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The Usefulness of Statistics

In this text, I have used a variety of practical situations to demonstrate the wide-
ranging applications of statistics and to convey the value of statistics for students in
their future employment. Statistics plays a very important role in almost every aspect
of society. For example, medical studies are invariably based on statistical methods.
Environmental determinations and risk assessments rely heavily on the use of statis-
tics, as do economic forecasts. Japanese companies have honed data collection to an
art and skillfully applied statistics to increase the quality of their manufactured
products. This has been a major contributing factor in Japan’s enviable position in the
world marketplace. These are but a few examples of the usefulness of statistics and
the benefits that it provides to virtually all professions.

Areas of Applications

To illustrate the usefulness of statistics, I have used actual applications in such diverse
fields as agriculture, biology, business, economics, education, engineering, envi-
ronmentally conscious manufacturing, genetics, home economics, medicine, phar-
macology, physical education, physiology, psychology, sports, and sociology. Many of
these applications are based on my consulting experiences or influenced by them.

Structure of the Text

A Data-Based Approach to Statistics, Concise Version, offers a flexible one-term first
course in statistics. The diagram that accompanies this preface illustrates the basic
structure of the text. The first nine chapters are referred to as basic core chapters,
which would usually be covered in all courses. These nine chapters are grouped into
three areas: data skills, probability and distributions, and estimation and hypothesis
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Preface vii

testing. These chapters can be supplemented by any combination of material from
the last four chapters, which cover analysis of enumerative data, correlation and
regression, and experimental design.

In the accompanying diagram, a dotted box is used to identify nonparametric
techniques, which appear in several chapters. The parametric and nonparametric
procedures are presented side-by-side to provide immediate access to the appropriate
nonparametric analog when the parametric assumptions are not satisfied. This for-
mat is one of convenience. The instructor need not feel obligated to take the time to
cover these sections. Any of the nonparametric topics can be omitted without loss of
continuity, for a completely traditional course. The text is divided into 45 approxi-
mately lesson-sized sections.

The Approach

Each section starts with a realistic Data Setting that is used to illustrate the need for
the methods that are introduced. The Data Setting and other examples are then used
to demonstrate the methods presented in the section. Throughout the text, students
are encouraged to use graphical displays to help understand the information con-
tained in the sample data. These displays serve as a check on the reasonableness of
the assumptions and as a basis for preliminary inferences, prior to the presentation
of formal statistical methods.

Use of Computer Software

The development of statistical software such as Minitab®, Execustat®™, SYSTAT®, and
SAS® (among many others), and the availability of personal computers, has elimi-
nated most of the computational burden (including graphical displays). Throughout
this text, computer output has been heavily incorporated— primarily from Minitab,
SYSTAT, and Execustat.

Data Disk

To facilitate use of the computer, a data disk accompanies this text. This disk
contains 236 files that correspond to all data sets that appear in either figures or
exercises. The files are easily accessed by figure or exercise number (see the
README file on the disk) and are given in Minitab, SYSTAT, Execustat, and ASCII
formats. The variable names are given in all but the ASCII files. Also provided on
the disk are Minitab and SYSTAT macros, for ease in performing the Lilliefors test
for normality.

Exercises

I have selected exercises that further emphasize actual applications. These exercises
often lend themselves to classroom discussion (as do the Data Settings). Each section
concludes with a set of exercises, and each chapter concludes with a set of review



DPY NOT FOR SALE  INSTRUCTOR’S REVIEW COPY NOT FOR SALE  INSTRUCTOR’S REVIEW COPY NOT F(
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exercises. The exercises within a set are usually structured from easy to more sophis-
ticated. Most exercise sets contain some exercises with computer output and some
without. When the computer output is given, it serves two purposes. First, it provides
the student with practice in interpreting computer output without actually using the
computer. Second, it serves as a check for the student’s own use of software. When
the output is not given, the student is encouraged to use computer software to analyze
the data. The latter exercises allow students to analyze the data on their own—as in
actual applications.

Computer Lab

As the preceding discussion indicates, the format used in the exercises makes it easy
to use the text in conjunction with a computer lab. The use of computer software is
encouraged throughout. Exercises that specifically ask the student to use computer
software have been marked with a special symbol: =. Figures in the text that contain
computer output often show the corresponding computer instructions. Each chapter
concludes with a set of Minitab instructions related to the topics in the chapter. A
brief introduction to Minitab is given in the instructor’s manual and in the student
answer book.
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To the Student

Have you ever wondered why some people are more successful than others, or
perhaps why some long-established businesses suddenly fall on hard times? There
are many possible answers to these questions, but success is often closely linked to the
ability to obtain information, process it, and make decisions accordingly. Life is
much like this. When you were young, you probably touched something hot and
burned your finger (you obtained some information). Your finger hurt (you processed
the information), and then you decided to avoid touching hot things (you made a
decision). As we get older, situations become more complex, requiring us to gather
and process more information before making decisions.

Information gathering requires careful planning and processing if the informa-
tion is to be of assistance in intelligent decision making. This text was designed to help
you learn how to gather information, process it, and make decisions. Numerous
real-life situations are used to illustrate the entire process.

Information gathering often involves data in various forms. Statistics is a broad
discipline that is concerned with methods for collecting and processing data and
subsequently making defensible decisions. A Data-Based Approach to Statistics,
Concise Version, contains insights from my experiences as a consultant in engineer-
ing applications, environmental issues, risk assessment, and pharmaceuticals (among
other areas), to make clear that statistics can become a useful tool for you. I hope that
this text will help you perceive the value of statistics in your life and career and that
you will often take the opportunity to use it as a ready reference.

