to use these information sources as well as the other career

planning activities offered by the Service. Final-year stud-
ents can register with the Services and be notified of vacan-
cies - the Services are the major source of contact with emp-
loyers offering graduate employment prospects at home and

abroad.

Caneens and Appoinimenits Officen,
Univensity College,
Conk,

MATHEMATICAL EDUCATION

MATRIX: COMPUTER ASSISTED MATHEMATICS TEACHING

Ted Hunley

INTRODUCTION }

The main aim of thi§‘article is to describe the teaching
of certain aspects of Md%hematics using the MATRIX program.
Before discussinﬁgthis in detail, I make a few general comments
on relationships between Computers and Mathematics which I hope

will stimulate some discussion in this whole area.

Computer Science at most 40 years in existence, is now
the best financed scientific subject, whereas Mathematics,
which has been around, developing and of immense value to
science, technology and society for aver 3000 years is the
least financed. Hardy says in A Mathematician's Apology,

"p Mathematician, like a painter or a poet, is a maker of patt-
erns. If his patterns are more permanent than theirs, it is
because they are made with ideas." Mathematics is also the
least financed of the arts. The problems of illiteracy are
recognised, and rightly so, and processes have been set up to
tackle the problem. Little, if anything, is being done to
eliminate innumeracy, which will become even more of a problem

as technology develops.

When a Mathematical idea becomes useful it appears no
longer to be Mathematics. The number of "in" words associated
with Computer Science continues to expand - C.I.M., C.A.M.,
A.I., C.A.D., C.A.L., (Exercise: State or find out the mean-
ings!), etc. Programming is no longer simply programming but
rather "software engineering”. We need more "with it" words
for Mathematics - how about I.E. ("Intelligence engineering")
or S.E. ("Symbolic engineering)? Write'your suggestions to
the editor!
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Transition matrices.
Change of base.
Input-Output matrices.

Gram-Schmidt process, orthogonal matrices and orthogonal red-

uction of symmetric matrix.

Kernel. and image of a linear transformation.
Systems of differential equatians.
Simultaneous reduction.

Linear Programming.

It is possible to handle realistic problems using MATRIX
where hand calculations are out of the question. For example,
Linear Programming problems, even for a small number of var-
iables, go gui;g;y out of hand and teaching and examining this
topic by computer seems an ideal solution. I have been able
to enter @ number of problems so that each student receives
a different set of data for a particular type of problem.

(The PROBLEM LIBRARY developed contains an infinite number of
problems!)

THE STUDENTS' VIEW

No axparlence of programming ls necessaary. ALl the comm-
ands necessary to run MATRIX and to altach the PRUBLEM LIBRARY
are set up in a LOGIC COMMAND. The student simply logs in
and calls up MATRIX with $MAT, or, if he/she wishes to keep
a record of the session for possible printout later, with
$MAT/LOG. The prbmpt in MATRIX is ? and sa, for example,

? PROBLEM 100 prints the problem on the screen. If the stud-
ent is stuck he/she may ask for HINT if this is available,

All the MATRIX commands are available on a quick reference
card (which is in total one A4 size page) and this has been
found to be sufficient, although a more detailed reference
manual of about S0 pages comes with the program. It is not

- 64 -

possible to list all the commands available but they include
addition, multiplication, exponentiation, transpose, dot and
cross products, rowops, the standard functions (cos, log etc.),
eigval, charpoly, submatrices, tableau, pivot and even HISTORY

to look back over what has already been done. Procedures

(subroutines) are also possible and special matrices may be
called, e.g. ZERQ (m,n) or HILB (n). It is possible to turn
of f to the student an; of these commands - for example at an

early stage'the"PIVOf command could be turned off but as the
Course progresses, tﬁis command would be allowed. You may
perhaps allow[the students to reaa of f the eigenvalues and
eigenvectors and thus proceed to more advanced problems or you

moy roquire thom Lo work theso oul Tor thomsolvos.

I have used the program for a third year pass course in
Algebra for Science, Arts and Commerce students {about 120
students in total) and a third Engineering Mathematics Option
course with about 55 students. (There were only 35 in the
option until they heard about MATRIX!) It is certainly poss-
ible to use MATRIX also for first and second year pass and hon-
ours and for service courses - the classes were chosen solely

because these had been assigned to me.

The MATRIX course was compulsory and each student had the
terminal booked for him/her for two hours each fortnight.
They were also free to work on it whenever terminals were
available and many did so. Printouts of solutions (or attem-
pts!) to particular problems had to be submitted by a particular
date or the MAIL facility could be used to send their solutions

to my directory.

At the end of the course, each student was asked to com-
plete, anonymously, a questionnaire giving his or her opinion
and comments on the usefulness or otherwise of MATRIX. On
the question "All in all, did you think MATRIX is worthwhile?",
over 70% were very much in favour {(gave 9 or 10 on a scale of

0-10). It is also my view that the students learned much more
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Mathematics, and became more proficient an the (normal) problem writing to John Cannon at the University of Sydney, Sydney,

sheets. There is the added experience of working on computers New South Wales, 20086, Australia. I will be happy to corr-

and many had had no such previous contact. espond with anyone who is interested.
We hope very soon to implement KOENIC, a teaching program
DIFFICULTIES for graph theory.
There were of course difficulties. The running and org-
anising of such a scheme takes a tremendous amount of time and
work. The main problems the students had were hardware prob- REFERENCE

. _ : . . . l d . t 7 !
lems, with the non availability of termlng s and printers as 1. FITZPATR&CK, Patrick,

"CAYLEY: Group Theory by Computer", IMS Bulletin 18§ (1986)
56-63.

required. These can be overcome. The émount of time invol-
ved in problem library development should not be underestimated,
Hopefully, others will become interested and it will be possible
to exchange problems. This would be a simple process via the
HEANET (Higher Edﬁcation Authority Network), and post and trans-
fer of files in and out of Ireland to an}where in the world Department of Nathematics,
with a similar network seems to be possible. For further in- Univensity College,
formation on HEANET read the appropriate section of [1] and/or : Galway

contact your local computer services.,

The most serious Mathematical criticism is that the stud-
ents' ability to calculate or manipulate expressions may be
further reduced. We do have a problem with numeracy and man-

ipulation but I argue that computer-assisted learning does not

make it any worse and can on occasions be very beneficial.

Many students refuse to continue when a seemlngly unmanageatilo
calculation is presented and are never able to get to the Lottom
of a problem. Errors often occur in arithmetic no matter what,

and progress is impeded. I once felt that calculators should
not be allowed at examinations.

CONCLUSION

If you would like to try out MATRIX, and I highly recommend
it, you may, if you are not in Galway, do so through the HEA-
NET. If you would like to use MATRIX in one of yQour courses,

it would be necessary to purchase the program from Sydney by
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