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Preface 1

PREFACE

Welcome to Prealgebra, an OpenStax resource. This textbook was written to increase student access to high-quality
learning materials, maintaining highest standards of academic rigor at little to no cost.

About OpenStax

OpenStax is a nonprofit based at Rice University, and it's our mission to improve student access to education. Our first
openly licensed college textbook was published in 2012, and our library has since scaled to over 20 books for college
and AP® Courses used by hundreds of thousands of students. Our adaptive learning technology, designed to improve
learning outcomes through personalized educational paths, is being piloted in college courses throughout the country.
Through our partnerships with philanthropic foundations and our alliance with other educational resource organizations,
OpenStax is breaking down the most common barriers to learning and empowering students and instructors to succeed.

About OpenStax Resources
Customization

Prealgebra is licensed under a Creative Commons Attribution 4.0 International (CC BY) license, which means that you can
distribute, remix, and build upon the content, as long as you provide attribution to OpenStax and its content contributors.

Because our books are openly licensed, you are free to use the entire book or pick and choose the sections that are most
relevant to the needs of your course. Feel free to remix the content by assigning your students certain chapters and
sections in your syllabus, in the order that you prefer. You can even provide a direct link in your syllabus to the sections in
the web view of your book.

Instructors also have the option of creating a customized version of their OpenStax book. The custom version can be
made available to students in low-cost print or digital form through their campus bookstore. Visit your book page on
openstax.org for more information.

Errata

All OpenStax textbooks undergo a rigorous review process. However, like any professional-grade textbook, errors
sometimes occur. Since our books are web based, we can make updates periodically when deemed pedagogically
necessary. If you have a correction to suggest, submit it through the link on your book page on openstax.org. Subject
matter experts review all errata suggestions. OpenStax is committed to remaining transparent about all updates, so you
will also find a list of past errata changes on your book page on openstax.org.

Format

You can access this textbook for free in web view or PDF through openstax.org.

About Prealgebra

Prealgebra is designed to meet scope and sequence requirements for a one-semester prealgebra course. The text
introduces the fundamental concepts of algebra while addressing the needs of students with diverse backgrounds and
learning styles. Each topic builds upon previously developed material to demonstrate the cohesiveness and structure of
mathematics.

Students who are taking Basic Mathematics and Prealgebra classes in college present a unique set of challenges. Many
students in these classes have been unsuccessful in their prior math classes. They may think they know some math, but
their core knowledge is full of holes. Furthermore, these students need to learn much more than the course content. They
need to learn study skills, time management, and how to deal with math anxiety. Some students lack basic reading and
arithmetic skills. The organization of Prealgebra makes it easy to adapt the book to suit a variety of course syllabi.

Coverage and Scope

Prealgebra follows a nontraditional approach in its presentation of content. The beginning, in particular, is presented as a
sequence of small steps so that students gain confidence in their ability to succeed in the course. The order of topics was
carefully planned to emphasize the logical progression throughout the course and to facilitate a thorough understanding
of each concept. As new ideas are presented, they are explicitly related to previous topics.

Chapter 1: Whole Numbers

Each of the four basic operations with whole nhumbers—addition, subtraction, multiplication, and division—is
modeled and explained. As each operation is covered, discussions of algebraic notation and operation signs,
translation of algebraic expressions into word phrases, and the use the operation in applications are included.

Chapter 2: The Language of Algebra

Mathematical vocabulary as it applies to the whole numbers is presented. The use of variables, which
distinguishes algebra from arithmetic, is introduced early in the chapter, and the development of and practice
with arithmetic concepts use variables as well as numeric expressions. In addition, the difference between
expressions and equations is discussed, word problems are introduced, and the process for solving one-step
equations is modeled.



2 Preface

Chapter 3: Integers
While introducing the basic operations with negative numbers, students continue to practice simplifying,
evaluating, and translating algebraic expressions. The Division Property of Equality is introduced and used to solve
one-step equations.

Chapter 4: Fractions

Fraction circles and bars are used to help make fractions real and to develop operations on them. Students
continue simplifying and evaluating algebraic expressions with fractions, and learn to use the Multiplication
Property of Equality to solve equations involving fractions.

