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_PREFACE

ver the past several years there has been a renewed interest in the understanding
Oand application of statistics. Students studying the material for the first time,
however, find it difficult to grasp the concepts involved because most problems are
word problems that require a certain amount of reasoning ability, not simply rote
memorization. Each problem looks totally different; it is only with practice and expe-
rience that students begin to recognize patterns and problem types. To develop this
recognition, students need to have available a large number of interesting examples
and exercises that present the same concept in different settings. This need has been
met in this book. Our goal in writing this book is to provide students with a knowl-
edge of the mechanics of problem solving and also with an idea of when and how to
apply statistical methods. The student who completes a course using this book will
have an adequate background for doing basic research or reading research papers in
his or her field.

This Introduction to Statistics is intended for students studying the subject at the
precalculus level. Chapter 1, Descriptive Methods, introduces students to concrete
examples of data handling. In that chapter, we present many standard techniques for
displaying and summarizing data sets. We also introduce some of the graphical tech-
niques of EDA (exploratory data analysis). The chapter on probability, Chapter 2, is
quite complete. It can be covered in its entirety in about 2 weeks, or in less time if
Section 2.1 is used as a reading assignment and Sections 2.7 through 2.9 are omitted.
Chapter 3 introduces discrete random variables and places particular emphasis on the
Binomial and Poisson distributions. The concept of expectation is explained and is tied
to the notion of fair wagers and fair odds. Chapter 4 parallels Chapter 3 and introduces
the general concepts underlying continuous random variables. The normal curve is
studied in detail. Chapter 5 begins the study of statistical inference. In this chapter the
student begins to apply probability to make inferences about a population based on
a sample drawn from the population. The T and X? distributions are introduced, the
notion of a confidence interval is explained, and the language of hypothesis and
significance testing is developed. Chapter 6 develops inferential techniques for pro-
portions. It also introduces the first two-sample procedure, that for comparing two
proportions. Chapter 7 applies the concepts of Chapters 5 and 6 to the study of con-
trol charts. Some of the more commonly employed control charts in statistical quality
control are developed. Chapter 8 presents techniques used to compare two means and
two variances. This chapter is a natural extension of Chapter 5. Chapter 9 gives a thor-
ough development of simple linear regression and provides an introduction to multi-
ple regression. Regression and correlation techniques are compared and contrasted.
Chapter 10 introduces techniques used to analyze categorical data via X?2 tests of
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association. The ideas of Chapter 8 are extended to £ samples in Chapter 11. The one-
way classification model as well as randomized complete blocks are discussed. Scheffé,
Duncan, and Bonferroni multiple-comparison tests are presented. The book ends with
a chapter on distribution-free tests that can be used as alternatives to the normal the-
ory procedures that were developed in the rest of the book. Throughout the book, the
data sets presented are rather small so that students will not be overwhelmed by the
computational aspects of slatistical analyses. However. we do not intend to imply that
statisticians routinely rely on very small samples.

SPECIAL FEATURES

Technology Tools  Students are encouraged to use their hand-held calculators or
computers since our purpose is to emphasize the interpretation of statistical results
rather than the mere computation of these results. Instruction in the use of three of the
leading graphics calculators—the TI82, TI83, and TI85-—and for use of the statistical
software package Minitab is included in sections clearly labeled Technology Tools.
(For more information about Minitab, please contact Minitab, Inc., 3081 Enterprise
Drive, State College, Pennsylvania, 16801-3008.)

Experimental Exercises The book also includes a series of Experimental Exercises.
These are “hands on” exercises that can be completed in class. They are classroom-
tested and their purpose is to allow the students to do some data collection on their
own. We have found that the use of some or all of these exercises will help bring
statistics to life and will enhance the enjoyment of the course for students.

Applications  Problems and examples in the text are drawn from a variety of disci-
plines, including business, sports, psychology, economics, and medicine. They range
from the simple to the challenging. Some problems are icon-coded so that, if desired,
assignments can be targeted toward particular interest groups. The following subjects
are represented by these icons:

Study Tools Each chapter ends with a comprehensive vocabulary list and a set of
review exercises to help students prepare for exams. Answers to most odd-numbered
and review exercises are contained in an appendix.
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SUPPLEMENTS

Student Solutions Manual The Student Solutions Manual contains detailed solu-
tions to the odd-numbered exercises in the text.

Instructor’s Resource Manual The Instructor’s Resource Manual contains detailed
solutions to the even-numbered exercises in the book and a bank of test questions. It
also contains special supplements for the statistical packages SAS, SYSTAT, and
SPSS. These supplements cover the same material that is discussed in the book
using Minitab.

Computerized Test Bank A computerized version of the testbank from the Instruc-
tor’s Resource Manual is available in both IBM and Macintosh formats.

McGraw-Hill’s Statistics Discovery Series: A Guide to Learning Statistics  This
supplement is intended to help students enhance their understanding of introductory
statistics. Each section of this study guide contains study objectives, an overview of
the topics covered, key terms and definitions, worked-out examples, helpful hints to
the student, and new exercises and their solutions.

