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TRANSFORMATION OF THE AMERICAN STYLE OF TEACHING STATISTICS
By Brian L. Joiner
Joiner Associates Inc.
Madison, Wisconsin 53705

This country is facing increasingly serious econcmic competition, and
Wwe statisticians have an opportunity to make major contributions. Some of
us can help with the transformation of the American style of management
(Deming, 1982; Joiner, 1985). Others can play an important role by leading
the transformation of the American style of teaching statistics. This note
is about the latter.

We have historically done a very poor job of teaching statistics; we
will have to make major changes in the way we teach if we are to do our part
to help America regain a leadership role in the international economic
competition.

If we look &t what we have been doing in the key introductory college
course -= Statistics 101 --= we must give the classical version of that
course a grade of "F", 1It’'is an abysmal failure. It has falled year after
year, semester after semester and we still persist in teaching it more or
less the same way we have been teaching it for 40 years!

I recently heard from a well-known statistician whose daughter, at his
urging, had taken a Statistics 101 course in college. It fturned out to be
such & miserable course that his daughter has said she will never take
another statistics course. This, unfortunately, is more the rule than the
exception.

As we think afresh about the teaching of statistics, we should begin by
being c¢lear about the focus of our subject. Statisties, I believe, is best
defined as "The science and art of obtaining and analyzing data."™ The key
word here is "data.™ The focus of our subject is data, not random
variation, although an understanding of variation is often important in
interpreting data. Nor is our focus probability, although some
understanding of probability is often useful.

We must learn to distinguish between what is the essence of our subject
-- data -- and the tools which are useful in the proper collection and
analysis of data.

The exploratory data analysis version of Statisties 101 is a bit
better, in my opinion., I'd give it a "C", It at least addresses what you
do with data once you have it. However, it misses the other, and perhaps
more important part of statistics -- how to get good data in the first
place. -

In Statistics 101, we invariably get people bogged down in computations
and formulas before they have any chance to see "why." We get people into
statistical inference well before they have any idea why you would want to
do that. We get them bogged down in degrees of freedom, standard
deviations, square roots, (n-1)s and other such obscurities before they have
any concept what these mean or why anyone would want to use them.
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By implication of what we teach, students come to think that all data
are good data, with a normal distribution and, more importantiy, are
statistically independent. We teach them to take any data presented to them
and act as if it were fine to go ahead and compute t-tests and such things.

This is not the real world. You would never do that on anything that
was important to you personally. At least, I wouldn't.

I was told of a very famous theoretical statistician who had a serious
illness in the family. He started gathering data on that illness and
looking at it using simple charts, He used none of the esoteric tools he
had spent his entire career developing. He used the simple, basic charts
and approaches that we skip in Statisties 101 in our rush to more
sophisticated techniques,

The problem is compounded because most people who teach statisties have
never practiced statistics. Thus, they have little feeling for what it is
really like to gather and analyze useful data. Even those who have
practiced statistics have seldom used it in their own lives on something
that is really important to them., Many students still get advanced degrees
in statistics without having ever had the experience of designing, carrying
out and analyzing a single experiment or survey.

We have been so wrapped up in the elegance of formal statistical
inference that we have missed the fact that that is not where people are
starting from, nor is it where many of them should ever end up. Deming's
work on analytic versus enumerative studies (Deming, 1950) is fundamentally
important here, but almost totally ignored.

The goal we must séek is universal statistiecal literacy —-- to have
everyone in society data literate. Every one should know the basics of data
collection and the basics of data analysis,

It seems relevant to suggest some recommended changes for Statistics
101. First, the focus of the course should be on data, not on inference or
probability. In fact, it is my belief that there should be no probability
or formal inference in this first introductory course,

Instead, the students should design and carry out experiments and
surveys. They should collect and analyze their own data (An excellent
reference is Hunter, 1976). The emphasis should be on the importance, and
the difficulty, of getting good data. It is only by students actually going
out and trying to gather data on some issue of importance to them that they
can begin to appreciate the difficulty of getting meaningful data. They
will then be in a much better position to appreciate and to learn useful
approaches for the gathering of data.

Second, we should teach methods for the analysis of data. 1In this, we
should focus on the creative plotting of data and on effective table
construction. Creative plotting is, of course, very important but effective
table construction, as Ehrenberg (1982) has shown us, cannot be neglected.
Neither is sufficient alone; we must teach both.

