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The question of how best to teach statistics is sometimes phrased in terms
of learning by theory versus learning by doing. Unfortunately each ap-
proach, by itself, has serious drawbacks. We all know that statistical
theory and proofs tend to be forgotten soon unless put to some use. On
the other hand, to plunge a student into data analysis does not guarantee
that he or she will uinderstand the rationale for, and the limits of, the pro-
cedures that can now be so easily carried out by using statistical software
packages.

The real problem, as | see it, is how to guide the use of data analysis as a
learning tool so that it leads students to an understanding of the statistical
principles on which the various analytic techniques are based. In what fol-
lows | will summarize the pros and cons of three approaches to the use of
data analysis in teaching statistics. Then | will try to draw a few conclu-
sions about the matter. Note that the students we will be concerned with
here are those who are at a beginning level and who are interested primar-
ily in application. At a more advanced level, especially for those wishing to
become professional statisticians, the balance can shift more in the direc-
tion of theoretical exposition.

1. Large Batch-Oriented Statistical Packages

The most widely diffused data analysis tools are the large statistical pack-
ages such as SAS, BMDP, SPSS-X, and other sets of programs that offer a
wide variety of data management and analysis procedures. These packages
can be used to carry out analyses in conjunction with a statistics course A
data file can be set up for students to use, and they can carry out assign-
ments or work on projects using an available statistical package. A partial
step in this direction is the textbook by Mosteller, Fienberg, and Rourke
(1988), which supplements the discussion of multiple regression by dis-
playing and interpreting computer output; a few problems are even pro-
vided specifically for students with access to a computer with a multiple
regression program.

The use of large packages for instruction has both advantages and dis-
advantages. The principal advantage of using statistical packages is their
comprehensive nature. Although the multiplicity of available procedures
can cause confusion at first, students profit by being exposed to the vari-
ety of possible methods that can be applied to the analysis of data. They
also learn a great deal in the process of figuring out the meaning of the
computer output. Furthermore, since students will most likely be using
statistical packages in their work later on, the use of these programs can
make the courses seem more realistic and practical.
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- It is also worth noting that these packages are readily available in most
universities. If adequate computer time can be obtained for instruction, a
set of exercises can be developed and quickly incorporated into a course.

A disadvantage of using statistical packages for instruction is the false
sense of precision that students can acquire. The computer programs rare-
ly complain when basic assumptions are being violated or when the form of
the data is inappropriate for the procedure used. The computer printout
can look good but still be nonsense.

Another problem is that students can get bogged down with the mechanics
of producing the runs. The correct specification of control language and
options can be so distracting that students implicitly come to think that the
successful production of computer printout is the same as the solution to a
statistical problem. It is important for students to remain aware that the
purpose of the course is to teach statistical principles and sound analytic
technique — not just to develop facility with a particular statistical pack-
age.

A related problem is that turn-around time can still be slow at many insti-
tutions. ldeally the computer should give results immediately for the prob-
lems we submit. A delay of a few hours may be tolerable; however, if the
results are not available for days, it is easy for students to lose track of
what the whole point of the analysis was. Once again, it is important that
students not get bogged down with mechanical details.

On balance, consequently, the use of large statistical packages for teach-

ing statistics can be helpful, but they are certainly not the ideal solution.
It is worth considering other approaches as well.

2. Interactive Analysis Programs

Computer programs for minicomputers and microcomputers have begun to
appear which are designed for interactive data analysis. These programs
are somewhat more promising for teaching statistics than are the large
batch-oriented packages. Examples are the S package from Bell Labora-
tories, and ISP from Berkeley; the microcomputer versions of SPSS and
SAS can also be considered semi-interactive.

The distinguishing characteristic of interactive data analysis programs is
that the results of one stage of analysis can immediately be used to specify
the next stage. At the simplest level this means that the results can be
examined on the screen of a computer terminal and used as the basis for an
additional analysis specification. At a more sophisticated level this means
that intermediate results are available for examination and can guide
further analytic steps without requiring the user to issue a whole new set
of commands.

The main advantage of interactive programs is this immediate feedback.

This approach encourages exploration of the data, and it facilitates the
development of good problem-solving strategies. Some of the disadvantages
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of batch-oriented programs can thus be overcome. The text by McNeil
(1977) illustrates some of these possibilities.

