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Some Quotations From Early Statisticians

All sciences of observation follow the same course. One
begins by observing a phenomenon, then studies all associated
circumstances, and finally, if the results of observation can be
expressed numerically [Quetelet’s italics], estimates the inten-
sity of the causes that have concurred in its formation. This
course has been followed in studying purely material phenom-
ena in physics and astronomy; it will likely also be the course
followed in the study of phenomena dealing with moral behav-
ior and the intelligence of man. Statistics begins with the gath-
ering of numbers; these numbers, collected on a large scale with
care and prudence, have revealed interesting facts and have
led to the conjecture of laws ruling the moral and intellectual
world, much like those that govern the material world. It is
the whole of these laws that appears to me to constitute social
physics, a science which, while still in its infancy, becomes in-
contestably more important each day and will eventually rank
among those sciences most beneficial to man. (Quetelet, 1837)

The investigation of causal relations between economic phe-
nomena presents many problems of peculiar difficulty, and of-
fers many opportunities for fallacious conclusions. Since the
statistician can seldom or never make experiments for himself,
he has to accept the data of daily experience, and discuss as
best he can the relations of a whole group of changes; he can-
not, like the physicist, narrow down the issue to the effect of
one variation at a time. The problems of statistics are in this
sense far more complex than the problems of physics. (Yule,
1897)

Some people hate the very name of statistics, but I find
them full of beauty and interest. Whenever they are not bru-
talized, but delicately handled by the higher methods, and are
warily interpreted, their power of dealing with complicated
phenomena is extraordinary. They are the only tools by which
an opening can be cut through the formidable thicket of diffi-
culties that bars the path of those who pursue the Science of
man. (Galton, 1908)
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Preface

A Second Course in Statistics

The past decade has seen a tremendous increase in the use of statistical data
analysis and in the availability of both computers and statistical software.
Business and government professionals, as well as academic researchers, are
now regularly employing techniques which go far beyond the standard two-
semester, introductory course in statistics. While for this group of users
short courses in various specialized topics are often available, there is a need
to improve the statistics training of future users of statistics while they are
still at colleges and universities. In addition, there is a need for a survey
reference text for the many practitioners who cannot obtain specialized
courses.

With the exception of the statistics major, most university students do
not have sufficient time in their programs to enroll in a variety of specialized
one-semester courses, such as data analysis, linear models, experimental
design, multivariate methods, contingency tables, logistic regression, etc.
There is a need for a second survey course that covers a wide variety of these
techniques in an integrated fashion. It is also important that this second
course combine an overview of theory with an opportunity to practice,
including the use of statistical software and the interpretation of results
obtained from ‘real’ data.

Topics

This two-volume survey is designed to provide a second two-semester course
in statistics. The first volume outlines univariate data analysis and provides
an extensive overview of regression models. The first volume also surveys
the methods of analysis of variance and experimental design including their
relationship to the regression model. The second volume begins with a
survey of techniques for analyzing multidimensional contingency tables and
then outlines the traditional topics of multivariate methods. The second
volume also includes a discussion of logistic regression, cluster analysis,
multidimensional scaling and correspondence analysis, which are not always
included in surveys of multivariate methods. In each volume an appendix
is provided to review the basic concepts of linear and matrix algebra. The
appendix also includes a series of exercises in linear algebra for student
practice.

Mathematics Background

The text assumes a background equivalent to one semester of each of linear
algebra and calculus, as well as the standard two-semester introductory
course in statistics. Calculus is almost never used in the text other than in
the theoretical questions at the end of each chapter. The one semester of
calculus is an indication of the ideal mathematics comfort level. The linear
algebra background is needed primarily to understand the presentation of
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formulae. Competence with linear algebra however is required to complete
many of the theoretical questions at the end of each chapter. These back-
ground prerequisites would seem to be a practical compromise given the
wide variety of potential users.

Ezamples and Exercises

In addition to an overview of theory, the text also includes a large number
of examples based on actual research data. Not only are numerical re-
sults given for the examples but also interpretations for the results are also
discussed. The text also provides data analysis exercises and theoretical
questions for student practice. The data analysis exercises are based on
real data which is also provided with the text. The student is therefore
able to improve by “working out” on the favorite local software. The the-
oretical questions can be used to raise the theoretical level of the course
or can be omitted without any loss of the applied aspects of the course.
The theoretical questions provide useful training for those who plan to take
additional courses in statistics.

