
This Preface is useful for explaining to both the reader and the instructor my objec-
tives in presenting the material in this text as I did. I begin by defining the intended
readership and the organization of the text. This leads to a discussion of the innova-
tions in the text and the reasons for including them. Next, I discuss the careful design
that underlies the Exercises; mere “numbers” are not enough. I then summarize the
required level of mathematical reasoning in the last section.

Because my objectives for the reader of this text differ from those in conventional
texts, some students may require guidance to use the text most effectively. This is es-
pecially true of the Exercises. Consequently, at the end of Chapter 1, I have provided
an “Addendum for the Reader,” which every student is strongly encouraged to read. 

The Intended Audience
This is intended as an introduction to statistical reasoning for undergraduates at the
sophomore level who have an inquiring mind. By this, I mean the type of student
who, if presented with a challenge, will attempt to respond and, if encouraged and
aided to do so, will enjoy experimenting with new ideas.

Because I am an economist who teaches in a faculty of arts and science department
as well as in a business school, my initial tendency was to use economic and business
examples. But I soon recognized in the early stages of teaching my course that students
were more interested in and receptive to examples to which they could relate personally.
Consequently, as my objective was to engage students’ minds, I decided that I had to
show them that “statistical reasoning” is everywhere, and that they could not escape
having to deal with statistical concepts. Statistical concepts were important in their per-
sonal lives, not just as a tool in their professional careers. The result is a book that is in-
tended for an audience much broader than what is traditionally regarded as “economics
and business.” The intended audience is restricted only by the inquisitiveness of the stu-
dent and the acceptance of innovation by the instructor. This book may be a challenge
for some undergraduates, but a little perseverance will be highly rewarded. However, it
is also true that the book’s approach and use of computers means that for such a student
learning statistics can actually be intellectually fun.

Later, I will discuss the level of mathematical reasoning this text involves, but first
I want to define the text’s objectives. The limited objective is to produce statistically
literate people who will have acquired enough background to be taught specific tools
in a work environment and who can read the popular press with new insight. By no
means do I think that two quarters of instruction, or even two semesters of statistics,
is enough to produce a “statistician”—someone able to work on his or her own within
any organization. Further, I suspect no other instructor does either. Consequently, the
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task that I set myself was to produce a book that would enable a student to gain suffi-
cient insight into statistical reasoning and practice to be able to understand the major
strengths and weaknesses of the statistical approach and to appreciate what it is that
statistical methods can and cannot achieve. In this connection and for the business
school student in particular, it is my objective to produce someone who has sufficient
theoretical background to be able to learn quickly and efficiently what specifically has
to be mastered within any organization. Firms, agencies, and nonprofits all want to
train their own people using their own methods. At the entry level, they are not hiring
Ph.D.’s in statistics. What is wanted in the real world is the ability to learn fast. This
text attempts to provide this facility in the context of statistical reasoning.

This perspective marks a substantial difference from the spirit that pervades many
contemporary texts. The contemporary view seems to be to give the student as exten-
sive an exposure to statistical procedures as possible, presumably with a view to pro-
viding someone who can enter a firm and begin applications immediately. But in one
semester, such an extensive exposure comes at the cost of the intensive margin; the
student gets a lot without much depth. The philosophy underlying this text is that
given a reasonable level of depth in the analysis, students can later acquire a much
more extensive, and even more intensive, exposure to statistics on their own, or in the
context of the work environment. This text is not intended to be an encyclopedia of
statistical techniques.

For the mathematically prepared student, the entire book can be covered comfort-
ably in one semester, with classes meeting for 1 hour and 15 minutes. Students who
are not well prepared mathematically also can complete the text (with the exception
of Chapters 12 and 14 and the sections labeled “For the Student Comfortable with
Calculus”) within this time frame.

Some words about pacing are useful. The first two chapters in particular are fairly
easy for students to grasp on their own; two lectures will suffice, and the instructor can
leave the details to the text. The next three chapters are more challenging but less so
than Chapters 6 on. The book is designed so that the pace begins easily but quickly
builds up. This is to help students build confidence in a course of study that has a repu-
tation for opacity and difficulty. During the earlier “easier” period, students should en-
sure they have mastery over the basic algebra that will be used intensively throughout
the remainder of the course; I use the first few “lab sessions” for this purpose.

