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PREFACE

Introductory Statistics provides traditional coverage of beginning probabil-
ity and statistics with an emphasis on applications and data analysis. This
book has been written with a one semester or two quarter course in mind.
With judicious topic selection, it could also be used for a course as short
as one quarter. Although the book does not presuppose the use of a sta-
tistical computer package, the role of the computer in data analysis is illus-
trated with some examples that show output from the more widely used
computer packages, such as MINITAB, SPSS, BMDP, and SAS.

Throughout the text we have made an effort to avoid the use of con-
trived examples and exercises, and have spent a great deal of time seeking
real applications taken from journals and other published sources in a wide
variety of disciplines. We feel that this effort has been worthwhile in that
it lends an air of credibility to the topics covered, and shows students that
the techniques presented are, in fact, widely used.

There are a great many worked examples. An exercise set appears at
the end of each section, and a supplementary exercise set appears at the
end of each chapter. A summary of key concepts and formulas appears in
each chapter just prior to the supplementary exercises. In addition, a stu-
dent solutions manual containing worked solutions to the odd numbered
problems, an instructor’s manual (which includes worked solutions to all
problems), transparency masters, and a test bank are all available from the
publisher.
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A NOTE TO THE STUDENT

e e e e e e e s e A e e e

In all likelihood, you have started reading this book because it is the text
for an introductory statistics course required of all students in your major.
You may well be thinking to yourself that if it weren't for this requirement,
you wouldn’t be enrolled in a statistics course and could then spend your
time in more interesting and productive ways. Perhaps you are even some-
what apprehensive about your ability to do well in the course, since you've
probably heard through the grapevine that mastering statistics requires
some facility for mathematical reasoning and manipulation. If you are in-
deed ambivalent about studying statistics and a bit fearful of what lies
ahead, please realize that these feelings are shared by many other students.
We hope to lay these fears to rest in short order by convincing you that
statistics is important for gaining a better understanding of the world around
you, relevant to your particular interests and field of study, and accessible
even if you have a very modest mathematical background. To this end,
the book emphasizes concepts and an intuitive presentation of the core
methodology used in a wide variety of applications. Statistics does rest on
a mathematical foundation, but we have tried to keep the notation and
mathematical development simple. We hope the result is a friendly and
informal survey that will help you in various ways long after the course is
finished.

The key to success in your statistics course, as in so many endeavors, is
to start with a positive attitude and resolve to invest a reasonable amount
of time and effort. It won’t always be easy and may occasionally be frus-
trating. (We ourselves sometimes get quite frustrated when attempting to
learn new material.) But with the right attitude and commitment of your
resources, we think that understanding, enjoyment, and a sense of accom-
plishment will quickly follow.
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INTRODUCTION

Statistical methods for summary and analysis provide
investigators with powerful tools for making sense out of
data. Statistical techniques are being employed with
increasing frequency in business, medicine, agriculture,
social sciences, natural sciences, and the applied
sciences (such as engineering). The pervasiveness of
statistical analyses in such diverse fields has led to
increased recognition that statistical literacy—a familiarity
with the goals and methods of statistics—is a basic
component of a well-rounded educational program. In this
chapter we begin our march toward such literacy by first
introducing two basic components of most statistical
problems, population and sample, and then discussing

various types of data that arise in statistical analyses.



2 0 cHAPTER 1 INTRODUCTION

mm 1.1 POPULATIONS, SAMPLES, AND STATISTICS

For hundreds of years, individuals have been using statistical tools to or-
ganize and summarize data. Many of these tools—bar charts, tabular dis-
plays, various plots of economic data, averages and percentages—appear
regularly in newspapers, magazines, and technical journals. Methods that
organize and summarize data aid in effective presentation and increased
understanding; such methods constitute a branch of the discipline called
descriptive statistics.

Often the individuals or objects studied by an investigator come from a
much larger collection, and the researcher’s interest goes beyond just data
summarization. It is frequently the larger collection about which the in-
vestigator wishes to draw conclusions. The entire collection of individuals
or objects about which information is desired is called the population of
interest. A sample is a subset of the population selected in some prescribed
manner for study. The second major branch of statistics, inferential statis-
tics, involves generalizing from a sample to the population from which it
was selected. This type of generalization involves some risk, since a con-
clusion about the population will be reached on the basis of available, but
incomplete, information. It may happen that the sample is, in some sense,
unrepresentative of the population from which it came. An important as-
pect in the development of inference techniques involves quantifying the
associated risks.

