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The Nature of Statistics

GENERAL OBJECTIVES Whatdoes the word statistics bring to
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mind? Most people immediately think of numerical facts or data, such as
unemployment figures, farm prices, or the number of marriages and divorces.
Webster’s New World Dictionary gives two definitions of the word statistics:

1. facts or data of a numerical kind, assembled, classified, and tabulated so as
to present significant information about a given subject.

2. [construed as sing.], the science of assembling, classifying, and tabulating
such facts or data.

But statistics encompasses much more than these definitions convey. Not
only do statisticians assemble, classify, and tabulate data, but they also
analyze data for the purpose of making generalizations and decisions. For
example, a political analyst can use data from a portion of the voting
population to predict the political preferences of the entire voting population.
And a city council can decide where to build a new airport runway based on
environmental impact statements and demographic reports that include a
variety of statistical data.

In this chapter, we introduce some basic terminology so that the various
meanings of the word statistics will become clear to you. We also examine two
primary ways of producing data, namely, through sampling and
experimentation. We discuss sampling designs in Sections 1.3 and 1.4, and
experimental designs in Section 1.5.
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TOP FILMS OF ALL TIME

The American Film Institute (AFI) conducted a survey as part of a celebration
of the 100th anniversary of cinema. AFI polled 1500 filmmakers, actors, critics,
politicians, and film historians, asking them to pick their 100 favorite films from
a list of 400. The films on the list were made between 1896 and 1996.

After tallying the responses, AFI compiled a list representing the top 100
films. Citizen Kane, made in 1941, finished in first place, followed by Casablanca,
which was made in 1942. Following are the top 40 finishers in the poll.
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Armed with the knowledge gained in this chapter, you will be asked to analyze
further the AFI poll at the end of the chapter.
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1.1 TWO KINDS OF STATISTICS

Example 1.1

You probably already know something about statistics. If you read newspapers,
surf the Web, watch the news on television, or follow sports, you see and hear
the word statistics frequently. In this section, we use familiar examples such as
baseball statistics and voter polls to introduce the two major types of statistics:
descriptive statistics and inferential statistics. We also examine how to classify
studies as either descriptive or inferential.

DESCRIPTIVE STATISTICS

Each spring in the late 1940s President Harry Truman officially opened the
major league baseball season by throwing out the “first ball” at the opening
game of the Washington Senators. Both President Truman and the Washington
Senators had reason to be interested in statistics in 1948. We use the 1948 base-
ball season to illustrate the first major type of statistics, descriptive statistics, in
Example 1.1.

Descriptive Statistics

DEFINITION 1.1

The 1948 Baseball Season In 1948, the Washington Senators played 153
games, winning 56 and losing 97. They finished seventh in the American
League and were led in hitting by Bud Stewart, whose batting average was .279.
These and many other statistics were compiled by baseball statisticians who
took the complete records for each game of the season and organized that large
mass of information effectively and efficiently.

Although baseball fans take baseball statistics for granted, a great deal of
time and effort is required to gather and organize them. Moreover, without
such statistics, baseball would be much harder to understand. For instance,
picture yourself trying to select the best hitter in the American League with
only the official score sheets for each game. (More than 600 games were played
in 1948; the best hitter was Ted Williams, who led the league with a batting
average of .369.) *

The work of baseball statisticians provides an excellent illustration of de-
scriptive statistics. A formal definition of the term descriptive statistics follows.

Descriptive Statistics .
Descriptive statistics consists of methods for organizing and summarizing
information. A '

Descriptive statistics includes the construction of graphs, charts, and tables
and the calculation of various descriptive measures such as averages, mea-
sures of variation, and percentiles. We discuss descriptive statistics in detail in
Chapters 2 and 3.
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INFERENTIAL STATISTICS

We use the 1948 presidential election to introduce the other major type of statis-
tics, inferential statistics, in Example 1.2.