The most challenging chapters that require the most time are Chapters 6 through 8
and 12. These chapters develop the basic theory, and students always have difficulty
in mastering theoretical concepts. Once these have been mastered the remainder can
be handled by students with equanimity, in part, because from their perspective the
later material is much more concerned with practical issues.

The Organization of This Text
The basic outline of the material covered in the text is simple. The text begins with
descriptive statistics. This beginning is motivated by the notion that given data that
are presumed to be acausal, either through ignorance of the model underlying the
data-generating mechanism, or because there are no causal links, one has to develop
new specific tools to analyze such a unique type of data. The first two parts of the text

xiv PREFACE



do far more than merely list descriptive statistics. Students will see by numerous ex-
amples that large numbers of repetitions of an experiment give rise to uniquely
shaped histograms. These insights are extended to bivariate data in Chapter 5. These
early chapters stress the importance of the shape of histograms and the connection be-
tween shape and the experiment generating the data. Including a discussion of the de-
scription of bivariate data so early in the course is unusual but is pedagogically
reasonable given my approach. Students are encouraged in the context of descriptive
statistics to extend the ideas of the previous chapters to bivariate data.

By this stage in the text, students will realize that observations on random data in-
volve regularities that are to be explained by some “theory of statistics,” and that these
regularities involve the shapes of bivariate histograms or scatter diagrams as well.

In Part Three, Probability theory is introduced as the theory of statistics and, more
precisely, as the theory of histograms. Distributions enable students to see in detail
the theoretical analysis underlying the idea of a probability distribution as an ana-
logue of sample histograms.

Chapter 9, Elementary Sampling Theory, opens Part Four and provides the bridge
between probability and distribution theory in Part Three and the observations dis-
cussed in Parts One and Two. The link between theory and observation culminates in
Chapters 10 and 11, on estimation and hypothesis testing, respectively. Part Five opens
with a discussion of the theory of regression in Chapter 13 and the analysis of variance
in Chapter 14; this discussion complements the purely descriptive analysis contained in
Chapter 5. Chapter 15 offers a retrospective on the major lessons of the text.

The Innovations in This Text
A basic feature of the style of exposition of this text is one of discovery for students.
Each new step poses new questions that require answers, and students are guided in
discovering the answers. Each new step provides a reasonable solution to a practical
problem; results are not presented as obiter dicta, or incidental observations, to be
remembered and not questioned. Consequently, the exposition explores the alterna-
tive solutions to a problem and then settles on a reasonable resolution as a useful
procedure until a better idea comes up. Statistical procedures are presented as practi-
cal attempts to solve practical problems—not as arbitrary rules to be blindly fol-
lowed by the uninitiated.

The approach taken in this text is process oriented, not fact oriented. For example,
I want students to be aware of the process of convergence, not just the existence of
such a property. I am more concerned that students have some intuitive feel for the
process involved in the central limit theorem than that they merely know of the exis-
tence of such a phenomenon.

One key feature is to get students to realize the unique aspects of statistical the-
ory. The first of the two most important aspects is that statistics per se dea1 with ran-
dom phenomena, phenomena which by their definition are not causally related. Such
phenomena are very different from all that students have been exposed to during
their prior academic careers. Statistics are in essence acausal. Keeping this fact
firmly in mind helps students to deal later in the text with the subtle issues of how to
use statistical analysis to evaluate scientific hypotheses. For example, knowing that
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statistics are acausal enables students to recognize that correlation is neither neces-
sary nor sufficient for causality. Causality can only have meaning in the context of
the theory of physical phenomena, or the theory of economic phenomena, or the the-
ory of political phenomena, and so on. 

Consequently, the text begins by considering data for which we have no expla-
nation at all; no model; and no ability to predict values, either from observing
other variables or from observing the past. Having no theory, no model, we are
forced to consider what we can learn from such phenomena. From performing cal-
culations of descriptive statistics and then observing the histograms of a large
number of observations on a variety of phenomena, or different experiments, stu-
dents learn pragmatically several lessons. They discover from the examples that for
continuous variables the histograms become smooth; that the same experiment re-
peated gives rise to the same shape of histogram, or relative frequency distribution
for discrete data; and that different experiments give rise to different shapes of his-
tograms, or relative frequency plots. A wide variety of examples of distributions
are presented. In each case, the observed shape of a distribution is linked to the
conditions of the experiment that generated it. And this is, of course, the key to
statistical analysis. Students, having begun with the idea that when observing ran-
dom data there was nothing to explain, now see that there are a lot of regularities
and that a theory is needed to explain them. The stage is set for the development of
probability theory and the derivation of density functions that is to come in the
second part of the text.

