interpretation of concepts and results, 
which causes significant growing pains in most students. Second, many exercises contain 
at least one part (often out of five parts) that challenges students to apply concepts in 
new ways.

Warnings Throughout this text, the word WARNING in the margins flags paragraphs 
that describe common student misconceptions and the correct meanings or applications 
of concepts.

Tips for Success Many sections close with practical study tips to help students 
succeed in the course. A complete list of these tips is included in the Index.

GETTING IN TOUCH

I would love to hear from you and would greatly appreciate receiving your comments 
regarding Pathway. If you have any questions, please ask them, and I will respond.

Jay Lehmann
MathNerdJay@aol.com
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lyze the data and synthesize concepts.

Jay Lehmann’s A Pathway to Introductory Statistics offers market-leading content written 

by an author-educator, tightly integrated with the #1 choice in digital learning - MyLab 

Math. MyLab Math courses can be tailored to the needs of instructors and students, 

while weaving the author’s voice and unique approach into all elements of the course. 

Take advantage of the following resources to get the most out of your MyLab Math 

course.

MyLab Math for A PATHWAY TO INTRODUCTORY STATISTICS,  

2ND EDITION, by JAY LEHMANN 

(access code required)

Updated! MyLab Math coverage of exercises from 

the text has been expanded in this revision, of-

fering instructors more options when creating as-

signments. Many of the exercises entail data which 

has been augmented or updated to be as current 

as possible. New! Select exercises now retain their 

authentic data sets, even when regenerating algo-

rithmically, so that students don’t sacrifice working 

with real data when doing homework exercises 

with different values.

http://pearson.com/mylab/math


Big data sets, sprinkled throughout the text 

and noted with “Big Data,” contain hundreds 

of rows of data to give students a hands-on 

opportunity to work with large, realistic data. 

In today’s age of “Big Data,” it can be compel-

ling for students to see how technology can 

efficiently and accurately help when working 

with large data sets.

StatCrunch is a powerful web-based sta-

tistical software that allows users to collect, 

crunch, and communicate with data. Integrat-

ed into this MyLab course, StatCrunch can be 

used to analyze data, understand statistical 

concepts, and get students comfortable with 

statistical software early.

Instructional videos provide students with 

extra help for objectives from the textbook. 

Students can get support on topics and exam-

ples anytime, anywhere. Able to be played on 

any device, all videos are closed captioned.
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Resources for  

Success
Instructor Resources
The following instructor resources are 
available to download from the Instructor 
Resource Center at www.pearson.com, or 
in your MyLab Math course.

Instructor’s Resource Manual
This manual, written by the author, contains 

suggestions for pacing the course and creating 

homework assignments. It discusses how to incor-

porate technology and how to structure project 

assignments. The manual also contains section-by-

section suggestions for presenting lectures and for 

undertaking the explorations in the text.

PowerPoints
These fully editable lecture slides include defini-

tions, key concepts, and examples for use in a 

lecture setting. Accessible versions of these Power-

Points are also available.

Instructor’s Solutions Manual
This manual includes complete solutions to the 

even-numbered exercises in the homework sections 

of the text.

TestGen
TestGen enables instructors to build, edit, print, 

and administer tests by using a computerized bank 

of questions developed to cover all the objectives 

of the text. TestGen is algorithmically based, allow-

ing instructors to create multiple, but equivalent, 

versions of the same question or test with the click 

of a button. Instructors can also modify test-bank 

questions or add new questions. Tests can be print-

ed or administered online. Download the software 

and this title’s test bank from pearson.com.

Student Resources

Video Series
The video program provides students with extra 

help for objectives of the text. Videos highlight key 

examples and exercises from the text to facilitate 

student understanding.

NEW! Workbook
The author has written a new workbook that con-

tains hundreds of affective domain and prestatistics 

activities. The workbook provides great support for 

collaborative learning, which research has shown 

is vital to students’ conceptual and problem-solving 

development. It will be especially helpful for teach-

ing corequisite courses.

Student’s Solutions Manual
This manual contains the complete solutions to the 

odd-numbered exercises in the Homework sections 

of the text. The Student Solutions Manual (ISBN 

9780136553984) is available electronically in  

MyLab Math. 

http://www.pearson.com
http://pearson.com


You might think that revising a textbook is a lot easier than writing a first edition, and 
maybe it is for many textbooks, but due to augmenting or replacing hundreds of data 
sets and fine-tuning pedagogy in just as many instances, I’ve put in a year’s worth of  
12-hour workdays juggling teaching and writing. An author lacks even a smidgen of life 
balance, and no one knows that better than Keri, my wife, who has wholeheartedly sup-
ported me every step of the way, enduring my incessant whining whenever I emerged 
from my writing cave. I’ll never be able to repay her generosity of tolerance, gratitude, 
and warmth.

At a time when publishers must think twice about producing a print textbook, I will 
be forever grateful to Director of Product Management Chris Hoag for envisioning the 
potential of this textbook meeting the needs of so many students.

Displaying only my name on the cover is a disservice to the team of talented people 
who keyboarded, copy edited, proofread, accuracy checked, and designed art for my 
manuscript. I am deeply indebted to Product Manager Karen Montgomery, who as-
sembled this fabulous team and granted me a long leash to capture my vision.

My deepest thanks to Pearson Project Manager Tamela Ambush, who ambushed 
every crisis with an elegant solution for many editions of this textbook and my algebra 
series. I can only hope she stays in the business as long as I do.

Thanks also to Integra Project Manager Kim Fletcher for her lightning-fast  
e-mail replies and fastidious attention to a myriad of concerns, both large and small. In 
the textbook industry, unattended details can snowball to time-intensive challenges.

Although statistics is precise, its pedagogy can be cloudy and circuitous. Without 
the tireless support of feedback from Jon Freedman, Ken Brown, Lena Feinman, 
Yvette Butterworth, and Jim Gilmore, I’d be half as confident of my work. Thanks also 
to Mark Mavis and Cheryl Gregory for their support.

And timeless thanks to my very first editor, Joe Will, who taught me the craft of 
writing and coined the phrase “model breakdown,” which has populated my textbooks 
and inspired other textbook authors to use as well.

The quality of a textbook is only as good at its reviewer feedback. And Pathway 
received incredible reviews from a large number of passionate instructors, who often 
went beyond what was asked, ensuring that this edition would not only meet the needs 
of students at their campuses but at other colleges across the country. Deepest thanks 
goes to these fantastic reviewers:
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music preferences, 110, 161, 

174, 217
Netflix employees, 69
Netflix price increase, 689
Netflix subscribers, 667
novel readers and gender, 164
novelist’s query letter word 

count, 289, 335
novels and thrillers, 301
novels read by men, 314
novels, probability of using, 336
number of people in club, 13
number of TVs in household, 185
online gambling by women, 692

parking cost at arts-and-crafts 
fair, 23

percentage of Americans who 
go to movies, 643

percentage of Americans 
who play video games, 189, 
659–660

piano playing and frequencies 
of notes, 748–749

playlist and types of songs, 40
psychic ability, 336
radio station long length, 279
recorded music revenue world-

wide, 2016 to 2017, 86
revenues from streaming mu-

sic, 772–773
roulette wheel and probability, 

332, 372–373, 381
sound decibel level and hear-

ing loss, 16
streamed TV shows, 375
superpower of choice (students 

surveyed), 161
top 10 best-selling Christmas 

albums, 188, 306
top grossing movies and super-

hero movies, 96, 259
top grossing music tours, 2018, 

259
top music genres in one week 

in January 2019, 235
TV viewing, in hours, by 

college students during sum-
mer, 212

TV, video and movie view-
ing, in hours, of students 
surveyed, 187

video gaming time spent 
among high schools, 379

watching traditional TV, 570
Wii and Wii U console sales, 738
wooden roller coasters dura-

tion, 307
wooden roller coasters: sizes, 

rides and speeds, 252

ENVIRONMENT

bird species and the Solomon 
Islands, 236

California fires, 467
carbon dioxide emissions, 170
climate change, 489, 697–699
climate change effects in life-

time, 172–173
cricket chirps and temperature, 

507–508, 691
daily maximum temperatures 

vs. ozone levels, 763
earthquake magnitudes, 236
earthquakes and data about, 294
greenhouse-gas emissions, 40–41
Gulf oil spill, 86–87
plastic bag use, 439
recycling and plastics, 69
sea ice extent, 466–467
sea ice extents over various 

years, 228–229, 753
threatened species  

worldwide, 482
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volcanic eruptions, 107
wildfires in California, 196–197

F
FINANCE

AI startup investments, 748
bankruptcies, 485
bankruptcy and student  

loans, 524
business school return on 

investment, 308
compound interest on invest-

ment, 719
Disney’s annual revenues, 483
Home Depot revenue 2000-

2019, 217
inflation rates, 690
Kickstarter projects for art 

projects, 304
Kickstarter projects for rock 

bands, 258
loans, 305
minimum wage vs. median 

wage vs. unemployment, 479
Netflix annual sales, 518
S&P 500, 303
stock market investment, 293
trusted financial advisor, 161
unicorn companies, 313–314

FINANCES

bank failures in U.S., over vari-
ous years, 782

bank fees, 622–623
bank’s customer survey, 119
billionaires in U.S., 67–68
bounced checks and checking 

account balance, 7, 46
brewery openings in U.S., 565
car auction sale, Ferrari F50, 214
cell phone bill average, 24
CEO compensation, 190
CEOs, most highly paid in 

2018, 250
checking account balance, 

 46, 48
credit scores, 562
financial advice and whom 

Americans trust, 161
government share of outstand-

ing student debt, 15
household debt, 24
inheritance shares, 23
investment account and com-

pounded interest, 719
loans and various data about, 

158, 269
loans, in billions of dollars, 7, 7
stock investments, 87–88, 308, 

497, 524, 748
stock prices, 69
student’s savings account, 542
tipping, 249
Walt Disney Company rev-

enues, 222–223

FOOD & DRINK

American adults who drink 
coffee daily, 289

beer froth, 771
brownie baking time, 23
caffeine and sleep, 430
caffeine in Jolt cola, 42
calories and/or carbohydrates 

in pizzas, 291–292
cholesterol levels in pizza, 

271–272, 282
coffee or tea and adults’ prefer-

ences for, 350, 424
daily coffee consumption, 16
dark chocolate, 264, 335, 380
Dunkin’ Donut stores in U.S., 24
energy drinks, consumption 

of, 598
fast food and favorites, 34–35, 

169, 235
fast-food hamburger, weight 

of, 16
fast-food restaurants, students’ 

visits per week, 365–366
fiber content of bread, 417, 420
food insecurity, households 

affected by, 293
food safety violations in one 

California county, 188
frequency of visits to fast-food 

restaurants, 256, 365–367
German stein’s height, 41
hot dog and drink prices at 

baseball stadiums, 249–250, 
541, 689

hot dogs, cost of, 17
ice cream eating, 565
low-fat yogurt, 420
low-salt chips, 415, 419
McDonald’s fries as favorite, 362
number of microbreweries, 15
percentage of alcohol in beer, 

285
pizza carbohydrates vs.  

calories, 449–450
pizza carbohydrates vs. fat 

levels, 450
pizza delivery time, 420
pizzas and slices of, 25–26, 

29–30, 34, 35, 185
potassium content in cereal, 42
prices of burritos, 187
protein shakes, 420
quick service restaurants, 333–334
recipe ingredients, 67, 68
red meat and chicken con-

sumption in U.S., 24, 564
reduced or free lunches for 

students, 614, 695, 702
restaurant satisfaction, various 

survey methods, 111
salt intake, study of African 

American and Caucasian 
girls, 406

Skittles to M&M distribution, 
168

smoothies, 110
spaghetti sauce salt content, 42
sports drinks consumption, per 

person, 14
Starbucks stores per 10 square 

miles, 215

sugar grams in Coca-Cola, 42
sugar in soft drinks, 378
takeout food orders, 442
turkey cooking times, 573
water consumption, 92
wine consumption and top five 

countries, 230
wine rating and price, 441

G
GOVERNMENT, POLITICS, & 

PUBLIC ISSUES

Affordable Care Act poll, 107, 
107

Atlanta mayor and job ap-
proval, 115, 115

Atlanta public transportation 
survey, 142, 142

college students believing 
economy is good, 738

Congress and levels of confi-
dence toward, 159, 159

Congress job approval poll, 
107, 107

Congressional pay from 2000-
2009, 85, 85

Connecticut Senate members, 
142, 142

deportations in U.S., 606
drone strike deaths, Pakistan, 

191
economy and telephone polling 

on, 119, 119
federal debt, 769–770
federal funding for education, 

and online poll about, 111, 
111

foreign aid, top five country 
donors, 244

funding of U.S. food program 
(SNAP), call-in survey on, 
105, 105

guns found among airline pas-
sengers/at TSA checkpoints, 
706, 738

hate crimes, 94
health care for transgender-

related health services, 544
House of Representatives, 

number of seats by popula-
tion, 267, 461, 524

ICE (Immigration and Cus-
toms Enforcement) deten-
tion population, 666–667

immigration attitudes and 
political affiliation of respon-
dents, 239

immigration reform, 60
income inequality, political 

party affiliation and, 236
inmates on Georgia death row, 

107
interest in international issues 

vs. age or respondents, 
351–352

Kansas City residents survey, 
121

limits on trans fats, 642

Los Angeles and tall building 
survey, 121

Middle East countries, 141
national budget and militia 

group’s survey about, 141
nuclear power and adults who 

favor increased use of, 230
Obama job approval ratings, 

211, 218–219
Obama voters in 2008 vs. 2012, 

694
organic farming and govern-

ment support, 111
percent of ballots, 22
political affiliation and opinion 

on taxing upper-income 
people, 363

political leaders talking about 
faith and prayer, opinions 
on, 170

political parties, 40, 154, 172
political party affiliation and 

various factors, 172, 174, 230, 
236, 239

Postal Service mail volume, 
2008 to 2013, 94

potholes in Chicago and re-
sponse time to fix, 212, 334

presidential campaigns, dona-
tions to, 92, 575

presidential elections and voter 
turnout, 55

public’s attention to news after 
school shooting, 36–37

registered voters and study of, 
55, 119

senator job performance 
survey, 121

state Senate races, 120
state taxes and school  

funding, 141
torture of suspected terrorists 

and survey on, 93
Trump job approval ratings, 69
Trump supporters in Alabama, 70
TV presidential campaign ads 

and effect on voters, 133
U.S. role in solving problems 

worldwide, survey on, 108
women in the Senate, 28–29, 70

H
HEALTH & MEDICINE

10th grade students drinking 
alcohol, 690

acne, 136
Affordable Care Act poll, 107
age and suicide rates, 435, 448
age vs. mental functioning, 692
alcohol consumption and mari-

tal status, 39
alcohol-poisoning and deaths 

from, 291, 335
antidepressant drug, study on, 

142
arm span and height, 483
autism and social vs. money 

rewards, 108



HEALTH & MEDICINE 

(Continued)
baby’s birthweight, 2
balance and walking speed in 

older adults, 132
BBL (Brazilian Butt Lift), 537
birth order vs. sex ratios, 464
blood glucose levels, 405
blood pressure, 495, 648
BMD (bone mineral density), 

