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Abstract

For about a decade, the author has been using computer algebra packages in a wide variety of
teaching, learning and assessment situations. Courses taught include first year service modules
offered to scientists whose entry qualification is generally no more than a partialy forgotten GCSE
obtained with a moderate grade, students whose main areas of interest include computing and
accounting, engineering students who have been offered computer algebra courses on a voluntary
basis and students whose main interest includes mathematics, normally alied to another subject of
their choice. The author has used DERIVE and/or Maple with many of them on a variety of
appropriate platforms including SUN and Macintosh (for Maple) and PC (for DERIVE and Maple).
In most cases, the package used has been viewed as an integral part of the courses offered rather
than an “add-on” simply to be used during tutorials. This philosophy has resulted in the author
using a wide variety of computer algebra based assessment methods including group work using
both self and peer assessment as methods of involving students in the assessment process and
“standard” three-hour examinations for which an algebra package is available with the examination
being sat at the computer.

In many cases, classes have involved the use of specially written learning material supported by
regular classroom demonstrations with the students encouraged to participate interactively
immediately prior to attempting set tutorial work on their own or in organised self-help groups.
Student reaction to this heavy use of the computer in mathematics classes is discussed.

The author will trace his personal journey through the educational experiences outlined above and
openly discuss both successes and failures. Some implications for classroom teaching, organisation,
and assessment methods are discussed. The paper will conclude by presenting a set of guidelines
recently used by the author to ensure that the use of computer-based examinations is as successful
and trouble free as possible.

1. Introduction

One of the problems permanently facing university staff responsible for the service mathematics
components of many degree schemes is that in the drive to enable students to cope with the
analytical parts of the programmes of study, mathematical demands are made on them for which
they are unprepared by school mathematics. Up to GCSE level, students appear to be able to gain,
say, a grade “C” with a very sparse knowledge of algebra and in particular a very low level of
manipulative ability. In the experience of the author, many such students are allowed, indeed
encouraged, to register for programmes including a range of sciences and engineering. This trend
appears set to continue into the future fuelled by the wish of the government to widen access to



1)

Contents

Fourth International Derive T1-89/92 Conference

Higher Education and the lack of well-qualified scientists and engineers. Even some ten years ago,
the problems created by the lack of mathematical qualification, drive and ambition in many science
and engineering students was giving university staff considerable cause for concern. During the
academic year 1991-92, the author sought, along with colleagues, to urgently review the content,
delivery and assessment of service modules in mathematics offered to students at Sunderland.

It was decided that the review must pay due attention to the learning, teaching and assessment
methods used in the delivery of the courses in mathematics as well as the content of those courses.
It should be remembered that the content of the type of service modules under consideration here is
determined to alarge extent by the Schools receiving the service. Programme leaders have a duty to
ensure that service module content will prepare the student adequately for the more analytical
aspects of their studies and at Sunderland it is not uncommon for mathematics staff to negotiate
content with them. However, such constraints need not, in the view of the author, prevent
experimentation either in the modes of delivery used, the variety of learning experiences offered, or
the assessment methods used. The reasons for the changes introduced in service modules aimed at
students with GCSE qualifications during the period under consideration may be summarised as
follows:

. many of the existing service courses, both mathematics and statistics, provided for science
students consisted almost entirely of traditional lectures given to classes over 200 strong.
These lectures were supported by traditional problem solving tutorial sessions where
attendance was voluntary. Attendance at both lectures and (particularly) tutorials was
giving cause for concern;

. the assessment methods used were almost entirely dependant on the performances of the
students in traditional examinations although some work was done using time constrained
tests in multiple choice format to facilitate rapid marking and feedback to students.
Failure rates were increasing as were complaints and a general feeling of student
dissatisfaction had begun to permeate classes,

. all of the service courses offered ignored the potential impact on learning, teaching and
assessment of modern microcomputer software;

. the traditional teaching methods employed in the context of large classes tended to
reinforced the jaundiced view of many students that mathematics is a dull, fossilised
subject, taught using chalk and talk, done using pencil and paper with little or no relevance
to the world in general and their programme of study in particular;

. the courses offered, by their design and scope and delivery, mitigated against the
integration of computer-based approaches to learning, teaching and assessment.