Use as a Text

The two volumes can be used independently for two separate courses. Vol-
ume I can be used for a course in regression and design, while Volume II
can be used for a course in categorical and multivariate methods. A quick
review of multiple regression and analysis of variance may be required if
the second volume is to be used without the first. If the entire text is to
be used in two semesters some material in each chapter can be omitted. A
number of sections can be left for the student to read or for the student’s
future reference. Large portions of most chapters and/or entire topics can
be omitted without affecting the understanding of other topics discussed
later in the text. A course in applied multivariate data analysis for gradu-
ate students in a particular field of specialization can be derived from the
text by concentrating on a particular selection of topics.

This two-volume survey should be useful for a second course in statis-
tics for most college juniors or seniors. Also, for the undergraduate statis-
tics major, this text provides a useful second course which can be com-
bined with other specialized courses in time series, stochastic processes,
sampling theory, nonparametric statistics and mathematical statistics. Be-
cause the text includes the topics normally found in traditional second
courses, such as regression analysis or multivariate methods, this course
provides a broader substitute which also includes other topics such as data
analysis, multidimensional contingency tables, logistic regression, corre-
spondence analysis and multidimensional scaling. The set of theoretical
questions in the book can provide useful practice for statistics majors who
have already been exposed to mathematical statistics.

For graduate students in business and the social and biological sci-
ences, this survey of applied multivariate data analysis is a useful first
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year graduate course which could then be followed by other more special-
ized courses, such as econometrics, structural equation models, time series
analysis or stochastic processes. By obtaining this background early in the
graduate program the student is then well prepared to read the research
literature in the chosen discipline and at a later stage to analyse research
data. This course is also useful if taken concurrently with a course in the
research methodology of the chosen discipline. I have found the first year
of the Ph.D. program to be the ideal time for this course, since later in
their programs Ph.D. students are too often preoccupied with their own
area of specialization and research tasks.

Author’s Motivation and Use of Text

The author’s motivation for writing this text was to provide a two-semester
overview of applied multivariate data analysis for beginning Ph.D. students
in the Faculty of Business at the University of Alberta. The quantita-
tive background assumed for the business Ph.D. student using this text is
equivalent to what is required in most undergraduate business programs in
North America — one semester of each of linear algebra and calculus and
a two-semester introduction to statistics. Many entering Ph.D. students
have more mathematics background but do not usually have more statis-
tics background. A selection of topics from the text has also been used
for an elective course in applied multivariate data analysis for second year
MBA students. For the MBA elective course much less emphasis is placed
on the underlying theory.

Because of the many different fields of interest within business Ph.D.
programs — Accounting, Finance, Marketing, Organization Analysis and
Industrial Relations — the topical needs, interests and level of mathemati-
cal sophistication of the graduate students differ greatly. Some will pursue
a strong statistics minor, while others will take very little statistics training
beyond this course.

In my Ph.D. class the wide variety of needs are handled simultane-
ously by assigning portfolios of theoretical questions to the statistics minor
student, while the less theoretically oriented students are assigned a paper.
The paper topic may involve a discussion of the application of one or more
of the statistical techniques to a particular field or an overview of tech-
niques not discussed in the text. A small number of classes are devoted
exclusively to the discussion of the theory questions. For the theory classes
only the ‘theory folk’ need attend. All students are required to complete
data analysis exercises and to provide written discussions of the results.
For the data analysis exercises great emphasis is placed on the quality of
the interpretation of the results. Graduate students often have greater dif-
ficulty with the interpretation of results than with the understanding of
the principles.
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Quotations
The quotations by Quetelet (1837) and Yule (1897) were obtained from
pages 193 and 348 respectively of The History of Statistics: The Mea-
surement of Uncertainty Before: 1900, by Stephen Stigler, published by
Harvard University Press, Cambridge, Mass., 1986.

The quotation by Galton (1908) was obtained from An Introduction to
Mathematical Statistics and its Applications, Second Edition, by Richard
J. Larcen and Morris L. Marx, published by Prentice-Hall, 1986.
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