291, 405, 418–419
body temperature, 403, 416
bone fractures and death rate 

of older adults, 133
broken fingers, by patients’ age 

groups, 266
childhood brain cancer survi-

vors, 543, 650
cholesterol levels, 282, 291, 405, 

413, 418
cigarette packages and picture 

warnings on, 543, 562–563
coaches for cancer patients, 380
coughs and cough syrup, 133
defibrillator use, 464
defibrillator use delay vs. sur-

vival rates, 464
dental sedative, pain vs. anxi-

ety, 436–438
diabetes diagnoses in U.S., by 

age group, 668, 690
diet program participants and 

changes in weight, 292
dietary patterns, high-fiber vs. 

Western diet, 134
drug abuse treatment program, 

study on, 97
drug dosage for depression, 135
drug for insomnia, 136
ear problem in children,  

127–128
ethnicity of individuals in 

experiment, 174
exercise and adults, 226
exercise by parents vs. by  

teenagers, 463–464
exercise vs. obesity,  

461–462
experimental drug for baldness, 

effectiveness of, 142–143
fibromyalgia and chronic 

fatigue syndrome, 669
fish consumption and prostate 

cancer, 173
flu shot and hospital 

 employees, 108
foot length vs. height, 483
GDP per person vs. Better Life 

Index, 497, 508
glaucoma surgery, 336
gluteal fat grafting, 537
handgrip and heart risk, 691
head size vs. brain weight, 628
health care for transgender-

related health services, 544
hearing loss, 362
heart attack and determining 

risk, 770

high blood pressure and cal-
cium supplements in African 
American men, 265

high school students exercise 
habits, 378

HIV and most likely ways it is 
acquired, by gender, 169–170

HIV/AIDS and deaths from, 
1, 53–54

inhalation capacity of 55-year-
old men, 525

Korean women BMI categories 
estimates, 466

latitude and skin cancer deaths, 
431–432

liver transplants and U.S. veter-
ans, 335, 405

low sperm count, 315
mean weight of exercise class, 

268
men with spinal cord injuries, 69
migraine headache sufferers, 

122–123
mothers with eating disorders, 

study of, 142
multiple sclerosis and drug for, 

133–134
music and sleep quality, 108
new cancer cases in 2016, 598
number of prescriptions,  

187, 306
number of sex partners, 379
oral cancer deaths, by gender, 173
osteopathic doctors who are 

women, 642
pain ratings vs. predicted- 

anxiety ratings, 503–505
penicillin prescription rates, 493
polio cases, decrease, 92
pregnancy and length of, 335, 405
prescription drug to treat 

ulcers, 108, 108
sales of Pfizer and 

 AstraZeneca, 287–288
sepsis and Medicare patients, 

492
severe memory impairment in 

seniors, 739
sex ratios worldwide, 483–484
sexual satisfaction and  

women, 109
Sleep Cycle records, 304
sleep disturbances and sound 

levels (in decibels), 760
smoking and mortality rate, 336
smoking cessation and  

exercise, 135
sperm counts, 486
state of health and income 

level, 71
systolic vs. diastolic blood  

pressure, 481
thyroid cancer, 403
tobacco use, 362
top cosmetic surgeries in 

 certain years, 160, 259
type 2 diabetes, 143, 262–263, 

341, 405

vitamin C and the flu and 
 common cold, 130

wait times at health clinics and 
emergency rooms, 407

weight changes in popular 
diets, 292

weight-lifting and protein 
shake, 135

weight-loss program, study  
of, 135

weights of weight-loss/ exercise 
program participants, 135, 
275, 286, 309

worry and stress, 541

HISTORIC EVENTS & 

 LANDMARKS

elevation at Dead Sea vs. 
Mount Everest, 55

elevation at Death Valley vs. 
Mount McKinley, 55

Golden Gate Bridge and 
height of towers, based on 
elevation, 52

Golf oil spill, 86–87
inventions since 1870, 443
Lake Tahoe clarity, 643
national park visits, 612
Old Faithful geyser eruptions, 

266
Titanic survivors, class and, 172
Yellowstone National Park 

(wolves), 55–56

L
LIFESTYLE & HABITS

adults with a will, 69
amount of time slept daily, 285
BBL (Brazilian Butt Lift), 537
body art among college 

 students, 171
body piercings and tattoos 

among college students,  
145, 171

cigarette smoking, 543, 562–563
dating more than one person at 

a time, opinions on, 158
executives vs. stay-at-home 

parenting, 69
exercise habits of college 

students, 107
friendship longevity, 445
friendships, 289
Harry Potter books and num-

ber of pages, 441
high school exercise habits, 378
hours slept, 185
ideal age, 691–692
library funding and annual 

visits to, 644, 648
marijuana use, 92
morning show viewers, 67
New Year’s resolutions, 174
paper money and lifespan of, 442
percent adults who smoke, 190
retirement and Americans who 

think they will live comfort-
ably, 495

seat belt use, 361–362
shark attacks, 214–215, 369, 

373–375
spending for Valentine’s Day, 

692
tattoos and smoking, com-

pared, 217
tobacco use, 362
various habits of students, 260, 

285–286
worry and stress, 541

LIFESTYLES & HABITS

sex with robot probability,  
349, 361

unfaithful partners, 261
wine consumption per person, 

237

M
MEASUREMENTS

ages of students, 187
area of rectangular items, 38
baby’s birthweight, 2
basketball hoop height, 38–39
child’s change in height, in 

inches, 21
estimates of person’s age, 186
fireworks used in U.S., by mil-

lions of pounds, 628
force, in pounds, exerted on 

wrench handle, 719
gas purchased, in liters, 41
German stein’s height, 41
height and arm spans, 468
number of strings on musical 

instrument, 185
oil spill volume, 16
one second as part of year, 87
person’s weight, 11–12
persons’ height and/or  

weight, 16, 41, 175, 217, 268, 
290, 292, 335, 350, 407, 416, 
417, 419, 421, 429, 430, 468, 
483, 525

propane, in ounces, and cook-
ing time, 542

rug measurements, 38
song lengths, 279–281, 281–282, 

290, 383, 403, 407, 416
square-footage of homes for 

sale in Akron, Ohio,  
185–186

tactile acuity threshold, 573
television signal and intensity 

of, 716–717
time, in seconds, to construct 

histogram, 185
two-bedroom house and num-

ber of inhabitants, 2
volume of water, 14, 487, 523, 

565
water pumped from  

basement, 565
weight of calculator, 93
weight of checked bag at 

 airport, 11–12
wind speed, hurricane, 11–12
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women’s and men’s heights, 
335, 417, 419, 421

women’s average height in 
U.S., 41

MISCELLANEOUS

coin flipping, 318, 319–322, 331, 
336, 337, 355–356, 363, 381

cremations in U.S., 629
dice rolls, 319, 322, 326, 331, 

332, 337, 344, 346, 353, 355, 
363, 370–372, 376, 551–552

firefighters and amount of fire 
damage, 128

Florida Powerball winnings, 
303

gambler and dice rolls, 332
guns, gunpowder and force of 

firing, 772
lottery ticket and chances of 

winning, 424
number of firefighters and 

number of helicopters in 
wildfires, 526

psychic ability, 336

R
RELIGION

percentages with unfavorable 
views, 174

political leaders talking about 
faith and prayer, opinions 
on, 170

Protestants, percentage of resi-
dents in each of 50 states, 167

religious groups and opinions 
of worldwide, 174

religious preference and  
age, 167

S
SCIENCE

air pollution and deterioration 
rates of marble tombstones, 
663–664

boiling points of water and 
elevation, 484, 536

carbon emissions, 598
climate change, 489
dinosaur length vs. height, 463, 

481–482
dinosaurs, 670
distance from Earth to Alpha 

Centauri, 87
distance of moon from Earth, 

86
earliest evidence of life on 

Earth, 86
electricity and 16-gauge exten-

sion cord, 493
evolution, 349, 359, 360, 363
eye color, 338
Fahrenheit vs. Celsius tempera-

ture readings, 542
faintest detectable sound by 

humans, 86
gender and eye color of chil-

dren, 174

heart rate reduction and heart 
failure in mice, 126–127

human blood and hydrogen ion 
concentration, 86

LSD injections and ability to 
solve math problems, 669

Malathion concentrations, 734
Mars missions, 107
number of moons per planet, 

306
ocean depths, temperatures, 

salinities, 443–444
pain ratings vs. predicted- 

anxiety ratings, 503–505
planet diameter, 306
planets’ masses and escape 

velocity, 462
planets’ orbit speed and dis-

tance from sun, 462
sea ice extent, 466–467
sea level at various spots in 

U.S., 407
solar power, installed in  

U.S., 725
sound level (in decibels) and 

music, 156, 185
space debris, 496
systolic vs. diastolic blood  

pressure, 481
threatened species worldwide, 

482
UFO sightings and duration 

of, 262
violet light wavelength, 87
water pumped from basement, 

565
water temperature, from 

heated to cooling, 775–776

SOCIAL ISSUES

10th grade students consuming 
alcohol, 690

alcohol consumption and mari-
tal status, 39

child neglect, based on survey-
ing adults at bar in after-
noon, 111

death penalty and opinions 
on, 166

depression in teenagers, 16
divorce causes, 160
divorce rates, 642
domestic violence and survey 

at boxing match, 111
donations to charities, 562
drinking age surveys, 108, 598
drug use surveys, 612
firearm suicide, 14
firearms and death rates, 428
first sexual experience, 378
free/reduced-price lunches vs. 

not reading well, 433
ICE (Immigration and  Customs 

Enforcement)  detention 
population, 666–667

immigration attitudes and 
political affiliation of respon-
dents, 239

limits on trans fats, 642

living biological parents, 382
marrying age vs.  

numeracy, 484
mean marrying ages, 469–470, 

472–475
number of sex partners, 379
offensive speech, 159
percentage of households with 

firearms, 428, 487
President Obama’s approval vs. 

Democratic candidate’s vote 
share, 485

racism, study on, 141
same sex marriage support, 22
same-sex marriage and opin-

ions on, 99
sex trafficking cases, 541
sexual harassment survey at 

Yale, 113–114
sexual harassment cases, 62
sobriety checkpoints, 121
texting and driving, 35–36
women living alone, 21

SOCIAL MEDIA

Facebook, 157, 216, 268, 310
Facebook revenues over time, 

453
Hispanic adults’ use, 41
Instagram use, 119, 157
number of platforms visited, 

185
number of sites used, 325
number of texts daily, 285
number of texts sent daily, 260
percentage of users who visit 

several times a day, 219
personal profile pages  

by age, 465
professors’ ratings, 485
purchasing decisions and social 

media influence on, 347
Snapchat users, 183, 483
social media messages by 

adults, 111
teenagers, 109
text messages sent and received, 

numbers of, 92, 216, 783
tweets sent daily, 256

SPEED/DISTANCE/TIME

airline fuel consumption, 313
airplane altitude increase, 511
airplane’s speed in miles per 

hour, 185
car’s speed and miles traveled, 

2, 21, 42
distance traveled at 75 mph at 

certain time intervals, 18
driver’s speed in miles per hour 

vs. meters per second, 42
mean commute for all adults, 

289
ship speeds and fuel consump-

tion, 772
speed limit in kilometers per 

hour vs. miles per hour, 42
speed limit vs. driving speed in 

mph, 21

speed of runner, in miles per 
hour, 439

stopping distance and reacting 
and braking distances, 429, 
693–694

time, in seconds, to construct 
histogram, 185

walking/running speed, 38–39
work commute distance, 16

SPORTS & RECREATION

400-meter records, 465
age and foot race finish  

times, 449
ages of professional baseball 

and football players, 301
American’s favorite sport, 40
annual spending for NCAA 

tournament, 648
backpack weight, 93
baseball, 121
baseball All-Star Game and 

viewer numbers, 745–746
baseball games’ attendance, 773
baseball pitches vs. length of 

games, 508
baseball players’ salaries, 215, 

310
basketball hoop height, 38–39, 

416
basketball players and free 

throws, 127
basketball players, heights and 

weights, 268, 350–351, 391, 
394–395, 402, 439, 461, 541, 
682

bicycle commute time, 257
bike helmets, 614
bike-sharing programs, 769
children in organized physical 

activities, 13
college basketball players and 

effect of running on scoring, 
144

college shot-putters and their 
personal best distance, 180

cost of family of four to attend 
sporting event, 380

dead lifts in weightlifting, 287, 
313

exercise by parents vs. by  
teenagers, 463–464

football player salaries in  
millions of dollars, 212

football players’ ages vs.  
experience, 482

golf driving distance and  
fairway accuracy, 671, 671

graduation rate of student 
sports players, 543

Great Cow Harbor run, 293, 
347, 406

height of NBA players, 391
hike lengths, 305
hip-hop music and running 

speed, 135, 135
hotdog and drink prices at 

baseball stadiums, 481
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SPORTS & RECREATION 