McGraw-Hill’s Statistics Discovery Series: A Guide to Minitab  This supplement
helps the student gain a better understanding of statistics through the use of the statis-
tics software Minitab. Worked-out examples and new exercises for use with Minitab
are presented, along with a data disk containing data sets ready for use with Minitab.
The supplement contains command information for DOS, Windows, and Macintosh
platforms, and is packaged with either an IBM or a Macintosh disk.

McGraw-Hill’s Statistics Discovery Series: A Guide to TI Graphing Calculators
for Statistics This supplement contains instructions for the student using a graphing
calculator in an introductory statistics course through worked-out examples and new
exercises. Appendixes for TI81, TI82, and TI85 graphing calculators are also included.
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INTRODUCTION: STATISTICS - THE TOOL OF DECISION MAKERS

n this day and age we are deluged with figures. Many of these figures are com-
lmonly referred to as statistics. Figures are published on a huge range of topics: We
read government reports on the state of the Social Security system, the arms race,
and the cost of medical care. We are forced to deal daily with the effects of changes
in the prime-interest rate, the cost of living, and the inflation and unemployment
rates. We are influenced to change our driving habits when we hear news reports that
“statistics indicate that a child not protected by a child’s safety seat is five times
more likely to be killed in an automobile crash than is one who uses such a re-
straint.”” To most of us, these and other “statistical” reports are mysterious and some-
what threatening. We are never quite sure how they arose, how accurate they are, or
what they really mean.

The purpose of this book is to introduce the methods used in the field of applied
statistics. It is convenient to break these methods into two broad categories called
descriptive methods and inferential methods. Descriptive methods are techniques,
both analytic and graphical, that are used to simply describe or paint a picture of a
data set. These techniques are presented in Chapter 1 and are used throughout the text.
Inferential methods are techniques that are used to draw conclusions or to make in-
ferences about a large group of objects based on the observation of only a portion of
the members of the group. These methods make use of the concepts of probability
theory. They are discussed in Chapters 5 through 12, after a brief survey of the fun-
damentals of probability. The methods presented in this text are those that are used
to prepare many of the statistical reports that you read about in the newspaper and
hear about on news reports. By gaining some insight into the manner in which sta-
tistical reports are prepared, it is hoped that they will appear less mysterious: You will
be able to better interpret the figures and assess the meaning of the findings that are
placed before you.

When studying any subject for the first time, you must learn its basic vocabulary.
Fortunately, there are only a few concepts that must be understood before we begin
our detailed study of statistical methods. We introduce these concepts here on an in-
tuitive level via some typical problems that can be approached statistically. The terms
presented will be defined more precisely in later chapters as the need arises.

Statistical studies have one important characteristic in common: Interest always
centers on a target group of objects. We want to describe the characteristics of this
group or draw some conclusions concerning its behavior. Unfortunately, the group is
usually too large to study in its entirety. For this reason, the conclusions that we reach
must be based on the observation of only a portion or a subset of its members. The
terms used to describe this situation are population and sample.

The population in a statistical study is the group of objects about which conclusions
are to be drawn.

A sample is a portion or subset of objects drawn from the population.

The following examples should clarify the meaning of the two terms.
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EXAMPLE 2
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The use of alcohol among teenagers is of concern to all of us. A study is to be con-
ducted to help answer questions concerning the drinking habits of young persons in
the United States in the 12- to 19-year-old age group. Questions to be answered via
the data gathered are as follows: What proportion of the individuals in this age group
drink on a regular basis? and If an individual is a regular drinker, what is the average
age at which drinking began? The population here consists of al/l persons in the United
States who are at least 12 years old but who have not yet reached their twentieth birth-
day. This group does exist but it is so large that it is physically impossible to study it
in its entirety. We must try to answer the questions posed by selecting and interview-
ing only a sample of those young people who constitute the population.

Industrial robots are being used more and more frequently in American industry. They
are of particular value in the automotive industry. A study of the characteristics of a
robot designed to spray-paint the hoods of automobiles is to be conducted. The pri-
mary question to be answered is, On the average, how many hoods can such a robot
paint before it requires cleaning and other maintenance? In this example, the popula-
tion is somewhat hypothetical. It includes all robots of the type described, both those
that currently exist, and those that will be produced in the future. Since we cannot
study objects that do not yet exist, we must draw conclusions about these robots based
on a sample of those currently in use.

A city council is considering the possibility of beginning a limited bus service for its
citizens. Before taking this step, the opinion of its 25,000 adult citizens is to be sought.
In particular, council members want to know whether a majority of the adult citizens
favors the proposal. They also want to determine the average number of blocks that an
individual is willing to walk to catch the bus so that effective routes can be developed.
The population here consists of the 25,000 individuals living in this city who are con-
sidered to be adults. Since it is impossible to contact each of these persons individu-
ally, we must sample to obtain an idea of public opinion.

