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Preface

This book has been developed by a consortium of schools from an experimental course,
Explorations in College Algebra, funded in part by a grant from the National Science
Foundation, and initially taught at the University of Massachusetts, Boston. The course
materials have now been tested in fifteen different schools. This text and the accompanying
software are the result of this ongoing collaboration.

The course was designed in the spirit of the calculus reform movement and we intend the
course to be effective preparation for other reformed college mathematics courses. Our goal
is to give students sufficient mathematical confidence and skills so they can continue on in
more advanced mathematics or other quantitatively based courses. Equally important, we
hope students come to understand and appreciate the basic uses of mathematics in our
society.

The content and approach was shaped by the reform guidelines that have been laid out by
the various mathematical professional societies (including the MAA and AMATYC). The
materials are designed to shift the focus from learning a set of discrete mechanical rules to
exploring how algebra is used in the social, physical, and life sciences.

Our approach
The materials are designed around the following general principles:

¢ the development of algebra from data based applications
We start with quantitative questions from the social, physical and life sciences and
learn how mathematics can provide powerful strategies to help answer them. Real
problems and real data motivate students to learn how to use algebraic and
technological tools.

¢ the active involvement of students
Our course advocates actively engaging students in class discussions and team
work. The explorations included at the end of each Chapter are designed for use by
small groups of students working together in or out of class. The explorations often
pose open-ended problems with no single "correct" solution. Students work
collaboratively to synthesize information from class lectures, the text and readings,
and most importantly from their own discoveries.

* the use of multiple representations
Graphs, tables and symbolic expressions are used to explore patterns in data, test
conjectures and make generalizations about the properties of functions. Students
construct their own meaning of algebraic rules and procedures by making
connections among these representations.

e the communication of ideas
Communication of ideas is stressed through use of class discussions, small group
work, student presentations and written reports. Suggestions for writing strategies
are included in Chapter 1, and many of the assignments require students to
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describe their conclusions in writing. Students are encouraged to read the writings
of others as represented in the variety of essays, articles, and reports in the
Anthology of Readings.

¢ the integration of technology
While we encourage the use of technology and have built many explorations and
exercises around graphing calculators and computers, there are no specific
technology requirements. Some schools use graphing calculators, others use
computers and some a combination of both. The course was originally designed to
be taught in a computer lab (Mac or IBM) equipped with a generic spreadsheet and
function graphing program. The materials have now been expanded for use with a
graphing calculator.

In addition, the book comes with easy to use interactive software (for both Mac and
IBM) that helps students visualize particular mathematical concepts. The software
can be used by students in a lab or at home or by the instructor for in-class
demonstrations.

Our process of development

The text has been developed and refined over the last three years by experts from many
different disciplines. We were able to write materials and then test them out the next day in
class. Our students graciously allowed us to experiment, and sometimes fail, as we tried out
new materials and new approaches. Their input, more than any other, shaped our ideas.

John Wiley & Sons conducted an extensive survey of faculty members teaching college
algebra courses. The results helped us decide which topics to include in the text, but also
convinced us that there is no such thing as a generic college algebra course.

The materials are still under development and we hope that those of you who are using this
preliminary edition will help us to make the materials stronger. Revisions will be based on
your comments and suggestions.

Content

The course is motivated by the need to answer practical questions arising in science and
society: Is there a relationship between income and years of education? How fast do bacteria
grow? How can we describe to ourselves and our children the size and age of our universe ?

The text includes more material than college algebra courses usually include in one semester.

Instructors will need to make choices and may wish to cover the chapters in a different
order. It is recommended that students become familiar with the material covered in
Chapters 1, 2, 3 & 4, before attempting to do the other chapters. The rest of the chapters may
be covered in any order, with the exception that the material on exponents in Chapter 7
should be covered prior to material in the other chapters in Part II. We assume that students
have had elementary high school algebra and are familiar with the use of symbols to
represent unknown numerical quantities.
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Part I focuses on algebraic applications in the social sciences. Chapter 1 introduces the basic
issues of working with and writing about data. This chapter is the least like a traditional
algebra chapter, but perhaps the most relevant to students' everyday lives. We have found
that plunging students the first day of class into collecting data about themselves, is a
successful strategy for immediately setting the tone of active student participation
throughout the course. Students learn the basics of using a graphing calculator or computer.
The amount of time spent on this chapter (from 2 days to 3 weeks) will vary a great deal
from instructor to instructor. The time spent is probably dictated by what mathematics
courses most of the students would take next and how long it takes for students to become
familiar with a particular technology.

The fundamental concept of functions and their representations in tables, graphs and
equations are introduced in Chapter 2 . In Chapter 3, students encounter the notion of the
average rate of change, which becomes a central thread throughout the course.