(Continued)
LeBron James and salary of, 495
male cyclists and caffeine 

intake in hot environment, 
132, 132

marathoners, countries rep-
resented by top 22 women, 
161, 161

MBL ticket prices, 199
mean points and wins per  

NFL game in 2018  
season, 691

mean points per NFL game in 
2017 season, 690

miles of bike lanes, per square 
mile, in 10 cities, 188

MLB ticket prices, 200
Muhammad Ali and data about 

winning rounds, 188
Muhammad Ali rounds to win, 

309
New York City Marathon and 

various statistics about, 161, 
188, 263

New York City Marathon 
female finishers, 201–202

number of triples in Major 
League Baseball, 379

Olympic 100-meter run, 695
Olympic gymnastics, 190
Olympic shooting, 190
Olympic swimming, 310,  

665, 665
pitches thrown by MLB pic-

tures, 266
professional baseball and foot-

ball players, ages of, 301
professional baseball  

ticket prices, 94, 199–200, 
334, 780

professional hockey and mini-
mum salaries, 612

Rhode Island residents, 336
runner’s ages, 291
runners’ stride rate, 668
running and runners, 136, 287, 

667
running times, 288
ski level, 156, 156
soccer players and jump heights 

and distances, 299, 629
Southeastern Louisiana 

University and opinions on 
stadium renovation, 143, 143

speed skating winning times, 
464

Splash Mountain wait time, 258
Stephen Curry free throws, 382
students’ favorite sports, 109
Super Bowl, 160, 345, 769
temperature and football 

scores, 463
Tiger Woods wins and tourna-

ment earnings, 442
Tour de France various statis-

tics, 263–264

triple-hop, soccer players, 563
weight-lifting and protein 

shake, 135
Willie Mays and stolen bases, 

494
Winter Olympic medal win-

ners, 507
WNBA members’ height, 419

T
TECHNOLOGY

adults’ time on devices, 40
Americans and time on digital 

devices, 40
average daily use of mobile 

device, 189
customer satisfaction and 

website use, 143
employees at tech companies, 

119
GDP per person for Internet 

and smartphone penetration, 
444–445

heights, lengths, and maximum 
speeds wooden roller coast-
ers, 485–486

hours of YouTube video up-
loaded per minute in certain 
years, 14

iPad sales, in millions, 13
iPhone sales, 119
LCD TV operating costs, 446
LED televisions, 95, 117
number of text messages sent 

and received, 92, 216, 783
number of texts daily,  

260, 285
number of times phone 

checked daily, 261
number of wireless  

subscribers, 564
online shopping and purchase 

satisfaction, 111
personal profile pages by age, 

465
print book vs. e-book reading 

by Internet users surveyed, 
158

rare Earth metals and electron-
ics/appliances, 608

smartphone and people waiting 
in line for, 119

smartphone battery capacity, 
259, 285

smartphone comparison, 283
smartphone screen size,  

259, 285
smartphones and prices for, 

134, 216
Snapchat users, 483
students’ hours spent online, 

314
tablet use by college gradu-

ates, 336
text messages times per day, 

477–478
ultrabooks, 134–135

unplugging frequency by 
American adults, 171

wireless subscriber connections 
in U.S., 86

YouTube subscriptions, 307

TRANSPORTATION & 

TRAVEL

age vs. price of Subaru  
Outback, 544

air traffic deaths, 565
air vs. road travel on Indepen-

dence Day weekend, 69
airline’s airborne times and 

distances, 529
airline’s departure delays, 193, 

348
alcohol and driving perfor-

mance, 135
amount/volume of gas in cars’ 

fuel tanks, 13
automobile accidents, 336
automobile accidents and 

driver age, 442
bicycle and pedestrian fatali-

ties, 486
bicycle commute time, 257
bike-sharing programs, 769
bus service costs and fares, 507
car fuel tank tests, 119
cars selected for sample, 135
college commuting, 111, 210
commercial airline boarding 

on domestic flights, numbers 
of, 695

commute distance, 16
commute distance to college, 

210
commute distances, 237
crew size vs. cruise ship length, 

448
crosswalks and Must Stop law, 

134
cruise ships, various data about, 

218, 670, 680
deaths per fatal airplane crash, 

210
distance and time for airline 

flights, 564
distance traveled at 75 mph at 

certain time intervals, 18
driver’s licenses and U.S. teens, 

562
electric cars in use in U.S., 93
flight arrival delay, 273
gas mileage, 16, 42, 136, 

217–218, 239, 289, 308, 542
greenhouse-gas emissions, 

40–41
handheld cell phone use while 

driving, 133
highway gas mileage and vari-

ous car makers and models, 
188

highway vs. city mpg, 454–456, 
482

Honda Civics on the road, 111

hybrid car gas mileage, 420
maximum speeds of Porsche 

Boxsters, 217
mean commute of all adults, 

289
musical instruments weight on 

flights, 16
number of cars owned by 

household, 380
on-time airline flights, 14
one-way commute, 307
payment for Hawaii trip, 23
seats on domestic flights, 574
shipping volume, 22
smoking and students who run 

red lights, 173–174
sobriety checkpoints, 121
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In this section, we will work with variables and constants, two extremely important 
building blocks of algebra and statistics. We will also discuss various types of numbers 
and how to describe numbers and pairs of numbers visually. Finally, we will compare the 
sizes of quantities.

Variables and Constants

In arithmetic, we work with numbers. In algebra and statistics, we work with variables as 
well as numbers.

Objectives

 » Describe the meaning of 

variable and constant.

 » Identify and graph types of 

numbers.

 » Graph data on a number line.

 » Plot points on a coordinate 

system.

 » Graph an inequality on a 

number line.

Variables, Constants, Plotting Points, and Inequalities1.1

Performing  
Operations and  
Evaluating Expressions

1

HIV infection can lead to contracting AIDS.  

In 2010, President Obama released the National 

HIV/AIDS Strategy to lower the number of new 

HIV infections. But how can we determine what 

will make a difference?

In this course, we will address such questions by practicing statistics. We will learn to form 

precise questions such as “Does raising public awareness about the ways HIV can be con-

tracted decrease the HIV infection rate?” Next, we will discuss how to develop a careful plan to 

answer a precise question, which will include taking a close look at how to collect the relevant 

information. Then we will construct tables and diagrams and perform calculations to analyze the 

information. Throughout much of the course, we will determine what types of conclusions we 

can draw about questions raised.

In this chapter, we will discuss the arithmetic and algebra that form the foundation of statistics.

Although the number of AIDS deaths in the United 

States greatly decreased from 37,787 deaths in 

1996 to only 12,333 deaths in 2014, the number 

of AIDS deaths increased to 15,807 in 2016 (see 

Table 1). In Example 9 of Section 1.5, we will cal-

culate how the number of deaths has changed in 

various years.

Table 1 Numbers of AIDS Deaths in 

the United States

Source: Centers for Disease Control and 

Prevention

Year Number of AIDS Deaths

2010 14,399
2011 14,122
2012 13,984
2013 12,963
2014 12,333
2015 12,497
2016 15,807

Definition Variable

A variable is a symbol that represents a quantity that can vary.
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For example, we can define h to be the height (in feet) of a specific child. Height is 
a quantity that varies: As time passes, the child’s height will increase. So, h is a variable. 
When we say h = 4, we mean the child’s height is 4 feet.

This definition of variable is typically used in algebra and will be extremely use-
ful in this chapter. In Section 2.1, we will discuss a definition that is typically used in 
 statistics. At the heart of both definitions is the fact that a variable describes something 
that can vary.

“The Ramsey 

account? Should be 

done any minute...”

 » Use inequality notation,  

interval notation, and graphs 

to describe possible values 

of a variable for an authentic 

situation.

 » Describe a concept or 

procedure.

Example 1 Using a Variable to Represent a Quantity

1. Let s be a car’s speed (in miles per hour). What is the meaning of s = 60?
2. Let n be the number of employees (in millions) who work from home at least half 

the time. For the year 2017, n = 3.7 (Source: Fundera). What does that mean in this 
situation?

3. Let t be the number of years since 2015. What is the meaning of t = 5?

Solution

1. The speed of the car is 60 miles per hour.
2. In 2017, 3.7 million people worked from home at least half the time.
3. 2015 + 5 = 2020; so, t = 5 represents the year 2020.

There are many benefits to using variables. For example, in Problem 2 of Example 1,  
we found that the simple equation “n = 3.7” means the same thing as the wordy sen-
tence “3.7 million people worked from home at least half the time.” Variables can help 
us describe some situations with a small amount of writing.

In Problem 3 of Example 1, we described the year 2020 by using t = 5. So, our defi-
nition of t allows us to use smaller numbers to describe various years—an approach that 
will be especially helpful in Chapters 6–10.

We will see other benefits of variables as we proceed through the course.

Example 2 Using a Variable to Represent a Quantity

Choose a symbol to represent the given quantity. Explain why the symbol is a  variable. 
Give two numbers that the variable can represent and two numbers that it cannot 
represent.

1. The weight (in pounds) of a baby at birth
2. The number of people who live in a two-bedroom house

Solution

1. Let  be the weight (in pounds) of a baby at birth. The weight of a baby at birth can 
vary, so  is a variable. For example,  can represent the numbers 6 and 8 because 
babies can weigh 6 or 8 pounds at birth. The variable  does not represent 0 or 300 
because babies cannot weigh 0 or 300 pounds at birth!

2. Let n be the number of people who live in a two-bedroom house. The number of 
people who live in a two-bedroom house can vary, so n is a variable. For example, n 
can represent the numbers 2 and 3 because 2 or 3 people can live in a two-bedroom 

house. The variable n cannot represent the numbers 5000 or 
1

2
 because 5000 people 

cannot live in a two-bedroom house and half of a person doesn’t make sense.

In Problem 1 of Example 2, we stated that the units of  are pounds. Without stat-
ing the units of , “w = 10” could mean the baby’s weight was 10 ounces, 10 pounds, or 
10 tons! In defining a variable, it is important to describe the variable’s units.

A variable is a symbol—typically a letter—that represents a quantity that can vary. 
When we use a symbol to represent a quantity that does not vary, we call that symbol a 
constant. So, 2, 0, 4.8, and p are constants. The constant p is approximately equal to 3.14.
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1 inch

1 inch

Figure 1 One square inch

1 inch

2 inches

3 inches

12 inches

6 inches

4 inches

Figure 2 Three possible 

rectangles of area 12 square 

inches

Example 3 Comparing Constants and Variables

A rectangle has an area of 12 square inches. Let W be the width (in inches), L be the 
length (in inches), and A be the area (in square inches).

1. Sketch three possible rectangles of area 12 square inches.
2. Which of the symbols W, L, and A are variables? Explain.
3. Which of the symbols W, L, and A are constants? Explain.

Solution

1. We sketch three rectangles for which the width times the length is equal to 12 square 
inches (see Fig. 2).

2. The symbols W and L are variables because they represent quantities that vary.
3. The symbol A is a constant because in this problem the area does not vary—the area 

is always 12 square inches.

Definition Constant

A constant is a symbol that represents a specific number (a quantity that does not vary).

In the next example, we will compare the meanings of a variable and a constant 
while we consider the widths, lengths, and areas of some rectangles. The area (in square 
inches) of a flat surface is the number of square inches that it takes to cover the surface 
(see Fig. 1). The area of a rectangle is equal to the rectangle’s length times its width.

Identify and Graph Types of Numbers

When we describe people, it often helps to describe them in terms of certain categories, 
such as gender, ethnicity, and employment. In mathematics, it helps to describe numbers 
in terms of categories, too. We begin by describing the counting numbers, which are the 
numbers 1, 2, 3, 4, 5, and so on.

Definition Counting numbers (natural numbers)

The counting numbers, or natural numbers, are the numbers

1, 2, 3, 4, 5, c

The three dots mean that the pattern of the numbers shown continues without ending. 
In this case, the pattern continues with 6, 7, 8, and so on. When a list of numbers goes on 
forever, we say that there are an infinite number of numbers.

Next, we describe the integers, which include the counting numbers and other numbers.

Definition Integers

The integers are the numbers

c, -3, -2, -1, 0, 1, 2, 3, c

The three dots on both sides mean that the pattern of the numbers shown continues 
without ending in both directions. In this case, the pattern continues with -4, -5, -6, 
and so on, and with 4, 5, 6, and so on.

If you write a check for more money than is in your checking account, you will have 
a negative balance. A balance (in dollars) of -60 is an integer.

The positive integers are the numbers 1, 2, 3, c. The negative integers are the 
 numbers -1, -2, -3, c. The integer 0 is neither positive nor negative. So, the  integers 
consist of the counting numbers (which are positive integers), the negative integers, and 0.



4    CHAPTER 1  Performing Operations and Evaluating Expressions  

We can visualize numbers on a number line (see Fig. 3). Each point (location) on the 
number line represents a number. The numbers increase from left to right. We refer to 
the distance between two consecutive integers on the number line as 1 unit (see Fig. 3).

