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Abstract

In three courses in Applied Statistics at the Eindhoven University of
Technology the computer plays an important role. These courses are:
(1) Regression Analysis, (2) Generalised Linear Models and

(3) Multivariate Statistical Methods. Students in their final studies
also use the computer for validating statistical tests, as well as for

some other problems.
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1. Introduction

The Department of Mathematics consists of several groups, one of which
is dealing with applied statistics. In this group are working five
persons and their tasks are teaching statistics, research and
consultation. The teaching is not restricted to the Department of
Mathematics; in other departments the students also have to learn some

statistical techniques.

In the Computing Centre the field of Statistical Applications is
covered by four persons. They develop statistical software and assist
the people who want to use it. They also buy programs and implement
them on the local computers. Courses in several software packages are

given.

Between these groups at the Department of Mathematics and the Computing
Centre exists a close collaboration and this results (among other
things) in the increasing role of the computer in teaching statistics
at the Eindhoven University of Technology.

2. Regression Analysis

The computer is not used in every course; at this moment only in the
courses that are mentioned in the abstract. The first example is
Regression Analysis and it is intended for students in their second
year. The course is based on the book by Montgomery and Peck [1] and
the statistical package GLIM [2]. A typical problem is given in table
1. The students are asked to produce a model that describes the
gasoline mileage for automobiles. Eleven possible predictors are given
and it is easy in GLIM to apply transformations to them. The model has
to contain only variables that are relevant and the students have to

examine the reslduals very carefully.
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Automobile y x] X X3 9 X5 Xg X7 Xg Xg X109 X11
Apollo 18.90 350 165 260 8.0:1 2.56:1 4 3 200.3 69.9 3910 A
Omega 17.00 350 - 170 275 8.5:1 2.56:1 4 3 199.6 72.9 3860 A
Nova 20.00 250 105 185 8.25:1 2.73:1 1 3 197.7 72.2 3510 A
Monarch 18.25 351 143 255 8.0:1 3.00:1 2 3 199.9 74.0 3890 A
Duster 20.07 225 95 170 8.4:1 2.76:1 1 3 194.1 71.8 3365 M
Jenson Conv. 11.2 440 215 330 8.2:1 2.88:1 4 3 184.5 69 4215 A
Skyhawk 22.12 231 110 175 8.0:1 2.56:1 2 3 179.3 65.4 3020 A
Monza 21.47 262 110 200 8.5:1 2.56:1 2 3 179.3 65.4 3180 a
Scirocco 34,70 89.7 70 81 8.2:1 3.90:1 2 4 155.7 64 1905 M
Corolla SR-5 30.40 96.9 75 83 9.0:1 4.30:1 2 5 165.2 65 2320 M
Camaro 16.50 350 155 250 8.5:1 3.08:1 4 3 195.4 74.4 3885 A
Datsun B210 36.50 85.3 80 83 8.5:1 3.89:1 2 4 160.6 62.2 2009 M
Capri II 21,50 171 109 1l46 8.2:1 3.22:1 2 4 170.4 66.9 2655 M
Pacer 19.70 258 110 195 8.0:1 3.08:1 1 3 171.5 77 3375 A
Bobcat 20.30 140 83 109 8.4:1 3.40:1 2 4 168.8 69.4 2700 M
Granada 17.80 302 129 220 8.0:1 3.0:1 2 3 199.9 74 3890 A
Eldorado 14.39 500 190 360 8.5:1 2.73:1 4 3 224.1 79.8 5290 A
Imperial 14.89 440 215 330 8.2:1 2.71:1 4 3 231.0 79.7 5185 A
Nova LN 17.80 350 155 250 8.5:1 3.08:1 4 3 196.7 72.2 3910 A
Valiant 16.41 318 145 255 8.5:1 2.45:1 2 3 197.6 71 3660 A
Starfire 23.54 231 110 175 8.0:1 2.56:1 2 3 179.3 65.4 3050 A
Cordoba 21.47 360 180 290 B.4:1 2.45:1 2 3 214.2 76.3 4250 A
Trans Am 16.59 400 185 NA 7.6:1 3.08:1 4 3 196 73 3850 A
Corolls E-5 31.90 96.9 75 83 9.0:1 4.,30:1 2 5 165.2 61.8 2275 M
Astre 29.40 140 86 NA 8.0:1 2.92:1 2 4 176.4 65.4 2150 M
Mark IV 13.27 460 223 366 8.0:1 3.00:1 4 3 228 79.8 5430 A
Celica GT 23.90 133.6 96 120 8.4:1 3.91:1 2 5 171.5 63.4 2535 M
Charger SE  19.73 318 140 255 8.5:1 2.71:1 2 3 215.3 76.3 4370 A
Cougar 13.90 351 148 243 8.0:1 3.25:1 2 3 215.5 78.5 4540 a
Elite 13.27 351 148 243 8.0:1 3.26:1 2 3 216.1 78.5 4715 A
Matador 13.77 360 195 295 8.25:1 3.15:1 &4 3 209.3 77.4 4215 A
Corvette 16.50 350 165 295 8.5:1 2.73:1 4 3 185.2 69 3660 A
y : Miles/gallon Xg ¢ Carburator (barrels)
x) Displacement {cubic in.) Xg @ No. of transmission speeds
x, Horsepower (ft-1b) Xg * Overall length (in.)
Xy 3 Torque (ft—1b) Xg * Width (1bs)
x, * Compression ratio X10f Weight (1lbs)
Xg : Rear axle ratio X Type of transmission (A-automatic,

Source: Motor Trend, 1975

M-manual)

Table 1
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Evidently it is almost impossible to solve such problems without a
computer. It is only a few years ago that the students were only
confronted with artificial and very small problems that could be
evaluasted by hand. Now it is possible for them to apply statistical
techniques to life gsituations. This seems an important improvement in

Engineering Education.

