added for, say, honours students ).

(0) These proposals are at least worthy of consideration,
for Professor Ralston has wide experience in both computer

science and mathematics and backs up his suggestions uwith an

exhaustive study.

More questions are asked here than are answered. Far
example, gonsideration needs to be given to the feasibility
of such topics for various types of student, ranging from
students of management through to honours mathematics stud-
ents. But space permits no more comment, and for answers
to such questions the reader must either consult [4] and [5]

or, if Ralston [S] page 484 1is correct, undertake experiment

for himself or herself.

Educational problems are not usually very well defined;
they are likely to be controversial and to raise temperatures.
Indeed it may be that Ralston*s ctriticism does not apply here

and that all is well. If not, and this article creates some

discussion or starts peaple thinking about the problems raised

here;, then it will have achieved its purpose. We hardly need
reminding in 1983 that computer science is a major undergrad-

uate subject. But what has perhaps not been widely recog-
nised yet is the fact that the next generation of students

will be taught computer science in secondary schools by thaose

currently studying it at third-level. Future incoming stud-

ents may therefore elect to study computer science "because

it is familiar" just as many do nou, I suspect, in the case

of mathematics.
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to add to this list in the next few months, The bias towards
Analysis in this list of topics reflects the teaching commit-
ments of myself and others interested in using the computer
rather than any inherent limitation in the technique. We
have had most success with students who might have difficulty
even understanding the definition of a concept {more than
might be supposed). These can progress further and more
quickly than might otherwise be the case, The good students
gain little (this reflects the results of a survey done with
schoolchildren recently) but it does mean that we are helping
those who need it most., Opportunities for using microcomp-

uters seem to lessen as the level of courses increases, alt-
hough there are exceptions,

All our teaching has been on an ITT2020 (virtually iden-
tical te an APPLE II except for improved graphics), This
works at a reasonable speed and can provide tolerably good
black and white graphics {(but not such good colour). We have
found it desirable to improve its speed by adding an Arithmetic
Processor Card, and (at the time of writing) have just:taken
delivery of improved graphics for’it. We have not found
much use for colour, but some progtams certainly benefit from
it. For example, one of our programs compares the graph of
a8 continuous function with fhat of a polynomial approximation
to it, Once the approximation is reasonably good, colour is
essential to distingqish the two graphs. It is not realistic
to load a sizeable program from cassette tape in front of a
class, so disk storage (or something similar) is vital. We
have also found it useful to have a printer available, This
has greatly aided rrogram development and is also useful for
Providing a printed record for the class of some of the comp-
uter's output. In some cases, such as simulation of the
action of a Turing machine, it would not be possible for
students to make a copy as they wétched.

From our experience, not only in teaching at University
level using 2 microcomputer but also from training teachers

to use them, we have isolated several critical features of




praograms that are to be useful, First and foremost, the
program should teach rather than do. There are many programs
that multiply two matrices together, but very few that try to
teach how it is donesr A good program is as flexible as
possible. This allows the maximum interaction with a class
and also allows more people to fit it into their own teaching
style. Often it is little more work to write a program that
will handle many examples rather than just one, although that
is notraluays the case, If many people are to use a program
it should be as easy to use as possible. No-one is going to
read a twenty-page manual before using a program for half an
hour, yet that is what some programmers expect! Choices that
need to be made should be clearly stated and a relatively
small number presented at once. Far more could be done to
guide people through a program than is being done, For
instance, there is little point in offering the choice of
saving a graph onto a disk file to a person who has not yet
drawn a graph! By such restrictions it is possible to lead
a person gently inte a program. The final feature of a pro
gram that we have found desirable is frequent opportunities
to save its output onto disk files. If this has been done
iﬁ advance of a class they can be printed for distribution t
a class or many of them can be displayed to a class in far
less time than it took to produce them. Before we obtained
our Arithmetic Processar Card we frequently found it necessar
to do this in order to present the number of examples that

we wanted in the time available.

There is, unfortunately, no source of programs for
teaching mathematics at the University level. About eighteen
months ago I contacted about twenty Universities, Polytechnics
and Teacher Training Colleges in the U.K., that I knew to have
an interest in the field, with a view to setting up a program
exchange. The response was negligible. What has been done
elseuhere tends to be on larger machines or on exotic hybrid
systems. Anyone setting up such a system should be recon-
ciled to "going it alone" on program development as any spec-

ific combination will be rare. Even though little is avail-
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