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TEACHING STATISTICS:
MAKING 1T MEMORABLE

Eric R. Sowey
Department of Econometrics University of NS, VW.
P.Q. Box 1, Kensingtorn, N.S.W. Australia 2033

1. Introduction

How often do teaching and learning statistics at university secem to be
activities directed primarily to students’ passing assessments and gaining
paper credentials. This tends to be the case especially in service courses,
where, indeed, the vast majority of statistics students are found. Once such
an orientation becomes entrenched, longer term objectives may be .
regarded by reachers or students {or both) as unattainable.

If, however, we wish to promote enhanced quantitative thinking,
analysis and practice in staristics-using professions, then an overriding goal
of all teaching ought ro be to stimulate learning thart lasts.

In this paper I draw on over 20 years’ experience in university teaching
at every level, and in classes ranging in size from 5 ro 500, to offer
suggestions on ways of teaching statistics so that ideas will be long
remembered', I wake it for granted that this requires a certain level of
student understanding of those ideas, for understanding is essential to
long-term learning,

To teach so that ideas will be long remembered I shall here call
making teaching memorable.

2. What makes teaching memorable?

I take as my inspiration a striking aphorism attributed ro the eminent
psychologist, B.F, Skinner?: “Education is what remains when the

! Academic rradition expects that I will provide independent corroborative evidence for
my views, most desirably from formal experimencal studies of what promotes student
understanding and long-term leatning in satistics. 1 have nor found any detailed srudies on
this cheme. Two very recent papers (Jolliffe, 1991 and Nitko and Lane, 1991) confirm that
experimental research in this atea is in its infancy.

2 The form of words which 1 have used in the text and which I frse heard many yeas ago
rurns onit @ be a pithier version of what, [ have recently discovered, Skinner actually wrote
{in the New Scientist, 31 May 1964, p. 484): “It has often been remarked dhat an educared
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facts one has learned have been forgotten”.

This leads me to ask: what does remain by way of statistical
knowledge when the facts one has learned have been forgotten?

From conversations on education T have had over the past 20 years with
former students, both soon after and long after they studied staristics or
econometrics subjects with me, two points have crystallised. What remains
with them, when the facts they have learned have largely been forgotten, is
a sense of the structare of the subject and a sense of the worthwhileness of
the subject®. Synthesising student comments, T interprer these two
characteristics in the following way.

Structure is a reflection of the coberence of the subject and its pres-
entation to students, and is often seen best in a perspective view. Worth-
whileness is an amalgam of intellectual excitement, resilience to challenging
questioning, and demonstrated practical usefulness.

So, to make statistics memorable these attributes of its scructure and
worthwhileness need to be consciously conveyed to students. How can
recognition of each of these attributes translate into ways of teaching
statistics? And given that there are strong linkages among these auributes,
how can memorable teaching make the most of such linkages?

Before taking up these questions, I note that other attributes of good
teaching are commonly mentioned. Such actributes as establishing rapporc
with students and providing clear explanations in class are, in the main,
bound up with personal qualitics of the teacher. Such qualities often make
the teacher memorable. But I am focussing here on the principal factors
that will make the subject memorable. These factors are not, by and large,
personal qualities of the teacher, but rather aspects of the teacher’s own
conception of and approach to the discipline. My reading of the statistical
education literature suggests that such factors are much less commonly
discussed.

3. Structure

A hallmark of memorable teaching is to make students aware of
structure in the details of a subject. It is structure which is the bridge
between knowing things and understanding them, and it derives, as [ have

man has probably forgotten most of the facts he zequired in school and university.
Education is what survives when what has been learned has been forgotten”.

3 This empirically-founded insighe is quite parallet to Ericksen’s (1985, p. 30) dictum
“Successful lecturing promores the two basic conditions for learning and retention:
motivation and meaning”. My “steucture” parallels meaning, and “worchwhileness™
parallels morivation.
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said, from all the elements of coherence in the subject. Structure is best
grasped from a perspective view.

3.1 Coherence

To teach staristics coherently means to identify related elements in the
discipline and to explain the elements in a way that highlights the
relationships. In Sowey (1991) I have enlarged on this theme, identifying
three dimensions of coherence which I call theme, pattern and knowledge
coherence.

Theme coherence is a smooth traverse in explaining (a) the theoretical
basis of statistical technique (going from assumptions to conclusions, and
from simple cases to more complex ones), and (b) the transition from
theory to practice. The key concept is continuity of logic within each
theme.

Pattern coherence arises from the existence of common characteristics,
or patterns, in the structure of statistical theory across different areas of the
discipline. The key concept is underlying wnizy in disparate procedures.

Knowledge coherence comes from a view of statistics as woven into the
tapestry of all human knowledge. The key concepr is integration of
statistics with its source and auxiliary disciplines (logic, probability,
computing), its cognate disciplines (biometrics, psychometrics, econom-
etrics, cliometrics, etc.) and its myriad disciplines of application in che
sciences, social sciences and humanities.