1212223 2 30

1 unit 1 unit

Figure 3 The number line

12122232425 2 3 4 50

Figure 4 Graphing the numbers -2, -1, 

0, 1, 2, and 3

Example 4 Graphing Integers on a Number Line

Draw dots on a number line to represent the integers between -2 and 3, inclusive.

Solution

The integers between -2 and 3, inclusive, are -2, -1, 0, 1, 2, and 3. “Inclusive” means to 
include the first and last numbers, which in this case are -2 and 3. We sketch a number line 
and draw dots at the appropriate locations for the numbers -2, -1, 0, 1, 2, and 3 (see Fig. 4).

Figure 5 
5

8
 of a pizza

When we draw dots on a number line, we say that we are “plotting points” or 
“ graphing numbers.”

W A R N I N G In Example 4, we worked with the integers between -2 and 3, inclusive: -2, -1, 0, 1, 2, 
and 3. Here are the integers between -2 and 3: -1, 0, 1, and 2. We did not include -2 or 
3 because the word “inclusive” was not used. When working with such problems, it is 
 important to check whether the word “inclusive” is used.

For a fraction 
n

d
, we call n the numerator and d the denominator. The dash between 

the numerator and the denominator is the fraction bar:

Numerator ¡

Denominator ¡
 

n

d
 —  Fraction bar

A fraction can be used to describe a part of a whole. For example, consider the 

meaning of 
5

8
 of a pizza. If we divide the pizza into 8 slices of equal area, 5 of the slices 

make up 
5

8
 of the pizza (see Fig. 5).

The number 
5

8
 is called a rational number.

Definition Rational numbers

The rational numbers are the numbers that can be written in the form 
n

d
, where n and 

d are integers and d is nonzero.

We specify that d is nonzero because, as we shall see later, division by zero does not 
make sense.

Here are some examples of rational numbers:

3

7
  

-2

5
  4 =

4

1

Rational numbers include all the integers because any integer n can be written as 
n

1
.

There are numbers represented on the number line that are not rational. These num-
bers are called irrational numbers. An irrational number cannot be written in the form  
n

d
, where n and d are integers and d is nonzero. The number 12 is the number greater 

than zero that we multiply by itself to get 2. The number 12 is an irrational number. 
Here are some more examples of irrational numbers:

p  13  15
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We know that 19 = 3 because 3 * 3 = 9. So 19 = 3 =

3

1
. Therefore, 19 is  rational 

(not irrational).
The list price of an Xbox One X console is $399.99, which is a decimal number. Any 

rational number or irrational number can be written as a decimal number.
A rational number can be written as a decimal number that either terminates or repeats:

3

4
=  0.75   

3

11
= 0.27272727 c

¯̆ ˙                               ¯̊ ˚̊ ˘˚̊ ˚̇

terminates repeats

We can use an overbar to write the repeating decimal 0.272727c = 0.27.
An irrational number can be written as a decimal number that neither terminates 

nor repeats. It is impossible to write all the digits of an irrational number, but we can 
 approximate the number by rounding. For example, earlier we approximated p by 
rounding to the second decimal place: p ≈ 3.14.

Recall that each point on the number line represents a number. We call all the numbers 
represented by all the points on the number line the real numbers.

21.8

1 2 302122 4

0.4
2

7

10

6

5 p

Figure 6 Graphing the real numbers -1.8, -1, 

-
7

10
, 0, 0.4, 

6

5
, and p

Definition Real numbers

The real numbers are all the numbers represented on the number line.

The real numbers are made up of the rational numbers and the irrational numbers. 
Here are some real numbers:

-1.8  -1  -
7

10
   0  0.4  

6

5
   p

We graph these real numbers in Fig. 6.

We use an arrow to label points that do not fall on a labeled tick mark.

Example 5 Graphing Real Numbers on a Number Line

Graph the number on a number line.

1. -
7

4
2. 2.3

Solution

1. We draw a number line so that the distance between tick marks is 
1

4
 unit (see Fig. 7).

To graph -
7

4
, we draw a dot at the seventh tick mark to the left of 0.

2. We draw a number line so that the distance between tick marks is 0.1 =

1

10
 unit 

(see Fig. 8). To graph 2.3, we draw a dot at the third tick mark to the right of 2.

21 0 122

2

7

4

Figure 7 Graphing the 

number -
7

4

1 2 30

2.3

Figure 8 Graphing the 

number 2.3
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Rational Numbers

Irrational Numbers

All numbers shown here are real numbers.

Counting Numbers

Integers

Figure 9 The real numbers

Figure 9 illustrates how the various types of numbers we have discussed so far are 
related. In particular, it shows that every counting number is an integer, every integer 
is a rational number, and every rational number is a real number. It also shows that 
 irrational numbers are the real numbers that are not rational.

Example 6 Identifying Types of Data

Among the following groups of numbers, determine the smallest group that contains any 
possible data for the given situation: counting numbers, integers, nonnegative real num-
bers, and real numbers. Explain.

1. The number of students enrolled in Harvard in some year between 1900 and 2019, 
inclusive

2. The elevation (in feet) at some location
3. The volume (in gallons) of gasoline in a car’s gas tank

Solution

1. Students have been enrolled in Harvard every year since 1990, and there cannot 
be just a portion of a student enrolled. So, among the given choices, the counting 
 numbers is the smallest group of numbers that contains possible data.

2. A location’s elevation can be a fraction of a foot. It can also be negative. For exam-
ple, the elevation at Death Valley is -282 feet. So, among the given choices, the real 
numbers is the smallest group of numbers that contains possible data.

3. There can be a fraction of a gallon of gasoline in the tank, but the volume of  gasoline 
cannot be negative. So, among the given choices, the nonnegative real numbers is 
the smallest group of numbers that contains possible data.

The negative real numbers are the real numbers less than 0, and the positive real 

numbers are the real numbers greater than 0 (see Fig. 10).

0

Negative real numbers Positive real numbers

Figure 10 The location of the negative real numbers 

and the positive real numbers on the number line

Some examples of negative real numbers are -13, -5.2, -
3

4
, and -12. Some 

 examples of positive real numbers are 13, 5.2, 
3

4
, and p. As we discussed earlier, the num-

ber 0 is neither positive nor negative.
We say that the sign of a negative real number is negative and that the sign of a posi-

tive real number is positive. To include zero, we define the nonnegative real numbers 
as the positive real numbers together with 0. Likewise, we define the nonpositive real 

numbers as the negative real numbers together with 0.
Data are quantities or categories that describe people, animals, or things. For exam-

ple, the following heights of six people, all in inches, are data: 64, 71, 75, 68, 71, and 69. The 
following genres of music of the top 5 grossing singles this week are data: pop, rock, pop, 
hip-hop, and country.



1.1  Variables, Constants, Plotting Points, and Inequalities  7

Graphing Data on a Number Line

We often can get a better sense of data that are quantities by graphing them on a 
number line.

Billions of dollars

Total Amounts of Goldman

Sachs Loans

L
7065 75 80 85 90 9560

Figure 11 Graphing the data

Example 7 Graphing Data

The total amounts (in billions of dollars) of Goldman Sachs loans for the years 2012, 2013, 
2014, 2015, and 2016 are 65, 80, 87, 91, and 94, respectively (Source: Goldman Sachs). Let 
L be the total amount (in billions of dollars) of Goldman Sachs loans in a given year.

1. Graph the data.
2. Did the total amount of the loans increase, decrease, stay approximately constant, or 

none of these from 2012 to 2016, inclusive? Explain.
3. Did the increases in the total amounts of the loans increase, decrease, stay approxi-

mately constant, or none of these from 2012 to 2016, inclusive? Explain.

Solution

1. We sketch a number line and write “L” to the right of the number line and the units 
“Billions of dollars” underneath the number line (see Fig. 11). Because the data values 
are between 65 and 94, inclusive, we write the numbers 60, 65, 70, 75, 80, 85, 90, 95 equally 
spaced on the number line. Then we graph the numbers 65, 80, 87, 91, and 94.

2. From the opening paragraph, we know that the total amount of the loans is increas-
ing. (From the graph alone, we cannot tell this because the years are not included.)

3. As we look from left to right at the points plotted on the graph, we see that the dis-
tance between adjacent points decreases. This means that the increases in the total 
amounts of the loans decreased. That is, the jump from 65 to 80 is greater than the 
jump from 80 to 87, and so on.

W A R N I N G In Fig. 11, we wrote the numbers 60, 65, 70, 75, 80, 85, 90, and 95 on the number line. 
When we write numbers on a number line, they should increase by a fixed amount and 

be equally spaced.

b
210220230240250260270 0

Dollars

Balance in a Checking Account

Figure 12 Graphing the number b = -50

Example 8 Graphing a Negative Quantity

A person bounces several checks and, as a result, is charged service fees. If b is the bal-
ance (in dollars) of the checking account, what value of b means the person owes $50? 
Graph the number on a number line.

Solution

Because the person owes money, the value of b is negative: b = -50. We graph -50 on 
a number line in Fig. 12.
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So far, we have discussed how to describe the values of a single variable. Now we will 
discuss how to describe pairs of values of two variables.

Plotting Points on a Coordinate System

The quiz scores of a student in one of the author’s prestatistics classes are shown in Table 2. 
We define n to be the quiz number and s to be the quiz score (in points). From Table 2, we 
see the student’s score on Quiz 1 was 7 points. So, when n = 1, s = 7. If we agree to write 
the quiz number first and the quiz score second, we can use the ordered pair 11, 72 to mean 
that when n = 1, s = 7. We call each of the numbers in an ordered pair a coordinate. For 
11, 72 in this situation, we call 1 the n-coordinate and 7 the s-coordinate.

The ordered pair 12, 62 means that when n = 2, s = 6. This indicates that the stu-
dent’s score on Quiz 2 was 6 points, which agrees with the second row of Table 2.

We graph the ordered pairs by using two number lines, which are called axes ( singular: 
axis). To start, we draw a horizontal number line called the n-axis and a vertical number 
line called the s-axis (see Fig. 13). We refer to such a pair of axes as a coordinate system. 
The origin is the intersection point of the axes. The axes divide the coordinate system into 
four regions called quadrants, which we call Quadrants I, II, III, and IV. The quadrants do 
not include the axes.

n-axis

s-axis

24 22 2 4
22

24

4

2
Quadrant IQuadrant II

Quadrant IVQuadrant III

Origin

Figure 13 Coordinate system

2 4 6 8

Quiz number

Quiz Numbers versus

Scores

Q
u
iz

 s
c
o
re

 (
p
o
in
ts
)

4

6

8

10

2

n

s

(3, 9)

Figure 14 Plot (3, 9)

2 4 6 8

Quiz number

Q
u
iz

 s
co

re
 (

p
o
in

ts
)

4

6

8

10

2

n

s

(1, 7)

(2, 6)

(3, 9)
(5, 9)

(4, 8)

Quiz Numbers versus
Scores

Figure 15 Plot the ordered 

pairs from Table 2

Table 2 A Student’s Quiz  

Scores

Source: J. Lehmann

Quiz 

Number 

n

Quiz Score 

(points) 

s

1 7
2 6
3 9
4 8
5 9

Next, we plot the ordered pair (3, 9) shown in the third row of Table 2. To do so, 
we start at the origin, look 3 units to the right and 9 units up, and then draw a dot (see 
Fig. 14). In Fig. 15, we plot all the ordered pairs listed in Table 2.

As we look at the plotted points in Fig. 15 from left to right, the points, in general, go 
upward. This means the quiz scores, in general, are increasing.

When we plot points that are not being used to describe authentic situations, we 
call the horizontal axis the x-axis and the vertical axis the y-axis. The ordered pair (6, 3) 
means x = 6 and y = 3. So, the x-coordinate is 6 and the y-coordinate is 3.
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Graphing an Inequality on a Number Line

In statistics, we often compare the sizes of two quantities. We can do this using the 
 inequality symbols 6 , … , 7 , and Ú . Here are the meanings of these symbols and some 
examples of inequalities:

Symbol Meaning Examples of Inequalities

6 Is less than 2 6 5, 0 6 5, -6 6 -1

… Is less than or equal to 4 … 7, 2 … 2, -3 … 0

7 Is greater than 9 7 2, -4 7 -6, 2 7 0

Ú Is greater than or equal to 8 Ú 3, 5 Ú 5, -2 Ú -8

An inequality contains one of the symbols 6 , … , 7 , and Ú  with a constant or variable 
on one side and a constant or variable on the other side. Here are some more examples 
of inequalities:

x 6 -3  -4 … 5  7 7 2  x Ú 6

x

12122 2 3 40

Figure 18 Graph of x … 2

24 22 2 4

22

24

4

2

x

(25, 23)

(3, 4)

y

Figure 16 Plotting the ordered 

pairs 13, 42 and 1-5, -32

24 22 2 4

22

24

4

2

x

y

(24, 2)

(5, 24)

Figure 17 Plotting the ordered 

pairs 1-4, 22 and 15, -42

Example 9 Plotting Points

Plot the points 13, 42, 1-5, -32, 1-4, 22, and 15, -42 on a coordinate system.

Solution

We plot the ordered pairs (3, 4) and 1-5, -32 in Fig. 16, and we plot the ordered pairs 
1-4, 22 and 15, -42 in Fig. 17.

Example 10 Inequalities

Decide whether the inequality statement is true or false.