Chapter 5: Decimals

Basic operations with decimals are presented, as well as methods for converting fractions to decimals and vice
versa. Averages and probability, unit rates and unit prices, and square roots are included to provide opportunities
to use and round decimals.

Chapter 6: Percents

Conversions among percents, fractions, and decimals are explored. Applications of percent include calculating
sales tax, commission, and simple interest. Proportions and solving percent equations as proportions are
addressed as well.

Chapter 7: The Properties of Real Numbers
The properties of real numbers are introduced and applied as a culmination of the work done thus far, and to
prepare students for the upcoming chapters on equations, polynomials, and graphing.

Chapter 8: Solving Linear Equations

A gradual build-up to solving multi-step equations is presented. Problems involve solving equations with
constants on both sides, variables on both sides, variables and constants on both sides, and fraction and decimal
coefficients.

Chapter 9: Math Models and Geometry

The chapter begins with opportunities to solve “traditional” number, coin, and mixture problems. Geometry
sections cover the properties of triangles, rectangles, trapezoids, circles, irregular figures, the Pythagorean
Theorem, and volumes and surface areas of solids. Distance-rate-time problems and formulas are included as
well.

Chapter 10: Polynomials

Adding and subtracting polynomials is presented as an extension of prior work on combining like terms. Integer
exponents are defined and then applied to scientific notation. The chapter concludes with a brief introduction to
factoring polynomials.

Chapter 11: Graphs

This chapter is placed last so that all of the algebra with one variable is completed before working with linear
equations in two variables. Examples progress from plotting points to graphing lines by making a table of
solutions to an equation. Properties of vertical and horizontal lines and intercepts are included. Graphing linear
equations at the end of the course gives students a good opportunity to review evaluating expressions and solving
equations.

All chapters are broken down into multiple sections, the titles of which can be viewed in the Table of Contents.

Accuracy of Content

We have taken great pains to ensure the validity and accuracy of this text. Each chapter’s manuscript underwent rounds
of review and revision by a panel of active instructors. Then, prior to publication, a separate team of experts checked all
text, examples, and graphics for mathematical accuracy. A third team of experts was responsible for the accuracy of the
Answer Key, dutifully re-working every solution to eradicate any lingering errors. Finally, the editorial team conducted a
multi-round post-production review to ensure the integrity of the content in its final form.

Pedagogical Foundation and Features
Learning Objectives

Each chapter is divided into multiple sections (or modules), each of which is organized around a set of learning objectives.
The learning objectives are listed explicitly at the beginning of each section and are the focal point of every instructional
element.

Narrative text

Narrative text is used to introduce key concepts, terms, and definitions, to provide real-world context, and to provide
transitions between topics and examples. An informal voice was used to make the content accessible to students.

Throughout this book, we rely on a few basic conventions to highlight the most important ideas:
Key terms are boldfaced, typically when first introduced and/or when formally defined.
Key concepts and definitions are called out in a blue box for easy reference.
Examples

Each learning objective is supported by one or more worked examples, which demonstrate the problem-solving

This OpenStax book is available for free at http://cnx.org/content/col11756/1.9
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approaches that students must master. Typically, we include multiple Examples for each learning objective in order to
model different approaches to the same type of problem, or to introduce similar problems of increasing complexity.

All Examples follow a simple two- or three-part format. First, we pose a problem or question. Next, we demonstrate the
Solution, spelling out the steps along the way. Finally (for select Examples), we show students how to check the solution.
Most examples are written in a two-column format, with explanation on the left and math on the right to mimic the way
that instructors “talk through” examples as they write on the board in class.

Figures

Prealgebra contains many figures and illustrations. Art throughout the text adheres to a clear, understated style, drawing
the eye to the most important information in each figure while minimizing visual distractions.

Supporting Features
Four small but important features serve to support Examples:

Be Prepared!

Each section, beginning with Section 1.2, starts with a few “Be Prepared!” exercises so that students can determine if
they have mastered the prerequisite skills for the section. Reference is made to specific Examples from previous sections
so students who need further review can easily find explanations. Answers to these exercises can be found in the
supplemental resources that accompany this title.

