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Preface

As we approach the turn of the century, many exciting changes are taking place in
the field of mathematics education. A number of these changes are influenced by
modifications in the world economy, which places greater and greater emphasis on
mathematical skills. These changes are also necessitated by continuing technologi-
cal innovations, which are constantly producing more powerful, affordable, and
accessible calculators and computers.

NCTM Standards

The professional organization of mathematics educators from the United States
and Canada, the National Council of Teachers of Mathematics (NCTM), has taken
an active role in helping the mathematics education community achieve greater
parity between mathematics as taught in schools and that which is likely to be use-
ful to working professionals in the early part of the twenty-first century. As a step
toward achieving this goal, the NCTM has issued a document, The Curriculum and
Evaluation Standards for School Mathematics (1989), or as it is commonly re-
ferred to, The Standards. In this document, the educators identify certain curricular
strands that merit increased attention, such as problem solving, or decreased atten-
tion, such as memorization of rules. The Standards also recommend employing
specific pedagogical strategies, such as active learning, the use of manipulatives,
writing to learn, and group activities. (Excerpts from The Standards are included in
Appendix B.)

Because we as authors and educators recognize the importance of The Stan-
dards and agree with their goals, many of NCTM’s suggestions are incorporated
throughout this text. The recommendations contained within The Standards have
influenced our selection of topics and the manner in which they are presented.
Each chapter emphasizes problem solving, the meaning behind various algorithms
or procedures, careful concept development, and the use of physical models.



Pedagogy and Features

Because of the importance of problem-solving skills to today’s students, problem
solving has not been relegated to a single chapter; we do not view it as a discrete
topic. Rather, we view problem solving as the focus of this text and the focus of el-
ementary school mathematics. Our combined teaching experience (which spans all
educational levels, from kindergarten through graduate students) has led us to con-
clude that the ability to solve problems is acquired slowly. We present problems in
a variety of contexts and for a variety of purposes, enabling the student to begin to
understand that mathematics is a way of thinking about and understanding the
world.

Problem-solving Investigations, found in each section of each chapter, are
key to the presentations of concepts. Many of these investigations employ purpose-
ful problem-solving strategies and use the four-step plan for solving problems in-
troduced by George Polya in his book How to Solve It (1985). Beginning with the
first section in Chapter 1, Polya’s four-step plan is continually referred to and ex-
panded upon throughout the text. Numerous problems and exercises can be found
in the Assessments at the end of each section and chapter, providing the student
with opportunities to practice and reinforce the use of Polya’s four steps.

Other features in this text are also the result of recommendations contained in
The Standards. There is evidence to suggest that students who study and work
through math assignments in a group format are more successful than students who
work in isolation. At the end of each section and chapter, we include the Coopera-
tive Activity. These contain two parts: Individual Accountability and Group Goal.
The student is first asked to make some contribution to the group effort. In some of
the activities, the tasks are the same for all members of the group; in others, each
group member works on a different aspect of the activity. Each student then brings
to the group his or her findings and results, sharing strategies and refining plans
based on comparing the methods used. The group is then given a problem to solve
collaboratively, using the skills developed in the individual component of the ac-
tivity.

Following each section and chapter, In Other Words offer students the oppor-
tunity to refine their thinking and understanding by writing explanations of se-
lected mathematical concepts. Reflecting on a concept and then writing an
explanation will help engage students in the mathematical communication process
while structuring and strengthening their reasoning abilities.

At the end of each chapter, a Vocabulary of key terms reinforces and reminds
the student of important issues discussed in the chapter. A Review is also provided
at the end of each chapter. These reviews contain additional exercises and prob-
lems for the entire chapter.

Each chapter opener serves as an informal visual introduction to the concepts
presented in the chapter. Students are asked to examine the photograph shown and
answer questions about what they observe, using problem-solving and estimation




skills. The photographs selected for the openers are repeated in color in the Con-
tents, enabling students to obtain another perspective if they so desire.

