Teaching Regression: An Exploratory Approach
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An applied statistics and data-analysis course designed for students
of public management and policy analysis, but suitable as an intro-
ductory graduate-level applied course in other contexts, is dis-
cussed. The course, Quantitative Methods for Public Management
(QMPM), is a departure from traditional instruction in statistics.
It uses subject-matter hierarchies to schedule the presentation of
substantive material, and it integrates exploratory data analysis
(EDA) and standard classical techniques. This integration is accom-
plished by using exploratory methods to clarify and evaluate
analyses performed with classical procedures. The course, taught
since 1975 at Carnegie-Mellon University's School of Urban and
Public Affairs, has been evaluated experimentally through a ran-
domized assignment of students to either a traditional introduc-
tory statistics course or QMPM. We concentrate here on the
QMPM approach to teaching regression.
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1. INTRODUCTION

Within the field of statistics, alternative instruction
methods are high on the list of professional concerns.
Committees sponsored by the American Statistical
Association and the Mathematical Association of
America have recommended that professional statisti-
cians develop greater concern for the content and style
of statistics instruction and that these professionals work
to incorporate contemporary statistical methods into
introductory statistics courses. One particularly
promising set of new topics that could broaden the
base of introductory statistics courses and effect a
change in educational style is exploratory data analysis
(EDA). These important, highly creative data-analysis
techniques, primarily originating with John W. Tukey,
are described in texts by Tukey (1977), McNeil (1977),
Erickson and Nosanchuk (1977), and Hoaglin (forth-
coming), and are reviewed in Leinhardt and Wasser-
man (1978b). These methods and texts represent clear
alternatives to a traditional topic sequence (probability,
random variables, distributions, estimation, hypothesis
testing, confidence intervals) taught in many introduc-
tory statistics courses. Because they emphasize
graphics and resistant methods and because they are
readily adapted for computer use, EDA procedures
are important new tools for introducing students to
quantitative data and statistical ideas (see Welsch
1978).
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We have implemented this alternative approach in a
year-length course (for first-year master’s students) at
the School of Urban and Public Affairs (SUPA) of
Carnegie-Mellon University. The course relies heavily
on the aforementioned texts, especially Tukey’s (1977).
The course originated as a reaction to the consistently
poor performance of otherwise qualified students in
various traditional first-level statistics courses and has
proved to be highly successful. In what follows, we
briefly describe our motivation for designing the course
and then discuss in detail how regression is taught.
The course is modularized to facilitate choice of ma-
terial by instructors in various educational contexts.
The course is fully described in Leinhardt and Wasser-
man (1978a), and a report of the experimental evalua-
tion appears in Leinhardt, Leinhardt, and Wasserman
(1978).

2. QMPM: AN OVERVIEW

Despite the urging of the American Statistical Asso-
ciation’s Study of Modular Instruction that **. . . aca-
demic administrators recognize the full value and sig-
nificance of research in . . . statistical instruction”
and that “‘projects . . . [be] devoted to detailed
examination of specific approaches to instructional in-
novation’’ (Guthrie, O’Fallon, and Service 1976, p. 3),
there is a dearth of such research. The use of com-
puters for instruction purposes in introductory sta-
tistics has been discussed (e.g., Urquhart 1971, Wag-
ner and Motazed 1972, and Wagner and McCants
1973), but there exists virtually no research on issues
such as what to teach, when to teach it, and how to
teach it. (Novick 1975, however, discusses an inter-
mediate curriculum in Bayesian methods.)

When we began to redesign our introductory se-
quence, this lack of guidance was disconcerting, espe-
cially since, as in many professional master’s pro-
grams, our students are not expected to receive further
formal instruction in statistics. Thus, the course must
provide sufficient theoretical preparation and opera-
tional experience with applications to ensure that stu-
dents will be competent performers and consumers of
statistical studies at the start of their nonstatistical
careers. To determine what topics to include and how
to teach them, we conducted opinion surveys of our
school’s alumni and consulted other experts in educa-
tional research and statistical methods. The result is a
course, Quantitative Methods for Public Management
(QMPM), that covers a diverse set of traditional and
contemporary data-analytic procedures; provides ex-
tensive operational experience in performing, report-
ing, and criticizing applied quantitative analyses; and
presents topics in terms of approximate subject-matter
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hierarchies. QMPM was first taught on an experimental
basis during the 1975-76 academic year. A 15-month
award from the Department of Housing and Urban
Development subsequently supported the development
of formal curricular material, the acquisition of em-
pirical data sets, and the writing of computer software
(one version in FORTRAN and another in PL/1) to
facilitate student computations.'