Chapter 4 is the first of three chapters dedicated to linear functions and their applications. It is
motivated by looking at phenomena in which the rate of change is constant and focuses on
constructing, graphing and interpreting linear functions. Chapter 5 introduces a major tool
of the social sciences - fitting lines to data. Students use real data about 1000 families in the
US. to describe and analyze the relationship between education and income. Chapter 6 deals
with systems of linear equations and their uses in a number of contexts, many economic; for
example, break even costs for gas, electric or solar heating and the proposed graduated vs.
flat income tax plans for the state of Massachusetts.

Part II starts with Chapter 7, "Deep Time and Deep Space." Studying the age and size of
objects in the known universe provides a context for learning scientific notation and strategies
for comparing objects of widely differing sizes. Students learn to estimate answers, a critical
skill in this age of calculators and computers. The basic laws of manipulating exponents are
extended to different bases and powers. Logarithms are used to scale graphs and to construct
measurement systems for numbers with different orders of magnitude.

The growth of E. coli bacteria motivates the study of exponential functions in Chapter 8
("Growth and Decay.") The model of exponential growth and decay is applied to human
populations, radioactive decay and Medicare costs. Exponential functions are plotted on a
semi-log graph. The text currently deals with exponential functions in the form y = C a X, but
future editions will include functions of the type y = C e™. Chapter 9 introduces the family
of polynomial functions by first studying the power functions. Power functions are introduced
through studying the behavior of gases and are applied to a scuba diving problem, which
was the inspiration for the cover of our book.

Chapters 10 and 11 introduce the family of quadratic functions. A classic free fall experiment
in Chapter 10 gives students some insights into how Galileo uncovered the basic laws of
motion. Instructors are encouraged to arrange for students to visit a physics lab or use a
motion sensor attached to a graphing calculator to collect the data for themselves. If this is
not possible, data collected by other students is provided on the course disk. In Chapter 11
("Parabolic Reflections") the properties of quadratics (symmetry, vertices, x and y-intercepts)
are examined.
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Part III provides a collection of diverse experiments from the social and physical sciences for
use by small groups of students. Different groups can work on different explorations, or the
entire class could work on the same exploration. You may want to design your own
exploration and share it with us. The instructor does not have to have covered all the
chapters in the book, as long as the basic notion of curve fitting has been discussed. At this
point students hopefully have the basic knowledge to apply algebraic techniques developed
throughout the course. These explorations do not occur at the end of a chapter focused on a
particular function. Students must make their own decisions about the kinds of patterns that
occur. Is there a relationship between infant mortality rate and GNP? If so, of what kind?
How can we describe the rate at which sucrose is converted to fructose and glucose? What
affects this rate? Groups are asked to present their findings and discuss them with the class.

Special features

Our curriculum mandates an unusual book format. As other books do, our book contains
explanatory text and related exercises; in addition there are:

* explorations

e an anthology of pertinent readings

e graphing calculator instructions

® course software

e data files that can be used with graphing calculators or with spreadsheets

Text supplements include: Instructor's Manual, an Instructor's Solution Manual and a
Student's Solution Manual. The supplements along with the course software and data files
are available upon request from your Wiley representative or by contacting John Wiley &
Sons (see address below. )

Readers' comments

The authors would be delighted to receive reactions to this preliminary edition and welcome
any suggestions for homework problems or explorations that could be included in the first
edition. Please contact us by mail at the University of Massachusetts at Boston, 100
Morrissey Blvd, Boston, MA 02125 or by e-mail at algebra@umbsky.cc.umb.edu

Readers who are interested in further information about the materials or in site testing the
course, should contact: John Wiley & Sons, Inc. by mail at 605 Third Avenue New York, NY
10158 or by e-mail at math@uwiley.com.
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A Note to the Students

Mathematics is a filter, a way of looking at the world. Just as musical training increases your
awareness of sounds, or knowledge of history gives a deeper perspective on the present,
mathematics heightens your perception of underlying order and systematic patterns in
numerical information.

Numbers are adjectives, one of many ways that help us describe things. For instance, we
might say an object is yellow, red and brown, is in the shape of a 12 inch circle and smells
like pepperoni with extra cheese. All of these descriptions are potentially useful facts, but the
12 inch circle is the only piece of data which gives us quantitative information. From this fact
we can calculate the area of the pizza, the size of a box that can contain it, and a fair price for
it relative to a 9 inch pizza. Unfortunately there are many people who are afraid to make
such use of quantitative facts. If you are like many of the intelligent students we’ve
encountered, who have little confidence in their ability to do math, this course is intended to
help you overcome your fears and become comfortable describing things quantitatively.

Many skills are involved in being able to generate a useful quantitative description. In this
course, the focus is much broader than in a traditional skills-based college algebra course.
Much of the work may seem at first unrelated to the kind of mathematics you've done in
previous courses. Our hope is that it will enable you to use quantitative reasoning
throughout the rest of your life. You will be asked to read and analyze mathematical
arguments from a variety of different sources and viewpoints, from contemporary
newspaper articles and essays, to publications from the federal government. You will be
asked to reason through your own quantitative arguments, using both traditional algebraic
tools and contemporary technological ones. And you will be asked to write about your
conclusions.