Third, students need to become familiar with such basic concepts as
operational definitions, types of data, stratification in design and in
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analysis, blocking, pairing, confounding, lurking variables, pilot studies,
and so on.

Fourth, we should show students simple, realistic models of sources of
variation and use simulation (including computer simulation) to illustrate
the effect of these models. We need to help them get a feel for what data
look like when various plausible models are in effect.

Finally, we should ham it up a bit -- make the course more interesting.
We can include things like taste testing experiments, appropriate
simulations such as the Deming red bead experiment, living histograms and
other activities that are fun and informative.

In summary, these are some of the fundamentals people need to have
before they can go very far in understanding how to gather useful data and
make sensible analyses., And these are some of the ways we have missed the
boat in the way we have taught Statistics 101, our one and only shot at
teaching most people statistics. They tend to come out of the current
course disliking statistics and adamant that it is not useful. Indeed, they
are right -- what we teach in that course is not useful. We must change the
content to make it both more appropriate and more interesting. '
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FUTURE DIRECTIONS IN STATISTICS
By

Blan Godfrey

AT&T BELL LABORATORIES

Holmdel, New Jersey 07733
Presented at the 25th Anniversary
University of Wisconsin Statistics Department

May 30, 1985

I agree with Brian that significant improvements are needed in the management of American
industry and government, but I find all too often these days many executives fired up about
quality and productivity leading the charge up the hill with no battle plan. The sad truth is
that the thousands of troops (the engineers, the factory workers, the aMﬂaton, and the
marketeers) following these executives up the hill are armed with sticks and stones,

completely unprepared to do battle in the modern competitive world.

What can we do to change this in the next 25 years? Iw#nttofocus on three areas:
e A much closer coupling between statistics and computer scignce
¢ The teaching of statistics

¢ Getting the word out

STATISTICAL COMPUTING

I believe strongly that the key to getting good statistical methods used widely in industry is
the creation of good statistical software packages, software packages that make it easier to do
the job right than to do the job wrong. Good statistical software allows the user to
concentrate on the problem, the solution of the problem, what the solution really means, and

how the solution can be implemented rather than becommg bogged down in numerous
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technical computational details.

The use of this software changes the whole scope of applied statistics. This software permits
Vthe exploration of a wide range of problems in the classroom. This software helps the
student become well versed in problem solving strategies. Methods are not learned one at a
time or in isolation, but rather methods are leamed in connection with solving the type of
problems that the user of statistical methods is going to face in the real world. If we are
really going to help change American industry the good applied statistician in the future must
be as familiar with the computer and the available statistical software as Fisher was with his

tables or Walter Shewhart was with his sampling bowl.

When we have really good statistical software the way engineers, scientists, factory workers
and managers view statistics will completely change. They will be able to tackle many
problems that now require statisticians or statistical consultants and, all to often, are simply

ignored and unsolved.

At AT&T Bell Laboratories we have been putting sophisticated methods for reliability
prediction and evaluation, reliability estimation, experimental design and data analysis into
the hands of engineers for the past several years. We are now beginning to give factory
workers, administrative staff, and even managers basic statistical methods that allow them to
analyze data from many sources and to construct good graphical presentations of the data and
and the results. The use of the software supporting many of these methods is creating a

revolution in the use and understanding of statistical methods from storeroom to boardroom.

All of the advantages of this new software will be wasted if we don’t create a new awareness
of the importance of statistical methods in government and industry and a new understanding
of statistical methodology. To do this we must make major improvements in the teaching of

statistics,
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TEACHING OF STATISTICS

For too long we in the statistics profession have tolerated poor statistics teaching which
‘produces courses that are often rated as the worse course or the most useless course that
graduates in other fields claim they have ever taken. We too often teach what appears to the
students a collection of unrelated methods illustrated by examples taken from coin tossing,
card playing and dice rolling. And then we expect the students to be able to translate this
wide variety of methods with simple gambling examples to complex industrial problems

involving the application of a large number of methods.