Within the first two parts of the text, the first four moments play a substantial role
in formalizing the ideas of the shape of a histogram and a distribution function. The
focus is on enabling students to relate the shape of histograms to the values of stan-
dardized moments. Thus, students should be able to provide a reasonable guess as to
the values of the first four moments from observing a smooth histogram and, in turn,
provide a reasonable approximation of a smooth histogram from a given set of mo-
ments. This experience in calculating the first four sample moments and in interpret-
ing the results provides a natural introduction to the analysis of distributions that is to
come in the theoretical part of the text.

In Chapter 5, I introduce bivariate data and correlation as a descriptive measure
of linear “association.” The correlation coefficient is developed as the “first cross
product moment,” and as such is a natural extension of the moments discussed in
Chapter 4. Further, the correlation coefficient is another measure of shape, in this
case of the distribution of bivariate data. This material provides the summary statis-
tics explained by the theory developed later in the text. The analogy between the
development of descriptive bivariate statistics and the descriptive statistics devel-
oped in prior chapters is strongly emphasized; this analogy continues to apply to the
corresponding development of the theory in the chapters on bivariate distributions,
ANOVA, and regression.

All distributions are derived while emphasizing the relationship between experi-
ment and the shape of the distribution. These results mirror the observed empirical
results from Chapter 3. Students are led through “labs” that enable them to experi-
ment with generating alternative distributions and comparing outcomes to sample
histograms. After deriving the theoretical moments of a probability distribution and
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relating them to the parameters of the distribution, students will perceive a triangle
involving, for a given distributional class, the shape of the distribution, the parame-
ters, and the four moments. This analysis provides a clear link between the lessons
learned in Part Two on sample moments and the later chapters on inference in Part
Four. In Chapter 7, I introduce expectation as a generalization of the calculation of
theoretical moments and explore many of its interesting properties.

Chapter 9, Elementary Sampling Theory, provides the essential link between the
theory developed in Part Three and the actual observations discussed in Parts One and
Two. Sampling theory is the mechanism by which theory is used to provide the nece-
sary interpretation of observed data, and it provides the rationale for the inferences
drawn in Chapters 10 and 11 on estimation and hypotheses testing, respectively. 

Chapters 10 and 11 focus on the properties of estimators and the principles of hy-
pothesis testing. These chapters contain a few unique features. One, for example, is to
discuss why the 10%, 5%, and 1% test sizes in tables were chosen in the first place
and that with modern computers we do not need to be bound by such conventions.
Indeed, this text contains no formal tables, except as examples, because all the infor-
mation normally contained in the numerous tables can more easily be obtained from
computer algorithms. Another unique subject is the trade-off between Type I and II
errors and the role of one’s preferences in making these decisions. Experiments en-
able readers on their own to observe the relationship between the size of a hypothe-
sized difference, the sample size, the chosen � level, the power, and the size of the
error variance in formulating hypotheses tests.

Chapters 13 and 14, which discuss regression and ANOVA, respectively, are pref-
aced by a unique discussion on the generation of bivariate and conditional distribu-
tions in Chapter 12. Conditional probability is given a lot of weight because it
provides the basis for the theory of regression and ANOVA. The insights provided in
Chapter 12 facilitate understanding the principles of regression and the nebulous con-
nection between regression and causality. It is at this stage that the more conventional
view of statistics as a way of modeling “models observed with error” comes to the
forefront. The role of the model in the analysis and the effect it has on drawing infer-
ences from the data are emphasized. At this stage, students can begin to appreciate
through simple examples the intimate interaction between probability theory and the
formulation of scientific models.

The last chapter, “Retrospective,” is novel. Its objective is to review in broad terms
the basic concepts of the text and to readdress the issues raised in the first two chap-
ters concerning the role of statistics in decision making, policy implementation, and
science. Chapter 15 attempts to enable students to begin to appreciate the enormous
gains in understanding that derive from applying the theory of statistics to observa-
tions of data. Interpretation is the key to understanding, and interpretation comes from
our mastery of the underlying principles of inference. 

