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We all use statistical thinking—the calculation of likelihoods or probabilities—
as we go about our daily lives. The simple decision about whether to carry an
umbrella involves estimating the likelihood of rain. Probabilities come into
play when one makes important life decisions such as whether to marry, take
a job, invest in a stock, or change lanes in traffic. Even a moderate amount of
statistical expertise in the workplace provides an employee with a competitive
advantage. For students in scientific fields, statistical thinking is an essential
ingredient for a clear understanding of the natural world, the social order, and
human Behavior. On a lighter note, statistical thinking underlies games of
chance; just as gaming and gambling are fun, statistics is fun.

Unfortunately, students do not always appreciate how much fun a statis-
tics course can be. Social science majors typically have a limited background
in mathematics and resent being forced to take this required course. Some
statistics texts disregard this fact by presenting complex formulas and thus
cause unnecessary math anxiety. Other texts are “dumbed down” to reduce
math anxiety, but usually by sacrificing basic statistical principles. This text at-
tempts to teach the difficult concepts of statistics without sacrificing es-
sential mathematics and calculations. However, it is designed to convince
students that mathematics is only a tool for—not the essence of—learning
statistics.

[ learned that statistics can be taught thoroughly without overemphasiz-
ing mathematics when I had the great fortune of working as a graduate stu-
dent assistant with Daniel O. Price, to whom this text is dedicated. His enthu-
siasm for the subject, along with his clear explanations of logical processes,
caused me to fall in love with the subject matter. Like Dan, I have strived in
over 20 years of teaching statistics to develop techniques to share this enthusi-
asm with students. In particular, I have targeted several conceptual hurdles
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with the idea of easing students past them. The course design of this text fol-
lows four basic principles:

« Statistics is not about mathematics. Instead, it is a learned way of
thinking about things.

« Early assignments should be designed to build students’ confidence.

+ Mastery of the basic elements of statistical reasoning facilitates mastery
of the more complex elements; therefore, the learning process is a
cumulative one.

« Statistics is learned by doing. There will be many assignments, but the
subject matter is inherently interesting and enjoyable. Whistle while you
work.

Let me describe these principles in a little more detail. The first is that sta-
tistics is not about mathematics per se but about proportional thinking: the vi-
sualization of a part to a whole. This view on reality I call the statistical imagi-
nation. This concept parallels C. Wright Mills’s idea of the sociological
imagination, which defines the relationship of the individual to the larger soci-
ety. Similarly, the statistical imagination calls for viewing data in a number of
larger contexts. First, observations of individual behavior are viewed within
the context of the larger social structure. Second, conclusions about a large
population of subjects based on a sample of those subjects are viewed as only
one of many sets of conclusions, because a second sample will produce
slightly different results. Third, interpretations of statistical data must take
into account practical circumstances and cultural realities that provide the es-
sential meaning of the numbers.

The second principle of this text is that the course design should allow stu-
dents to succeed early on in building confidence and allaying fear of failure.
Thus, in the very first pages of the text simple but essential statistical calcula-
tions of fractions, proportions, and percentages are introduced. These calcula-
tions are presented as ways to quantify proportional thinking, reinforcing the
idea that mathematics is only a tool for—not the essence of—learning statis-
tics. Moreover, statistical abstractions that appear as hurdles to many students
(for example, the standard deviation, standardized scores, sampling error, and
sampling distributions) are given plenty of attention. The theme of error con-
trol is emphasized to convey the importance of diligence in statistical work
and to encourage students to develop a sense of competence.

The third principle is that for students to grasp the logic of inferential sta-
tistics and hypothesis testing successfully, the basic elements of the testing
procedure must be well mastered. Part of this objective is achieved through
text design. Lots of coverage is given to working with areas under a bell-
shaped graphical curve called the normal distribution curve. Considerable
time is allowed for actually producing sampling distributions: descriptions of
the outcomes that occur when, say, 10 coins are repeatedly tossed or samples
of beans are repeatedly drawn from a boxful. Through actual repeated sam-
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pling, students learn that the statistics of any single sample are only one set of
many possible estimates for the larger group from which the sample came.
This hands-on approach will demystify this concept, which is at the core of
statistical reasoning. Students learn that sampling distributions are real, not
abstract, conjectures. The text also presents the logic of hypothesis testing in
six steps, one of which requires drawing sampling distribution curves. This at-
tention to detail fosters proportional thinking. The other part of the objective
of mastering basic ideas is that students must apply themselves and keep up
with course material and assignments.