1. 3 … 6 2. -5 7 -2 3. 8 Ú 8 4. 9 6 9

Solution

1. Because 3 is less than 6, the statement 3 … 6 is true.
2. Because -5 lies to the left of -2 on the number line, -5 is less than -2. So, -5 is not 

greater than -2, and the statement -5 7 -2 is false.
3. Because 8 is equal to itself, the statement 8 Ú 8 is true.
4. Because 9 is not less than itself, the statement 9 6 9 is false.

Consider the inequality x … 2. This inequality says the values of x are less than or 
equal to 2. We can represent these values graphically on a number line by shading the 
part of the number line that lies to the left of 2 (see Fig. 18). We draw a filled-in circle at 
2 to indicate that 2 is a value of x, too.
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To graph the inequality x 6 2, we shade the part of the number line that lies to the 
left of 2 but draw an open circle at 2 to indicate that 2 is not a value of x (see Fig. 19).

We use interval notation to describe a set of numbers. For example, we describe the 
numbers greater than 3 by 13, ∞2. We describe the numbers greater than or equal to 3 by 
[3, ∞2. We describe the set of real numbers by 1-∞ , ∞2. More examples of  inequalities 
and interval notation are shown in Fig. 20.

x

12122 2 3 40

Figure 19 Graph of x 6 2

In Words Inequality Graph Interval Notation

Numbers less than 3 x 6 3 x

30

1-∞, 32

Numbers less than or  
equal to 3

x … 3 x

30

1-∞, 3]

Numbers greater than 3 x 7 3 x

30

13, ∞2

Numbers greater than or 
equal to 3

x Ú 3 x

30

33, ∞2

Figure 20 Words, inequalities, graphs, and interval notation

x

121222324 20

Figure 21 Graph of x 7 -2

Example 11 Graphing an Inequality

Write the inequality x 7 -2 in interval notation, and graph the values of x.

Solution

The inequality x 7 -2 means that the values of x are greater than -2. We describe these 
numbers in interval notation by 1-2, ∞2. To graph the values of x, we shade the part of 
the number line that lies to the right of -2 and draw an open circle at -2 (see Fig. 21).

The phrase “less than or equal to 5” means the same thing as “at most 5” and “no 
more than 5.” Similarly, the phrase “greater than or equal to 5” means the same thing as 
“at least 5” and “no less than 5.”

More examples of such phrases with matching inequalities and graphs are shown in 
Fig. 22.

Figure 22 Inequalities, words, and graphs

x

1 2 3 4 5 6 7

x " 4

Numbers less than or equal to 4
Numbers that are at most 4
Numbers that are no more than 4

x

1 2 3 4 5 6 7

x # 4

Numbers greater than or equal to 4
Numbers that are at least 4
Numbers that are no less than 4

Example 12 Describe Values of a Variable and Graph an Inequality

1. The values of x are at most -4. Describe the values of x as an inequality, in interval 
notation, and as a graph.

2. The values of x are no less than 1. Describe the values as an inequality, in interval 
notation, and as a graph.

Solution

1. The phrase “at most -4” means less than or equal to -4. So, we can describe the 
values of x in inequality notation as x … -4 and in interval notation as 1-∞, -44. To 
graph the values of x, we shade the part of the number line that lies to the left of -4 
and draw a filled-in circle at -4 (see Fig. 23).

x

27 2223242526 21

Figure 23 Graph of x … -4
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Now we will work with compound inequalities in one variable, such as 3 … x … 7,  
which means the values of x are both greater than or equal to 3 and less than or equal 
to 7. In other words, all values of x are between 3 and 7, inclusive. To graph the solutions, 
we shade the part of the number line that lies between 3 and 7 (see Fig. 25). We draw 
filled-in circles at 3 and 7 to indicate that 3 and 7 are solutions, too.

We describe the numbers between 3 and 7, inclusive, in interval notation by [3, 7]. 
More examples of compound inequalities, with matching graphs and interval notation, 
are shown in Fig. 26.

x

2 3 4 5 6 7 8

Figure 25 Graph of 3 … x … 7

x

22 21 0 1 2 3 4

Figure 24 Graph of x Ú 1

2. The phrase “no less than 1” means greater than or equal to 1. So, we can describe 
the values of x in inequality notation as x Ú 1 and in interval notation as 31, ∞2. To 
graph the values of x, we shade the part of the number line that lies to the right of 1 
and draw a filled-in circle at 1 (see Fig. 24).

In Words Inequality Graph

Interval 

Notation

Numbers between 1 and 3 1 6 x 6 3
1 3

x 11, 32

Numbers between 1 and 3, inclusive 1 … x … 3
1 3

x 31, 34

Numbers between 1 and 3, as well as 1 1 … x 6 3
1 3

x 31, 32

Numbers between 1 and 3, as well as 3 1 6 x … 3
1 3

x 11, 34

Figure 26 Words, inequalities, graphs, and interval notations

W A R N I N G We use notation such as 13, 72 in two ways: When we work with one variable, the 
interval 13, 72 is the set of numbers between 3 and 7; when we work with two variables, 
such as x and y, the ordered pair 13, 72 means x = 3 and y = 7.

Describing Values of Variables for an Authentic Situation

When analyzing authentic situations, we will often use inequality notation, interval nota-
tion, and graphs to describe possible values of variables.

Example 13 Describe Values of Variables and Graph a Compound Inequality

1. In a Category 5 hurricane, the highest-category hurricane, winds are no less than 
157 miles per hour. Let s be the wind speed (in miles per hour) of a Category 5  
hurricane. Describe the hurricane’s wind speed using inequality notation, interval 
notation, and a graph.

2. For a United Airlines economy ticket, a checked bag that is not overweight weighs 
at most 50 pounds (Source: United Airlines). Let  be the weight (in pounds) of a 
checked bag that is not overweight for a United Airlines economy ticket. Describe 
the bag’s weight using inequality notation, interval notation, and a graph.

3. Let  be the weight (in pounds) of a man. Interpret and graph the inequality 
173 6 w 6 177.
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Miles per hour

A Hurricane’s Wind Speed

s

156 157 158 159155

Figure 27 Graph of s Ú 157

w
0 10 20 30 40 50 60210

Pounds

A Bag’s Weight

Figure 28 Graph of 

0 6 w … 50

w

173 174 175 176 177 178172

Pounds

A Man’s Weight

Figure 29 Graph of 

173 6 w 6 177

Solution

1. The phrase “no less than 157” means greater than or equal to 157. So, we can describe 
the hurricane’s wind speed in inequality notation as s Ú 157 and in interval notation 
as 3157, ∞2. To graph the values of s, we shade the part of the number line that lies to 
the right of 157 and draw in a filled-in circle at 157 (see Fig. 27).

2. The phrase “at most 50” means less than or equal to 50. So, the weight of the bag 
is less than or equal to 50 pounds. Because the bag has some weight, the weight is 
also greater than 0 pounds. So, we can describe the weight in inequality notation as 
0 6 w … 50 and in interval notation as (0, 50]. To graph the values of , we shade 
the part of the number line that lies between 0 and 50 (see Fig. 28). We draw an open 
circle at 0 and a filled-in circle at 50.

3. The inequality 173 6 w 6 177 means the values of  are between 173 and 177. So, 
the man’s weight is between 173 and 177 pounds. To graph the values of , we shade 
the part of the number line that lies between 173 and 177 (see Fig. 29). We draw 
open circles at 173 and 177.

Describing a Concept or Procedure

In some homework exercises, you will be asked to describe, in general, a concept or 
procedure.

Guidelines on Writing a Good Response

• Create an example that illustrates the concept or outlines the procedure. Looking at 
examples or exercises may jump-start you into creating your own example.

• Using complete sentences and correct terminology, describe the key ideas or steps of 
your example. You can review the text for ideas, but write your description in your 
own words.

• Describe also the concept or the procedure in general without referring to your example. 
It may help to reflect on several examples and what they all have in common.

• In some cases, it will be helpful to point out the similarities and the differences be-
tween the concept or the procedure and other concepts or procedures.

• Describe the benefits of knowing the concept or the procedure.

• If you have described the steps in a procedure, explain why it is permissible to follow 
these steps.

• Clarify any common misunderstandings about the concept, or discuss how to avoid 
making common mistakes when following the procedure.

Example 14 Responding to a General Question about a Concept

Describe the meaning of variable.

Solution

Let t be the number of hours that a person works at Starbucks in a week. The symbol 
t is an example of a variable because the value of t can vary. In general, a variable is a 
symbol that stands for an amount that can vary. A symbol that stands for an amount that 
does not vary is called a constant.

There are many benefits to using variables. We can use a variable to concisely de-
scribe a quantity; using the earlier definition of t, we see that the equation t = 32 means 
a person works at Starbucks for 32 hours in a week. By using a variable, we can also use 
smaller numbers to describe various years.

In defining a variable, it is important to describe its units.



1.1  Variables, Constants, Plotting Points, and Inequalities  13

GROUP EXPLORATION

1. Let u be the number of units (credits or hours) a stu-
dent is currently taking at your college.

a. Which of the following values of u are reasonable in 
this situation? Explain.

i. u = 15

ii. u = -5

iii. u = 200

iv. u = 15.5

v. u = 15.1

vi. u = 0

b. Describe all the real numbers that are reasonable 
values of u. Use a number line, a list of numbers, 
words, or some other way to describe these numbers.

2. A few months ago, a person bought a Porsche 911 
Carrera Turbo for $160,700. It has a 17.7-gallon fuel 
tank. Let g be the amount of gasoline (in gallons) that 
is in the tank.

a. Which of the following values of g are reasonable in 
this situation? Explain.

i. g = 7

ii. g = 19

iii. g = -4

iv. g = 17.7

v. g = 0

vi. g = 10.392

Reasonable values of a variable

b. Describe all the real numbers that are reasonable 
values of g.

3. The legal capacity of a club is 180 people. Let n be 
the number of people who are at the club. You may 
assume that the number of people in the club never 
exceeds the legal limit. Describe all the reasonable 
 values of n.

4. Define a variable for an authentic situation in which 
all the reasonable values of the variable are counting 
numbers.

5. Define a variable for an authentic situation in which all 
the reasonable values of the variable are nonnegative 
real numbers and some of the values are not counting 
numbers.

6. Define a variable for an authentic situation in which all 
the reasonable values of the variable are real numbers 
and some of the values are not integers.

Tips for Success Take Notes

It is always a good idea to take notes during classroom activities. Not only will you 
have something to refer to later when doing the homework, but also you will have 
something to help you prepare for tests. In addition, taking notes makes you become 
even more involved with the material, which will likely increase your understanding 
and retention of it.

For extra help 

1. A(n) ________ is a symbol that represents a quantity that can 
vary.

2. A(n) ________ is a symbol that represents a specific number.

3. The ________ numbers are all the numbers represented on 
the number line.

4. ________ are quantities or categories that describe people, 
animals, or things.

Respond to the questions in Exercises 5–10 by using complete 
sentences.

5. Let s be the annual iPad® sales (in millions). The value of s is 
44 for 2018 (Source: Apple). What does s = 44 mean in this 
situation?

6. Let p be the percentage of children ages 6–12 who partici-
pate in a team sport (organized or unorganized) on a regular 
basis. The value of p is about 37 for 2017 (Source: National 

Physical Activity Plan Alliance). What does p = 37 mean in 
this situation?

7. Let p be Uber’s second-quarter profit (in millions of dollars). 
For 2018, the value of p is -891 (Source: Bloomberg). What 
does p = -891 mean in this situation?

8. Let T be the temperature (in degrees Fahrenheit). What does 
T = -10 mean in this situation?

9. Let t be the number of years since 2010. What does t = 9 
mean in this situation?

10. Let t be the number of years since 2015. What does t = -3 
mean in this situation?

MyLab Math Watch the videos
in MyLab Math

HOMEWORK 1.1
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37. Rational numbers that are not integers

38. Real numbers between -3 and -2

Among the following groups of numbers, which is the small-
est group that contains any possible data for the given situation: 
 nonnegative real numbers, integers, real numbers, and counting 
numbers? Explain.

39. The volume (in gallons) of water in a lake

40. The temperature (in degrees Fahrenheit) at the top of a 
skyscraper

41. The number of people in a household

42. The commute time (in minutes) of an employee

43. The annual profit (in dollars) of a company

44. The total number of hamburgers sold at McDonald’s in some 
year between 2000 and 2019

For Exercises 45–50, use points on a number line to describe the 
given values of a variable.

45. A student goes to a college for six semesters. Here are the 
numbers of units (credits or hours) taken per semester: 10, 12, 
6, 9, 15, 14. Let u be the number of units taken in one semester.

46. The percentages of airline flights that are on time for various 
years are 79%, 82%, 80%, 77%, and 76%. Let p be the per-
centage of flights in a year that are on time.

47. The number (in thousands) of firearm suicides for various years 
is 19.4, 21.3, 20.7, 21.2, and 20.0. Let n be the number (in thou-
sands) of firearm suicides in a year.

48. The U.S. average annual per person consumption of sports 
drinks (in gallons) for various years is 1.9, 2.5, 2.1, 2.3, and 2.2. 
Let c be the U.S. average per person consumption (in gallons 
per year) of sports drinks in a year.

49. The low temperatures (in degrees Fahrenheit) for three days 
in December in Chicago are 5°F above zero, 4°F below zero, 
and 6°F below zero. Let F be the low temperature (in degrees 
Fahrenheit) for one day.

50. Here are a company’s annual profits and losses for various years: 
loss of $5 million, profit of $3 million, and loss of $8 million. Let 
p be the company’s annual profit (in millions of dollars).