A single case study is carried throughout the text; every chapter contains a refer-
ence to the case study and indicates how the contents of the chapter relate to the prob-
lem posed. I hope by this device to provide for students a motivating example, a
unifying framework, and the ability to observe within a single context the develop-
ment of the tools discussed in the text. This device also will enable students to ob-
serve the growth in their knowledge and understanding.
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The Roles of the Exercises
The Exercises play several distinct roles in this text. Much material, useful insights,
and interesting applications are in these exercises. If you do not see a favorite proce-
dure in the main body of the text, look in the index and you may well find it in one of
the exercise problems. The Exercises challenge better prepared students, leading them
to investigate developments of the material and examine the ideas with greater rigor.

Learning is facilitated by including worked examples in the Exercises. Each worked
example is headed by a statement of its objective. These exercises extend and illustrate
the material and enable students to experiment on their own. Statistics can only be
learned through doing and examining the repetition of exercises that exemplify sto-
chastic variation in all its forms. This is achieved in a seamless manner in this text.

The exercises contain a far greater number of worked examples than is customary.
These worked examples provide students with a detailed set of instructions for carrying
out a procedure; a set of examples for answering the various types of questions nor-
mally placed in the text; and the tools for enabling them to experiment with the con-
cepts. When assigning exercises, look for the nearest worked example that will provide
a “blueprint” for doing the exercise that you have assigned. Routinely assigning the
worked examples is a good practice; there is much to be learned in them. In Section l.7,
I have instructed students to pay particular attention to the worked examples. Indeed, if
no other exercises are done, these should be. The benefits from working through them
cannot be exaggerated. In this connection, the instructor is recommended to bring
Section 1.7 to his or her students’ attention, because it will aid their study efforts dra-
matically; my own students declare that it is “a must read again and again” section.

The exercises attached to each chapter are in three sections: Calculation Practice,
Exploring the Tools, and Applications. Each section provides training in a different skill. 

Calculation Practice
The first section, “Calculation Practice,” contains problems designed to give students
manipulative skills and facility in calculation. The initial exercises in this first set in-
volve very simple numbers so that students can easily carry out the calculations by
hand. It is only after gaining some feel for the calculations that the exercises move to
using the computer and more “realistic” numbers. The idea is that to understand what
is involved in statistical calculations students must have some manipulative practice
themselves before they can understand what the computer is doing when used with
more realistic data.

The numbers are kept very simple at first, so that “arithmetic” is no barrier to un-
derstanding the objective. The computer is next introduced with easy-to-use menu
commands to facilitate using more realistic numbers. The next stage for more compli-
cated formulae, such as that for the correlation coefficient, is to pull together the indi-
vidual terms in the correlation coefficient “by hand.” This is done before allowing
students to use a packaged computer routine and then not until they have verified that
the packaged routine does indeed produce the same numerical result as their own cal-
culations.

The text contains an easy-to-use program on a CD that is a simplified student ver-
sion of S-Plus. S-Plus comes with a series of laboratory routines as well as a fully de-
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veloped statistical analysis package with extensive graphing capabilities. Almost all of
the calculations, graphing, and routines needed by students can be accessed through a
menu-driven GUI interface. S-Plus has been chosen as the main vehicle for using the
computer to carry out the calculations because it provides excellent graphics; students
can generate their own distributions and histograms; and they can be taught very eas-
ily how to use only those tools that are needed at the moment that they are needed.
Some summary instructions for using S-Plus are contained in Appendix B.

That I chose to use S-Plus as the vehicle for the programming should be irrelevant
to the instructor and the student. I have set up the computer procedures so that readers
can quickly and effortlessly carry out the exercises with a minimum of instruction. In
no sense must students spend time “learning some computer program” that they may
never see again, even though S-Plus is a superb tool for the professional statistician as
well as for the neophyte.