The fourth principle is related to the previous ones: Statistics is learned
by doing. Each chapter has pencil and paper questions and exercises that en-
courage the proportional thinking that underlies statistical analysis. For
classes using computers, the Computer Applications for The Statistical Imagina-
tion compact disk provides SPSS for Windows software, chapter exercises, de-
tailed illustrations on interpretating output, and a variety of data sets chosen
to stimulate interest as well as expose students to real-world research. The
disk has a point and click design that requires no prior experience in the use of
computers. .

To the Student

Through years of teaching statistics I have learned that students must be will-
ing to work and keep up with this course. Attention to and success with early
assignments make later, more abstract assignments much easier to grasp. Suc-
ceeding in a statistics course is much like an airliner taking off. A great deal of
energy is used reaching altitude (Chapters 1 through 9), but then the plane can
cruise the rest of the way (Chapters 10 through 16). This text is designed for
early success to allay students’ fears and reveal how enjoyable and interesting
the subject is. Even an average student who is willing to put in the time and
effort can earn an A in this course and have fun doing it. To borrow a line from
a Walt Disney animated movie tune, a successful attitude for this course is
“whistle while you work.”

If you fear that this course will doom you because of your perceived
weaknesses in math, put those fears aside. The course starts with simple calcu-
lations and builds on them. If you work hard and keep up, the math will not
be an issue. Start by reviewing the basic mathematical procedures in Appen-
dix A. Here are some study guides:

* Organize your study notes, assignments, returned papers, and the like,
in a three-ring binder. This allows you to insert corrected materials and
returned papers in their proper place and makes exam preparation
highly efficient.

* Use proper reading technique. That is, look over a chapter for 20 to 30
minutes before reading it in detail. Read chapters before they are
presented in class.
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« Never miss a class or lab session. The material in this course is
cumulative. Everything learned early on is applied in later chapters.
Each chapter is a link in a chain, and a chain is only as strong as its
weakest link. Keep up and this course is fun. Get behind and it becomes
unnecessarily troublesome.

» In this course, do not be afraid to give back what is in the book.
Complete sample exercises are provided for all procedures, and there is
a summary of formulas at the end of each chapter. Exercises and tables
distinguish between “givens” (information provided by a research
problem) and “calculations” (what must be done to complete the
problem). Follow the form of these exercises and “show the work” as
well as the answer. In fact, answers to some of the problems are
provided in Appendix C so that you may check your progress at home.
A lifeless computer also can generate answers. Proper interpretation of
the answer is what is important, and detailed work is necessary for
learning the logic behind a procedure.

* Turn in work on time. Go over returned assignments and correct them
immediately.

* Ask for assistance when needed. There is no such thing as a stupid
question in this course, but failing to ask is stupid.

* Accept the fact that this course is fun. Concentrated effort will be
rewarded not only in terms of earning a grade but also in terms of
learning valuable job skills.

To the Instructor

This course is designed to cover basic elements of hypothesis testing in such a
way that when inferential statistics are approached (Chapters 9 and beyond),
the abstract concepts are easily achievable. The Instructor’s Manual and the
Test Bank and Solutions Manual that accompany this text provide details of
the pointers listed below, along with lecture ideas, sample problems to present
in class, multiple forms of assignments, quizzes, exams, and grading keys.
Chapter exercises have a parallel, odd number-even number setup so that the
odd-numbered exercises are assigned one term and the even-numbered are as-
signed the next.

While most instructors have developed their own effective techniques, |
have found that the following pedagogical regimen maximizes students’ suc-
cess. This regimen has been class tested over 20 times, and it is based on the
idea that assignments and quizzes are rehearsals for major exams. In my expe-
rience, major exams should be given “closed-book” (except for formulas and
statistical tables). Open-book exams foster poor study habits. I alleviate the
pressures of a closed-book exam, however, by providing students with ample
opportunity to learn from mistakes on assignments.

* Require weekly assignments that are due on the class day after the
completion of a lecture on a chapter’s material.
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Return graded assignments at the next class and make assignment keys
(from the Test Bank and Solutions Manual) available on reserve or
provide multiple copies in a lab box. Since keys are to be made
available, grading of assignments does not require extensive “red
marking.” (I have found that the availability of assignment keys does
not compromise the next term’s work. Moreover, exercises are designed
with an odd-even format for alternating terms.)

At the next class or in lab, quiz students on that chapter’s material.
Collect the quizzes five minutes after the first completed quiz is turned
in. Distribute clean copies of the quiz and present or have students
present the answers immediately.

Give two or three in-term exams as well as a final exam (all closed-book
except for formulas and statistical tables).

In my experience, several topics in the course must be given sufficient at-
tention when presented or much time will be lost later attempting to fill in

gaps.