2. Rationale

Over the last fifteen to twenty years, university scientists and engineers have become
increasingly critical of the mathematics and statistics courses offered to their students by staff from
specialist departments. For their part, many university mathematicians and statisticians have felt
compelled to reply to the comments concerning the courses they offer by making critical remarks
about the quality and qualifications of the students they were expected to teach. The resulting
situation, sometimes involving something little short of retrenchment by both parties has done little
to address the basic problems faced by students or to develop positive working relationships
between mathematicians and engineers or scientists. Asaresult, and in spite of many well-meaning
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curriculum revisions in mathematics service programmes, a perceptible drop in the content and level
of the mathematics taught by specialists has occurred in many universities. This drop has resulted
in an increasingly large body of highly relevant mathematics either not being taught or being
allegedly delivered by the host department as part of its specialist discipline. The claim that “we
teach the mathematics as part of our modules when we need it” is now commonly made by both
engineers and scientists. The author challenges this claim for the following reasons:

firstly, it is now common to see areduction in both the number and length of the
mathematics service modules incorporated in newly validated versions of engineering
and science courses,

secondly, it has become common in recent academic years to hear of the closure of
mathematics mainstream courses and the consequent closure or diminution of the
associated departments thus leaving a smaller core of mathematicians employed to
deliver service courses,

thirdly, in many post-1992 universities and some older institutions, the placing of a
wide variety of courses on an imminent closure list has resulted in some ring-fencing
by departments with staff encouraged or allowed to increase their teaching hoursin
order to avoid retraining, or the very real threat of redundancy. Regretfully, it appears
that mathematics departments can do little to counter this;

fourthly, and crucialy, it is the authors experience as a member of several recent
validation panels concerned with both science and engineering programmes that the
mainstream modul es offered do not explicitly contain a mathematics syllabus nor are
relevant teaching materials immediately available for inspection.

On amore positive note, much effort has generally been made to help a wide spectrum of students,
eﬁpemal ly through the provision of:

mathematics help schemes which are generally available to all studentsin an
institution;

diagnostic testing, either paper-based or computer-based, although it is acknowledged
that the additional lectures and/or tutorial sessions arising from such testing do add to
the burden of students who are already struggling;

computer-based self-help material such as CALMAT or mathwise. While the author
believes that these packages do have a positive role to play in modern mathematical
education, the comments made above concerning the added burdens experienced by
students aso appliesin this situation;

mathematics courses designed to involved relatively little formal lecturing but alarge
proportion of tutorial work involving modern computer-based mathematical tools such
as Maple, Mathematica or DERIVE.

The use of algebra packages such as these implies arevision of service curriculato include amore

student-centred approach, a commitment to deliver mathematics in a more exciting and personally

involving way and to take advantage of these tools to aid computation, exploration and assessment.
It appears reasonabl e to suggest that courses which attempt to centrally involved computer algebra
in their delivery should also address the problemsinherent in using computer algebrain their

assessment.

Implementing the Cour ses
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Staff of the School of Computing, Engineering and Technology at Sunderland have used computer
algebra systems (usually DERIVE and Maple) as an integral part of the delivery and assessment of
mathematics courses for about a decade. While these courses have ranged from first year service
mathematics to postgraduate mathematics, comment here will be restricted to first year mathematics
involving mainly, but not exclusively DERIVE. Four developmentswill be of interest:
. a short DERIV E-based mathematics course offered on avoluntary basisto first year
engineers,
. a short Maple-based mathematics course offered on a voluntary basis to second year
engineers,
. a combined mathematics and statistics course taught as a core module (20 credits) to
first year scientists;
. afull module (20 credits) taught to students registered on the University Combined
Programme intending to continue with mathematics after their first year.

In the first and second cases, the students taught generally had a respectable level of mathematical
achievement (many held an A-level pass) and, in most cases little antipathy towards the subject. In
the third case, the students generally held a partially forgotten grade “C” GCSE pass in mathematics
but had to attend a mathematics/statistics course. Until recently they were offered a choice of two,
the one mentioned here and one which was taught traditionally.