I have tried to prevent the use of the computer being a barrier to understanding and
a source of both complexity and frustration, as is so often the case. I also wanted to
make sure that if students perform any calculation exactly as I have done, they are
guaranteed to obtain precisely the same result as that indicated in the text. I have re-
stricted the use of the available algorithms to a very limited set because I am reluctant
to expose students to the use of packaged computer programs to perform complex op-
erations, such as regression analysis or ANOVA, until they have done it by hand a few
times. Black boxes of any type are to be avoided because they lead the student into
mindless manipulations of data with no intuition for what is involved. The manner in
which the computer algorithmns have been implemented means that neither the in-
structor nor the student need be aware of what the underlying routines are; the com-
puter has become an extension of the student’s analysis and merely provides shortcuts
to tedious routine calculations, each of which is thoroughly understood.

Exploring the Tools
The second set of questions, “Exploring the Tools,” is designed to help students explore
the properties and limitations of the statistical tools learned in each chapter. For example,
students should acquire a feel for the effect from adding or deleting variable values on
the calculation of sample moments or for when the distribution of values is special. This
is the section in which the student is encouraged to experiment in trying to gain a deeper
understanding of the concepts. “Labs” here provide an exceptional introduction to ran-
dom variation and statistical analysis. Every distribution, statistic, and test discussed in
the text can be simulated and its statistical properties examined by computer.

My intent is to provide a vehicle for engaging students’ interest and enabling them
to develop insight into statistical concepts. As it will be very easy for students to ex-
periment with the labs on their own, I am confident that this is what they will do.

Applications
The last section of questions, “Applications,” provides students with applications of the
tools. There are some unique features here as well. For example, greater stress is placed
in this section on the formulation of the problem, the questions that have to be answered
to proceed with the analysis. Most of the questions concentrate on the interpretation of
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the results obtained from the statistical procedures, rather than the mere mechanical ap-
plication of the procedures.

In large part, the questions posed here address the issues normally ignored, or as-
sumed away, in the standard textbook question, which often restricts its attention to
the mechanics of substituting numbers into formulae and reducing the resulting ex-
pression. The guiding principle in this text is something like “If you were employed
as a statistician for a firm, or an agency, what sort of questions would your boss pose
to you?” Most such questions would state the problem and ask what data we need to
solve it and how we proceed. The real question is, “What is the statistical question?”
To enhance this questioning attitude, questions are sometimes asked in the later chap-
ters that do not require use of any of the tools in the current chapter; the idea is to en-
courage the student to think about the problem before writing down a formula.

Finally, the remaining exercises in the “Applications” section relate to the case study dis-
cussed at the end of every chapter. Students should be able to see the relevance of the chap-
ter’s contents to the case study and, by concentrating on a single case study throughout the
text, recognize the context and the links to the concepts presented in other chapters.
Students will quickly begin to perceive the growth in their knowledge of statistical thinking.

Why I Wrote the Text This Way
My reasons for developing the text in this way arose out of my frustration in observing
the teaching of statistics with seemingly little long-term impact, even for students who
obtained good grades. Examining the issue, I discovered that most students studied sta-
tistics by engaging in a sophisticated form of memorization; that is, they would memo-
rize the formulae and create rules of thumb for the insertion of the formulae into word
problems. This enabled them to earn a good grade in most statistics classes and with-
out understanding very much at all. Within six weeks of the end of the course, the for-
mulae are forgotten and the whole exercise has been a waste of everyone’s time.
Statistics is not the only discipline that tends to be taught in this manner for the non-
major; much of mathematics is taught in the same way and with equally depressing re-
sults. For example, I have run experiments for years on the mathematical knowledge of
students and found that while they can instantaneously shout out the formulae for com-
mon derivatives and integrals, the simplest problem defeats them if not put into the
context that they had in their mathematics class.

I feel that many modern statistical texts encourage memorization and treat “the
study of statistics” as a sequence of cookbook recipes. I appreciate the fact that for
many instructors their chosen approach to teaching statistics is to provide a series of
statistical recipes. The argument is that an introductory undergraduate course cannot
do anything else because the students have neither the knowledge nor the skills to fol-
low a more insightful course. Although I can appreciate the concerns and constraints
of such instructors, whose constraints often include the stricture to “cover regression
analysis at any cost,” I believe that such an approach is ultimately neither challenging
to the student nor rewarding to the instructor. The alternative approach is to be pre-
pared to cover less material but to cover the material that is included more intensively.