How To

._,
A “How To" is a list of steps necessary to solve a certain type of problem. A "How To" typically precedes an

Example.
Try It

A “Try It" exercise immediately follows an Example, providing the student with an immediate opportunity to
solve a similar problem. In the web view version of the text, students can click an Answer link directly below the question
to check their understanding. In the PDF, answers to the Try It exercises are located in the Answer Key.

Media

The “Media” icon appears at the conclusion of each section, just prior to the Section Exercises. This icon marks a
list of links to online video tutorials that reinforce the concepts and skills introduced in the section.

Disclaimer: While we have selected tutorials that closely align to our learning objectives, we did not produce these
tutorials, nor were they specifically produced or tailored to accompany Prealgebra.

Section Exercises

Each section of every chapter concludes with a well-rounded set of exercises that can be assigned as homework or used
selectively for guided practice. Exercise sets are named Practice Makes Perfect to encourage completion of homework
assignments.

Exercises correlate to the learning objectives. This facilitates assignment of personalized study plans based on
individual student needs.

Exercises are carefully sequenced to promote building of skills.
Values for constants and coefficients were chosen to practice and reinforce arithmetic facts.
Even and odd-numbered exercises are paired.

Exercises parallel and extend the text examples and use the same instructions as the examples to help students
easily recognize the connection.

Applications are drawn from many everyday experiences, as well as those traditionally found in college math texts.
Everyday Math highlights practical situations using the math concepts from that particular section.
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Writing Exercises are included in every Exercise Set to encourage conceptual understanding, critical thinking, and
literacy.

Chapter Review Features

The end of each chapter includes a review of the most important takeaways, as well as additional practice problems that
students can use to prepare for exams.

Key Terms provides a formal definition for each bold-faced term in the chapter.

Key Concepts summarizes the most important ideas introduced in each section, linking back to the relevant
Example(s) in case students need to review.

Chapter Review Exercises includes practice problems that recall the most important concepts from each section.
Practice Test includes additional problems assessing the most important learning objectives from the chapter.

Answer Key includes the answers to all Try It exercises and every other exercise from the Section Exercises,
Chapter Review Exercises, and Practice Test.

Additional Resources
Student and Instructor Resources

We've compiled additional resources for both students and instructors, including Getting Started Guides, manipulative
mathematics worksheets, Links to Literacy assignments, and an answer key to Be Prepared Exercises. Instructor resources
require a verified instructor account, which can be requested on your openstax.org log-in. Take advantage of these
resources to supplement your OpenStax book.

Partner Resources

OpenStax Partners are our allies in the mission to make high-quality learning materials affordable and accessible to
students and instructors everywhere. Their tools integrate seamlessly with our OpenStax titles at a low cost. To access the
partner resources for your text, visit your book page on openstax.org.

About the Authors
Senior Contributing Authors

Lynn Marecek and MaryAnne Anthony-Smith have been teaching mathematics at Santa Ana College for many years and
have worked together on several projects aimed at improving student learning in developmental math courses. They are
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WHOLE NUMBERS

Figure 1.1 Purchasing pounds of fruit at a fruit market requires a basic understanding of numbers. (credit: Dr. Karl-Heinz
Hochhaus, Wikimedia Commons)

Chapter Outline
1.1 Introduction to Whole Numbers
1.2 Add Whole Numbers
1.3 Subtract Whole Numbers
1.4 Multiply Whole Numbers
1.5 Divide Whole Numbers

Introduction

Even though counting is first taught at a young age, mastering mathematics, which is the study of numbers, requires
constant attention. If it has been a while since you have studied math, it can be helpful to review basic topics. In
this chapter, we will focus on numbers used for counting as well as four arithmetic operations—addition, subtraction,
multiplication, and division. We will also discuss some vocabulary that we will use throughout this book.