On the other hand, interactive statistical programs still have some. of the
same problems as batch programs for purposes of teaching statistics.
There are still the problems of having to spend a lot of time learning to
use the programs and of getting distracted by the mechanics of producing
results. Furthermore, interactive programs produce results in the same
uncritical manner as any other statistical computer program, and those re-
sults need not make much sense.

All in all, however, an interactive statistical package is likely to be more
appropriate for teaching statistics than a batch-oriented package. If such
a set of programs is available for student use, it is well worth investi-
gating.

3. Simulations Based on Spreadsheets

There is one other computer application that | wish to mention in this con-
text, and that is the use of spreadsheet programs that are widely available
for microcomputers. These programs set up a large matrix in which some
cells can be defined as a function of other cells. When the latter cells are
modified, then the cells defined as functions also change. These functions
can be as simple as the sum of two cells or as complex as a chi-square sta-
tistic based on a contingency table.

The instructional value of these spreadsheet programs is due to their abili-
ty to make clear and transparent how a set of observations generates a
particular statistic. A student can see immediately how a change in ob-
served values leads to a change in the statistic (Kelman et al., 1983).
set up appropriately, a spreadsheet application can allow the student to
simulate easily the effects of different distributions or patterns and to
examine the behavior of a statistic under many conditions.

Let me give a relatively simple example of a spreadsheet that | have used
in my own courses. In a course on log-linear analytic methods | wanted the
students to develop a good intuitive sense of the behavior of the odds-
ratio in a 2x2 contingency table. So | set up a spreadsheet with a contin-
gency table and the computed odds-ratio (plus Yule's Q and the logarithm
of the odds-ratio). The students could change the cell counts of the con-
tingency table and see immediately how those changes affected the odds-
ratio (and the other associated statistics). In a very short period of time a
student could explore quite thoroughly the behaVIor of this statistic under
various conditions.

A more interesting and complex example from the same course was a
spreadsheet set up to generate the model of independence and the associ-
ated chi-square statistic in a bivariate contingency table. A starting table
was also included so that some of the cells could be defined as structural
zeros. The student could manipulate both the cell frequencies and the
starting table in order to see how well the models of independence and
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quasi-independence fit the cell frequencies. | found this spreadsheet appli-
cation to be particularly helpful to the students.

These spreadsheet applications can focus the students' attention on certain
important principles or on the behavior of a specific statistic. Once set up,
these spreadsheets are very easy for students to use, and they can pro-
vide real insights into the subject matter of the course.

The limitations of these spreadsheets, of course, are very clear. Not every
calculation can be set up conveniently in such a format, and the functions
available (logs, square roots, trigonometric functions, and so forth) vary
from one program to the other. Another problem is that the data set for
calculations must be relatively small, if students are to modify it easily and
intelligibly.

All in all, however, | believe that this approach to using computers holds
great promise for teaching statistical principles. At the present time it is a
little cumbersome for the professor to have to set up spreadsheets for a
course, but | suspect that in due time some appropriately designed soft-
ware will facilitate the task or provide some equivalent methodology.

4. Conclusion |

The basic question we need to address is how people learn — more specific-
ally, how they learn statistical concepts and techniques. Most of us have
probably come to the conclusion that it is not enough to teach statistical
theorems and derivations, with a few exercises thrown in. We need more
emphasis on the analysis of data, on putting statistics to work.

Nevertheless, it is not always easy to develop an approach that integrates
theory, data analysis, and the requisite computer skills. As discussed
above, statistical packages and programs can be helpful, but they are not
a substitute for understanding statistical theory. As we also noted, stu-
dents can spend so much time getting the computer to do something that
they lose sight of the statistical principles that are supposedly being exer-
cised.

One use of computers that | consider especially promising is the use of
spreadsheet programs, which are available for practically any micro-
computer. Once set up appropriately, these programs allow students to
change a set of data and to see immediately the impact of those changes on
a statistic. This method can help students to understand the meaning of a
certain statistic or statistical principle and to acquire an intuitive grasp of
how robust a statistic is under different conditions. This approach, al-
though relatively undeveloped, is a good example of how computers and
data analysis can further a theoretical understanding of statistics.
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