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A Special Introduction—Blake Peterson

I am very pleased to introduce my new coauthor. Blake was born and raised in
Logan, Utah. He attended Logan High School and Utah State University, where
he completed a BA degree in Mathematics Education. After graduation, he mar-
ried Shauna, the woman of his dreams, and they moved to Southern California
where he taught high school mathematics (and coached football and basketball)
for two years. He returned to graduate school at Washington State University,
where he completed a Masters degree in 1990 and a PhD in Mathematics in 1993.
His areas of graduate study were number theory and geometry, with particular
interest in Integer Polygons and Polyhedra. Since graduating, he has devoted his
teaching and research to mathematics teacher education. From 1993 to 1996,
Blake was on the mathematics faculty at Oregon State University, where he had
been hired to replace my first coauthor, Bill Burger, who had passed away. I
worked closely with Blake for a couple of years. He was a superb teacher and was
revered and respected by his students who also appreciated his dedication to and
enthusiasm for teaching. In 1996, he joined the mathematics department at
Brigham Young University, where he is an assistant professor. Blake shares his
life with Shauna and their four children, Quinn, Joelle, Taren, and Riley. He con-
tinues to enjoy playing basketball, as well as working in the yard and spending
time with his family. Blake will continue our tradition of offering a book that has
a high level of mathematical integrity as well as relevance for the classroom.

A Special Dedication to Don Miller

I'met Don at an NCTM Annual Conference in Orlando when this book was in
its first edition. Don had been working on some problem-solving materials and
he sought my advice about publishing them. He had already published an excel-
lent soft-cover book on calculators, so I encouraged him to seek out a similar
publisher. After several months, Don called to say that he had not found the right
publisher. I asked him if he would like to write a problem-solving supplement for
Musser/Burger. He said that he would, so the two of us planned the format and
I'sent Don a twenty-pound box full of problems that I had collected. As it turned
out, Don did not use one problem I had sent him. He proceeded to produce some
of the best problems I had seen, all organized around the problem-solving strat-
egy flow in our book. I field tested his book in a problem-solving course for ele-
mentary teachers in Oregon State. The students loved Don’s book, so we rushed
it out as a supplement. Bill Burger and I continued to use the book in our prob-
lem solving class for years with great success. During the preparation of this edi-
tion, I needed to contact Don to have him sign a renewal contract. I called his
department at St. Cloud University and was saddened to find that he had passed
away on October 10, 1998. Don was one of the most creative mathematics edu-
cators I have known. He was a member of the mathematics faculty at SCSU from
1966 through 1997 when he retired. He was a very active mathematics educator
and was a major contributor to the strong mathematics program for elementary
teachers at his university. We are pleased and proud that we can continue to have
Don’s book, A Guide to Problem Solving, as a supplement to our book. I regard
his book to be a classic in problem solving. Proceeds from the sale of his supple-
ment will go to the Department of Mathematics at SCSU to be used to enhance
the education of teachers of mathematics in Don’s memory. Personally and
professionally, I will miss Don greatly.

—Gary L. Musser



Preface

Welcome to a world of mathematical understanding that we hope you will find
stimulating, rewarding, enlightening, and fun. We salute you for choosing teach-
ing as a profession and hope that your experiences with this book will help pre-
pare you to be the best possible teacher of mathematics that you can be. We
have presented this elementary mathematics material from a variety of per-
spectives so that you will be more able to address the broad range of learning
styles that you will encounter in your future students. This book also encourages
prospective teachers to gain an understanding of the underlying concepts of
elementary mathematics while maintaining an appropriate level of mathemat-
ical precision.

We have also sought to present this material in a manner consistent with
the recommendations in (1) A Call for Change: Recommendations on the Math-
ematics Preparation of Teachers; prepared by the Mathematical Association of
America’s Committee on the Mathematical Education of Teachers; and (2) the
National Council of Teachers of Mathematics’ Curriculum and Evaluation Stan-
dards for School Mathematics and Professional Standards for Teaching Mathe-
matics. In addition, we have received valuable advice from many of our
colleagues around the United States through questionnaires, reviews, focus
groups, and personal communications. We have taken great care to respect this
advice and to ensure that the content of the book has mathematical integrity
and is accessible and helpful to the variety of students who will use it. As always,
we look forward to hearing from you about your experiences with the text.

Gary L. Musser
Blake E. Peterson
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Content Features

Number Systems: Insofar as possible, number topics are covered sequen-
tially to parallel their development in the school curriculum. Fractions and
integers are each treated as extensions of whole numbers. Rational numbers
are developed briskly as extensions of both the fractions (by adjoining their
opposites) and the integers (by adjoining their reciprocals). The mathematical
structure of an ordered field continues to serve to unify this presentation. The
important applications of statistics and probability serve as a capstone to the
study of number systems.