Example 1.2 Inferential Statistics

The 1948 Presidential Election In the fall of 1948, President Truman was
also concerned about statistics. The Gallup Poll taken just prior to the election
predicted that he would win only 44.5% of the vote and be defeated by the
Republican nominee, Thomas E. Dewey. But this time the statisticians had
predicted incorrectly. Truman won more than 49% of the vote and, with it, the
presidency. The Gallup Organization modified some of its procedures and has
correctly predicted the winner ever since. .

Political polling provides an example of inferential statistics. Interviewing
everyone of voting age in the United States on their voting preferences would
be expensive and unrealistic. Statisticians who want to gauge the sentiment
of the entire population of U.S. voters can afford to interview only a carefully
chosen group of a few thousand voters. This group is called a sample of the
population. Statisticians analyze the information obtained from a sample of the
voting population to make inferences (draw conclusions) about the preferences
of the entire voting population. Inferential statistics provides methods for
making such inferences.

The terminology just introduced in the context of political polling is used in
general in statistics. Specifically, the terms population and sample are defined as
follows.

DEFINITION 1.2 Population and Sample
 Population: The collection of all individuals or items under consideration
_inastatistical study.

Sample: That part of the population from which information is obtained.

Figure 1.1 depicts the relationship between a population and a sample from
the population.

Now that we have discussed the terms population and sample, we can define
inferential statistics.

DEFINITION 1.3  Inferential Statistics Rt ofy
Inferential statistics consists of methods for drawing and measuring the
reliability of conclusions about a population based on information obtained
from a sample of the population. '
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FIGURE 1.1
Relationship between population and
sample
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Descriptive statistics and inferential statistics are interrelated. You must
almost always use techniques of descriptive statistics to organize and summa-
rize the information obtained from a sample before carrying out an inferential
analysis. Furthermore, the preliminary descriptive analysis of a sample often
reveals features that lead you to the choice of (or to a reconsideration of the
choice of) the appropriate inferential method.

CLASSIFYING STATISTICAL STUDIES

As you proceed through this book, you will obtain a thorough understanding
of the principles of descriptive and inferential statistics. At this point, you
should be able to classify statistical studies as either descriptive or inferential.
In doing so, you should consider the intent of the study.

On the one hand, if the intent of the study is to examine and explore the
information obtained for its own intrinsic interest only, the study is descriptive.
On the other hand, if the information is obtained from a sample of a population
and the intent of the study is to use that information to draw conclusions about
the population, the study is inferential.

Thus a descriptive study may be performed on a sample as well as on a
population. Only when an inference is made about the population, based on
information obtained from the sample, does the study become inferential.

Examples 1.3 and 1.4 further illustrate the distinction between descriptive
and inferential studies. In each example, we present the result of a statistical
study and classify the study as either descriptive or inferential. Try to classify
each study yourself before reading our explanation.

Classifying Statistical Studies

The 1948 Presidential Election The study Table 1.1 displays the voting
results for the 1948 presidential election.

Classification This study is descriptive. It is a summary of the votes cast
by U.S. voters in the 1948 presidential election. No inferences are made. ¢
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TABLE 1.1

Final results of the 1948 presidential Ticket Votes Percentage
election  Truman-Barkley(Democratic) 24,179,345 49.7
Dewey-Warren (Republican) 21,991,291 452
Thurmond-Wright (States Rights) | 1,176,125 24
Wallace-Taylor (Progressive) 1,157,326 24
Thomas-Smith (Socialist) 139,572 0.3

Example 1.4 Classifying Statistical Studies

Testing Baseballs The study For the 101 years preceding 1977, baseballs
used by the major leagues were purchased from the Spalding Company. In1977,
that company stopped manufacturing major league baseballs, and the major
leagues arranged to buy their baseballs from the Rawlings Company.

Early in the 1977 season, pitchers began to complain that the Rawlings ball
was “livelier” than the Spalding ball. They claimed it was harder, bounced
farther and faster, and gave hitters an unfair advantage. There was some evi-
dence for this claim: In the first 616 games of 1977, 1033 home runs were hit,
compared to only 762 home runs hit in the first 616 games of 1976.