E Introduction to Whole Numbers

Learning Objectives

By the end of this section, you will be able to:
Identify counting numbers and whole numbers
Model whole numbers
Identify the place value of a digit
Use place value to name whole numbers
Use place value to write whole numbers
Round whole numbers

Identify Counting Numbers and Whole Numbers

Learning algebra is similar to learning a language. You start with a basic vocabulary and then add to it as you go along.
You need to practice often until the vocabulary becomes easy to you. The more you use the vocabulary, the more familiar
it becomes.

Algebra uses numbers and symbols to represent words and ideas. Let's look at the numbers first. The most basic numbers
used in algebra are those we use to count objects: 1, 2, 3, 4, 5, ... andso on. These are called the counting numbers.

The notation “..." is called an ellipsis, which is another way to show “and so on”, or that the pattern continues endlessly.
Counting numbers are also called natural numbers.
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@ MANIPULATIVE MATHEMATICS

Doing the Manipulative Mathematics activity Number Line-Part 1 will help you develop a better understanding of the
counting numbers and the whole numbers.

Counting Numbers

The counting numbers start with 1 and continue.
1,2,3,4,5...

Counting numbers and whole numbers can be visualized on a number line as shown in Figure 1.2.
larger

smaller

| | | I | (-
4 5 6

o
sy
(3]
w

Figure 1.2 The numbers on the number line increase from left to right, and decrease from right to
left.

The point labeled 0 is called the origin. The points are equally spaced to the right of 0 and labeled with the counting
numbers. When a number is paired with a point, it is called the coordinate of the point.

The discovery of the number zero was a big step in the history of mathematics. Including zero with the counting numbers
gives a new set of numbers called the whole numbers.

Whole Numbers

The whole numbers are the counting numbers and zero.
0,1,2,3,4,5...

We stopped at 5 when listing the first few counting numbers and whole numbers. We could have written more numbers
if they were needed to make the patterns clear.

EXAMPLE 1.1

Which of the following are ® counting numbers? ® whole numbers?

0, %, 3,52, 15, 105

©) solution

(@ The counting numbers start at 1, so 0 is not a counting number. The numbers 3, 15, and 105 are all counting
numbers.

(® Whole numbers are counting numbers and 0. The numbers 0, 3, 15, and 105 are whole numbers.

The numbers % and 5.2 are neither counting numbers nor whole numbers. We will discuss these numbers later.

TRYIT:: 11 Which of the following are @ counting numbers ® whole numbers?

0, % 2.9, 11.8, 241, 376

This OpenStax book is available for free at http://cnx.org/content/col11756/1.9



Chapter 1 Whole Numbers 9

TRYIT::12 Which of the following are @ counting numbers ® whole numbers?

0, % 7, 8.8, 13, 201

Model Whole Numbers

Our number system is called a place value system because the value of a digit depends on its position, or place, in a
number. The number 537 has a different value than the number 735. Even though they use the same digits, their value

is different because of the different placement of the 3 and the 7 and the 5.

Money gives us a familiar model of place value. Suppose a wallet contains three $100 bills, seven $10 bills, and four $1
bills. The amounts are summarized in Figure 1.3. How much money is in the wallet?

Three $100 bills Seven $10 bills Four $1 bills
3x $100 7x$10 4% $1
$300 $70 $4
Figure 1.3

Find the total value of each kind of bill, and then add to find the total. The wallet contains $374.
$300 + $70 + $4

$374

Base-10 blocks provide another way to model place value, as shown in Figure 1.4. The blocks can be used to represent
hundreds, tens, and ones. Notice that the tens rod is made up of 10 ones, and the hundreds square is made of 10 tens,
or 100 ones.

A single block O
represents 1:

Arod LI TP PToiT
represents 10:

A square
represents 100:

Figure 1.4

Figure 1.5 shows the number 138 modeled with base-10 blocks.
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I I | o o o o o

(IIIIIII1111
1 hundred 3tens 8 ones

Figure 1.5 We use place value notation to show the value
of the number 138.

100+ 30+ 8
138
Digit Placevalue Number Value
1 hundreds 1 100 100
3 tens 3 10 30
8 ones 8 1 +8

Sum =138

EXAMPLE 1.2

Use place value notation to find the value of the number modeled by the base-10 blocks shown.