Approach to Geometry: Geometry is organized from the point of view of the
five-level van Hiele model of a child’s development in geometry. After study-
ing shapes and measurement, geometry is approached more formally through
Euclidean congruence and similarity, coordinates, and transformations. The
Epilogue provides an eclectic approach by solving geometry problems using a
variety of techniques.

Underlying Themes

Problem Solving: An extensive collection of problem-solving strategies is pro-
gressively developed; these strategies can be applied to a generous supply of
problems in the exercise/problem sets. The depth of problem-solving coverage
can be varied by the number of strategies selected throughout the book and by
the problems assigned.

Deductive Reasoning: The use of deduction is promoted throughout the book.
The approach is gradual, with later chapters having more multistep problems.
In particular, the last sections of Chapters 14, 15, and 16 and the Epilogue offer
a rich source of interesting theorems and problems in geometry.

Technology: The Math Explorer calculator, which is used in many schools, is
used to show its capability to do long division with remainder and calculate
using fractions as well as to perform the many functions of a scientific calcula-
tor. The Technology Section includes a study of Logo, computer exploration
software for geometry, and graphics calculators.

Additional Topics

Since reviewers were split concerning where the following topics should
appear in text, they are placed near the end of the book to allow for maximum
flexibility.

Topic 1, “Elementary Logic,” may be used anywhere in a course.

Topic 2, “Clock Arithmetic: A Mathematical System,” uses the concepts
of opposite and reciprocal and hence may be most instructive after Chap-
ter 6, “Fractions” and Chapter 8, “Integers” have been completed. This
last section also contains an introduction to modular arithmetic.
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Pedagogical Features

The general organization of the book was motivated by the following mathe-
matics learning cube.:

Applications

Problem solving
Goal of
Understanding Mathematics
Instruction
Skill

Knowledge

START————>
Concrete

Pictorial
Abstract

Measurement

Number systems Geometry

The three dimensions of the cube—cognitive levels, representational
levels, and mathematical content—are integrated throughout the textual
material as well as in the problem sets and chapter tests. Problem sets are orga-
nized into exercises (to support knowledge, skill, and understanding) and prob-
lems (to support problem solving and applications).

Course Options

The material in this book has been organized to allow for a wide variety of
courses. At Oregon State University, all preservice elementary teachers are
required to take 12 quarter-hours of mathematics. This book is used for the first
9 quarter-hours, a one-year sequence. Each week, students attend 3 one-hour lec-
tures and a 1-hour lab in which materials from the Student Resource Handbook
are covered. This book, together with A Guide to Problem-Solving, is also used
in a three quarter-hour junior level course in problem solving for elementary
teachers. This course is devoted entirely to developing the students’ facilities in
applying Pélya’s four-step process and the strategies introduced at the beginning
of each chapter.

Since many schools have special mathematical requirements, the following
are suggested chapters and topics to fit any particular course.

Basic course: Chapters 1-7.
Basic course with logic: Topic 1, Chapters 1-7.
Basic course with informal geometry: Chapters 1-7, 12.

Basic course with introduction to geometry and measurement: Chapters
1-7,12,13.
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Course through real numbers: Chapters 1-9.

Course through real numbers with applications: Chapters 1-9, 10, and/or

Course through real numbers with geometry: Chapters 1-9, 12, 13, 14

(Sections 1 and 2), 15 (Sections 1 and 2), 16 (Sections 1 and 2), Epilogue.

Course in geometry: Chapters 12—16 (with or without “Programming in

Logo, Turtle Geometry” and exploration software)

Summary of Changes in the Fifth Edition

Chapter 10 has been revised extensively. It now includes a description and
application of percentiles as well as scatterplots and regression.

Quotative and partitive division are discussed in Section 3.2.

The use of base-10 blocks to model the division algorithm is discussed in
Section 4.2,

* Relations has been moved from Topics and integrated into Section 2.4.

Advanced Counting Techniques has been moved from Topics and inte-
grated into Chapter 11.

Number lines have been added to different bases in Section 2.3.

A 100-grid visual approach to percents has been added to Section 7.4.

A visual approach to dividing fractions has been added to Section 6.3.

A visual approach to a | b has been added to Chapter 5 and is followed
throughout.

A buildup model (as a subset of the prime factorization model) has been
added to Section 5.2 to find the LCM.

* Chapter tests have been extensively revised and expanded.
* Many new Reflections from Research have been added and a bibliogra-

phy for these is provided at the end of each chapter.

Summary of Popular Features Continuing from the
Fourth Edition

Each chapter is launched with a one-page historical vignette.

* Problem solving using strategies is integrated throughout.
* Each chapter has a relevant problem near the beginning to introduce a

new strategy.

Margins include connections to the NCTM Standards as well as Reflec-
tions from Research.