Sports Illustrated magazine sponsored a careful study of the liveliness ques-
tion, and the results appeared in the article “They’re Knocking the Stuffing Out
of It” by Larry Keith (Sports lllustrated, June 13, 1977, pp. 23-27). In this study,
an independent testing company randomly selected 85 baseballs from the cur-
rent (1977) supplies of various major league teams. The bounce, weight, and
hardness of the baseballs chosen were carefully measured. Those measure-
ments were then compared with measurements obtained from similar tests on
baseballs used in 1952, 1953, 1961, 1963, 1970, and 1973.

The conclusion, presented on page 24 of the Sports Illustrated issue, was that
“_. the 1977 Rawlings ball is livelier than the 1976 Spalding, but not as lively
as it could be under big league rules, or as the ball has been in the past.”

Classification This study is inferential. The independent testing company
used a sample of 85 baseballs from the 1977 supplies of major league teams to
make an inference about the population of all such baseballs. (An estimated
360,000 baseballs were used by the major leagues in 1977.) *

The Sports lllustrated study also shows that it is often not feasible to obtain
information for the entire population. Indeed, after the bounce and hardness
tests, all of the baseballs sampled were taken to a butcher in Plainfield, New
Jersey, to be sliced in half so that researchers could look inside them. Clearly,
testing every baseball in this way would not have been practical.

THE DEVELOPMENT OF STATISTICS

According to the Dictionary of Scientific Biography, “The word Statistik, first
printed in 1672, meant Staatswissenschaft, or, rather, a science concerning the
states. It was cultivated at the German universities, where it consisted of
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What
g ?

An understanding of statistical
reasoning and of the basic
concepts of descriptive and
inferential statistics has become
mandatory for virtually everyone,
in both their private and

: professional lives.

more or less systematically collecting ‘state curiosities’ rather than quantitative
material.”

The modern science of statistics is much broader than just collecting “state
curiosities.” Historically, descriptive statistics appeared first. Censuses were
taken as long ago as Roman times. Over the centuries, records of such things
as births, deaths, marriages, and taxes led naturally to the development of
descriptive statistics.

Inferential statistics is a newer arrival. Major developments began to occur
with the research of Karl Pearson (1857-1936) and Ronald Fisher (1890-1962),
who published their findings in the early years of the twentieth century. Since
the work of Pearson and Fisher, inferential statistics has evolved rapidly and
is now applied in a myriad of fields.

Familiarity with statistics will help you make sense of many things you
read in newspapers and magazines and on the Internet. For instance, in the
description of the Sports Illustrated baseball test (Example 1.4), you may have
questioned whether a sample of only 85 baseballs could be used to draw a con-
clusion about a population of some 360,000 baseballs. By the time you complete
Chapter 9, you will understand why such inferences are not unreasonable.

Statistical Concepts and Skills

1.1 Define the following terms.
a.Population ~ b. Sample

1.2 What are the two major types of statistics? Describe

them in detail.
1.3 Identify some of the methods used in descriptive statis- { hos 55+ 44-11
tics. Men Total 18+ 30.41
Gt 18-24 23:31
1.4 Explain two ways in which descriptive statistics and st ﬁ 23::;
inferential statistics are interrelated.
' Teens 12-17 21:50
. Children  2-11 23:01
In Exercises 1.5-1.10, classify each of the studies as either descrip- e ;

tive or inferential.

1.5 TV Viewing Times. The A. C. Nielsen Company col-
lects and publishes information on the television viewing
habits of Americans. Data from a sample of Americans
yielded the following estimates of average TV viewing time
per week for all Americans. The times are in hours and
minutes. [SOURCE: Nielsen Media Research, Nielsen Report
on Television.]

1.6 Professional Athlete Salaries. In the Statistical Ab-
stract of the United States, 1999, average professional athletes’
salaries in baseball, basketball, and football were compiled
and compared for the years 1987 and 1997.



, ‘ Awnges:hry ($1000)
Sport : 1987 1997
Baseball (MLB) 412 1,337
Basketball (NBA) 440 2,200
Football (NFL) 203 725

1.7 Causes of Death. The U.S. National Center for Health
Statistics published the following rate estimates for the lead-
ing causes of death in 1997 in Vital Statistics of the United
States. The estimates are based on a 10% sampling of all
1997 U.S. death certificates. Rates are per 100,000 popula-
tion.