0
) Ssolution
There are 2 hundreds squares, which is 200.
Thereis 1 tens rod, whichis 10.
There are 5 ones blocks, which is 5.
200+ 10+5
215
Digit Placevalue Number Value
2 hundreds 2 100 200
1 tens 1 10 10
5 ones 5 1 +5
215

This OpenStax book is available for free at http://cnx.org/content/col11756/1.9



Chapter 1 Whole Numbers 1

The base-10 blocks model the number 215.

TRYIT::13

Use place value notation to find the value of the number modeled by the base-10 blocks shown.

O 111111 OOoOo
O 1111 4 Odg
NN EEEEEN|
EEEEEEEESE
1 ]
101 E1E B E S
RS

TRYIT:: 14

Use place value notation to find the value of the number modeled by the base-10 blocks shown.

111111
I
1111111
0ooo
000

@ MANIPULATIVE MATHEMATICS

Doing the Manipulative Mathematics activity “Model Whole Numbers” will help you develop a better understanding
of place value of whole numbers.

Identify the Place Value of a Digit

By looking at money and base-10 blocks, we saw that each place in a number has a different value. A place value chart
is a useful way to summarize this information. The place values are separated into groups of three, called periods. The
periods are ones, thousands, millions, billions, trillions, and so on. In a written number, commas separate the periods.

Just as with the base-10 blocks, where the value of the tens rod is ten times the value of the ones block and the value of
the hundreds square is ten times the tens rod, the value of each place in the place-value chart is ten times the value of the
place to the right of it.

Figure 1.6 shows how the number 5,278,194 is written in a place value chart.

Place Value
Trillions | Billions | Millions | Thousands Ones
v
=
w wr w
g = 5 A %]
= p= = S| o
Tl|lw =SElwn =l wn E c
< c ol e E = =] Tl18|w
|2 o|o o= o | 3| e|o
lIZE|Iv|lD=|lwn|D|=|2]| D =] M|
“lTlEel:l=lcl= c e = i =
ols|oc|To|E|§|T|Ele| TS |5|T|w|w
Elc|E|E|c|=|ES|c|=E| E|c|2]|Elc]|Y
Sla|TS|2|la|=E|2|o|E| 2 |a|l£|2|a|E
I|-|F|T|F|a|Z|F|Z2| |~ |F |T|~]|O
5] 2 7 81|94
Figure 1.6

+ Thedigit 5 is in the millions place. Its value is 5,000,000.
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» Thedigit 2 isin the hundred thousands place. Its value is 200,000.
+ Thedigit 7 isin the ten thousands place. Its value is 70,000.

+ Thedigit 8 isin the thousands place. Its value is 8,000.

+ Thedigit 1 isinthe hundreds place. Its value is 100.

+ Thedigit 9 isin the tens place. Its value is 90.

+ The digit 4 isin the ones place. Its value is 4.

EXAMPLE 1.3

In the number 63,407,218; find the place value of each of the following digits:

®@7 ®o @1 @6 @3

© solution
Write the number in a place value chart, starting at the right.

Trillions | Billions | Millions | Thousands Ones
v
=
v v c
5 g 5 2| w
= p= = S| o
=lw =3 = w E c
s5lc o2 Els S| 218w
- |.2 o|o D | = o 3 c|D
dl=E|v|ld|S=|lwn|0|E|l2| || m|D
“lTlEll=lclx= c = = A —
sls5|le|ls|E|(5|B|Ele|lB|S|5|Blu]lw
clecl=Elcs|ce|lElcs|cl=El | c|l Bl
Sla|Sl2|lal=E|2|o|ls| 2 ||l |25
I|~|F|I|F|@|Z|F|=| 2|~ |F|Z|F]|O
613|407 1|2]|1]|8

@ The 7 isin the thousands place.

® The 0 is in the ten thousands place.
(©The 1 isin the tens place.

@ The 6 is in the ten millions place.

(®The 3 isin the millions place.