Endpapers in color depict the Fibonacci Sequence of Numbers (front) and the
Golden Proportion (back). Each of these charts provides information helpful to stu-
dents and is related to text discussion. The Fibonacci sequence can be found in the
Appendix A—Spreadsheets, Investigation 2, and the Golden Ratio is discussed in
Chapter 11.

Calculator Use and Estimation Skills

One of the assumptions made in The Standards is that all students will have a cal-
culator. Therefore, throughout this text, access to a calculator is assumed, and spe-
cific applications and instructions for efficient use of the calculator are included
where appropriate. We do not indicate when to use a calculator, leaving this deter-
mination to the student. Knowing when to utilize a calculator and when to perform
the work mentally or with paper and pencil is a judgment the student will learn to
make while working through this text. Acquiring this ability will necessitate and
reinforce the development and strengthening of students’ estimation skills. Calcu-
lator keystroke sequences are introduced and used wherever appropriate.

Alternative Models and Visuals

This text recognizes that students learn in a variety of ways. For this reason, we
offer many alternative models and algorithms that can be used to view and inter-
pret a particular problem situation. In addition, this text contains well over 2000
illustrations that serve to pictorially represent arithmetic, algebraic, and geometric
concepts and problems.

Laminated Card and Problem Solving

In writing this book, we struggled with the traditional example—solution techinique
in which authors present a problem for the student and then immediately solve it.
We believe an important part of the problem-solving process is to allow the student
to reflect before he or she acts. When teaching problem solving in a classroom set-
ting, there are many opportunities to give your students time to ponder the prob-
lem, to offer a hint to steer them in the right direction, and to further extend the
problem. This subtle interplay is not possible within the framework of a textbook.
In order to give students the opportunity to first attempt to solve the Investigations
on their own, we designed the Laminated Card, which is included with this text.
We suggest that the students use this card to cover the solutions to each investiga-
tion and make a serious effort to solve the problems before checking the solution.
A symbol appears in the margin at the start of each investigation as a reminder
to the student to first use the card. Both the simulated geoboard and graph paper
that appear on this card will be useful in the solutions of some of the problems,



especially in Chapters 10—13, which deal with geometry. This card is laminated to
allow the student to reuse it as often as needed, with a felt-tipped pen provided for
this purpose.

Number T heory

We have purposely chosen to introduce and use number theory topics in contexts
where relevant. We made this decision because we strongly feel that, taken out of
context, some number theory rules and properties tend to be memorized rather than
understood. When we place number theory in the contexts where it is most frequently
used, students can develop a better understanding of its meaning and purpose.

Manipulatives

Also packaged with this text as an aid to both students and instructors are Manipu-
latives transparencies for hands-on use with the exercises found throughout the
text. These Manipulatives will also be extremely useful with the Student Activity
Book designed to be used with this text, and for any classroom activities chosen by
instructors.

Philosophy of Standards and Authors

Just as important as the specific recommendations contained within The Standards
is the basic philosophy that the document promotes. This philosophy, embraced by
the text, adheres to the belief that learning mathematics is a task that can be accom-
plished by almost anyone who is willing to apply effort, perseverance, and dili-
gence and who brings a questioning mind to the study of mathematics. If students,
as they work through this text, find themselves asking why something is so, or
where a particular concept came from and is leading to, or if there is an alternative
explanation or method, then they are on their way to becoming learners of mathe-
matics. It is necessary to become a learner of mathematics before one can become
a teacher of mathematics.




Supplements

For Instructors

Instructor's Manual—contains complete solutions to all exercises found in the
text and for all chapter reviews. Each chapter opens with an introduction to the material
being covered, as well as a discussion of the chapter opening photograph in the text.
Each section begins with the section objectives, followed by teaching suggestions for
classroom activities, and a discussion of the cooperative group activities found in the
Assessments. Related readings for each of the chapters are recommended. Trans-
parency Masters of selected illustrations from the text are also included in the manual.

