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preface

At the time this book was being contemplated, the following announce-
ment was made by a large state university to the statistics instructors of
the colleges that provide most of its transfer students: their statistics
courses would be accepted by the university as long as they put emphasis
on the theory of probability and statistical inference rather than on
traditional descriptive methods. This announcement illustrates two recent
trends in the teaching of elementary statistics. One of these is a change
in emphasis from descriptive statistics to probability theory and statis-
tical inference. The other relates to the level at which beginning sta-
tistics courses are being taught. Elementary statistics, which has tradi-
tionally been an upper-division course for most students, is now being
offered as a lower-division course in an increasing number of institutions.

This book was written with these two trends in mind. Its primary
objective is to introduce the basic concepts of probability theory and the
methods of statistical inference to students who have no mathematical
background beyond one or two years of high school algebra.

The approach is essentially nonmathematical. The student is expected
to know only how to apply statistical techniques in a decision-making
process; the mathematical derivation of those techniques is not in-
troduced. In most instances, the student is urged to follow the theoretical
developments intuitively; in others, he is asked to take the derivations on
faith. I hope that this approach will make statistics, which is often con-
sidered a great hurdle in a student’s college career, an easier and more
enjoyable course.

Each chapter starts with an introductory section explaining its scope,
basic concepts, and objectives. Each theory or method is amply illustrated
with examples taken from a variety of fields, including business, the
social and natural sciences, and educational psychology. Similarly, the
exercise problems provided after each major section of the text are
interdisciplinary in nature. Short answers to most of the problems are
listed at the end of the book. A solutions manual is provided for the
instructor.
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1-1
what is
statistics?

Most words have multiple meanings; the word *‘statistics’ is no excep-
tion. For example, ‘‘statistics”” may be used to denote a collection of
figures or numbers (‘‘Here are the statistics for the first half.” ‘“Have
you seen the latest statistics on unemployment?”’), or the term may be
used to designate a discipline, or branch of learning. These two meanings
of statistics are actually closely related because statistics as numerical
data is an essential part of statistics as a discipline.

The origin of statistics as a discipline can be traced to two areas of
interest: government records and games of chance. When national states
began to emerge at the end of the Middle Ages, it became necessary to
collect information about the territories under their jurisdiction. This
need for numerical information about citizens and resources led to the
development of techniques for collecting and organizing numerical data.
By the seventeenth century, surveys similar to our modern census were
already in existence. At the same time, insurance companies were begin-
ning to compile mortality tables for determining life insurance rates.

In the early stages of its development, statistics involved little more
than the collection, classification, and summarization of numerical data.
Even today, these activities are still an important part of statistics. (Think
of all the tables, charts, and graphs you have studied.) Because the objec-
tive of this kind of data handling is to describe the important features and
characteristics of collected information, we generally refer to it as de-
scriptive statistics. The following is an example of descriptive statistics.

A school psychologist wants to know the average 1Q of the five foreign
students in his district. An intelligence test is administered to the students,
and the 1Q’s are found to be 101, 103, 105, 107, and 109. The statistical
method the psychologist uses to find the average 1Q is the calculation
of the arithmetic average. (The computation of the arithmetic average,
simple as it is, is an important part of descriptive statistics.) The process
is limited to the data collected in this particular case, and does not in-
volve any inference or generalization about the 1Q’s of other foreign
students. The method is descriptive in nature, because the average, which
is 105, summarizes and describes the collected information.
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The other source of statistics is found in gambling. In the seventeenth
century, Europeans were intensely interested in games of chance, an
interest that led to the development of the theory of probability. The study
of probability, in turn, led to the development of a new field of statistics
called inferential statistics, or statistical inference. Statistical inference
is a technique by which conclusions or generalizations are drawn about
the characteristics of a totality on the basis of partial or incomplete
information. The following brief examples illustrate the meaning of sta-
tistical inference and its importance.

A drug manufacturer claims that a new cold vaccine developed by his
company is 90 percent effective; that is, 90 out of every 100 persons
who use the vaccine will survive the winter without catching cold.
Let us assume that 30 persons have received the vaccine; of the 30, 25
survived the winter without catching a cold. Should we accept the
manufacturer’s claim?

Consider the problem of deciding whether to accept or reject a ship-
ment of purchased goods in a manufacturing plant. A portion of the
shipment is inspected to determine whether the shipment should be ac-
cepted. If 20 units are inspected, and two units are found to be defective,
should the plant reject the shipment and return it to the supplier?