In a statistical study, interest centers on some particular variables associated with
the population. The values assumed by these variables can change from one member
of the population to another. The change is due to random or chance influences and is
therefore somewhat unpredictable. The term random variable is used to describe such
a variable. That is,

A random variable is a variable whose numerical value is determined by the outcome
of some chance experiment.

In Example 1, the use of alcohol among teenagers is being studied. To determine
the proportion of young people in the population who drink on a regular basis, we
might ask the question, Do you usually drink on at least three separate occasions per
month? We can define a random variable X by agreeing to record a 1 for X if the
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answer to this question is yes: otherwise, we will record a 0. The variable X is random
because its value can change from person to person, and the particular value that it as-
sumes for a given individual depends on chance. We also want to determine the aver-
age age at which regular drinkers began to drink. To do this, we need to record the
value of the random variable Y, the age at which drinking began, for the appropriate
individuals.

Example 2 entails trying to determine the characteristics of a particular type of in-
dustrial robot. To help answer the question, On the average, how many hoods can such
a robot paint before it requires cleaning and other maintenance? we will study the ran-
dom variable Z, the number of hoods painted per robot. The values assumed by Z will
vary from robot to robot due to the differences in workmanship, differences in envi-
ronmental conditions, and other chance factors.

We leave the identification of the random variables to be studied in Example 3 as
an exercise.

Random variables studied in this text fall into two broad categories. They are ei-
ther continuous or discrete.

A continuous random variable is a random variable that, prior to the experiment, can
conceivably assume any value in some interval or continuous span of real numbers.

The random variable Y, the age at which a regular drinker began to drink, is ¢ontinu-
ous. It can conceivably lie anywhere between perhaps 10 and 20 years of age, ex-
cluding the value 20 itself.

A discrete random variable is a random variable that can assume at most a finite or
a countably infinite number of possible values.

To say that a set of values is finite means that the number of values can be counted.
To say that it is countably infinite means that we can begin to count the values but then
realize that there is no end to them. The random variable X, which assumes only the
values 0 or 1, depending on whether or not the individual sampled answers yes or no
to the question, Do you usually drink on at least three separate occasions per month?,
is discrete because the number of possible values is finite. The random variable Z, the
number of hoods painted by a robot before maintenance is necessary, is discrete. Its
set of possible values is 0, 1, 2, .... In this case the number of possible values is count-
ably infinite. Whether finite or countably infinite, a discrete random variable assumes
its values only at isolated points.

We will use uppercase letters such as X, ¥, and Z to denote random variables; we
will use lowercase letters x, y, and z to denote the observed values of these variables.
For example, if a teenager reports that she usually drinks on at least three separate oc-
casions per month and that she started drinking at age 14 years and 6 months, then we
write x = [ and y = 14.5.
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As you will soon discover, statistical studies can be thought of as studies of the
behavior of one or more random variables. Associated with these random variables are
certain constants or numerical measures which are descriptive in nature. The average
value of the variable over the entire population is such a measure; it describes the value
about which the values of the random variable tend to cluster. The difference between
the smallest and largest value assumed by the random variable over the entire popula-
tion is another such measure; it gives us a rough idea of the degree of dispersion or
spread exhibited by the random variable. Measures such as these are called population

parameters.

A population parameter is a descriptive measure associated with a random variable
when the variable is considered over the entire population.

Unfortunately, since we do not usually study the entire population, the actual numeri-
cal values of a specific population parameter are seldom known. We must attempt to
approximate their true values based on information obtained from a sample. Before we
can use information gained from a sample to answer questions concerning the popu-
lation from which the sample is drawn, we must be able to describe our sample in a
logical way. To do so, we make use of what are commonly called szatistics.

A statistic is a descriptive measure associated with a random variable when the vari-
able is considered only over a sample.

In Example 1, we want to determine the average age at which a regular drinker in the
12- 10 19-year-old age group began to drink. This average agce is a population param-
eter. It is the value that we would obtain if we could do the following: Locate and in-
terview every person in the United States who is at least 12 years old but who has not
yet reached his or her twentieth birthday, determine which of these individuals are
regular drinkers, record the age at which each regular drinker began to drink, and then
average these values. This is obviously an impossible task! Nevertheless, we can ap-
proximate the value of this population parameter in a logical way. We simply inter-
view a sample of young people and record the age at which the regular drinkers in the
sample began to drink. We then average these values. This sample average is a statis-
tic. Its value probably is not exactly the same as that which would be obtained if we
could interview everyone in the population. However, for sufficiently large samples it
usually will be fairly accurate. Similarly, the proportion of drinkers in the 12- to 19-
year-old age group is a population parameter; the proportion of members of the sam-
ple who drink is a statistic.

As you can see, statisticians and users of statistics must learn to think on two lev-
els. The theoretical or population level is an ideal world. It is the world that we would
like to study but usually cannot. Its characteristics are described by parameters. The
world of reality is the sample. This is the level at which we operate. Its characteristics