Major cardiovascular diseases | 352.2
‘Malignancies (cancers) 200.8
Chisai obstricive Pl :

diseases 413
Accidents jpzanhb 344

1.8 Drug Use. The U.S. Substance Abuse and Mental
Health Services Administration collects and publishes data
on drug use, by type of drug and age group, in National
Household Survey on Drug Abuse. The following table pro-
vides information for the years 1990 and 1997. The percent-
ages shown are estimates obtained from national samples.

L I

i 0 AR ) :‘4 YUAR " ST EIED A[.;:f T
1990 | 1997 | 1990 | 1997
205 | 309 | 54 | 51

10.5 0.9 07
5.7 04 04
96 04 08
09 — 02
a5 | 06 03
gio 19 2ok 02 1 0.1
R T e
49 07

1.9 Dow Jones Industrial Averages. The following table
provides the closing values of the Dow Jones Industrial Av-
erages as of the end of December for the years 1994-1999.
[SOURCE: Global Financial Data.]

1.1 Two Kinds of Statistics 9

Year | Closing value

1994 3,834.4
1995 5117.1
1996 6,448.3
1997 7,908.3
1998 9,1814

1999 11,497.1

1.10 The Music People Buy. Results of monthly telephone
surveys yielded the following percentage estimates of all
music expenditures. These statistics were published in
1998 Consumer Profile. [SOURCE: Recording Industry Asso-
ciation of America, Inc.]

Music Type | Expenditure (%)
Rock 25.7
Country 14.1
R&B 12.8
Pop 10.0
Rap 7
Oldies Gospel 6.3
Classical 3.3
Jazz 19
Soundtracks 1.7
New Age 0.6
Children’s 0.4
Other 13.5

Extending the Concepts and Skills

1.11 Organically Grown Produce. A Newsweek poll of
a sample of Americans revealed that “84% of those sur-
veyed would choose organically grown produce over pro-
duce grown using chemical fertilizers, pesticides, and her-
bicides.”

a. Is the statement in quotes an inferential or a descriptive
statement?

b. Based on the same information, what if the statement
had been “84% of Americans would choose organically
grown produce over produce grown using chemical fer-
tilizers, pesticides, and herbicides™?

1.12 Nuclear Weapons Test Ban. In a press release dated
September 24, 1997, dateline Washington, D.C., the Mell-
man Group for the Coalition to Reduce Nuclear Dangers
reported that “a new nationwide poll shows that 70.3% of
Americans think the U.S. Senate should approve a treaty
with 140 countries that would prohibit underground nu-
clear weapons explosions worldwide.”
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a. Do you think that the statement in the press release is
inferential or descriptive? Can you be sure?

b. Actually, the Mellman Group conducted an opinion sur-
vey of 800 adults and determined that 70.3% of them
thought that the U.S. Senate should approve a treaty with

1.2 THE TECHNOLOGY CENTER

140 countries to prohibit underground nuclear weapons
explosions worldwide. How would you rephrase the
statement in the press release to make clear that it is a
descriptive statement?

Today, programs for conducting statistical and data analyses are available in
dedicated statistical software packages, general-use spreadsheet software, and
graphing calculators. In this book, we discuss three of the most popular tech-
nologies for doing statistics: Minitab, Excel, and the TI-83 Plus.

For the most part, for Excel we use Data Desk/XL (DDXL) from Data De-
scription, Inc. This statistics add-in complements Excel’s standard statistics
capabilities; it is included on the WeissStats CD, which comes with your book.
Further details of Minitab, Excel, the TI-83 Plus, and other statistical technolo-
gies are provided in supplements written specifically to accompany this book.

At the end of appropriate sections of the book, in subsections titled The
Technology Center, we present and interpret output from the three technologies
mentioned. The output from each technology addresses problems that were
solved by hand earlier in the section. For this aspect of The Technology Center,
you need neither a computer nor a graphing calculator, nor do you need any
working knowledge of the technologies under discussion.