Let us assume that two different teaching methods are used to instruct
two groups of students in a given subject. The two groups are believed
to be comparable in ability. At the end of the instructional period, a
standard test is administered to both groups. On the basis of the average
test score for each group, can we evaluate the relative effectiveness of
the two methods?

These are typical of the questions handled by inferential statistics.
They involve a decision or choice between alternative courses of action
in the light of empirical evidence. This is why statistics has been often
referred to as a body of techniques dealing with decision making on the
basis of observed data.

In summary, statistics as a discipline, or branch of learning, refers
both to the treatment of numerical data and to the methods and theories
that are used to handle numerical data for inferential purposes. More
specifically,

Modern statistics refers to a body of methods and princi-
ples that have been developed to handle the collection,
description, summarization, and analysis of numerical
data. Its primary objective is to assist the researcher in
making decisions or generalizations about the nature and
characteristics of all the potential observations under
consideration of which the collected data form only a
small part.

Thus, descriptive statistics and statistical inference are two areas that
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make up the discipline of modern statistics. Of the two, the latter has
become increasingly more important.

1. Most newspapers contain a ‘“‘vital statistics’’ section. What does the
word ‘‘statistics” mean in this particular context?

2. In what context is the word “statistics’ generally used on radio and
television?

3

3. Why was statistics sometimes referred to as “political arithmetic”

in the past?

4. In an economics examination, three freshmen received grades of 90,
85, and 80; and three sophomores received grades of 89, 86, and 92.
From the following statements made on the basis of these figures,
identify those that are derived from descriptive methods and those
that are derived from statistical inference.

a) The average grade of the three freshmen is 85, and the average
grade of the three sophomores is 89.

b) The three freshmen’s grades fluctuate more than the three
sophomores’ grades.

¢) In economics, the average grade received by sophomores is
generally higher than that received by freshmen.

d) In the next economics test, freshmen will probably receive lower
grades than sophomores.

e) Freshmen’s grades in economics usually fluctuate more than
sophomores’ grades.

5. Four brand A automobile tires and three brand B tires are tested to
determine their service lives. The service lives for brand A are 29,000,
33,000, 37,000, and 41,000 miles; for brand B, they are 30,000,
32,000, and 34,000 miles. From the following statements made on the
basis of these figures, identify those that are derived from descriptive
methods and those that are derived from statistical inference.

a) The average service life of brand A tires is 35,000 miles, whereas
that of brand B tires is 32,000 miles.

b) The service life of brand A tires varies more than that of brand B.

c) If the price of brand A tires is the same as that of brand B tires,
you should purchase brand A tires.

d) The four tires of brand A vary more in service life than the three
tires of brand B.

e) The average service life of the four brand A tires is longer than
that of the three brand B tires.

6. Use your own words and examples to illustrate the difference between
descriptive statistics and statistical inference.
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population

The totality of “all potential observations” mentioned in the previous
section is generally referred to as the “population.”” (Some statisticians
refer to this concept as the “‘universe.””) The term “population,” like the
word “statistics,” has various meanings. In common usage, it refers to
the number of people in a certain region or locality. (The population of
China is 800 million; the population of the United States is 220 million;
the population of New York City is more than 10 million.) In statistics,

“Population” is defined as the totality
of all potential measurements or obser-
vations under consideration in a given
problem situation.

As shall be seen shortly, the term does not necessarily refer to the
number of human beings in a given locality.

Each different problem situation involves a different population.
If the problem is to ascertain a particular characteristic of all elementary
school age children in California, then the measurements of that charac-
teristic in that group of children constitute the population. If the purpose
of investigation is to determine what proportion of all machine parts
produced by a certain manufacturing process are defective, then the
population consists of the measurements of the quality of all the machine
parts produced by that process. If the problem is to determine the prob-
ability that heads will occur when a coin is tossed, the population consists
of the outcomes of a presumably infinite number of tosses; similarly, in
determining whether each of the six sides of a die has an equal chance to
turn up when a die is rolled, the population consists of the outcomes of a
presumably infinite number of rolls.

Populations are generally classified into two categories: finite and in-
finite. Finite means “capable of being reached or surpassed by counting”’;
infinite means “lacking limits or bounds” or “extending beyond measure
or comprehension.” A finite population is one that includes a limited
number of measurements or observations. For instance, the total number
of students presently attending colleges and universities in the United
States, all calves born alive in the state of Wisconsin in 1973, and all the
institutions of higher education in North America are finite populations.
Some finite populations consist of only a few units, whereas others
consist of millions. But as long as the total number of all potential mea-
surements is capable of being reached, the population is considered
finite.