QMPM is a two-semester, modularized course of
instruction.? Its four modules, listed in Appendix A, are
internally organized around data structures, not tech-
niques. The modules provide instruction in exploratory
data-analytic methods, as well as Fisher-Neyman-Pear-
son statistical inference and survey data-collection
procedures. The modules build upon one another, but
are logically distinct. Empirical data are used through-
out.

The basic pedagogical objective of QMPM is to teach
students how to construct models for data. The notions
of fit and effect are introduced immediately. Analytic
graphics, such as stem-and-leaf displays, box-and-
whisker and schematic plots, introduced by Tukey
(1977) (also see Tukey 1972 and McGill, Tukey, and
Larsen, 1978), are relied on to prepare data for analysis
and to visualize and evaluate a fit. Reexpressions for
improving the fit by promoting symmetry, achieving
additivity, or stabilizing variability are emphasized
throughout. Graphics play an important role in il-
lustrating the effectiveness of a reexpression by focus-
ing attention on ‘‘shape’’ and ‘‘spread’’ in data values
and residuals. The flow of ideas introduces students to
increasingly complicated and interesting data sets and
directs their use of previously introduced methods or
newly introduced tools to construct mathematical
statements that concisely summarize the behavior of
the data.

Our approach to probability and inference is also
nontraditional. The theorems and definitions necessary
for a study of probability and random variables are not
emphasized. Instead, we demonstrate the variability in-
herent in any estimate by sampling experiments on
real data. For example, by taking small samples from
a multivariate data set, the student learns that the
estimates of the parameters in a linear model are ac-
tually random variables with specific probability distri-
butions. Students more easily grasp the notions of
confidence intervals and hypothesis tests after they

! This material can be acquired from the first author at a price
that covers duplication and overhead costs.

2 Even though QMPM was designed for students of public
management and policy analysis, its modular structure permits it
to be used as an introductory statistics course in almost any applied
field. In the 1977-78 academic year this material was used in an ap-
plied statistics course for natural science majors, an introductory
course for graduate business students, and a course for students
of policy management, each at a different institution. These imple-
mentations of QMPM include the use of interactive computation.
The availability of such a resource is not a necessary precondition for
teaching the course. Those who wish to construct their own com-
puter routines might refer to McNeil (1977) or Hoaglin and Velle-
man (forthcoming) for some EDA subroutines.

have had direct experience with variability in em-
pirical data. For additional, extended discussion of the
contents of QMPM, consult Leinhardt and Wasserman
(1978a).

It is natural to ask whether QMPM works any bet-
ter than the usual introductory course. This ques-
tion was pursued through an experimental evaluation.
One-half the 1976-1977 SUPA master’s class (23
students) was assigned to QMPM, and the other half to
a traditional service course. The courses were ran-
domly assigned equal numbers of students of each sex,
race (white/nonwhite), and level of quantitative ability.
Many of the guidelines given by Chervany et al. (1977)
were followed. Analyses of student yearly averages
(across all other courses) revealed that students in
QMPM performed better on this overall outcome meas-
ure than did students in conventional statistics. More-
over, above-average students in QMPM did quite a bit
better than their counterparts.?

3. TEACHING REGRESSION

QMPM is designed to teach a diverse set of tech-
niques; however, it aims particularly to make regres-
sion a thoroughly understood procedure for exploring
data and testing theories. In this section we detail the
approach taken in the course.

In QMPM each new data structure is approached in
a three-pronged manner: representation, condensation,
and summarization, with reexpressions if necessary.
The representation phase of data analysis is reasonably
standard in introductory courses and is concerned with
how best to organize a data set to facilitate analysis.
We use EDA tools in this phase because of their sim-
plicity and effectiveness. Next comes the condensa-
tion phase, which involves the use of EDA tools be-
cause of their resistant qualities and graphic features.
The student learns to reduce or condense data to
useful summary statistics and graphical displays.
Finally, there is the summarization phase, which
consists of model fitting and makes use of classical
as well as EDA methods. We stress the analysis of
residuals for effective evaluation of the chosen model.

3.1 General Overview

The logical structure of the first three modules is
designed to facilitate a student’s conceptual grasp of
regression, provide extensive experience with using re-
gression as a model-fitting device, and establish a solid
foundation on which probabilistic notions can be built.

The simplest data structure, a batch of values, is

3 We used yearly averages in the evaluation because, in SUPA,
the statistics course is required, in the short run, to facilitate stu-
dent mastery of other analytically oriented courses in the master's
curriculum. Because there was only one section of QMPM, we
were not able to isolate instructor effects. See Leinhardt, Lein-
hardt, and Wasserman (1978) for a discussion of other criteria and a
more complete description of the evaluation.
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