3.1 First and Second Year Engineering Courses

At the University of Sunderland, engineering mathematics courses have never been delivered using
the computer as an integrated tool, but the author believes that al students of mathematics,
“service” or “main” should have a working knowledge of at least one algebra system as part of the
process of their acquiring transferable skills. With this aim in mind, the author has offered extra
curricular courses using DERIVE to studentsin their first year and Maple to students in their second
year. Generally, students have been taught in groups of twelve, this number reflecting both the
authors wishes to ensure adequate personal contact with each student and the limit (at the time) of
the departments DERIVE related resources. Neither course is assessed and while the take up rate
has not been specifically monitored it is in the region of 50-60% of the engineering student body.
At level one, DERIVE was introduced to students and examples presented whose aim was to enable
the student to gain some familiarity with the scope and limitations of the package. Traditiona
engineering mathematics example sheets, provided by those responsible for the formal delivery of
first year engineering mathematics at Sunderland, were used to demonstrate power and ease of use
of the package and to raise student interest in the application of computer technology to the
processes of learning and doing mathematics. At second year level, the author was, until recently,
responsible for both the formal delivery of the engineering mathematics offered and for the
introduction of a complementary Maple-based computer algebra course. Both the formal course and
the complementary computer algebra course were restricted to the study of Fourier Series and
Laplace Transforms. Advantage was taken of the availability of the computer to implement areas of
these topics which appear to give students considerable problems, for example:

. the introduction of Lanczos Sigma Factors, which, following a suitable derivation,
enable students to compare the graphical output arising from partial sums obtained
from the “standard” series
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f(x) Dag+ Z{ak cos(kx )+ b sin(kx}

and the “smoothed” series

f (x) Dag+ Z%ﬁ{n)(ak cos(kx)+ by sin(kx));

the solution of systems of ordinary differential equations with a corresponding
investigation into the graphical representation of the solutions. A typical “idealised”
model in which damping has been omitted for simplicity, both masses are assumed to
be unit masses and all three springs have the same modulus is shown below in Figure
1. Vibration occurs between two fixed point A and B.

The equations of motion of the system are

d2
—y1= _kyl +k(y2 _yl)

dt?
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Figure 1 —Undamped Vibrating M asses

Students are asked to justify the equations of motion and implement Laplace transform
methods using Maple to find the solution of the system subject to a given set of initial

conditions, say, ¥,(0)=1y,(0)=1 ¥,(0) =v/3k, y,(0) =—/3k . On achieving the solution

they are asked to choose a suitable value of k and plot the solutions on the same axes in order
to compare them.

3.2 Coursesfor First Year Science Students

The particular course referred to here ran only for some three years. Course content was largely
traditional for afirst year mathematics module aimed at the vast magjority of students who had no
mathematics beyond GCSE. Basic algebra, logarithms, trigonometry, elementary calculus and an
introduction to matrix algebra formed the mathematical diet. Traditional hour long lectures were
replaced by laboratory sessions which were used to:

. introduce new topics in mini-lecture format using specially prepared hand-outs;

. illustrate mathematical concepts using computer-based or traditional methods as
appropriate;

. give the students weekly targets which they were expected to meset;

. present exercises - some open ended - for the studentsto try;

. give the students experience of group working and encourage the devel opment of
transferable skills such as worth assessment, intellectual honesty and the ability to
fulfil avariety of roleswithin agroup learning structure;

. ask students to accept responsibility for arange of activities from the management of
learning and personnel management within their group to the construction and
presentation and of areport;

. ask studentsto play a part in the assessment of their group efforts by incorporating
elements of self and peer assessment in the final grading.

Some experiences gained by the author when using this assessment paradigm are discussed in
Section 4 below.