A population is said to be infinite if it includes a large number of
measurements or observations that cannot be reached by counting.
For instance, the population of all live births of the human race is in-
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finite because there is no limit to its number. Similarly, the population
of digit numbers taken with replacement from an urn containing ten
balls, each of which is marked with a different one of the ten digits, is
infinite, because the number of balls that can be drawn is beyond limit or
measure.

Similarly, the populations in the three examples mentioned earlier
(the manufacturing process, the coin, and the die) are also infinite. They
are infinite populations because, at least hypothetically, there is no limit
to the number of observations each of them can include.

Population characteristics are generally called parameters, and popu-
lation parameters are usually considered true values. For instance, the
average 1Q of all first graders in the country is a characteristic, and hence
a parameter, of the population of the 1Q’s of first graders. It is the true
average of the IQ’s. Similarly, the proportion of all TV viewers who
watch a particular program at a given time is a parameter of the popula-
tion of the TV viewers; it is the true proportion, or population proportion.
It is absolutely impossible to compute the true value of any parameter
of an infinite population. In most cases, it is also impracticable to compute
the true value of any parameter of a finite population. As a result, it is
necessary to make inferences about population parameters from informa-
tion contained in a small portion—or sample—of that population.

sample

A sample is a collection of measurements or observations taken from a
given population. The number of observations in a sample is, of course,
smaller than the number of possible observations in the population;
otherwise the sample would be the population itself. Samples are taken
because it is not economically feasible, though possible in some cases,
to make all the potential observations in the population.

If, for example, we wanted to estimate the average annual expenditure
of the American college student, we would probably draw a sample of,
say, 1000 students, find out the annual expenditure for each of them, add
the figures, and then find the average. We do this because we simply do
not have the time and resources to contact all college students, even
though it is possible to do so. On the basis of the sample average thus
obtained, we make an inference about the average expenditure of all
college students. Similarly, we may draw a sample of, say, 100 calves born
in Wisconsin in a given year as a basis for estimating the average weight
of all calves born in that state during the same year.

To estimate the value of a parameter of an infinite population, it is
absolutely necessary to use sample information. Thus, to determine the
proportion of defective parts produced by a production process, quality-
control technicians examine a batch of parts to find out the number of
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defective parts contained in it. Such a batch, which constitutes a sample,
is usually taken at regular periodical intervals. Tossing a coin 300 times
to determine whether it is fair, and rolling a die 600 times to determine
whether it is balanced, are other examples of sample taking from infinite
populations.

A sample characteristic is generally called its statistic. For example,
the average 1Q of 1000 first graders selected at random from among all
first graders in the country is a statistic; it is a characteristic of the sample
of the IQ’s of 1000 first graders. The proportion of a sample of 300
TV viewers who watch a particular program is also a statistic. Such a
proportion is called a sample proportion. Statisticians use sample
statistics to make inferences about population parameters.

[y

. Suppose that the freshman class of your college consists of 5000 stu-
dents, all of whom have taken a standard aptitude test that was
administered to all entering freshmen in the country. Explain the
circumstances under which the 5000 scores received by these stu-
dents can be considered (a) a sample and (b) a population.

2. During a certain week 2000 customers were served by a restaurant.
Explain the circumstances under which these 2000 customers can be
considered (a) a sample and (b) a population.

3. Suppose that a balanced coin is tossed 100 times, and 60 heads are
obtained. Answer the following.

a) What is the sample proportion?
b) What is the population proportion?
¢) What is the size of the sample?
d) What is the size of the population?

4. Suppose that 60 percent of all registered voters of a given country
are members of a certain party and 40 percent are not. From a sample
of 50 voters, it is found that 25 belong to the party. Answer the fol-
lowing.

a) What is the sample proportion of voters who belong to the
party?

b) What is the population proportion of voters who belong to the
party?

¢) What is the population? Is it finite or infinite?

5. A poll is conducted to determine voting preferences in a presidential
election. Answer the following.

a) What constitutes the sample?
b) What constitutes the population?
c) Is the population finite or infinite? Explain.
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6. A survey is conducted to determine whether American housewives
prefer one brand of detergent to another. Answer the following.

a) What constitutes the sample?
b) What constitutes the population?
¢) Isthe population finite or infinite? Explain.