EXPTest—a computerized test bank for the IBM PC and compatibles, consisting of
open-ended, multiple-choice, and true/false questions. Test items can be edited, re-
arranged, and expanded on according to need. Users may also add test items to the disk.
A demo disk is available.

ExamBuilder—a computerized test bank for the Macintosh. Features and ques-
tions are identical to EXPTest. A demo disk is available.

For Students

Student Activity Book by Victoria Garrison—contains activities designed to
accompany each chapter of the text. Each section will open with an “In Our World” ac-
tivity motivating the student to see the applications of each chapter topic to the real
world. The activities require selected materials, including cut-out manipulatives found
at the back of the Activity Book, and actual manipulatives provided with the text. Each
section will also contain pages entitled “Check Your Understanding,” which the in-
structor can collect to monitor the students’ progress. This manual enables students to
use and reinforce skills acquired in each text chapter, and to build their expertise and
confidence. Answers to the activities are provided. (Answers to “Check Your Under-
standing” are found in the Instructor’s Manual.)

Problem-Solving Strategies by Robert Matulis—this workbook provides
students with strategies for using the problem-solving skills they are learning. Chapters
1-13 follow the chapter sequence of the text, and each section contains problems utiliz-
ing Polya’s Four Steps. Students are asked to try each problem before using the hints
and suggestions provided by the author. Students are encouraged to use the laminated
card from the text as they work on these problems. A final chapter entitled True Prob-
lems offers miscellaneous problems from all the earlier chapters without indicating
which of the chapters are the source, allowing the students to make this determination.
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To the Student: Addressing
Math Anxiety

One impediment to learning mathematics is the phenomenon commonly referred to
as “math anxiety.” This phrase (which first appeared in Ms. Magazine in 1976) de-
scribes the feelings of distress, lack of confidence, dread, and even panic that some
students encounter when confronted with learning or using mathematics. These
feelings most typically occur when a student has a poor background in mathemat-
ics or associates a particular trauma with mathematics or learning mathematics.

Researchers have found that levels of math anxiety often correspond inversely
with levels of math achievement, that is, the lower the achievement level, the
higher the anxiety level. Because mathematics has historically been viewed as a
“male-oriented” subject, it is not surprising that math anxiety is found dispropor-
tionately in female students. This finding increases the need to address this phe-
nomenon, since the majority of students entering the field of elementary education
are women. Researchers have learned that math anxiety is eased in a positive and
supportive classroom environment and that students who experience math anxiety
prefer to study and work on math assignments in a group. In a supportive setting,
students feel more comfortable asking questions for clarification because their peer
group both understands and accepts the feelings math anxiety can produce.

Others who experience math anxiety have learned to use certain relaxation
techniques, such as concentrating on a peaceful scene, breathing deeply for a few
minutes, or taking a walk prior to math class or before sitting down to do math as-
signments. Students also report that it is helpful to leave the assignment for a little
while and do something else if they are feeling anxious. On returning to the assign-
ment, they feel more relaxed and able to focus on the work at hand. You may wish
to try some of these techniques. You may also want to consider keeping two note-
books: one in class and one at home. Each evening, transcribe your class notes to
your notebook at home. Rewriting the class notes in your own language personal-
izes the mathematics and gives you an opportunity to explain a concept in your
own words.

For those of you who have experienced math anxiety, it may be of some com-
fort to know that as future teachers you have the opportunity to break the cycle that
leads to avoidance of mathematics and therefore poor performance. Knowing from
your own experience how debilitating math anxiety can be will help you better un-
derstand the importance of increasing your students’ confidence and sense of
competence.

We hope that this text, with its emphasis on math as a sense-making endeavor,
its attention to understanding concepts behind the procedures, its step-by-step in-
vestigations of problems throughout, and its concern with illustrating and creating
models of various abstract concepts will help you to think of yourself as capable of
learning, and eventually teaching, mathematics.
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