Considering some examples will help you to develop a preliminary ap-
preciation for the scope and power of statistical methodology. We describe
here three problems that can be handled using techniques to be presented
in this text. First, suppose that a university has just implemented a new
phone registration system. Students interact with the computer by entering
information from a Touch-Tone® phone to select classes for the term. In
order to assess student opinion regarding the effectiveness of the system,
a survey of students is to be undertaken. Each student in a sample of 400
will be asked a variety of questions (such as the number of units received,
the number of attempts required to get a phone connection, etc.) The re-
sult of such a survey will be a rather large and unwieldy data set. In order
to make sense out of the raw data and to describe student responses, it is
desirable to summarize the data. This would also make the results more
accessible to others. Descriptive techniques to be presented in Chapters 2
and 3 could be used to accomplish this task. In addition, inferential
methods from Chapters 8 and 9 could be employed in order to use the
sample information to draw various conclusions about the experiences of
all students at the university who used the registration system.

As a second example, consider a business application. Suppose that a
publisher of college textbooks has two different machines that are used to
bind the printed pages. One characteristic that affects the overall quality
of the finished book is the strength of the binding. The publisher would
like to determine if there is a significant difference between the two ma-
chines with respect to average binding strength. Strength could be mea-
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sured for one sample of books bound by the first machine and for a second
sample of books bound by the second machine. Hypothesis testing tech-
niques (to be introduced in Chapters 9 and 10) could then be used to
analyze the resulting data and provide the publisher with an answer to the
question posed.

. A final example comes from the discipline of forestry. When a fire occurs
in a forested area, decisions must be made as to the best way to combat
the fire. One possibility is to try to contain the fire by building a fire line.
If building a fire line requires four hours, the decision as to where the line
should be built involves making a prediction of how far the fire will spread
during this period. Many factors must be taken into account, including
wind speed, temperature, humidity, and time elapsed since the last rain-
fall. Regression techniques (Chapter 12) will enable us to develop a model
for the prediction of fire spread using information available from past fires.

Some individuals regard conclusions based on statistical analyses with a
great deal of suspicion. Extreme skeptics, usually speaking out of igno-
rance, characterize the discipline as a subcategory of lying—something
used for deception rather than for positive ends. However, we believe that
statistical methods, used intelligently, constitute a set of powerful tools for
gaining insight into the world around us. We hope that this text will help
you to understand the logic behind statistical reasoning, prepare you to
apply statistical methods appropriately, and enable you to recognize when
others are not doing so.

SECTION 1.1

Give a brief definition of the terms descriptive statistics and inferential statistics.
Give a brief definition of the terms population and sample.

The student senate at a university with 15,000 students is interested in the propor-
tion of students who favor a change in the grading system to allow for + and —
grades (i.e., B—, B, B+, rather that just B). Two hundred students are interviewed
to determine their attitude toward this proposed change. What is the population
of interest? What group of students constitutes the sample in this problem?

The supervisors of a rural county are interested in the proportion of property
owners who support the construction of a sewer system. Because it is too costly
to contact all 7000 property owners, a survey of 500 (selected at random) is under-
taken. Describe the population and sample for this problem.

Representatives of the insurance industry wished to investigate the monetary loss
due to damage to single-family dwellings in Pasadena, California, resulting from an
earthquake that occurred on December 3, 1988. One hundred homes were selected
for inspection from the set of all single-family homes in Pasadena. Describe the
population and sample for this problem.

A consumer group conducts crash tests of new model cars. To determine the
severity of damage to 1989 Mazda 626s resulting from a 10-mph crash into a con-
crete wall, six cars of this type are tested and the amount of damage is assessed.
Describe the population and sample for this problem.
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1.7

m[[l:l 1.2 TYPES OF DATA

A building contractor has a chance to buy an odd lot of 5000 used bricks at an
auction. She is interested in determining the proportion of bricks in the lot that
are cracked and therefore unusable for her current project, but she does not have
enough time to inspect all 5000 bricks. Instead, she checks 100 bricks to determine
whether each is cracked. Describe the population and sample for this problem.

EXAMPLE 1

EXAMPLE 2

The individuals or objects in any particular group typically possess many
attributes that might be studied. Consider as an example a group of stu-
dents currently enrolled in a statistics course. One attribute is the brand
of calculator owned by each student (Sharp, Hewlett-Packard, Casio, and
so on). Another attribute of potential interest is the number of courses for
which each student is registered (1, 2, 3, ...), and yet another is the dis-
tance from the university to each student’s permanent residence. In this
example, calculator brand is a categorical attribute, since each student’s
response to the query ‘“What brand of calculator do you own?’’ is a cate-
gory. The collection of responses from all these students forms a categorical
data set. The other two attributes, number of units and distance, are both
numerical in nature. Determining the value of such a numerical attribute
(by counting or measuring) for each student results in a numerical data
set.