51. The revenue (in billions of dollars) of coffee in the years 2013, 
2014, 2015, 2016, and 2017 is 67, 70, 75, 79, and 83, respectively 
(Source: Euromonitor International). Let r be the annual rev-
enue (in billions of dollars) of coffee.

a. Use points on a number line to describe the given values 
of r.

b. Did the annual revenue increase, decrease, stay approxi-
mately constant, or none of these between 2013 and 2017, 
inclusive?

c. Did the annual increases in the annual revenue increase, 
decrease, stay approximately constant, or none of these 
 between 2013 and 2017, inclusive? Explain.

52. The number of hours of video uploaded to YouTube per min-
ute in the years 2009, 2010, 2011, 2012, 2013, and 2014 is 14, 25, 
48, 73, 100, and 300, respectively (Source: YouTube). Let t be 
the number of hours of video uploaded to YouTube per minute.

a. Use points on a number line to describe the given values of t.
b. Did the number of hours of video uploaded to YouTube 

per minute increase, decrease, stay approximately constant, 
or none of these from 2009 to 2014?

For Exercises 11–16, choose a variable name for the given quantity. 
Give two numbers that the variable can represent and two numbers 
that it cannot represent.

11. The height (in inches) of a person

12. The annual salary (in thousands of dollars) of a person

13. The price (in dollars) of a video game

14. The number of students enrolled in a prestatistics class

15. The total time (in hours) a person exercises in a week

16. The temperature (in degrees Fahrenheit) in an oven

17. A rectangle has an area of 24 square inches. Let W be the 
width (in inches), L be the length (in inches), and A be the 
area (in square inches).

a. Sketch three possible rectangles of area 24 square inches.
b. Which of the symbols W, L, and A are variables? Explain.
c. Which of the symbols W, L, and A are constants? Explain.

18. A rectangle has an area of 36 square feet. Let W be the width 
(in feet), L be the length (in feet), and A be the area (in 
square feet).

a. Sketch three possible rectangles of area 36 square feet.
b. Which of the symbols W, L, and A are variables? Explain.
c. Which of the symbols W, L, and A are constants? Explain.

19. The length of a rectangle is 3 inches more than the width. Let 
W be the width (in inches), L be the length (in inches), and A 
be the area (in square inches).

a. Sketch three possible rectangles in which the length is 3 inches 
more than the width.

b. Which of the symbols W, L, and A are variables? Explain.
c. Which of the symbols W, L, and A are constants? Explain.

20. The length of a rectangle is twice the width. Let W be the 
width (in inches), L be the length (in inches), and A be the 
area (in square inches). [Hint: Twice means to multiply by 2.]

a. Sketch three possible rectangles in which the length is 
twice the width.

b. Which of the symbols W, L, and A are variables? Explain.
c. Which of the symbols W, L, and A are constants? Explain.

Graph all the given numbers on one number line.

21. 5, -2, 0, -3, 4, -1 22. -4, 1, -6, 2, 7, -3

23. -
2

3
, -1, 

7

3
, 1, -

5

3
, 2 24. 

1

4
, 0, -2, -

5

4
, 

9

4
, 1

25. -2, 3.1, 1.2, -1.8, 0.5, 1 26. 1, 0.2, -2.4, -0.7, 1.9, -1

Graph the numbers on a number line.

27. Counting numbers between 3 and 8

28. Counting numbers between 1 and 5

29. Integers between -2 and 2, inclusive

30. Integers between -6 and 3, inclusive

31. Counting numbers that are at most 4

32. Negative integers that are at least -3

33. Negative integers between -4 and 4

34. Positive integers between -4 and 4

Give three examples of the following types of numbers.

35. Negative integers less than -7

36. Integers that are not counting numbers
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72. Find the coordinates of points A, B, C, D, E, and F shown 
in Fig. 31.

c. Did the increases in the number of hours of video  uploaded 
to YouTube per minute increase, decrease, stay approxi-
mately constant, or none of these from 2009 to 2014? 
Explain.

53. The U.S. government’s share (in percent) of outstanding stu-
dent debt in the years 2011, 2012, 2013, 2014, 2015, and 2016 
is 90.1, 91.0, 91.6, 92.1, 92.4, and 92.5, respectively (Source: 
Measure One; Education Department). Let p be the govern-
ment’s share (in percent) of outstanding student debt.

a. Use points on a number line to describe the given values 
of p.

b. Did the U.S. government’s share of outstanding student 
debt increase, decrease, stay approximately constant, of 
none of these from 2011 to 2016, inclusive?

c. Did the increases in the U.S. government’s share of out-
standing student debt increase, decrease, stay approxi-
mately constant, of none of these from 2011 to 2016, 
 inclusive? Explain.

54. The number (in thousands) of microbreweries in the years 
2013, 2014, 2015, 2016, and 2017 is 1.5, 2.1, 2.6, 3.2, and 3.8, res-
pectively (Source: Brewers Association). Let n be the number 
(in thousands) of microbreweries.

a. Use points on a number line to describe the given values of n.
b. Did the number of microbreweries increase, decrease, 

stay approximately constant, or none of these from 2013 
to 2017?

c. Did the increases in the number of microbreweries in-
crease, decrease, stay approximately constant, or none of 
these from 2013 to 2017? Explain.

For Exercises 55–68, plot the given points in a coordinate system.

55. 15, 12 56. 12, 32

57. 14, -22 58. 13, -42

59. 1-5, 42 60. 1-1, 32

61. 1-3, -62 62. 1-5, -22

63. 10, 22 64. 10, -42

65. 1-3, 02 66. 11, 02

67. 12.5, -4.52 68. 1-3.5, 1.52

69. What is the x-coordinate of the ordered pair 12, -42?

70. What is the y-coordinate of the ordered pair 12, -42?

71. Find the coordinates of points A, B, C, D, E, and F shown 
in Fig. 30.

24 22 2 4

F

E

A

B

D

C

22

24

4

2

x

y

Figure 30 Exercise 71

24 22 2 4

F

EA

B

D

C

22

24

4

2

x

y

Figure 31 Exercise 72

Decide whether the given inequality is true or false.

73. -3 7 -5 74. -6 … -2

75. 4 Ú 4 76. -5 6 -5

Sketch the graph of the given inequality.

77. x 6 4 78. x 6 -5

79. x Ú -1 80. x Ú 1

81. x … -2 82. x … 4

83. x 7 6 84. x 7 -3

For Exercises 85–90, describe the given values of x as an inequality, 
in interval notation, and as a graph.

85. The values of x are less than 2.

86. The values of x are greater than -5.

87. The values of x are at least -4.

88. The values of x are at most 3.

89. The values of x are no more than 6.

90. The values of x are no less than -1.

91. Use words, inequalities, graphs, and interval notation to complete 
Fig. 32.

In Words Inequality Graph

Interval 

Notation

x

40

Numbers less  
than or equal to -2

1- ∞ , 12
x 7 -5

Figure 32 Exercise 91

92. Use words, inequalities, graphs, and interval notation to complete 
Fig. 33.

In Words Inequality Graph

Interval 

Notation

x … -6
Numbers  
greater than 1

[-4, ∞ 2

x

50

Figure 33 Exercise 92
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107. For California roads, a vehicle must weigh no more than 
80 thousand pounds (Source: State of California). Let  
be a vehicle’s weight (in thousands of pounds) that meets 
California’s weight regulation. Describe the vehicle’s weight 
using inequality notation, interval notation, and a graph.

108. On April 12, 2018, no less than 4.2 thousand gallons of oil fuel 
spilled into the Mississippi River due to a vessel hitting a pier 
(Source: WDSU News, 4/12/18). Let V be the volume (in thou-
sands of gallons) of the oil spill. Describe the oil spill’s volume 
using inequality notation, interval notation, and a graph.

109. Let  be the weight of a hamburger (in ounces) served at a fast-
food restaurant. Graph and interpret the inequality 1 … w … 3.

110. Let M be the average gas mileage (in miles per gallon) 
of a car on highways. Graph and interpret the inequality 
35 6 M 6 40.

111. The percentage of teenagers who will have more than one 
episode of depression within two years is between 20% and 
40%, inclusive (Source: TeenHelp). Let p be the percentage 
of teenagers who will have more than one episode of depres-
sion within two years. Describe the values of p using inequal-
ity notation, interval notation, and a graph.

112. In November 2018, the daily high temperature in Chicago 
was between 41 and 56 degrees Fahrenheit, inclusive 
(Source: AccuWeather). Let T be the high temperature (in 
degrees Fahrenheit) of a day in November 2018 in Chicago. 
Describe the high temperature using inequality notation, 
 interval notation, and a graph.

113. Let d be the distance (in miles) of a person’s work commute that 
is between 15 and 20 miles. Describe the work commute dis-
tance using inequality notation, interval notation, and a graph.

114. Let  be the weight (in pounds) of a woman who weighs 
between 140 and 145 pounds. Describe the woman’s weight 
using inequality notation, interval notation, and a graph.

Concepts

115. Let T be the temperature in degrees Fahrenheit.

a. What value of T represents the temperature that is 5°F 
below zero?

b.    A student says that T represents only positive numbers 
and zero because there is no negative sign. Is the student 
correct? Explain.

116. A student says the integers between 2 and 5 are the numbers 
2, 3, 4, and 5. Is the student correct? Explain.

117. How is a variable different from a constant?

118. List five ordered pairs whose y-coordinate is 2. Then plot 
the ordered pairs in a coordinate system. What do you no-
tice about the arrangement of the points? Explain why this 
makes sense.

119. How many numbers does the inequality 2 6 x 6 4 de-
scribe? List three of those numbers.

120. A student says the inequality 4 … 4 is false because 4 is not 
less than 4. What would you tell the student?

121. A student says the sentence “x is at least 5’’ means x 6 5. 
What would you tell the student?

122. List the various types of numbers discussed in this section 
and describe the meanings of each type. (See page 12 for 
guidelines on writing a good response.)

123. Describe how to graph a negative quantity. (See page 12 for 
guidelines on writing a good response.)

For Exercises 93–98, sketch the graph of the given inequality.

93. 2 … x … 4 94. 1 … x … 6

95. -2 6 x 6 3 96. -5 6 x 6 1

97. -6 … x 6 -3 98. -5 6 x … -2

99. Use words, inequalities, graphs, and interval notation to complete 
Fig. 34.

In Words Inequality Graph

Interval 

Notation

Numbers
between 1 and 5

[-5, 22
-2 6 x … 4

x

0 4

Figure 34 Exercise 99

100. Use words, inequalities, graphs, and interval notation to complete 
Fig. 35.

In Words Inequality Graph

Interval 

Notation

1-3, 02
1 … x 6 4

x

23 22 2124 1 20

Numbers  between 
-4 and -1, 
inclusive

Figure 35 Exercise 100

101. Let  be the average daily coffee consumption (in ounces) 
of a person. Graph and interpret the inequality w 7 8.

102. Let t be the time (in minutes) it takes for a student to complete 
a homework assignment. Graph and interpret the inequality 
t Ú 30.

103. A person’s height must be at least 54 inches to ride Six Flags 
roller coaster Scream (Source: Six Flags). Let h be the height 
(in inches) of a person who meets the height requirement to 
ride Scream. Describe the person’s height using inequality 
notation, interval notation, and a graph.

104. A person’s height must be at least 44 inches to ride Walt 
Disney World’s roller coaster Space Mountain (Source: 
Disney). Let h be the height (in inches) of a person who 
meets the height requirement to ride Space Mountain. 
Describe the person’s height using inequality notation, inter-
val notation, and a graph.

105. Musical instruments that weigh at most 165 pounds are ac-
cepted on United Airlines flights (Source: United Airlines). 
Let  be the weight (in pounds) of a musical instrument that 
is accepted on a United Airlines flight. Describe the instru-
ment’s weight using inequality notation, interval notation, 
and a graph.

106. According to the U.S. Occupational Safety and Health 
Administration standard, a person can listen to a sound 
level of 100 decibels for at most 2 hours without experi-
encing hearing loss. If a person listens to music at a sound 
level of 100 decibels without experiencing hearing loss, let 
T be the amount of time (in hours) the person listens to 
the music. Describe the amount of time the person listens 
to music using inequality notation, interval notation, and 
a graph.
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Expressions

Objectives

 » Describe the meaning of 

expression and evaluate an 

expression.

 » Use expressions to describe 

authentic quantities.

 » Evaluate expressions.

 » Translate English phrases 

to and from mathematical 

expressions.

 » Evaluate expressions with 

more than one variable.

In this section, we will work with expressions—a very important concept in algebra and 
statistics.

Expressions

Addition, subtraction, multiplication, and division are examples of operations. In  arithmetic, 
we perform operations with numbers. Because variables represent numbers, we can 
perform operations with variables, too.

1.2

Example 1 Using Operations with Variables and Numbers

Each employee at a small company receives a $500 bonus at the end of the year. For 
each employee’s annual salary shown, find the employee’s annual salary plus bonus.

1. $28,000 2. $32,000 3. s dollars

Solution

1. The employee’s annual salary plus bonus is 28,000 + 500 = 28,500 dollars.
2. The employee’s annual salary plus bonus is 32,000 + 500 = 32,500 dollars.
3. In Problems 1 and 2, we added the annual salary and $500, the bonus, to find the 

results. So, the employee’s annual salary plus bonus (in dollars) is s + 500.

In Example 1, we took s to be an employee’s annual salary and s + 500 to be the 
employee’s annual salary plus bonus. We call s and s + 500 expressions.

Definition Expression

An expression is a constant, a variable, or a combination of constants, variables, 
 operation symbols, and grouping symbols, such as parentheses.

Here are some more examples of expressions:

t + 6  p  L + W - 9  y  4  5 , 1x + 22

In Example 1, we used a variable to represent a quantity from an authentic situation. 
Sometimes we use variables to represent numbers in a math problem that is not being 
used to describe an authentic situation. In this case, we often use x for the variable. For 
example, we could let x represent a number. In this case, x could be any number.