3. Generalised Linear Models

This is a course for students in their third year. It 1s based on the
book by Dobson [3] and here we also use GLIM. The name of this
statistical package comes from Generalised Linear Interactive Modelling
and so it seems an appropriate choice. The students have to solve
practical problems in the following fields: (1) Multiple Regression,
(2) Analysis of Variance and Covariance, (3) Binary Variables and
Logistic Regression and (4) Contingency Tables and Log—~linear Models.
An example of such a problem is given in table 2. The students have to
construct a hierarchical log-linear model with as few parameters as

possible that describes these data.

male | 35 - 64 | 40 30 48 64
65 - 6 6 20 10

20 - 34 | 56 45 42 22
female| 35 -~ 64 | 52 55 57 66
65 - 9 9 27 13

Table 2
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The frequencies in this table are classified by three factors. The
subjects are people living in a certain neighbourhood where they can
chooge between four family doctors (factor H). The other factors are
A (age) and S (sex). The resulting model contains only one interaction
and that is A*H, which seems to be reasonable. S cannot be omitted but

it is no part of any relevant interaction.

Such models can only be found with a trial and error technique that
gives the user of an interactive statistical program some feeling for
the data. Data analysis as a topic is closely related to statistical
inference. And it 1s only since the students can use a terminal that

they really get to know some of its techniques.

4. Multivariate Statistical Methods

This is a course for students in their fourth year. We use a text by
Bosch and Doornbos [4] and a collection of almost 300 statistical
routines in Algol and Fortran called STATLIB [5] that was developed at
the local Computing Centre. This collection will also be available in
Pascal next year. As an alternative students can use CONSTAT [6] which
is a conversational statistical program that uses the routines of
STATLIB.

The topics in this course are: (1) Principal Components, (2) Factor
Analysis, (3) Canonical Correlation, (4) Discriminant Analysis and

(5) Cluster Analysis.

A typical problem is given in table 3. The subjects are 17 statistical
packages that are suitable for microcomputers. For every program the
price and the number of pages of the manual is given. For nine topics
in statistics the number of possible tests are given, and the students
have to perform a Factor Analysis on these data where the number of
factors has to be chosen carefully. The resulting factor matrix can be

rotated to improve the case of interpretation.
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~ name price pages T, T T3 T4 T T6 T7 T8 ‘I‘9

in § documentation

ABSTAT 395 100 11 8 10 5 3 5 2 8 2
AIDA 235 90 9 12 3 4 2 1 2 6 1
ANOVA II 150 52 5 2 2 0 0 1 0 o0 7
A-STAT 200 140 9 8 6 4 2 1 2 7 3
BASIC SS 100 100 2 0 0 3 0 013 0 0
BIOSTAT 95 35 6 0 2 0 2 1 6 2
COMMODORE 60 300 2 1 8 3 6 2 6 2
COMPSTAT 1500 1000 4 4 9 5 5 110 7 6
DESCRIPTIVE 60 58 3 1 5 1 0 0 0 0 0
ED-SCI 100 75 12 1 3 3 3 0 2 & 2
EDA 165 354 1 3 5 2 0 0 0 0 0
HAL 95 80 8 6 5 3 1 0 0 3 1
KEYSTAT 130 88 3 0 7 3 2 0 5 1 5
MDA 349 208 7 4 4 2 0 0 0 6 0O
MICROSTAT 375 110 8 8 7 &4 6 8 9 10 3
MSUSTAT 500 123 4 3 6 5 4 1 S5 1 6
NUM CRUNCH 200 70 5 7 6 4 3 8 1 9 7

Table 3

The students also have to compute the factor scores and discuss their
results. They know what the topics T1 to '1‘9 are, but we will not
mention them here.

This kind of problem, especially if one 1s trying several rotations,
cannot be solved without a computer. An interesting observation is that
the gtudents seem to like dealing with such problems. They are
searching for structures in the data and are trying several approaches
in order to find them. And during this process they learn a lot about

the statistical teéhniques involved.
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5. Students in their Final Studies

In the last three sections the students applied statistical programs to
data. They could study the methods that lie behind these programs but
for them these methods were merely tools that could be used but not
modified or replaced by products of their own skill. If a student
chooses Applied Statistics as a topic for his final studies, we expect
him to go a bit further. Such a student has to deal with statistical
methods as his subject. He has to be able to develop new methods or to

adapt existing ones for non-standard situations.

A typlcal problem is to construct an approximate test for a situation
in which no exact solution exists. Such a test will then be added to
STATLIB so that other users can benefit from the study. If the subject
seems to be of general interest it sometime happens that & publication
will follow.

The validation of an approximate test usually involves a simulation
study in which the test 1s applied thousands of times to pseudorandom
data from some chosen distributions. It goes without saying that this
is only possible with a computer. In this area the computer is not only
important for teaching, but also for the development of new statistical
methods.

Some recent toplcs were:

(1) The Behrens-Fisher problem for more than two groups

(2) Adaptive nonparametric analysis of variance

(3) Outlier-resistant analysis of variance

(4) Comparison of two location parameters from multinormal
distributions with unequal covariance matrices

(5) The lack of fit of a Gram-Charlier model for data from various
distributions of the Pearson family

(6) Adaptive two-sample tests.

These topics were chosen as a consequence of the statistical

consultation in the Computing Centre. And so the students are motivated

by the knowledge tht their results will be used in practice.
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