3.3 Courseswithin the University Combined Programme

This group of students normally consists of those who wish to continue to study mathematics after
their first year by taking one of three options:

. the Minor option - roughly one third of the students’ time is spent on the mathematical
sciences;

. the Dua option- roughly one half of the students' timeis spent on the mathematical
sciences,

. the Major option- roughly two thirds of the students' time is spent on the mathematical
sciences. Students opting for the Major route are required to submit a project in an
approved aspect of the mathematical sciences;

Middleton: Some Reflections on the Uses of Computer Algebrain Page 6
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As one might expect, the first year syllabus contains a considerable amount of single-variable
calculus and linear algebra. Assessment involves a*“ standard” three hour examination (50%) and
coursework (50%) which has several components normally consisting of:

. atime constrained test;

. an open learning assignment;

. an open ended investigation;

. set problems.

While many of the students hold an A-level pass in mathematics, this is not true of al of them,
some hold an AS-level pass, some are allowed to register on the Combined Programme as a result
of the successfully study of an access course and others are mature students who may hold
mathematical qualifications but have not formally studied for some time. Until recently, two
computer algebra packages were used with these students, DERIVE and Maple. Currently only
Maple is used since the School of Computing, Engineering and Technology has concentrated its
resources and expertise at al levels on this package.

The working week typically followed by these students is represented by Figure 2 below. The
learning, teaching and assessment strategy adopted is geared towards the development of a high
level of independence in the student as a prelude to lifelong learning. This philosophy is reflected
in the organisation of the taught work with students being encouraged to organise self-help groups
and request surgeries from staff to support them. In addition, those students who find that they lack
the necessary background for successful study are encouraged to use appropriate mathwise modules
to support their studies. Much of this work takes place outside of the normal timetabled hours
which, in the case of Sunderland students, occupy some 60 hours of a 150 hour 20 credit module.

The variety of assignments required of these students has already been mentioned and the following
problem which has been used with first year Combined Programme classes is closely based on
problems which may be found in the text “Discovering Calculus with Maple” by Harris and Lopez
(2E 1995).

Middleton: Some Reflections on the Uses of Computer Algebrain Page 7
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Monday session - one hour. Time
shared between formal lectures
and computer laboratory time.

Mathwise sessions (revision or
remedial) also used.

!

Tuesday session - two hour timetabled
lecture and computer-based tutorial.

Lectures normally one hour and use the
computer as an illustrative tool with portable
projector based demonstrations using Maple.

The demonstrations are directly related to
the handout material used and encourage the
students both to replicate and extend the
mathematical principlesillustrated.

Self help groups
(non-timetabled) often
with students acting as
mentors.

Persistent difficulties
leading (if requested) to
individual or small group
surgery sessions which
arein addition to the
timetable allowance for
the module.

A
-

f

mm e e e e e - f—— - - - - - - - -

Assessment sessions which may take the form
of time-constrained tests or coursework set
for the whole class.

In the latter case, open learning or individual
assignments may be used.

Feedback sessions
tailored to match an
agreed strategy given
for each assessment.

!

Module Final Examination

Individual or small group
tutorials are encouraged
and are available by
appointment as regested.

Figure 2 - Typical Weekly Organisation

3.3.1 Calculus Problem

I ntroduction

1)

Contents

In this assignment you are given functions of x and you are asked to calculate the value(s) of the
variable x for which turning values of the function occur. You are also asked to demonstrate the
occurrence of the turning values both graphically and numerically and to explain why the results
obtained by the different methods match. Remember that turning points may be classed as:
maxima, minima or inflexions, you will meet all of these types in this assignment.

Middleton: Some Reflections on the Uses of Computer Algebrain
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Part 1

Consider the polynomial
f (x) =12x° —~120x* +400x*> ~480x° +5

a) Caeculate the values of the variable x which determine the turning values of the function.

b)  For each distinct value of x, say x = a, define the function
g(h)=1(a)-f(a+h)
and compute the values of g (h) for several small values of h both positive and negative.

c) Usethecomputed valuesof g(h) to classify each x=a as corresponding to alocal maxima,
aloca minimaor an inflexion.

d) Potthefunction f (x) over asuitable range of values of x and explain how the plot and the
results you obtained in parts b) and ¢) correspond.

e)  UseMaple (or hand methods) to express the derivative of the function f (x) inafully
factored form. You will find that the expression you obtain will contain a squared term.
Explain why it is that the turning value associated with this term cannot be alocal maximum
or minimum.