R.L.L
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GOOD DATA SI(II.I.S A l(ey to Success in Your Career
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Many students taking statistics for the first time do not realize how good data skills
will make them more effective in their careers. The need for such skills is often not
recognized until situations arise on the job. As you proceed through this text, keep the
following statement in mind.

Having good data skill summarizing, displaying, and
interpreting data—will serve you well throughout your career.

Data, when properly collected, analyzed, displayed, and interpreted, help make
you an intelligent decision maker. Such a person will succeed where others fail. This
text will help you acquire the data skills you need.

Many people think of data simply as numbers. The dictionary definition of data
provides a broader view:

data (plural) things known or assumed; facts or figures from which
conclusions can be inferred; information

The essence of this definition is that data contain information that assists decision
making.

The following example illustrates how decisions are commonly made on the basis
of casual observations.

While waiting for a traffic light to change you observed that
25 of the 40 cars passing through the intersection were Japanese-made. On the basis of this
observation, you tell a friend that most of the cars on the road today are Japanese. Your
statement is clearly based on data you have collected. However, do your data represent a
passive observation on your part? Or were they collected as part of a specific plan designed
to answer questions about the percentage of Japanese cars on the road? If not, your data
may not contain sufficient information to answer specific questions, because of how the data
were collected. Therefore, your data do not have much value in making a decision about the
percentage of Japanese cars on the road.

The Subject of Statistics

The field of statistics is broad, but it often centers on the collection of information-laden
data and the methods that can be used to analyze them. That is, statistics is the discipline
that enables you to acquire good data skills.
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Data Skills

Statistics is a broad discipline that includes data analysis. It is concerned with
methods for collecting, organizing, summarizing, presenting, and analyzing data,
as well as making valid conclusions about the characteristics of the sources from
which the data were obtained.

Thus, statistics is intimately involved with data analysis. The types of analyses
that can be performed are quite diverse, and they require statistical methods that are
equally diverse. The statistical methods presented in this text have been selected on the
basis of their proven usefulness in application after application.

Each section in this book begins with a Data Setting. These Data Settings illustrate
a variety of actual situations in which data have a central role and show how you can use
data to make intelligent decisions. This text will cover many of the statistical applications
that you are most likely to encounter in your work, in your own projects, and in reports
written by colleagues in your field.

The title of this text, A Data-Based Approach to Statistics, was chosen partly to
emphasize the close link between data and the subject of statistics. It is written in a
user-friendly manner, which will allow you to refer to it in the future when the need
arises. The data settings are realistic and have been chosen to make the explanations of
the methods easier to understand. Great effort has been taken to make the subject of
statistics understandable without sacrificing the accuracy and correctness of the material.

Will You Ever Need to Use Statistics?

The following examples illustrate how some recent college graduates have discovered
the need for good data skills.

A biology teacher: There was one aspect of grading that I hadn’t given any thought.
After I gave my first test, it occurred to me that the students in the class would expect
some kind of summarization or display of the test scores to see how they had performed
relative to the rest of the class. Although I had been on the receiving end of test scores
for many years, I didn’t know how to prepare a summary for my class.

A marketing analyst for a pharmaceutical firm: My company had just received
approval for a new drug used in the treatment of patients with high blood pressure. I was
given sales information on the market share held by our competitors. My instructions
were to prepare a display of the information and present it at a briefing for regional
sales managers, who were coming to the home office for a meeting the next week. I
wasn’t sure how to prepare a display of the information so it could be understood by the
managers.

An accountant with an auditing firm:  On my first assignment, I was a member of an
auditing team that had been hired to perform an audit of a real estate firm. My supervisor
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told me to select a sample of the sales of small businesses made by the company in the
past year. I had gone into the audit prepared to examine whatever accounts were given
to me. I didn’t realize that I would be the one to select the accounts, and I didn’t know
how to go about selecting a sample that I could defend as reasonable.

A registered nurse: I was assigned to a post-operative ward for kidney transplant
patients. The vital signs of these patients have to be monitored continuously after
surgery. I recorded their temperature, blood pressure, and pulse rate every 15 minutes.
The transplant surgeon wanted all this information displayed on a single chart that could
be easily read to monitor the patient’s condition. I thought that just writing down the
readings would be enough, and I didn’t know how to make a chart to display all the
information the surgeon wanted to see.

An electrical engineer: 1 was assigned to work on a new, environmentally safe, no-
clean soldering process used to produce printed wiring boards for personal computers.
This project appealed to my environmental conscience, because the old process required
the use of ozone-depleting chemicals to clean the boards after soldering. My job was to
find the proper machine settings to produce boards with the fewest possible soldering
defects. I was told that the preheat temperature and the time in the soldering pot were
very important factors influencing the number of soldering defects found on the board.
The preheat temperature could be either low or high, and the soldering time could be
short or long. In addition, production had to be interrupted when anyone wanted to
experiment with the soldering machine. My supervisor told me that I could use the
machine on four different nights, with a technician available to adjust the machine one
time for the night’s experiment. I didn’t know how to gather useful information that I
would be able to explain and defend.

These people’s experiences are typical of job-related situations that require good
data skills—that is, skills in gathering, summarizing, displaying, and interpreting data
in various forms. These individuals do not need to be trained statisticians; they just need
basic data skills to help them perform their jobs effectively.

This is a good time for you to assess your present skill level. Before reading
further, take time to prepare a short summary of ways in which these individuals could
deal with the problems they encountered in their new jobs. It may be helpful to think
of yourself as their immediate supervisor, to whom they have turned for advice. Be
prepared to present your ideas in class. There are no right or wrong answers for this
task; let your imagination be your guide.