For those who want to learn how to obtain the output for one or more of
the three technologies, step-by-step instructions are presented in subsections
titled Obtaining the Output (Optional). When studying this material, you will
get the best results by using your computer or graphing calculator to perform
the steps described.

Each statistical technology has a slightly different method for data input
and output. At this point, you should spend some time learning the method
for each technology you want to study. The documentation or online help for
your technology gives you the necessary details. For Minitab, Excel, and the
TI-83 Plus, you can also find this information in the appropriate technology
supplement to this book.

1.3 SIMPLE RANDOM SAMPLING

Throughout this book, we present examples of organizations or people con-
ducting studies: A consumer group wants information about the gas mileage
of a particular make of car, 50 it performs mileage tests on a sample of such cars
and statistically analyzes the resulting data; or a teacher wants to know about
the comparative merits of two teaching methods, so she tests those methods
on two groups of students. This approach reflects a healthy attitude: To obtain
information about a subject of interest, plan and conduct a study.

However, the possibility always exists that a study being considered has
already been done. Repeating it would be a waste of time, energy, and money.
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Pflean ?
You can often avoid the effort and
expense of a study if someone else
has already done that study and
published the results.

1.3 Simple Random Sampling 11

Therefore, before a study is planned and conducted, a literature search should
be made. Doing so does not require going through all the books in the library
or making an extensive Internet search. Many information collection agencies
specialize in finding studies on specific topics in specific areas.

CENSUS, SAMPLING, AND EXPERIMENTATION

If information required is not already available from a previous study, you can
plan a new study to obtain the information. One method for acquiring informa-
tion is to conduct a census, that is, obtain information on the entire population
of interest. However, conducting a census is generally time consuming and
costly, frequently impractical, and sometimes impossible.

Two methods other than a census for obtaining information are sampling
and experimentation. In much of this book, we concentrate on sampling.
However, we introduce experimentation in Section 1.5, discuss it sporadically
throughout the text, and examine it in detail in the chapter Design of Experiments
and Analysis of Variance on the WeissStats CD accompanying this book or on
the Weiss Web site, www .aw.com/weiss.

If sampling is deemed appropriate, you must then decide how to select the
sample; that is, you must choose the method for obtaining a sample from the
population. In making that choice, keep in mind that the sample will be used
to draw conclusions about the entire population. Consequently, the sample
should be a representative sample, that s, it should reflect as closely as possible
the relevant characteristics of the population under consideration.

For instance, it would not make sense to use the average weight of a sample
of professional football players to make an inference about the average weight
of all adult males. Nor would it be reasonable to estimate the median income
of California residents by sampling the incomes of Beverly Hills residents.

To see what can happen when a sample is not representative, consider the
presidential election of 1936. Before the election, the Literary Digest magazine
conducted an opinion poll of the voting population. Its survey team asked a
sample of the voting population whether they would vote for Franklin D. Roo-
sevelt, the Democratic candidate, or for Alfred Landon, the Republican candi-
date.

Based on the results of the survey, the magazine predicted an easy win for
Landon. But when the actual election results were in, Roosevelt won by the
greatest landslide in the history of presidential elections! What happened?
Here are two reasons given for the failure of the poll.

e The sample was obtained from among people who owned a car or had a
telephone. In 1936, that group included only the more well-to-do people,
and historically such people tend to vote Republican.

e The response rate was low (less than 25% of those polled responded), and
there was a nonresponse bias (a disproportionate number of those who re-
sponded to the poll were Landon supporters).

Whatever the reason for the poll’s failure, the sample obtained by the Literary
Digest obviously was not representative.
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DEFINITION 1.4

Example 1.5

Most modern sampling procedures involve the use of probability sampling.
In probability sampling, a random device, such as tossing a coin or consulting
a table of random numbers, is used to decide which members of the population
will constitute the sample instead of leaving such decisions tohuman judgment.