Part 2

Consider the function
« . 1
g(x)=¢ +gcos(20x)

a) By plotting the function g(x) for the range of values from 0.95---1.00 estimate the value

x=a suchthat 0.95<a <1.00 where x =a corresponding to aturning value. Work to two
decimal placesif possible.

b)  Find, correct to 4 decimal places, the value of the variable x =a such that 0.95<a <1.00
where x = a corresponding to a turning value and explain why it might be difficult for you to
do this without the aid of a computer.

c) Definethefunction

Middleton: Some Reflections on the Uses of Computer Algebrain Page 9
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and compute the values of i (h) for several small values of h both positive and negative.

d) Usethe results you have obtained in part c) to predict whether the function g (x) has alocal
maximum or alocal minimum at x=a.

€) Using both your estimated and calculated values of x = a, calculate the approximate
percentage error in the value of the function f (x) at itsturning valuein the interval

0.95<x<1.00.

While the results obtained from this assignment have, as aways, varied from excellent to poor, the
assignment has succeeded in stimulating considerable discussion among student self-help groups as
to the behaviour of functions close to any turning values which may exist. From this point of view
the example has proved instructive. The author has used group based assessment methods with
other (service) groups of students, often with variable success. The scenario outlined below is an
example of a group assignment which did bring problemsin its wake.

4  Group Based Assessment

The author believes that an investigative approach to the teaching of mathematics should be
supported by asimilar approach to its assessment. Instead of aformal examination, group work in
which staff, self and peer assessments are combined to give the final grades was used. Not al of
thiswork was entirely successful. Some of the work set, although successful in some ways, did
draw very negative comments from the authors peers, particularly those from outside the University.
An exampleis given below.

Introduction

The computer algebra package DERIVE is available for use for any part of this assignment and
you will be expected to use the facilities of the library and organised your work as a group
appropriately. The group as a wholeisresponsible for the report which will be marked by the
member of staff responsible for the delivery of the module. Your final mark will be determined by a
combination of the following assessments.

a) Sdf Assessment;
b) Peer Assessment;
c) Group report mark.

Assess the contribution made to the assignment by both yourself and your peers using a scale from
0 - 10. Take 0 to mean that no effort at all was put into the assignment and 10 to mean that the
contribution of the individual concerned could not have been higher. The formula used to

determine the final grade for each student will be as follows:-

Final mark=Weighting x (Group%)
= (Average of (Self+Peer Assessments)) x (Group%)

Middleton: Some Reflections on the Uses of Computer Algebrain Page 10
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Each report must be accompanied by a sealed envel ope from each student containing the self and
peer assessment grades according to the above rules. Note that the highest and lowest grades given
will beignored in the final grading calculation.

Part 1

Author the function % and by repeatedly differentiating it show that the n" derivative of the
- X

function is given by the expression

d"01g_ n
dx" Bl—x (1-x)"*

where n! iscaled “factorial n” and is calculated from the formula n!=1.2.3.4.---n, so that, for
example

21=12=2
3=123=6
41=1234=24

and so on.

It isimportant to note that 0! isdefined as1. You may need thisinformation later in the
assignment.

Part 2
Find an expression for the n™ derivative of the function
X

@-x)(1-2x)

Hint:- Expand the function X andtreateach part separately. Develop and write down
(1-x)(1-2x)

an expression for the n™ derivative of each term.

Part 3

Use asimilar method to those you have used above to find an expression for the n™ derivative of
the function

1-x°
Part 4

By finding the appropriate derivatives and plotting the appropriate graphs, show that the function

Middleton: Some Reflections on the Uses of Computer Algebrain Page 11
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d"0 1 O
dx" H— xzﬁ

has a turning value at the point (0,n!) provided that n isan even number and identify itstype. Does
the same result apply if nisan odd number? Justify your answer.

4.1 Results

This assignment was set only twice, but the author believes, after discussion with the participating
groups of students, that the perception of investigative group assignments as a vehicle for offering
more than mathematics alone did have a beneficial effect on the overal learning experience of the
student.