Most textbooks aim at theme coherence in their exposition, but it is
not always done with success, especially in the transition from theory
practice. On the latter count, Chatfield (1988) is a notable exception. By
contrast, pattern coherence is highlighted almost exclusively in advanced
texts. This is unfortunate, for there are ample instances that intermediate
texts could point to {e.g. the communality of form in simple and
multiple regression estimators, made apparent via the use of matrix
notation; and the communality of structure in regression, experimental
design, and variance component models within the general linear model).
Knowledge coherence, intrinsic to making sense of the world from the
statistician’s standpoint, is hardly mentioned in the textbooks at all. To
the statistics student, the mosaic of publications, each covering a particular
inter-disciplinary area of statistical application, is no substitute for a
single broadly integrated picture.

Because textbooks are generally unsupportive of teaching that pays
regard to all aspects of coherence in statistics, the teacher needs to assume
greater responsibility for the task. To this end, a capacity for lateral
thinking about the scholarly literature and a broad general knowledge of
the place of the discipline in the world of learning will stand the teacher in



IASE/ISI Satellite, 1993: Eric R. Sowey

404 TEACHING STATISTICS: MAKING 1T MEMORABLE

good stead.

3.2 Perspective

A perspective view woven into the exposition from time to time brings
students at least three benefits: (a) it helps them chart their progress
through the syllabus; (b} it promotes understanding of the coherence of the
subject; (¢} it makes clear what parts of the area under study are not
currently being treated in derail. In other words, it lets students know
what it is that they don’t yet know.

Constructive though this sounds and is, many teachers do without
regular pauses for perspective in their exposition. The effect is to make
student learning rather like cartography in the days before flight D slow,
tedious, disjointed and, ultimately, very imperfect

4. Worthwhileness

Conveying a feeling for the worthwhileness of sratistics is in every sense
a key clement in memorable teaching, for it is both a key motivator of
students to learn well in class and the key to effective self-directed
learning in the future.

Three principal qualities of the discipline need to be brought out so as
to engender this sense of worthwhileness.

4.1 Imtellectual excitement

David Attenborough, Stephen Jay Gould, Fred Hoyle, Julius Sumner
Miller, David Suzuki: these names are readily recognised. What have these
people in common? Each has the gift of talking about his discipline in an
intellecrually exciting way. I have asked myself how they generate that
excitemnent and have carried over my conclusions to statistics.

Intellectual excitement about statistics, | can confirm from practice,
will grow from teaching where:

(a) students see the discipline as one of central importance, but one in
which not everything is yet settled. Intriguing questions thar are still
largely unanswered (e.g. the real-world validity of common parametric
assamptions, the quality in small samples of asymprotically optimal
inferential procedures, and the optimality of standard estimarors when
used after model selection via a data-directed specification search) should
certainly be raised when the moment is apt whether or not a solution is
being offered (and even in an introductory course);

(b) the teacher’s enthusiasm for and commitment to the discipline is
evident. The impact on students of these qualities cannot be overstated,
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though by themselves they may do no more than ignite students’ interest.
To keep the fire burning, the teacher needs to show others why the subject
merits their enthusiasm and commitment, as well;

(c) there are planned moments of surprise that will aroun - curiosity and/or
provoke reflection. Three well-proven teaching devices can serve here: to
present an arresting example (especially one thar relates to students’ own
life experiences), to challenge students to resolve a paradox, and to guide
them to an unexpected discovery. Here are some instances.

Early in my introductory statistics course 1 want students to appreciate
that, from samples drawn quite at random, statistics can provide in-
ferences about populations that are in harmony with reality. As a playful
musical metaphor (which should not be pressed too far) I present the
resules of a sampling experiment using Mozart’s (1793) Musical Dice
Game*. This demonstratien, I have found, is not soon forgotten. Counter-
examples to statistical propositions also make arresting examples (see, for
example, Romano and Siegel, 1986), as do some of the more bizarre
misuses of staristics in the daily press. Another lively idea comes from
Mansfield (1989}, Many further possibilities can be drawn from articles in
The American Statistician and Teaching Statistics.

Paradoxes abound in statistics and, if aptly posed, can be counted on to
stimulate lively and memorable discussion. Here is an example. A
regression model containing an exact linear dependence among k
regressors cannot be estimated by ordinary least squares unless one regressor
is deleted. However, by transforming to (k£ ~ 1) principal components and
then unscrambling the OLS regression on principal components, one has an
estimated model that contains (surprise!) all k original regressors. Where
is the catch? More subtle paradoxes are found in Szekely (1986).

Unexpected discoveries that students make themselves have the
strongest impact on learning and remembering. The remarkable meaning
and generality of the Central Limit Theorem, for instance, are rarely so
fully appreciated as by students who have performed computer sampling
simulations summarised in real-time graphics, with samples of ever-
increasing size drawn from a variety of symmetric and asymmerric {even
bimodal!} populations.