A Student Page Snapshot for an elementary textbook series is included in
each chapter to add relevance.

Every section ends with a rich Mathematical Morsel, which integrates
history in a natural way.

Problem sets are separated into Part A (with answers in the back of the
book) and Part B (with answers in the Instructor’s Resource Manual).
Also, exercises and problems are differentiated.

Problems for Writing/Discussion are included at the end of every problem
set.

A rich pair of historical vignettes involving People in Mathematics is
included at the end of each chapter.

A comprehensive Chapter Review is found near the end of every chapter
as well as an extensive Chapter Test.
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e There is a rich Epilogue following Chapter 16 that provides an eclectic
approach to geometry.

» Technology is integrated throughout. In addition, there is an instructional
Technology Section near the end of the book.

* Some optional topics are contained in the Topics section near the end of
the book.
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Text Preview

Focus On »

Each chapter opens with
an interesting historical
feature which introduces
ideas and concepts central
to the chapter.

The following pages highlight the special features of the

text and its supplements

» Chapter

FOCUS ON

Introduction to

Problem Solving

George Pélya: The Father of
Modern Problem Solving

G

eorge Pélya was born in Hungary in 1887. He received his Ph.D. at the Univer-
sity of Budapest. In 1940 he came to Brown University and then joined the
faculty at Stanford University in 1942.

In his studies, he became interested in the process of discovery, which led to his

famous four-step process for solving problems:

1. Understand the problem.
2. Devise a plan.

3. Carry out the plan.

4. Look back.

He died in 1985, leaving mathematics with the important legacy of teaching prob-

lem solving. His “Ten Commandments for Teachers” are as follows:

1. Be interested in your subject.

2. Know your subject.

3. Try to read the faces of your students; try to see their expectations and

difficulties; put yourself in their place.

4. Realize that the best way to learn anything is to discover it by yourself.

5. Give your students not only information, but also know-how, mental
attitudes, the habit of methodical work.

. Let them learn guessing.

el

. Let them learn proving.

. Look out for such features of the problem at hand as may be useful in solv-
ing the problems to come—try to disclose the general pattern that lies behind
the present concrete situation.

9. Do not give away your whole secret at once—let the students guess before you

tell it—let them find out by themselves as much as is feasible.

oo

10. Suggest: do not force information down their throats.

George Péolya

Pélya wrote over 250 mathematical
papers and three books that promote
problem solving. His most famous
book, How to Solve It, which has
been translated into 15 languages,
introduced his four-step approach

together with heuristics, or strategies,

which are helpful in solving prob-
lems. Other important works of
Pélya are Mathematical Discovery,
Volumes 1 and 2, and Mathematics
and Plausible Reasoning, Volumes
land2.

Xix



xx Enrichment Features

Enrichment Features

Problem-Solving Strategies
1. Guess and Test
2. Use a Variable
3. Draw a Picture Strategy
4. Look for a Pattern
5. Make a List
6. Solve a Simpler Problem
7. Draw a Diagram
8. Use Direct Reasoning USE PROPERTIES OF NUMBERS
9. Use Indirect Reasoning Understanding the intrinsic nature of numbers is often helpful in solving
10. Use Properties of Numbers roblems. For example, knowing that the sum of two even numbers is even
p
and that an odd number squared is odd may simplify checking some
il computations. The solution of the initial problem will seem to be impossi-
Problem SOIVlng ble to a naive problem solver who attempts to solve it using, say, the Guess
i and Test strategy. On the other hand, the solution is immediate for one who
Strategles > understands the concept of divisibility of numbers.
Each chapter intro-
duces a new Problem Initial problem
Solving Strategy; A major fast-food chain held a contest to promote sales. With each purchase a
. DR R0 customer was given a card with a whole number less than 100 on it. A $100
.a comprehenswe llS.t 15 prize was given to any person who presented cards whose numbers totaled 100.
included at the begm- The following are several typical cards. Can you find a winning combination?
ning of each chapter G @ @ @ @ B @ E
A Initial Problem
At the beginning of each chapter, an initial problem is posed that
can be solved by using the strategy introduced in that chapter.
Reflections from
NCTM Standards 2000 Research » Reflection from Research
Number and Operations Encouraging the recog-
P 19 peog & When students are allowed to
Grades 6-8 nition of the research
thatli betn gl o use calculators to generate data
All students should use factors, throughout the text, and are encouraged to examine
multiples, prime factorization, and these marginal notes the data for patterns, they often
relatively prime numbers to solve provide a great portfo- discover divisibility rules on
problems. lio of relevant research. their own (Bezuszka, 1985).

A NCTM Standards 2000

NCTM Principles and
Standards for School
Mathemactics, referred to as
Standards 2000, are called
out in the margins where the
standard listed is being used
in the text.