Student reaction to their integral involvement in the assessment process and the extra demands
made on them because of this did result in their re-thinking the purposes of assessment and its
responsibilities. Students had, at first hand, had to cope with the responsibilities of:

. trying to differentiate on an honest basis between the relative merits of the members of
their group;

. trying to give an honest assessment of their own worth in relation to the overall group
effort and its products;

. deciding how best to deal with those members of the group whose effort was perceived
as lacking in some way;

. acting collectively and dealing with any members of their group who simply did not
contribute to the completion of the set task. It was made clear that such group action
may result in an individua student failing.

The realisation that group assessment can offer more than a traditional examination did encourage
the students to accept roles in which transferable skills such as:

I T-based skills;

information retrieval skills;
problem-solving skills;
communication skills;
interactional skills;

project planning and control skills;

are acquired and to devel op the sense of intellectual honesty essential to their participation in the
assessment process.

Some results obtained from the assignment outlined above are shown below.

Middleton: Some Reflections on the Uses of Computer Algebrain Page 12
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GROUP 1
NAME Self and Peer Assessment | Weighting | Group Assessment | Final Mark
s|pP|lP|P]|P
Student 1 7] 28] 7] 8 75 92 69
Student 2 7|1 71 8] 2] 8 75 92 69
Student 3 2| 6| 5] 6|6 58 92 53
Student 4 716|762 65 92 60
Student 5 g8 | 8| 2| 8] 8 80 92 74
GROUP 2
NAME Self and Peer Assessment Weighting | Group Assessment | Final Mark
s|pP|P|P|P]|P
Student 1 o|le| 8|8 -]- 78 80 62
Student 2 g8|lo|8]|s8]-]- 83 80 66
Student 3 - - - - - - - - 0
Student 4 - - - - - - - - 0
Student 5 7]l 9188 -]- 80 80 64
Student 6 gs|lol7]|8]-1]- 80 80 64
GROUP 3
NAME Self and Peer Assessment Weighting | Group Assessment | Final Mark
s|pP|lP|P|P]|P
Student 1 8| 79| 8] 7]5 78 70 55
Student 2 8|l 9|98 8]9 85 70 60
Student 3 6 |95 9| 9| 9] 10 88 70 62
Student 4 9|l 9l9]9]8]s 88 70 62
Student 5 2199 8[9]5 88 70 62
Student 6 2|85 79| 7]5 79 70 55
Notes
1)  With the exceptions outlined in 3 and 4 below, al of the grades allotted by the students were
used to calculate final grades,
2) group 1, student 3 submitted no self assessments while others omitted some peer assessments;
3) group 2, students 3 and 4 did not take part in the assessment and were withdrawn by the rest of
the group. Thisresulted in fail grade being given to the students concerned;
4)  group 2, student 1 was the weakest student in the group yet gave herself a high self assessment
mark. In contrast, student 5 was the strongest but gave himself alow self assessment mark;
5) group 3, students 5 and 6 did not submit self assessments. The marks of 5 were deemed (by

the author) to be in sufficient disagreement with the remaining submissions and were
neglected in the final grade calculations. It isdifficult to know whether or not to include all

Middleton: Some Reflections on the Uses of Computer Algebrain
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assessments given and difficult to establish the precise criteria by which some assessments
may be neglected;

6) inboth semesters during which the module was delivered, student attendance levels and
enthusiasm remained high. This extended to the completion of the assignment. Viewed from
this perspective the assignment must be viewed as a successful vehicle for stimulating
mathematical discussions and effort with students whose mathematical background is a poor
GCSE grade;

7) dueto thelack of external peer approval for this assignment, it was dropped in favour of a
time constrained test after the second occasion on which it was used.