To avoid confusing the multiplication symbol * and the variable name x, we 
use # or no operation symbol to indicate multiplication. For example, each of the follow-
ing expressions describes multiplying 2 by 3:

2 # 3  2132  1223  122132

And each of the following expressions describes multiplying 2 by k:

2 # k  2k  21k2  122k  1221k2

Using Expressions to Describe Authentic Quantities

We can use expressions to describe authentic quantities. In Example 2, we will find such 
an expression by noticing a pattern as we calculate values of a quantity.

Example 2 Describing a Quantity

A hot-dog stand sells hot dogs for $3 apiece. Find the total cost of buying the given number 
of hot dogs.

1. 2 hot dogs 2. 5 hot dogs 3. 8 hot dogs 4. n hot dogs
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Solution

1. Two hot dogs cost 2132 = 6 dollars.
2. Five hot dogs cost 5132 = 15 dollars.
3. Eight hot dogs cost 8132 = 24 dollars.
4. In Problems 1–3, we found the total cost by multiplying the number of hot dogs by 3, 

the cost (in dollars) per hot dog. So, if there are n hot dogs, the total cost (in dollars) 
is n(3). We can also write the expression as 3(n) or 3n.

In Example 3, we will use a table to help us find an expression that describes an 
authentic quantity.

Example 3 Using a Table to Find an Expression

An instructor adds 5 points to each student’s test score. Find the new scores if the origi-
nal scores are 60 points, 70 points, 80 points, and 90 points. Show the arithmetic to help 
you see the pattern. Organize the calculations in a table, and include an expression that 
stands for the new score if the original score is s points.

Solution

First, we construct Table 3. From the last row of the table, we see that the expression 
s + 5 represents the new score (in points) for a test with original score s points.

Table 3 Original and New 

Test Scores

Original Score 

(points)

New Score 

(points)

60 60 + 5
70 70 + 5
80 80 + 5
90 90 + 5
s s + 5

Example 4 Using a Table to Find an Expression

A person drives at a constant speed of 75 miles per hour. Find the distance traveled in 
1, 2, 3, and 4 hours of driving at that speed. Show the arithmetic to help you see the pat-
tern. Organize the calculations in a table, and include an expression that stands for the 
distance traveled in t hours.

Solution

First, we construct Table 4. From the last row of the table, we see that the expression 75t 
represents the distance traveled (in miles) in t hours.

Table 4 Driving Times and 

Distances

Driving 

Time 

(hours)

Distance 

(miles)

1 75 # 1
2 75 # 2
3 75 # 3
4 75 # 4
t 75 # t

Evaluating Expressions

In Example 4, we used 75t to describe the distance traveled (in miles) in t hours. This 
means if the driving time is 5 hours, the distance traveled is 75152 = 375 miles. To find 
the distance, we substituted 5 for t. We say we have evaluated the expression 75t for t = 5.

Definition Evaluate an expression

We evaluate an expression by substituting a number for each variable in the ex-
pression and then calculating the result. If a variable appears more than once in the 
 expression, the same number is substituted for that variable each time.

When we evaluate an expression, it is good practice to use parentheses each time a 

number is substituted for a variable. For example, here we evaluate 5x for x = 3:

5132 = 15

This strategy will be especially helpful when we evaluate an expression for a negative 
number, which we will begin to do in Section 1.4.
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Example 5 Evaluating Expressions

1. In Example 1, we used s to represent an employee’s annual salary (in dollars) and 
s + 500 to represent the employee’s annual salary plus bonus (in dollars). Evaluate 
s + 500 for s = 40,000, and describe the meaning of the result.

2. In Example 2, we used n to represent the number of hot dogs bought and n(3) to 
represent the total cost (in dollars) of n hot dogs. Evaluate n(3) for n = 4, and 
 describe the meaning of the result.

Solution

1. We substitute 40,000 for s in s + 500:

140,0002 + 500 = 40,500

So, the annual salary plus bonus is $40,500.

2. We substitute 4 for n in n(3):

142132 = 12

So, the total cost of 4 hot dogs is $12.

Translating English Phrases to and from Expressions

In order to use mathematics to find results for authentic situations, we must translate 
from English to mathematics and vice versa. To do this, the following definitions are 
helpful:

Definition Product, factor, and quotient

Let a and b be numbers. Then

• The product of a and b is ab. We call a and b factors of ab.

• The quotient of a and b is a , b, where b is not zero.

For example, because 6 # 3 = 18, the number 18 is the product of 6 and 3 and the 
numbers 6 and 3 are factors of 18. The quotient of 6 and 3 is 6 , 3 = 2.

Here are some examples of English phrases or sentences and mathematical expres-
sions that have the same meaning:

Operation English Phrase or Sentence Mathematical Expression

Addition A number plus 3 x + 3
The sum of a number and 3 x + 3
The total of a number and 3 x + 3
Add a number and 3. x + 3
3 more than a number x + 3
A number increased by 3 x + 3

Subtraction A number minus 3 x - 3
The difference of a number and 3 x - 3
Subtract 3 from a number. x - 3
3 less than a number x - 3
A number decreased by 3 x - 3

Multiplication Multiply 3 by a number. 3x

3 times a number 3x

The product of 3 and a number 3x

Twice a number 2x

One-third of a number
1

3
 x

Division Divide a number by 3. x , 3
The quotient of a number and 3 x , 3
The ratio of a number to 3 x , 3
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To subtract 2 from 5, we write 5 - 2, not 2 - 5. Suppose you have $5 and you take 
$2 from the $5. Then you have 5 - 2 = 3 dollars left. So, subtracting 2 from 5 is 5 - 2.

W A R N I N G

Example 6 Translating from English to Mathematics

Let x be a number.

1. Translate the English phrase “The product of 2 and the number” into an expression.
2. Evaluate your result in Problem 1 for x = 3.
3. Evaluate your result in Problem 1 for x = 7.

Solution

1. The expression is 2x.
2. 2132 = 6
3. 2172 = 14

Example 7 Translating from English to Mathematics

Let x be a number. Translate the English phrase or sentence into an expression. Then 
evaluate the expression for x = 6.

1. The quotient of the number and 3
2. Subtract the number from 8.

Solution

1. The expression is x , 3. Next, we evaluate x , 3 for x = 6:

162 , 3 = 2

2. The expression is 8 - x. Next, we evaluate 8 - x for x = 6:

8 - 162 = 2

Example 8 Translating from Mathematics to English

Let x be a number. Translate the expression into an English phrase.

1. 6 - x 2. 8x

Solution

1. The difference of 6 and the number
2. The product of 8 and the number

Expressions with More Than One Variable

Some expressions used in statistics contain more than one variable. For example, in 
Section 4.1, we will evaluate the following key expression:

x1 + x2 + x3 + c + xn

n

Example 9 Translating from English to Mathematics

Write the phrase as a mathematical expression, and then evaluate the result for x = 8 
and y = 4.

1. The sum of x and y 2. The quotient of x and y
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Solution

1. The expression is x + y. Next, we evaluate x + y for x = 8 and y = 4:

182 + 142 = 12

2. The expression is x , y. Next, we evaluate x , y for x = 8 and y = 4:

182 , 142 = 2

Example 10 Evaluating Expressions in Two Variables

1. Let  and a be the numbers (in millions) of women and all people, respectively, who 
live alone. For 2015, the values of  and a are 19.4 and 34.9, respectively (Source: 
U.S. Census Bureau). Evaluate a -  for w = 19.4 and a = 34.9. What does the 
result mean in this situation?

2. Let r be the annual revenue (in millions of dollars) of coffee and tea shops and n be 
the number (in millions) of customer visits, both between 2 p.m. and 4 p.m. For 2017, 
the values of r and n are 4259 and 876 (Source: NPD Group). Evaluate r , n for 
r = 4259 and n = 876. What does the result mean in this situation?

Solution

1. We substitute 19.4 for  and 34.9 for a in the expression a - :

(34.9) - (19.4) = 15.5

Subtracting the number of women who live alone from the number of all people 
who live alone gives the number of men who live alone. So, 15.5 million men lived 
alone in 2015.

2. We substitute 4259 for r and 876 for n in the expression r , n:

(4259) , (876) ≈ 4.86

By dividing the revenue $4259 million into 876 million equal parts, we have found 
that the typical (average) customer purchase at coffee and tea shops between 2 p.m. 
and 4 p.m. is $4.86.

GROUP EXPLORATION

1. x + 3 2. x - 4

3. 3x 4. x , 2

For each of the four expressions, evaluate it for a reason-
able value of x and describe the meaning of the result.

Consider the expression x + 2. Suppose that a child has 
grown 2 inches within the last year. We could define x to 
be the child’s height (in inches) last year, and then x + 2 
would be the child’s current height (in inches).

Describe a situation in which x represents a meaning-
ful quantity and the expression given describes another 
meaningful quantity.

Expressions used to describe a quantity

Tips for Success Study  Time

For each hour of class time, study for at least two hours outside class. If your math 
background is weak, you may need to spend more time studying.

One way to study is to do what you are doing now: Read the text. Class time is a 
great opportunity to be introduced to new concepts and to see how they fit together 
with previously learned ones. However, there is usually not enough time to address 
details as well as a textbook can. In this way, a textbook can serve as a supplement 
to what you learn in class.
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For extra help 

1. A(n) ________ is a constant, a variable, or a combination of 
constants, variables, operation symbols, and grouping symbols, 
such as parentheses.

2. We ________ an expression by substituting a number for each 
variable in the expression and then calculating the result.

3. The product of a and b is ________.

4. The quotient of a and b is ________, where b is not zero.

For Exercises 5–16, evaluate the expression for x = 6.

5. x + 2 6. 5 + x 7. 9 - x 8. x - 4

9. 7x 10. x192 11. x , 3 12. 30 , x

13. x + x 14. x - x 15. x # x 16. x , x

17. For the period 2010–2016, if F is the number (in thousands) of 
Ford employees, then F + 17.3 is approximately the number 
(in thousands) of General Motors employees (Source: Ford; 

General Motors). There were about 60.9 thousand Ford em-
ployees in 2016. Evaluate F + 17.3 for F = 60.9. What does 
your result mean in this situation?

18. For the period 2007–2017, if r is the percentage of Republicans 
who favor gays to marry legally, then r + 29 is approximately 
the percentage of Democrats who favor gays to marry legally 
(Source: Pew Research Center). In 2017, 47% of Republicans 
favored gays to marry legally. Evaluate r + 29 for r = 47. 
What does your result mean in this situation?

19. If p percent of ballots are for a presidential candidate, then 
100 - p percent of the ballots are for other candidates. In 
the 2016 presidential election, 48.2% of the ballots were 
for President Trump (Source: Dave Leip’s Atlas of U.S. 

Presidential Elections). Evaluate 100 - p for p = 48.2. What 
does your result mean in this situation?

20. For the period 2012–2016, if U is the average daily shipping 
volume (in millions of packages) of UPS, then U - 6 is ap-
proximately the average daily shipping volume (in millions 
of packages) of FedEx (Source: UPS; FedEx). In 2016, UPS’s 
average daily shipping volume was 13.5 million packages. 
Evaluate U - 6 for U = 13.5. What does your result mean in 
this situation?

21. If n million albums Tha Carter III are sold for $9.99, the total rev-
enue is 9.99n million dollars. In the first week, 1.05 million albums 
were sold (Source: Zimbio). Evaluate 9.99n for n = 1.05. Round 
your result to the second decimal place. What does your result 
mean in this situation?

22. If n thousand Fender Standard Jazz Electric Bass Guitars with 
maple fingerboards are sold for $599.99, the total revenue 
is 599.99n thousand dollars. Evaluate 599.99n for n = 17. 
Round your result to the ones place. What does your result 
mean in this situation?

23. A researcher wants to survey an equal number of people from 
five age groups. If the researcher plans to survey a total of 
n people, then there will be n , 6 people in each age group. 
Evaluate n , 6 for n = 300. What does your result mean in 
this situation?

24. If a student earns a total of T points on four tests, then T , 4 
is the student’s average test score (in points). Evaluate T , 4 
for T = 328. What does your result mean in this situation?

25. Each student at a community college pays a student services 
fee of $20.

a. Complete Table 5 to help find an expression that describes 
the total cost (in dollars) of tuition plus the services fee if 
a student pays t dollars for tuition. Show the arithmetic to 
help you see a pattern.

MyLab Math Watch the videos
in MyLab Math

Table 5 Tuitions and Total Costs

Tuition 

(dollars)

Total Cost 

(dollars)

400
401
402
403

t

b. Evaluate the expression you found in part (a) for t = 417. 
What does your result mean in this situation?

26. A person is driving 5 miles per hour over the speed limit.

a. Complete Table 6 to help find an expression that describes the 
driving speed (in miles per hour) if the speed limit is s miles 
per hour. Show the arithmetic to help you see a pattern.

Table 6 Speed Limits and Driving Speeds

Speed Limit 

(miles per hour)

Driving Speed 

(miles per hour)

35
40
45
50
s

b. Evaluate the expression you found in part (a) for s = 65. 
What does your result mean in this situation?

27. For the spring semester 2019, district residents at St. Louis 
Community College paid an enrollment fee of $110.50 per 
credit hour (unit) (Source: St. Louis Community College).

a. Complete Table 7 to help find an expression that describes 
the total cost (in dollars) of enrolling in n credit hours of 
classes. Show the arithmetic to help you see a pattern.

Table 7 Credit Hours and Total Costs

Number of Credit Hours 

of Courses

Total Cost 

(dollars)

1
2
3
4
n

b. Evaluate the expression you found in part (a) for n = 15. 
What does your result mean in this situation?