Special Features

To eliminate math anxiety, allow students to enjoy early success with
assignments on proportions, frequency distributions, and graphing.
Moreover, a thorough review of proportions and percentages facilitates
instruction on probability theory, sampling distributions, p-values, type
I and type II errors, and so on.

To foster linear thinking and proportional thinking skills, take plenty of
time to explain the standard deviation and standardized scores and
have the students work many problems partitioning areas under the
normal curve.

Actually generate at least two sampling distributions in class. Thereafter,
when the concept is addressed, students will fully understand what a
sampling distribution is.

Require students to produce the details of the six steps of statistical
inference—especially drawing the sampling distribution curve in step
2—on every hypothesis test on assignments, quizzes, and exams.
Repeating this procedure will bring all students along. Some will grasp
the details immediately (Chapter 9). By Chapter 11, every student who
is truly working hard will have grasped the logic. Thereafter, you will be
able to cruise because the pedagogical aspects of the six steps will be
second nature to the students. Thus, in later chapters on bivariate
analysis, you may concentrate on conceptual issues related to
hypothesis testing and research ideas.

Readability. The text has been class tested many times.
Conceptual themes to spark interest. The text is designed around
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several conceptual themes that make statistics an enjoyable endeavor.
First, statistics is about proportional thinking, and mathematical
calculations are simply tools to assist in this process. Second, when the
statistical imagination is used, statistical estimates are interpreted in
relation to the larger pictures of not only a population of subjects but
also a “population” of ideas, values, normative forces, practical
circumstances, and theories. Distinctions are made between statistical
significance and practical /theoretical significance. Third, the theme of
error control emphasizes the importance of precision, diligence, and
professionalism in the conduct of research.

Targeting results to the proper audience. Discussions are included on
how to present results to both scientific and public audiences, along
with examples of tabular presentation.

Overcoming conceptual hurdles. Conceptual hurdles are identified,
and many devices learned by the author through long years of
instruction are employed to get students past them. Such devices
include a thorough delineation of the standard deviation, extensive
coverage of standardized scores and sampling distributions, and a clear
explanation of degrees of freedom.

A separate chapter on sampling distributions. Sampling distributions
are presented and illustrated to provide the essential ingredient of
proportional thinking.

Six steps of statistical inference. The logical procedures of hypothesis
testing are consistently presented as “the six steps of statistical
inference.” Every statistical test is illustrated within this framework.
MNlustrations are preceded by a “Brief Checklist of the Six Steps of
Statistical Inference.”

The statistical hypothesis. To avoid the vagaries and inconsistencies of
the term null hypothesis, the straightforward term statistical hypothesis is
substituted. In every situation, the statistical hypothesis is the one that
generates the sampling distribution. It is noted where the term null
hypothesis may be used correctly.

The four aspects of a relationship. The interpretations of bivariate
statistical tests follow four aspects of a relationship: existence, direction,
strength, and nature.

Complete examples of each statistical procedure. By adhering to the six
steps of statistical inference and the four aspects of a relationship,
complete examples keep students informed about what is expected on
assignments and exams. Distinctions between “givens” and
“calculations” facilitate problem solving.

Guidelines on choosing the proper statistical test. Each hypothesis test
is preceded by a box describing when to use a test (i.e., number of
samples, level of measurements of variables, sample size). A cumulative
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decision-tree diagram at the end of each hypothesis testing chapter
further reinforces the test selection process.

« Highlighting of important terms and formulas. Concepts and formulas
are boxed throughout for easy review, and each chapter has a summary
of formulas. The index is thorough. Symbols and formulas are listed
inside the book cover.

« Conceptual diagrams. To teach students to think proportionally, all
hypothesis tests are presented with conceptual diagrams that
distinguish populations and parameters from samples and statistics.

« Varied chapter exercises. Pencil and paper exercises present a good mix
of practical, everyday life problems and scientific problems from a
variety of social science and health journals. Exercises are ordered from
simple to complex. Answers to selected exercises are provided in
Appendix C.

« Optional computer applications. Whether or not a class is using
computers, throughout the text the utility of computers is described. The
optional Computer Applications for The Statistical Imagination compact
disk contains SPSS for Windows software and varied data sets, such as
the General Social Survey, an ecological data set extracted from U.S.
Census population data and U.S. Department of Justice crime data, and
surveys on homelessness and physicians’ fears of malpractice litigation.
Updates of the compact disk are periodically made available. With its
point and click design, no prior experience with computers is required.

« Statistical follies and fallacies. Consistent with the error control theme,
each chapter presents common (and often comical) misinterpretations of
statistics in everyday life and by the mass media and researchers.
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