5 Some L essons L earned

Firstly, in terms of the coursework set for non-specialist students, it can be difficult to balance
desirable mathematical outcomes with the demands from the host department for the development
of transferable skills. Other than quoting the obvious argument that mathematics itself is avaluable,
useful and desirable transferable skill, one may consider the overall benefits gained by students
whose exposure to mathematics during their time in Higher Education islimited to arelatively few
hours addressing afirst year service course. The author has found himself faced with issues whose
resolution in favour of the long term benefit to the student is far from obvious, for example:

. should the lecturer insist on developing (say) the calculus from first principles,
including adiscussion of continuity and limits, knowing that many studentsin the class
may not, at least over the available time-scale, understand the aims and objectives of
such adiscussion;

. should the lecturer insist that students attempt to attain even a basic familiarity with
algebraic manipulation knowing that many of them have failed to assimilate even the
rudiments of the skill during the course of their education at school level and that the
passage of even a short time after the completion of their university mathematics
module(s) will negate any gains made;

. should the lecturer attempt to concentrate on applications of the subject intended to
appeal to students knowing that many of them will not have, nor will they be able to
attain, the necessary background to facilitate understanding;

. should the lecturer sacrifice some mathematics in order for supposed gains in other
more general areas such as Information and Communication Technology (ICT)
supported methods in learning and teaching, or experience of judging the effort and
quality of the work of their peersin group-work situations,

. should the lecturer admit that school mathematics has failed many students and embark
on acourse of action which deliberately avoids the teaching methods used previously;

. given that many students are now positively anti-mathematics should further
mathematical content and precision be sacrificed for mathematical activities which
students claim as enjoyable?

It is perhaps worth remembering that the group-based activity described in Section 4 above was,
from a student perspective, a positive and enjoyable experience in spite of the fact that (external)
colleagues had severe doubts as to its worth, some being of the opinion that “they will learn nothing
about mathematics by pursuing such exercises.”

Middleton: Some Reflections on the Uses of Computer Algebrain Page 14
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In essence the author is asking whether it is better to risk even further mathematical alienation or to
attempt to ensure that students, perhaps through the use of technology, experience a course in
mathematics which they consider to be enjoyable even at the expense of some mathematical
desirability? Interms of service teaching, the author suggests that the latter course of action should
at least be considered.

Secondly, over the past decade, severa different methods of conducting formal examinations have
been tried and have met with varying levels of success. Two common threads have been evident
throughout every method tried, these are:

. a desktop computer equipped with either DERIVE or Maple has been available for
student use throughout the examination;

. the total time allocated to any given examination has been extended to allow for
activities such as printing and the transfer on on-screen information to answer
booklets.

Examinations designed for use in a situation where students had immediate access to an algebra
package were first used in the academic year 1992-93. The content of the examinations was much
less reliant on the restrictions often governing traditional examinationsin that (for example)

mani pulation, graph plotting and exploration leading to generalised results became much easier to
deal with and it became possible to introduce scenarios whose purpose was to make higher
mathematical demands on the students than had previously been the case. The organisation of these
examinations (which coincided with the University adopting both semesters and a modular credit
scheme simultaneously) is outlined below:

. students were allowed the “ standard” three hour thinking and doing time;

. aspecially designed answer booklet was used whose purpose was to ensure that
students submitted their answers in writing, adequate space being provided for the
inclusion of computer input and output and sketches of on-screen graphs should the
student deem this necessary;

. students were encouraged to make a decision as to how to attempt questions and/or
parts of questions in the sense that they were able to decide whether or not the
computer was an appropriate tool for the task in hand;

. students had to decide how to construct their answers using a combination of
traditional and computer-based methods.

It quickly became apparent that:

. if students were to be given the “ standard” time allocation for an examination,
considerable additional time had to be allowed for printing particularly as students
were using networked printers which were relatively slow;

. time allowances had also to be made for technical problems such as machine crashes
and failures;

. the specialy prepared answer booklets were not necessary and offered no advantages
over the booklets provided by the University.
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Asaresult of this experience, staff considered the implications of allowing students to submit their
answers entirely electronically on afloppy disk. Asaresult of experience gained in trying to
implement this method of submission with coursework and short (one hour) time constrained tests,
the method was rejected for the following reasons:

. disks may become corrupted or virus-ridden;

. students may fail to save al of their work while acting under the stress of
examinations,

. at second and third year level, paper-based answers were preferred by externa
examiners for moderation purposes.