A similar impact is found when students investigate the geometry of
the standard normal curve. They are generally astonished to discover thar,

4 This musical curiosity presents a “wreasury” of 176 detached bars of piano music. Bars are
selected randomly from a table of bar numbers by sampling according to the sum of the
faces of two rolled dice. Any “random compasition” of 16 bars, construcred as described, is
susprisingly found to be not only smoochly playable but also, indeed, quite harmoniously
melodic!
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if the curve were to be drawn so that the ordinate at z = 6 is 1 mm high,
then the ordinate at the mode would be 65.7 km (yes, km) high.

4.2 Resilience to challenging questioning

I think of resilience under challenge as a defining characteristic of a
university discipline. Displaying that resilience should, moreover, be part
of the teaching of all such disciplines. Ideally, the challenging questions
will come from students, themselves, but if not, the teacher ought 1o ask
those questions.

The purpose is to elicit critique of disciplinary foundations and
theoretical conventions, commentary on limitations of techniques and
controversial interpretations, and scrutiny of the worth of claimed
achievements. These are all, in the philosophical sense, methodological
issues. The result is that a realistic three-dimensional picture of the
discipline emerges.

My experience confirms that offering students (especially senior
students) a methodological view of statistics in this way develops their
skill in critical thinking and, by involving them, acts as a powerful catalyst
1o long-term learning.

Notwithstanding the benefits, it is, regreteably, uncommon ro find
support for methodological discussion in academic syllabi and textbooks.
What might account for this? I have heard a number of explanations.
Among them are: “it is more important to cover substantive techniques
which give students a marketable skill” and “methodology is a waste of
time - it never settles anything”,

Such explanations too easily dismiss the subtlety of motivation to
long-term learning.

The merits, for long-term learning, of a methodological approach to
statistics carry over in large measure also to teaching which acknowledges
the history of ideas in the discipline. By retracing just a few of the often
bumpy research paths of statistical pioneers students can gain a sense of the
pains and pleasures of creative thinking, What's more, they can come 10
appreciate the resilience, or otherwise, of the discipline to the challenging
questions of an earlier generation of thinkers.

4.3 Demonstrated practical usefulness

Students need more than simply an assurance thatr statistics is
important in the real world to be motivated to learn and retain statistical
ideas. Tt is the demonstration of practical usefulness that convinces.

How can one go about such 2 demonstration? Tlustrative practical
examples, presented in the course of teaching theory, are the most obvious
device. But these are hardly sufficient because they are contrived for a
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different primary purpose and so are usually rather unrealistic. More
broadly constructive are assignments, based on real-world problems, in
which students play the active role in formulating a verbally-stated
problem in statistical terms, and must struggle with ill-conditioned dara,
decide for themselves the most appropriate technique to apply, cope with
unanticipated analytical obstacles, and finally write a professional report
on their investigations. This kind of problem-based learning by discovery
is a powerful way to cement understanding, as the literature on using case-
studies in teaching confirms. Another way to achieve some of the same
outcomes with senior students is to give them a role as rostered statistical
consultants to less-trained users of statistics on campus.

Most strikingly effective is to bring students into contact with
statistical practitioners in government, business and industry, through one
or more of these initiatives: field trips into the workplace; work-
experience “sandwich” programs over several weeks; a visiting speaker
seminar that is melded into the teaching program. Hahn and Schmee
(1987) make an interesting proposal to take yet further the idea of a
visitor from industry.

5. Linkages

I have been looking separately at five autributes of memorable
teaching. Each has a place in every different kind of statistics course, but to
a varying degree. For example, an introductory service course mighe
emphasise theme coherence and practical usefulness, an intermediate service
course theme and knowledge coherence, intellectual excitement and
practical usefulness, an intermediate specialist course theme and pattern
coherence and intellectual excitement, an advanced specialist course all the
dimensions of coherence and disciplinary resilience.

Synergy, it is important to recognise, can develop from jointly
emphasising these various elements. Students who respond to the
discipline’s intellectual excitement are, on that account, likely to be more
motivated to seek out partern coherence in statistical theory and to
challenge disciplinary conventions. The teacher should always be alert to
possibilities of fostering and forging such vital links.

All the examples I have just given have a feature in common.

Each unites one attribute from the “strucrure” group with at least one
attribute from the “worthwhileness” group. The former group represents
the wholly rational inputs into learning and remembering, while the larter
also encompasses emotional influences. It is this way thac linkage can
make its most valuable contribution 1o the teaching of statistical ideas.



IASE/ISI Satellite, 1993: Eric R. Sowey

408 TEACHING STATISTICS: MAKING IT MEMORABLE

If it is done well, students will experience statistics as both logical
and pleasurable. When their minds and feelings have both been engaged,
the ideas they have learned will prove indelible.
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