HOMEWORK 1.2
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28. Each share of Nike Inc. stock was worth $74.74 on January 16, 
2018 (Source: Google Finance).

a. Complete Table 8 to help find an expression that describes 
the total value (in dollars) of n shares of the stock. Show 
the arithmetic to help you see a pattern.

31. A person pays an $8 cover charge to hear the band Little 
Muddy.

a. Find an expression for the total cost (in dollars) of the 
cover charge and d dollars spent on drinks. [Hint: If you 
have trouble finding the expression, construct a table of 
values for d and the total cost.]

b. Evaluate the expression you found in part (a) for d = 14. 
What does your result mean in this situation?

32. A person pays $10 for parking at an arts-and-crafts fair.

a. Find an expression for the total cost (in dollars) of parking 
and v dollars spent on a vase. [Hint: If you have trouble 
finding the expression, construct a table of values for v and 
the total cost.]

b. Evaluate the expression you found in part (a) for v = 25. 
What does your result mean in this situation?

33. To make fudgelike brownies, a person bakes a brownie mix 
for 5 minutes less than the baking time suggested on the box.

a. Find an expression for the actual baking time (in minutes) 
if the suggested baking time is s minutes. [Hint: If you have 
trouble finding the expression, construct a table of values 
for s and the actual baking time.]

b. Evaluate the expression you found in part (a) for s = 23. 
What does your result mean in this situation?

34. A company offers a $2 mail-in rebate on a shaver. The retail 

price of a shaver is the price paid at the store (not including 
the $2 rebate). The net price is the price of the shaver, taking 
into account the $2 rebate.

a. Find an expression for the net price (in dollars) of a shaver 
whose retail price is r dollars. [Hint: If you have trouble 
finding the expression, construct a table of values for r and 
the net price.]

b. Evaluate the expression you found in part (a) for r = 6. 
What does your result mean in this situation?

35. A Punisher 9001 Cherry Blossom Skateboard costs $49.99.

a. Find an expression that describes the total revenue (in dollars) 
from selling n skateboards.

b. Evaluate the expression you found in part (a) for n = 259. 
Round your result to the ones place. What does your result 
mean in this situation?

36. For Oregon students, Chemeketa Community College charged 
$105 per credit (unit or hour) for tuition in spring term 2019.

a. Find an expression that describes the total cost (in dollars) 
of tuition for enrolling in c credits of classes.

b. Evaluate the expression you found in part (a) for c = 15. 
What does your result mean in this situation?

37. A total of n friends contribute equal amounts of money to pay 
for a party, which costs $400.

a. Find an expression that describes each friend’s contribu-
tion (in dollars).

b. Evaluate the expression you found in part (a) for n = 8. 
What does your result mean in this situation?

38. A total of n siblings each receive an equal share of a $420 
thousand inheritance.

a. Find an expression that describes each sibling’s share (in 
thousands of dollars) of the inheritance.

b. Evaluate the expression you found in part (a) for n = 3. 
What does your result mean in this situation?

Table 8 Numbers of Shares and Total Values

Number of 

Shares

Total Value 

(dollars)

1
2
3
4
n

b. Evaluate the expression you found in part (a) for n = 7. 
What does your result mean in this situation?

29. A student has scheduled a total of 30 hours to study for her 
final exams and will spend an equal amount of time prepar-
ing for each one.

a. Complete Table 9 to help you find an expression that de-
scribes how much time (in hours) the student will spend 
studying for each final if she has n finals. Show the arith-
metic to help you see a pattern.

Table 9 Numbers of Finals and Study Times

Number of 

Finals

Study Time 

(hours)

2
3
4
5
n

b. Evaluate the expression you found in part (a) for n = 6. 
What does your result mean in this situation?

30. Some siblings contribute equal amounts of money to pay for 
their parents to go on a trip to Hawaii, which costs $3000.

a. Complete Table 10 to help you find an expression that de-
scribes each sibling’s share (in dollars) of the cost if there 
are n siblings. Show the arithmetic to help you see a pattern.

Table 10 Numbers of Siblings and Shares  

of Cost

Number of 

Siblings

Share of Cost  

(dollars)

2
3
4
5
n

b. Evaluate the expression you found in part (a) for n = 6. 
What does your result mean in this situation?
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Association). Evaluate bn for b = 44.65 and n = 377.9. 
Round your result to the ones place. What does your result 
mean in this situation?

76. Let N be the number (in millions) of students who take AP 
exams and A be the average number of AP exams taken per 
student (Source: The College Board). For 2016, the values of N 
and A are 2.5 and 1.8, respectively. Evaluate NA for N = 2.5 
and A = 1.8. What does your result mean in this situation?

77. Let d be the total household debt (in millions of dollars) 
in the United States and n be the number (in millions) of 
households in the United States. For 2017, the values of d 
and n are 12,730,000 and 126.22 (Source: New York Fed 

Consumer Credit; U.S. Census Bureau). Evaluate d , n for 
d = 12,730,000 and n = 126.22. Round your result to the 
ones place. What does your result mean in this situation?

78. Let s be the total money (in millions of dollars) earned by 
teachers and n be the number (in millions) of teachers. For 
2014, the values of s and n are 205,200 and 3.6, respectively 
(Source: National Center for Education Statistics; National 

Education Association). Evaluate s , n for s = 205,200 and 
n = 3.6. What does your result mean in this situation?

Concepts

79. a. Evaluate 6 + x for x = 1, x = 2, and x = 3.
b. Evaluate 6x for x = 1, x = 2, and x = 3.
c. A student says that the expressions 6 + x and 6x are the 

same thing. What would you tell the student?

80. a. Evaluate x + 2 for x = 4, x = 5, and x = 6.
b. Evaluate 2x for x = 4, x = 5, and x = 6.
c. A student says that the expressions x + 2 and 2x are the 

same thing. What would you tell the student?

81. A person gets paid 15t dollars for t hours of work.

a. Evaluate 15t for t = 1, t = 2, t = 3, and t = 4. Describe 
the meaning of your results.

b. Refer to the results you found in part (a) to determine how 
much the person gets paid per hour. Explain.

c. Compare the result you found in part (b) with the expres-
sion 15t. What do you notice?

82. The total price of n loaves of bread is 3n dollars.

a. Evaluate 3n for n = 1, n = 2, n = 3, and n = 4. Describe 
the meaning of your results.

b. Refer to the results you found in part (a) to determine the 
cost per loaf of bread. Explain.

c. Compare the result you found in part (b) with the expres-
sion 3n. What do you notice?

83. A person drives 50t miles in t hours.

a. Evaluate 50t for t = 1, t = 2, t = 3, and t = 4. Describe 
the meaning of your results.

b. Refer to the results you found in part (a) to determine at 
what speed the person is traveling. Explain.

c. Compare the result you found in part (b) with the expres-
sion 50t. What do you notice?

84. An elevator rises 2t yards in t seconds.

a. Evaluate 2t for t = 1, t = 2, t = 3, and t = 4. Describe the 
meaning of your results.

b. Refer to the results you found in part (a) to determine at 
what speed the elevator is rising. Explain.

c. Compare the result you found in part (b) with the expres-
sion 2t.What do you notice?

For Exercises 39–48, let x be a number. Translate the English phrase 
or sentence into a mathematical expression. Then evaluate the ex-
pression for x = 8.

39. The number plus 4

40. 8 minus the number

41. The quotient of the number and 2

42. Add 6 and the number.

43. Subtract 5 from the number.

44. 15 more than the number

45. The product of 7 and the number

46. The difference of the number and 7

47. 16 divided by the number

48. Multiply the number by 5.

Let x be a number. Translate the expression into an English phrase.

49. x , 2 50. 6 , x 51. 7 - x 52. x - 2

53. x + 5 54. 4 + x 55. 9x 56. x152

57. x - 7 58. x + 3 59. x122 60. x , 5

Evaluate the expression for x = 6 and y = 3.

61. x + y 62. y + x 63. x - y

64. xy 65. yx 66. x , y

For Exercises 67–70, translate the phrase into a mathematical 
 expression. Then evaluate the expression for x = 9 and y = 3.

67. The product of x and y

68. The sum of x and y

69. The difference of x and y

70. The quotient of x and y

71. Let U and I be the numbers of Dunkin’ Donuts stores in the 
United States and outside the United States, respectively. For 
2017, the values of U and I are 9141 and 3397, respectively 
(Source: Dunkin’ Brands). Evaluate U + I for U = 9141 and 
I = 3397. What does your result mean in this situation?

72. Let c and r be the average annual per-person consumptions 
(in pounds per person) of chicken and red meat, respectively. 
For 2015, the values of c and r are 90.0 and 104.8, respectively 
(Source: U.S. Department of Agriculture). Evaluate c + r for 
c = 90.0 and r = 104.8. What does your result mean in this 
situation?

73. Let d and a be the annual revenues (in billions of dollars) 
from digital music and all music, respectively. For 2015, the 
values of d and a are 6.7 and 12.5, respectively (Source: IFPI). 
Evaluate a - d for d = 6.7 and a = 12.5. What does your 
 result mean in this situation?

74. Let  and a be the college enrollments (in millions of stu-
dents) of women and all students, respectively. For 2015, the 
values of  and a are 11.26 and 19.98 (Source: National Center 

for Education Statistics). Evaluate a -  for w = 11.26 and 
a = 19.98. What does your result mean in this situation?

75. Let b be the average monthly cell phone bill (in dollars per 
month) and n be the number (in millions) of cell phone sub-
scribers. For 2015, the values of b and n are 44.65 and 377.9, 
respectively (Source: Cellular Telecommunications & Internet 



85. Compare the meaning of variable with the meaning of expression. 
(See page 12 for guidelines on writing a good response.)

86. Give an example of an expression containing a variable, and 
then evaluate it three times to get three different results.

87. Describe an authentic situation for the expression 8x. Include 
a definition for the variable x in your description.

88. Describe an authentic situation for the expression 200 , x. 
Include a definition for the variable x in your description.
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Operations with Fractions and Proportions; Converting Units

Objectives

 » Describe the meaning of a 

fraction.

 » Describe the rules for a # 1, 
a

1
,  

and 
a

a
.

 » Multiply fractions.

 » Simplify fractions.

 » Divide fractions.

 » Add fractions.

 » Subtract fractions.

 » Simplify complex fractions.

 » Find proportions.

 » Convert units of quantities.

In this section, we will perform operations with fractions, which are used in numerous 
fields, including music, social science, business, engineering, and statistics.

Meaning of a Fraction

A fraction can be used to describe a part of a whole. For example, consider the meaning 

of 
3

4
 of a pizza. If we divide the pizza into 4 slices of equal area, 3 of the slices make up  

3

4
 of the pizza (see Fig. 36).

1.3

Figure 36 
3

4
 of a pizza

Figure 37 The 3 parts do not 

have equal area
Figure 38 The 2 parts have equal area, 

so the orange part is 
1

2
 of the pizza

Figure 39 The 8 quarters of pizza make 2 pizzas

Even though the orange region in Fig. 37 is 1 of 3 parts, it is not 
1

3
 of the pizza be-

cause the 3 parts do not have equal area. The orange region is equal to 
1

2
 of the pizza 

because it is 1 of 2 parts of equal area that make up the pizza (see Fig. 38).

W A R N I N G

The fraction 
a

b
 means a , b. For example, 

8

4
= 8 , 4 = 2. So, 8 quarters of pizza 

make 2 pizzas with 4 slices each (see Fig. 39).
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We can think of division in terms of repeated subtraction. For example, 17 , 5 is 
equal to 3 with a remainder of 2 (try it). This means if we subtract 5 from 17 three times, 
the result is 2 (the remainder):

17 - 5 = 12,  12 - 5 = 7,  7 - 5 = 2

Note that the remainder, 2, is less than the divisor, 5.
As a matter of fact, the remainder must always be less than the divisor. This rule will 

help us see that division by 0 is undefined. For example, consider 8 , 0. No matter how 
many times we subtract 0 from 8, the result is always 8:

8 - 0 = 8,  8 - 0 = 8,  8 - 0 = 8, and so on

If 8 , 0 is defined, the remainder would have to be the repeated result 8. Because the 
remainder must be less than the divisor, it is implied that 8 is less than 0, which is false. 
So, 8 , 0 is undefined. In fact, any number divided by 0 is undefined.

For example, 
6

0
 is undefined. If you use a calculator to divide by 0, the screen will 

likely display “Error,” “ERR:,” “E,” or “ERR: Divide by 0” to indicate that division by 
0 is undefined.

W A R N I N G However, the fraction 
0

6
 is defined. In fact, 

0

6
= 0. For example, if a person eats zero 

sixths of a pizza, this means that the person didn’t eat any pizza.

Rules for a # 1, 
a

1
, and 

a

a

The products 4 # 1 = 4, 5 # 1 = 5, and 8 # 1 = 8 suggest the following property:

When we write statements such as a # 1 = a, we mean if we evaluate a # 1 and a for 
any value of a in both expressions, the results will be equal. We say that the expressions 
a # 1 and a are equivalent expressions.

The quotients 
4

1
= 4 , 1 = 4, 

5

1
= 5 , 1 = 5, and 

8

1
= 8 , 1 = 8 suggest the 

 following property:

Finally, the quotients 
4

4
= 4 , 4 = 1, 

5

5
= 5 , 5 = 1, and 

8

8
= 8 , 8 = 1 suggest 

the following property:

Division by Zero

The fraction 
a

b
 is undefined if b = 0. Division by 0 is undefined.

Multiplying a Number by 1

a # 1 = a

In words: A number multiplied by 1 is that same number.

Dividing a Number by 1

a

1
= a

In words: A number divided by 1 is that same number.