More recently, second and third year students have sat computer-based examinations using Maple
running on SUN machines. At Sunderland this has the following advantages over the PC's
provided for student use:

. the SUN machines used do not have a floppy disk facility and so the possibility that the
machines become infected by a virus transmitted from a disk owned by the student
does not pose a threat;

. the UNIX machines used are far more stable than the Windows 95/98 PC’ s used;

. students are given their own disk space allowance which is usually (but not always)
adequate for their purposes;

. the many students from other schools within the University who generally take
modules which essentially involve computer basics do not use SUN machines thus
making fewer demands on this system.

Generally, this has worked well and has the advantage that the work done by the student is saved for
a short time after the examination on the server associated with the system used for the examination.
However, it should be noted that the system is not fool proof as the following example shows.

During the 1999-00 semester one examination for second level Combined Programme students, no
problems were met until the end of the three hour period allowed and students stated to print those
sections of their work to be handed in for marking. It should be noted that this varies widely
according to student preference with Sunderland students generally falling into one of the following
categories.

» those who use the computer to the exclusion of any other method and print off their
complete answers. These students usually include notes and explanations as part of their
Maple files and so do not use answer books in the conventional sense;

» those who write answers in the answer books provided but supplement these answers
with complex diagrams (three dimensional graphs and phase portraits for example)
produced by Maple;

» those who use the answer books provided to address proofs, hand-written comments and
the results of exploration scenarios to the examiners but print all other work.

At the end of the examination, two students falling into the first category attempted to print off their
work but could not accomplish this. The problems were eventually traced by technical staff and
were explained as follows:
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one student had almost reached the limit of his allowed disk space and while hisfile
was saved, printing it was not possible until the technicians had increase the limit
temporarily. Thisinvolved closing the student account but the situation was dealt
with. It should be realised that the system gave no warning of impending disk space
problems;

the second student completed his examination but again could not print. This problem
was eventually traced to the student inadvertently exceeding his account with the result
that the Save command, although appearing to function normally, was not in fact
saving thefile! Again, the systemfailed to warn the student of thisproblem! This
student had to face the inconvenience of attempting to recreate his answers after
permission to do this had been obtained from the appropriate external examiner.

Since the occurrence of the problems alluded to above, the author has asked his technical support
staff to ensure that special, temporary, examination accounts are set up with generous capacities to
ensure that the problem does not repeat itself in the future.

6 Conclusions

The use of computer-based examination regimes does allow the use of commonplace mathematical
toolsin al aspects of the learning, teaching and assessment situations in which modern students are
placed. On the basisof his current experience, the author suggests that colleagues intending to
allow students full access to computers for examination purposes consider the following guidelines:

ensure that either, the machines do not alow student access via a floppy disk or that
they are as fully protected as possible by anti-virus software and configured to prevent
user access to the operating system;

ensure that the machines are professionally maintained by technicians who are
responsible for verifying the condition of the machines prior to any examination;
ensure that the technical staff responsible for the maintenance of the machines
configure special examination accounts with a generous, if temporary, capacity;
ensure that any accounts set up for examination purposes are protected to allow only
staff access until at least the end of the marking process and preferably longer to alow
staff to access information in the event of a student appealing against any grade given;
ensure, if possible, that fast laser printing facilities are available during the course of
the examination and that any special instructions regarding printing are clearly and
permanently displayed to the students. This applies particularly if students have to use
a computing facility with which they are unfamiliar;

once a set of machines has been verified, ensure that there is no access to them before
the examination is due to commence;

ensure that, if possible, the machines either save work regularly and automatically, say
every ten minutes, or that the student is prompted, over asimilar time interval, to
manually save any work done;

ensure that, within the examination environment, there is an over-supply of machines
so that any machine failures experienced during the examination period can be dealt
with immediately. A figure of 10%-15% is suggested;

ensure that any invigilatorsinvolved in the examination process are reasonably
familiar with both the packages being used and the basics of system running them;
ensure that immediate technical assistance is available should this prove necessary.
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