The classes may not look much like the ones you're used to. The professor might lecture a lot
less, and you may find yourself working with your classmates in small groups. Our
exploratory approach results in a lot more questioning and discussion than is common in
math classes. Sometimes you might wonder why the professor doesn’t tell you straight out
what you're supposed to learn, instead of allowing you to explore the issue. The answer is
that sometimes there is no "straight out" solution to the problem, and that the process of
exploring can be as important as memorizing the "facts.”

A former student: wrote to us that
Doing problem solving and learning about the computer and the rules of algebra all at
once was a struggle - but now that we are almost done, I can say that I thoroughly
enjoyed this class. I learned how to relax and to struggle with finding answers to hard
questions.

We hope that you too will enjoy doing math and that mathematics will become one of the
tools you use to understand and participate in the world around you. We also hope to hear
from you about your ideas for exploring algebra.

With warm regards,

Linda Kime and Judy Clark

Cambridge, Massachusetts

Tune, 1996
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HOW TO USE DIFFERENT PARTS OF THE TEXT

This book has many parts: chapters on specific topics, explorations, exercises, readings and
graphing calculator instructions. We encourage you to be flexible in how you use the
materials and spend some time just browsing through the text.

CHAPTERS

The text is designed in a way that allows you to be thinking and doing as you read it. Each
chapter contains sections called Algebra Aerobics and Something to think about. The Algebra
Aerobics provide a chance for you to practice algebraic rules and procedures. These are skill
building exercises and we encourage you to do the problems as you are reading the text. We
have provided answers at the bottom of the page so you can check your work. The
Something to think about sections pose provocative questions for you to ponder alone or
discuss with others in or outside of class.

EXPLORATIONS

The Explorations allow you to experiment with the ideas presented in each chapter. They are
more open-ended than the exercises and are designed to be used in parallel with reading the
text. They can be done in small groups inside or outside of class. Some of the explorations
and exercises assume you have access to graphing calculators or computers. We have noted
in the text when this is the case. You may be asked to present your results to the class. We
have found that after students' initial fears are dispelled, the presentations often became the
most interesting part of the course.

EXERCISES

The exercises contain many different types of problems: skill building exercises where you
practice using algebraic rules and procedures and problems that require you to reason
critically and exercises that ask you to express your ideas in writing.

GRAPHING CALCULATOR APPENDIX

The Graphing Calculator Appendix provides instructions for using the TI-82 and TI-83
graphing calculators along with exercises to practice specific techniques. If you are using a
graphing calculator for the first time, you should do these exercises before doing the
explorations or exercises in each chapter.

ANTHOLOGY OF READINGS

The Anthology of Readings are meant to supplement the ideas developed in the text and to
give you a glimpse of the complexity of the issues raised in each chapter. You might want to
look at the Table of Contents and read those articles of interest whether or not they are
assigned by your instructor.

We hope that you explore the ideas presented in each chapter by talking, thinking and
working together.
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Explorations in College Algebra

Part I

Algebra in the Social Sciences

Introduction to Part I

Secretary of Labor Robert Reich pronounces "learning as the key to earning" in a speech on
the eve of Labor Day 1994. He asserts that "The fundamental fault line running through
today's workforce is based on education and skills. ... As recently as 1979 a male college
graduate earned 49 percent more than a similar man with only a high school diploma... By
1992, however, the average male college graduate was earning 83 percent more than his
high-school graduate counterpart, and the notion of common prospects had faded
considerably."

Presidential hopefuls battle over the virtues of a flat income tax. Republican analyst Kevin
Phillips claims that the public fascination is based on the misconception that "the flat tax, by
closing loopholes, will make the rich pay more." Yet according to Steve Forbes "Everyone
gets a tax break with the flat tax."

Life expectancy at birth for both sexes has increased dramatically in the last century for
Americans. In 1900 the average life expectancy was slightly over 49 years. By 1990 the
average life expectancy had risen to 75.8 years. This is due in large part to the fact that the
United States is the world's richest nation and it spends far more of its income on health care
than does any other. Yet according to the United Nations' 1994 Human Development
Report, people in other countries live longer and get more care.

Political and personal decisions depend on understanding the benefits of education,
analyzing the merits of a flat tax, or knowing the impact of gains in life expectancy. These
issues are addressed by the social sciences: political science, economics, history,
demography and sociology, the disciplines that deal with the functioning of our society.
Unlike physical scientists who try to discover fundamental laws of the universe, social
scientists do not expect to discover exact principles that govern society. But general societal
trends can be uncovered by collecting numerical data and using algebraic strategies to
search for patterns. The conclusions from such research often form the basis for decisions
about how our society should operate.

Part I approaches the standard topics in college algebra from the perspective of the social
sciences. The tools required to deal with real data are developed as needed: verbal and
visual methods of data presentation; algebraic methods of single and two-variable data
analysis including numerical data summaries, rate of change calculations, linear functions
and linear regression models; and systems of equations. Throughout this process we raise
questions about how good the data and accompanying conclusions are.
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