A sample of 15 people who belong to a certain tennis club is selected. Each
one is then asked which brand of racket he or she uses. The resulting set
of responses is

{Head, Prince, Prince, Wilson, Yonex, Head, Yamaha,
Head, Head, Prince, Yamaha, Kennex, Prince,
Wilson,  Yonex}.*

This a categorical data set.

A sample of 20 automobiles of a certain type is selected and the fuel effi-
ciency (miles per gallon or mpg) is determined for each one. The resulting
numerical data set is

(29.8, 27.6, 28.3, 28.7, 27.9, 29.9, 30.1, 28.0, 28.7, 27.9,
28.5, 29.5, 27.2, 26.9, 28.4, 27.9, 28.0, 30.0, 29.6,
29.1}.

In both of the preceding examples, the data sets consisted of observa-
tions (categorical responses or numbers) on a single attribute. Such data
sets are called univariate.

* We will often use braces to enclose the members of a set.



TWO TYPES OF NUMERICAL
DATA

A number line.

FIGURE 2

Possible values of a variable.
(a) Number of cylinders
(b) Quarter-mile time
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A data set consisting of observations on a single attribute is a uni-
variate data set. A univariate data set is categorical (or qualitative)
if the individual observations are categorical responses; it is numeri-
cal (or quantitative) if the observations are numbers.

In some studies, attention focuses simultaneously on two different attri-
butes. For example, both the height (in.) and weight (Ib) might be recorded
for each individual in a group. The resulting data set consists of pairs of
numbers, such as (68, 146). This is called a bivariate data set. Multivari-
ate data results from obtaining a category or value for each of three or
more attributes: for example, height, weight, pulse rate, and systolic blood
pressure for each individual. Much of this book will focus on methods for
analyzing univariate data. In the last several chapters we consider briefly
the analysis of some bivariate and multivariate data.

With numerical data, it is useful to make a further distinction. Visualize a
number line (Figure 1) for locating values of the numerical attribute being
studied. To every possible number (2, 3.125, —8.12976, etc.) there cor-
responds exactly one point on the number line. Now suppose that the attri-
bute of interest is the number of cylinders of an automobile engine. The
possible values of 4, 6, and 8 are identified in Figure 2(a) by the dots at
the points marked 4, 6, and 8. These possible values are isolated from one
another on the line; around any possible value we can place an interval
that is small enough so that no other possible value is included in the inter-
val. On the other hand, the line segment in Figure 2(b) identifies a plausible
set of possible values for quarter-mile time. Here the possible values
comprise an entire interval on the number line, and no possible value is
isolated from the other possible values.

Numerical data is discrete if the possible values are isolated points on the
number line. Numerical data is continuous if the set of possible values
forms an entire interval on the number line.

[ 3 I | | | | | |
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EXERCISES 1.8-1.11

EXAMPLE 3

1.8

1.9

Discrete data usually arises when each observation is determined by
counting (the number of classes for which a student is registered, the num-
ber of petals on a certain type of flower, etc.).

The number of telephone calls to a drug hotline is recorded for each dif-
ferent 24-hour period. The resulting data set is

{3 o 4 3 1, o0 6 2 0 0 1, 2}

Possible values for the number of calls are 0, 1, 2, 3, . . . ; these are iso-
lated points on the number line, so we have a sample consisting of discrete
numerical data.

The sample of fuel efficiencies in Example 2 is an example of continuous
data. A car’s fuel efficiency could be 27.0, 27.13, 27.12796, or any other
value in an entire interval. Other examples of continuous data arise when
task completion times are observed, body temperatures are recorded, or
packages are weighed. In general, data is continuous when observations
involve making measurements, as opposed to counting.

In practice, measuring instruments do not have infinite accuracy. Thus
possible measured values do not form a continuum on the number line.
The distinction between discrete and continuous data will nevertheless be
important in our discussion of probability models.

SECTION 1.2

Classify each of the following attributes as either categorical or numerical. For

those that are numerical, determine whether they are discrete or continuous.

a. Number of students in a class of 35 who turn in a term paper before the due
date

. Sex of the next baby born at a particular hospital

. Amount of fluid (oz) dispensed by a machine used to fill bottles with soda pop

. Thickness of the gelatin coating of a vitamin E capsule

. Birth classification (only child, first born, middle child, last born) of a math
major

o a0 o

Classify each of the following attributes as either categorical or numerical. For
those that are numerical, determine whether they are discrete or continuous.

a. Brand of personal computer purchased by a customer

b. State of birth for someone born in the United States

c. Price of a textbook

d. Concentration of a contaminant (micrograms/cm? or ug/cm?) in a water sample
e. Zip code (Think carefully about this one.)

f. Actual weight of coffee in a 1-Ib can

For the following numerical attributes, state whether each is discrete or continuous.
a. The number of checks received by a grocery store during a given month that
bounce