The use of probability sampling may still yield a nonrepresentative sam-
ple. However, probability sampling eliminates unintentional selection bias
and permits the researcher to control the chance of obtaining a nonrepresenta-
tive sample. Furthermore, the use of probability sampling guarantees that the
techniques of inferential statistics can be applied. In this section and the next,
we will examine the most important probability-sampling methods.

SIMPLE RANDOM SAMPLING

The inferential techniques considered in this book are intended for use with
only one particular sampling procedure: simple random sampling, or just
random sampling, which yields a simple random sample. Simple random
sampling is the basic type of probability sampling and is also the foundation
for the more complex types of probability sampling.

Simple Random Sampling; Simple Random Sample

Simple random sampling: A sampling procedure for which each possible
sample of a given size is equally likely to be the one obtained.

Simple random sample: A sample obtained by simple random sampling.

There are two types of simple random sampling. One is simple random
sampling with replacement, whereby a member of the population can be
selected more than once; the other is simple random sampling without re-
placement, whereby a member of the population can be selected at most once.
Unless we specify otherwise, assume that simple random sampling is done without
replacement.

In Example 1.5, we chose a very small population—the five top Oklahoma
state officials—to illustrate simple random sampling. In practice, we would not
sample from such a small population but would instead take a census. Using
a small population here makes understanding the concept of simple random
sampling easier.

Simple Random Samples

TABLE 1.2
Five top Oklahoma state officials

Governor (G)
Lieutenant Governor (L)

‘Secretary of State (S)
Attorney General (A)
Treasurer (T)

Sampling Oklahoma State Officials As reported by The World Almanac,
the top five state officials of Oklahoma are as shown in Table 1.2. Consider

these five officials a population of interest.

a. List the possible samples (without replacement) of two officials from this
population of five officials.

b. Describe a method for obtaining a simple random sample of two officials
from this population of five officials.
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TABLE 1.3

The 10 possible samples of two officials

Gl \GS C AT

TE AT R

S, T X 4
TABLE 1.4

The five possible samples of four officials

G,L,S, A *&%'f
GLAT GSAT
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Example 1.6
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¢. For the sampling method described in part (b), what are the chances that
any particular sample of two officials will be the one selected?
d. Repeat parts (a)—(c) for samples of size 4.

For convenience, we use the letters in parentheses after the officials in Table 1.2
to represent them.

a. There are 10 possible samples of two officials from the population of five
officials, as listed in Table 1.3.

b. To obtain a simple random sample of size 2 we could first write the letters
that correspond to the five officials, G, L, S, A, and T, on separate pieces of
paper. Next, we could place the five slips of paper in a box and shake it.
Then, while blindfolded, we could pick two slips of paper.

¢. The sampling procedure described in part (b) ensures that we are taking
a simple random sample. Consequently, each of the possible samples of
two officials is equally likely to be the one selected. There are 10 possible
samples, so the chances are 35 (1 in 10) that any particular sample will be
the one selected. '

d. There are five possible samples of four officials from the population of five
officials, as listed in Table 1.4. In this case, a simple random sampling
procedure, such as picking four slips of paper out of a box, gives each
of the five possible samples in Table 1.4 a 1 in 5 chance of being the one
selected. *

RANDOM-NUMBER TABLES

Obtaining a simple random sample by picking slips of paper out of a box is
usually not practical, especially when the population to be sampled is large.
But there are several practical procedures to get simple random samples. One
common method is to use a table of random numbers—a table of randomly
chosen digits. In Example 1.6, we explain how a table of random numbers can
be used to obtain a simple random sample.

Random-Number Tables

Sampling Student Opinions Student questionnaires, known as “teacher
evaluations,” gained widespread use in the late 1960s and early 1970s. Gen-
erally, student evaluations of teachers are not done at final exam time. More
commonly, professors hand out evaluation forms a week or so before the final.

Thatpractice, however, poses several problems. Onsome days, less than 60%
of the students registered for a class may actually attend. Moreover, because
many of those who are present have preparations to make for other classes,
they often complete their teacher evaluation forms in a hurry so that they can
leave class early. A better method, therefore, might be to select a sample of stu-
dents from the class and interview them individually. In this kind of situation,
a simple random sample is appropriate.