This text is for those instructors who have been looking for a text that tries to stress
the understanding of the basics and the development of “statistical intuition.” This is a
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text for the instructor who is willing to give up covering a long list of “applied topics” in
exchange for a greater appreciation by students of the elementary ideas and the funda-
mental logic underlying all the applications that they are ever likely to meet. Although it
is true that in using a text of this type fewer applications will be covered, I trust that what
is covered will be more intuitively appealing to students. I am hopeful that students will
be encouraged not to memorize undigested formulae as the only way to pass statistics
tests but to recognize that the material can be understood, and that there is a logical and
understandable explanation for everything that is done.

A very simple example will illustrate my intent and explain an aspect of the text’s
organizational structure. In most texts, one statistic that is presented very early is the
sample variance, s2. Before s2, the mean has been presented and, if other moments
are mentioned later, they will be defined in terms of division by sample size, n, not
(n − 1). The student is sometimes told, he “will learn the reason for this exception
later,” or there is a footnote to the effect that the problem has something to do with
“degrees of freedom.” But most students are unlikely to understand these comments.
Here is yet another “mysterious formula” that has to be memorized, because its logic
escapes the student.

In this text I take a different approach. Although I am developing sample moments
as measures of properties of histograms, the second moment is no exception to the
general rule of moments; m2(x) is defined by division by n, just as is the case for the
first and all other moments. The pattern makes sense; there are no strange exceptions.
But, when I get to Section 7.5 on expectations where the student learns that m2(x) is
biased for σ 2, it is not only appropriate at that time to tell students about s2, they can
discover it for themselves.

The Mathematics Requirements for the Text
The formal mathematics required in the text are a little beyond basic algebra to begin
and build from there. Calculus concepts are used, but little in the way of formalism.
The intent is to build intuition about the relevant concepts, even without a careful ex-
planation of the subtleties of mathematical analysis. I start with easy material and
provide students with the facility to improve their manipulative skills. As students
proceed through the text and gain confidence in their ability to handle the mathemati-
cal concepts and tools, the requirements are raised. To avoid letting students fall into
the mindless manipulation of symbols without understanding, developing intuition
into the mathematics used is stressed. Little is required beyond what a student should
have on entering a first calculus course, and certainly no more than would be known
by the end of a first calculus course. Currently, most students in economics or busi-
ness statistics courses have had at least one calculus course.

The manner in which the mathematics are developed in the text reflects my obser-
vation that for the vast majority of students the weak link is algebra. ln short, students
have relatively less difficulty with calculus concepts than they do with algebraic con-
cepts and procedures. Consequently, I have spent some considerable space in the text
on the development of the algebraic tools that are needed and relatively less on the re-
view of calculus concepts. Those with a strong mathematics background might feel
that the text is too easy in the beginning relative to the level at which it ends. However,
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given the uneven nature of students’ preparation—that is, too little familiarity with al-
gebra—this is not so. 

All the mathematics used in the text are explained in Appendix A. Exercises are
provided on all the material both in the Exercises at the end of each chapter and in
Appendix A. The introduction starts at a low level that should be easy for all students,
although “� notation” seems to be a perennial difficulty. Further, there may be gaps
in a particular student’s training, so that beginning slowly with a comprehensive re-
view should be an encouraging introduction. In addition, by beginning slowly, those
who are likely to be mathematically challenged by the later portions of the text will
have had the opportunity to gain some confidence before tackling the tougher sec-
tions. The material builds throughout the text in complexity to include basic ideas of
continuity, limit, differentiation, and integral, mainly as the concept of the “area under
a curve.” Little formalism is invoked but intuition is stressed.

The rationale for this approach is that the material to be taught necessitates some
calculus intuition. Some understanding of the concepts of limits, continuity, differen-
tiability, and integration are essential for students to grasp the idea of a density func-
tion, the relationship between the density function and the probability function, the
meaning of expectation, and so on. However, in contrast to some approaches to the
study of statistics, this material can be made intelligible without a heavy reliance on
“full mathematical rigor.” If the student goes on to study statistics more seriously and
therefore in greater depth, then at that time there will be a need for enhanced rigor.
However, I believe that such a student will proceed much faster and with less diffi-
culty in a more mathematically demanding course, having already obtained the basic
insights that I try to inculcate in this text.
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