TRYIT::15 For each number, find the place value of digits listed: 27,493,615

@2 ®1 ©@4 @7 ©5

TRYIT::16 For each number, find the place value of digits listed: 519,711,641,328

@9 ®4 @2 @6 @7

Use Place Value to Name Whole Numbers

When you write a check, you write out the number in words as well as in digits. To write a number in words, write the
number in each period followed by the name of the period without the ‘s’ at the end. Start with the digit at the left, which
has the largest place value. The commas separate the periods, so wherever there is a comma in the number, write a
comma between the words. The ones period, which has the smallest place value, is not named.

This OpenStax book is available for free at http://cnx.org/content/col11756/1.9
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37 ' 519 , 248
-—— periods
37 Thirty-seven million
519 Five hundred nineteen thousand
248 Two hundred forty-eight

So the number 37,519,248 is written thirty-seven million, five hundred nineteen thousand, two hundred forty-eight.

Notice that the word and is not used when naming a whole number.

9‘. HOW TO:: NAME A WHOLE NUMBER IN WORDS.

Step 1.  Starting at the digit on the left, name the number in each period, followed by the period name.
Do not include the period name for the ones.

Step 2. Use commas in the number to separate the periods.

EXAMPLE 1.4

Name the number 8,165,432,098,710 in words.

©) solution

Begin with the leftmost digit, which is 8. It is in the trillions place.  eight trillion

The next period to the right is billions. one hundred sixty-five billion
The next period to the right is millions. four hundred thirty-two million
The next period to the right is thousands. ninety-eight thousand
The rightmost period shows the ones. seven hundred ten

8 165 , 432 ) 098 , 710

8 Eight trillion,

165 One hundred sixty-five billion,
432 Four hundred thirty-two million,
098 Ninety-eight thousand,
710 Seven hundred ten

Putting all of the words together, we write 8,165,432,098,710 as eight trillion, one hundred sixty-five billion, four
hundred thirty-two million, ninety-eight thousand, seven hundred ten.

TRYIT::17 Name each number in words: 9,258,137,904,061

TRYIT::18 Name each number in words: 17,864,325,619,004

EXAMPLE 1.5

A student conducted research and found that the number of mobile phone users in the United States during one month
in 2014 was 327,577,529. Name that number in words.
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© Solution
Identify the periods associated with the number.

327 . 577 . 529

Name the number in each period, followed by the period name. Put the commas in to separate the periods.
Millions period: three hundred twenty-seven million

Thousands period: five hundred seventy-seven thousand

Ones period: five hundred twenty-nine

So the number of mobile phone users in the Unites States during the month of April was three hundred twenty-seven
million, five hundred seventy-seven thousand, five hundred twenty-nine.

TRYIT::19 The population in a country is 316,128,839. Name that number.

TRYIT::110 One yearis 31,536,000 seconds. Name that number.

Use Place Value to Write Whole Numbers

We will now reverse the process and write a number given in words as digits.

9‘. HOW TO:: USE PLACE VALUE TO WRITE A WHOLE NUMBER.

Step 1. Identify the words that indicate periods. (Remember the ones period is never named.)

Step 2. Draw three blanks to indicate the number of places needed in each period. Separate the
periods by commas.

Step 3. Name the number in each period and place the digits in the correct place value position.

EXAMPLE 1.6

Write the following numbers using digits.

©) fifty-three million, four hundred one thousand, seven hundred forty-two

® nine billion, two hundred forty-six million, seventy-three thousand, one hundred eighty-nine
© solution

@ Identify the words that indicate periods.

Except for the first period, all other periods must have three places. Draw three blanks to indicate the number of places
needed in each period. Separate the periods by commas.

Then write the digits in each period.

millions thousands ones
fifty-three million , four hundred one thousand , seven hundred forty-two
_53 401 742

Put the numbers together, including the commas. The number is 53,401,742.

® Identify the words that indicate periods.

Except for the first period, all other periods must have three places. Draw three blanks to indicate the number of places

This OpenStax book is available for free at http://cnx.org/content/col11756/1.9
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needed in each period. Separate the periods by commas.
Then write the digits in each period.

billions millions thousands ones
nine billion , two hundred forty-six million , seventy-three thous