7. For each of the following statements, define the population that is
being sampled, and tell whether it is finite or infinite.

a) One thousand college students are interviewed about their
opinions on the legalization of marijuana.

b) Five hundred nonunion workers are interviewed to determine
their attitudes toward unionization.

¢) We select a sample of screws produced by an automatic machine
and test them to determine the proportion that are defective.

d) We select a sample of hogs and obtain their birth weights.

8. Give an example to illustrate each of the following: (a) a finite popu-
lation, and (b) an infinite population.
Yo
Statistical methods and princi e:‘b have found; applications in many
fields: business, the social sciefcés, engmeermg,‘and the natural and
physical sciences. | :u V% y;w

The growing complexity of the cbnomy hag’ created a tremendous
degree of uncertainty about the future-eperatins of any business enter-
prise. As a result, more and more companies are using statistical analysis
as a decision-making tool, especially in such areas as market research,
forecasting, and analysis of economic trends.

Statistics also plays an important role in education and psychology.
For instance, an educator may want to find out if, for a certain group of
students, there is a correlation between achievement-test scores and
grade-point averages. If there is a correlation between the two, he can
make predictions about grade-point averages on the basis of achievement-
test scores.

The need to analyze and interpret numerical data has made it necessary
for educators and psychologists to have at least some basic understanding
of statistical methods. Almost without exception, courses in statistics
are required for education and psychology majors. In fact, the psychol-
ogist’s need for special statistical tools has led to the development of
new statistical techniques in recent decades. (Chapter 13 deals with some
of these techniques.)

Because statistical techniques have been applied to a wide variety of
research projects involving the study of individuals and groups, statistics
has become, in most schools, a required course in sociology, anthro-
pology, and related behavioral sciences.
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Statistical methods have also been used extensively in the areas related
to the biological sciences. In agriculture, they are used to determine the
effects of seed strains, insecticides, and fertilizers on yields. In medicine,
they are used to determine the possible side effects or effectiveness of
drugs and to provide better methods to control the spread of contagious
diseases. Statistics is a highly recommended, if not yet required, course
for students majoring in these areas.

In recent years, statistics has found increasing applications in the
physical sciences, where it has been used for handling the collection
of data and the testing of hypotheses. The research needs of physical
scientists have expanded the arena of the statistical technique of ex-
perimental design. It is hardly necessary to mention that in engineering
the application of statistical principles to quality control has been an
accepted practice for several decades.

One reason for the rapid growth in the application of statistics in recent
decades is the increasing ease with which large quantities of numerical
data can be handled. Electronic computers have made it possible to
analyze, in a relatively short time, large quantities of data. The contribu-
tion of the desk calculator should not be ignored; it, too, has made the
work of the statistician easier.

1. In what way is the electronic computer responsible for the increasingly
widespread application of statistical techniques?

2. Explain why statistical techniques have found increasing application
in business and economics.

3. Illustrate the use of descriptive statistics with an example from any
field in the social sciences.

4. Illustrate the use of descriptive statistics with an example from the
natural or physical sciences.

5. Illustrate the use of inferential statistics with an example from the
social sciences.

6. Illustrate the use of inferential statistics with any example from the
natural or physical sciences.

As mentioned in the preface, this is a textbook for beginning students
who have never had a course in college mathematics. The approach is
intuitive rather than mathematical; theoretical discussions are reduced
to a minimum.

Most students have been exposed to the basic mathematical notations
in high school mathematics courses; nevertheless, a brief review of the
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summation sign and various useful notations will help them understand
better the material they will encounter in the text. These notations are
reviewed in chapter 2. Chapter 3 deals with the concepts of events,
the counting of events, and probability; chapter 4 discusses the axioms
and basic rules of probability, the idea of a probability function, and
discrete probability functions.

Descriptive statistics is treated in chapters 5 and 6, with emphasis on
the arithmetic mean and the dispersion of observations for the sample as
well as the population.

The rest of the text is devoted to a study of inferential statistics. Chap-
ter 7 presents the normal distribution and the central limit theorem. These
concepts are of paramount importance because they are invariably in-
volved or implied in the techniques and principles covered in later
chapters. Chapters 8 through 13 cover the most basic and important
topics of statistical inference, including the methods of inference about a
single mean, the difference between two means, and the equality among
three or more means. They also deal with tests about goodness of fit,
statistical independence, and simple regression and correlation coef-
ficients. The text ends with chapter 14, which deals with the rudiments
of modern decision theory.