We've ignoreci for too long the results of studys of people like Emnie Rothkopf, now Dodge
Professor of Telecommunications at Columbia University, of how people learn. Ironically
many of Emie’s experiments involved teaching basic statistics for two reasons. Statistics is
something that most students know nothing about prior to the course, and statistics is a
subject that is so easy to teach that it is simple to measure the effectiveness of different
methods of teaching. These studies have shown that it is very difficult for students to
translate from one type of example to another especially years after the material was
presented. Students taught in the standard ways are able, months later, to solve problems
involving coin tossing, card playing and dwe rolling. But they are unable to translate these
basic methods to real world problems.

Many leading statisticians have realized this for years. I heard very clearly at the Hogg
Conference last year a strong emphasis on case studies and real problems. I heard people
pushing for students to design experiments, to conduct the experiments and to present the
results of the experiments in class. We have found the use of case studies at AT&T Bell
Laboratories to be very effective in our workshops on reliability prediction, reliability
estimation and experimental design. I think it is very important to carry this philosophy to
every "service course” that statisticians teach. We need to show people in every field how

statistics can be used to help them do their job better.
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If we are really going to help others use statistics there is another problem with which we
must deal. This is our tendency to pounce (with great glee) on anyone who has attempted to
use statistics to solve a problem. No matter how well applied the method was, or how much
impact the result had, we delight in publically denouncing the particular application by
showing what should have been done, how much more efficiently we could have gotten the
same result, and how the poor engineer's results are not unbiased, consistent, best
asymptotically normal or even admissible. Rather than encouraging the wide use of statistics -
our action are often interpreted (correctly) as showing that it is dangerous to the careers of

nonstatisticians to attempt to use statistics,

A major goal of all statisticians for the next 25 years must be to create an environment where
statistical methods are widely used throughout industry and government (and even by other
academic departments) by all types and all levels of employees. We can make remarkable
progress towards this goal by combining a new dedication to excellence in teaching using real
world case studys and examples and new statistical software that makes even sophisticated

methods understandable and easy-to-use.

Recent activities are very encouraging. These activities are addressing the fundsmental
problem of getting statistics used by engineers, factory workers, high school students,
business workers, grade school students and maybe even one of these days by politicians. A
shining example of these efforts is the work of the American Statistical Association/National
Committee of Teachers of Mathematics to bring statistical methods into the secondary school
curriculum. Another encouraging effort is the Bob Hogg led conference on the teaching of
statistics in engineering schools and industry. Bob and Harry Roberts are expanding this
work under the auspices of the American Statistical Association’s Quality and Productivity to
the teaching of statistics in business schools. Other noteworthy examples include Brian
Joiner’s and Bill Hunter’s work here in Madison, Brian Joiner’s work with the Philadelphia
Area Council for Excellence and, of course, Ed Deming’s continuing efforts everywhere.
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PUBLIC RELATIONS

To get statistics widely used in government and industry we must be far more aggressive in
our public relations efforts. In the past few years the statistics profession, primarily
stimulated by the ASA Committee on Quality and Productivity, has made a start, Articles
have appeared in the Wall Street Journal and Boardroom Reports on using modern methods
for robust product and process design, in the Philadephia Inquirer and the Madison,
Wisconsin Capi:a! Times on the application of statistical methods in both government and
industry, and in many newspapers served by UPI and AP about the Hogg Conference and the
Mohonk Conference. Many business magazines have carried stories about how statistical
methods can help improve quality and productivity and the bottom line. Company wide
seminars at du Pont, General Electric and AT&T called Statistics Days have brought the
message to thousands of employees. Many companies have have internal front page or
complete issue news stories on the revolution of the application of statistical methods within

American industry.

We need to appreciate the impact that the popular press can have on our profession. Bradley
Effron's and Carl Morris® article in Sclentific American on James-Stein estimation inspired a
complete change in the way AT&T measures and reports quality throughout the company,
NBC's ninety minute special, "If Japan Can, Why Can’t We?" made thousands of American
executives aware of serious problems in American quality and productivity and led to changes

in the careers of many statisticians.

" We have a long way to go before we can come close to the passion for statistics in Japan, a
country with a national statistics day with a graphical statistics contest that attracted over
29,000 entries, a country where the leading newspaper has a column every Friday on
statistical quality control, where the Tokyo train schedule is a bivariate stem-and-leaf
diagram, where almost every factory worker uses basic statistical methods daily, and where

over one-million designed experiments are conducted in industry every year.
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