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Abstract

Computer-enhanced Learning in Tertiary Education

Diana Mackie

It is widely accepted that mathematics courses for science and
engineering undergraduates should aim to develop an enquiring and creative
approach to mathematics together with good communication skills. Due to
their versatility, computatonal power and graphical capabilities,
computers can play a significant role in developing these skills, A
review of the development of computer-assisted learning of mathematics
established that a new investigative approach could exploit the potential
of the computer,

For this project, two comprehensive computer-based learning
packages were developed, The content and educational objectives of the
packages were determined by consultation with mathematics lecturers,
These objectives were to encourage investigative work, to facilitate
problem solving and to enhance student understanding of certain algorithms
and topics, The packages were evaluated over a four-year period, whilst
in regular use in the mathematical sciences laboratories at Napier
Polytechnic as part of the curriculum of several degree courses, During
the formative evaluation, modifications and improvements were
incorporated, The second stage of the evaluation comprised an
investigation of the impact of the packages on the mathematics curriculum,
In particular, changes in teaching approaches, learning outcomes and
student attitudes towards mathematics were studied through observation,
questionnaires and interviews. The feasibility of transfer of the
materials developed to other higher educational establishments was also
examined,

The study identified an increase in the use of graphical methods
to explore the behaviour of functions, numerical methods and models, more
emphasis on investigative work, and more analysis and interpretation of
results, Improved communication skills were also noted. It was deduced
that the computer-based approaches adopted had fostered the development of
higher cognitive skills, thus leading to an enhanced quality of learning.
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CHAPTER 1

Introduction

1.1 Technology and Mathematics

A "programme of studies must aim to stimulate an enquiring,
analytical and creative approach, encouraging independent
judgement and critical self-awareness,"

CNAA Handbook, 1988

Mathematics is studied at Polytechnics primarily as a tool for use
in science, engineering and the management sciences, Many complex problems
in industry and commerce can be formulated as a mathematical model whose
behaviour can be studied under different conditions, usually with the aid
of a computer. The rapid pace of innovation in microelectronics in
industry and commerce has resulted in a demand for graduate mathematicians
and engineers able to utilise new technology and to tackle a wide variety
of unfamiliar mathematical problems with confidence, Various committees
have been set up in recent years to study future requirements for
mathematical and engineering education,

The report by the Finniston Committee (1980) introduced the
concept of an engineering applications (EA) element integrated into all
engineering degree courses. One particular aspect of EA aims to develop
a student's ability to apply knowledge to the solution of practical
problems based upon engineering processes and systems. The Institute of
Electrical Engineers interprets this as placing an emphasis on the
relevance of theory to engineering systems, including the ability to
develop and use mathematical models from which the behaviour of the
physical world can be predicted. The acquisition of communication
skills, both oral and written, is also highlighted as an important aspect

of an engineer's training.



Broadly similar conclusions were reached by both Lighthill (1979)
and the Grant Committee set up by the Institute of Mechanical Engineers
(Grant, 1985),

Powerful computers now enable increasingly complex engineering
problems to be tackled. McQuade (1985) suggests that future engineers

will require more not less mathematics and that students must be given a

sounder grasp of mathematical concepts in order to utilise the new
technology. He identifies probability theory, discrete variable systems
and operational research as areas which will assume greater importance in
the mathematics curriculum, At a seminar held by the European Society
for Engineering Education (1985), discrete mathematics and probability
were again noted as topics which should be included to take account of the
significant input computers have made on engineering.

The first widely available computer algebra system, MACSYMA, was
introduced in the USA in the 1960s, Since then it has been used to
explore problems in fields as diverse as plasma physics, fluid mechanics
and decision analysis in clinical medicine. MACSYMA, and other computer
algebras such as REDUCE, MUMATH and DERIVE, which have been developed
since, are large interactive computer software systems designed to assist
scientists, engineers and mathematicians to solve mathematical problens,
Since they can manipulate symbols rather than just numbers, they can
perform complex mathematical operations analytically. Using exact
arithmetic, the results are produced to any required precision. Until
recently, computer algebra systems have Dbeen ‘'unfriendly' and
difficult-to-use programs, requiring very expensive processors. In the
near future, however, user-friendly multiple-representation systems
incorporating numerical, graphical and symbolic facilities will be used
routinely in industry and commerce.

The implications for mathematics teaching at tertiary level are



enormous, Much of the current mathematics syllabus for service courses,
with its emphasis on skills and techniques, will be of little use to the
student in the workplace.

At present, the emphasis of many courses is on the development of
competence in algebraic manipulation and the application of routine
techniques and algorithms, most of which can readily be implemented as
computer programs, For example, the solution of a linear programming
problem with three or more variables, by the Simplex method, involves
difficult and tedious matrix calculations which can now be carried out by
a computer program, To tackle real problems, however, it is important
for the user to acquire skills of formulating a problem in mathematical
terms, interpreting the solution and analysing its sensitivity, all of
which require a good understanding of the underlying concepts of the
topic, Previously, undergraduate courses have concentrated on teaching
the difficult computation, which had to be done by hand, leaving
insufficient time to practise the wider problem-solving skills.

The ideas expressed in this section were reinforced by discussion
groups at ICME6 in Budapest (1988). The consensus of opinion there was
that routine application of techniques had been devalued whilst activities

such as investigations and modelling were becoming revalued upwards.

1.2 Computer-assisted Learning in Mathematics

The computer can play an important role in fostering
investigatory, problem-solving and communication skills but it has not

always been used effectively. In their early days, computers enabled

students to solve problems in areas which were too impractical otherwise
and had thus not previously been tackled. Programs could be written, in
a high level language such as Fortran, to perform numerical and

statistical algorithms. Writing computer programs is difficult and



time-consuming but, at that time (pre-1975), there was no alternative as
there were few prepared software packages available for teaching purposes.
Other early ventures into educational computing involved instructional
systems designed to allow the student to learn at his or her own pace.

With the advent of the microcomputer, more software became
available to assist the teaching of mathematics, For many years,
however, the teaching approach and objectives of both the programs and the
users remained the same as in pre-computer days. Most computer-assisted
learning was limited to teaching the same things in much the same way but
with the benefit of a computer to reduce the tedious arithmetic or control
the pace of presentation of material. Whilst self-paced learning and the
elimination of numerical drudgery are important features of computer use,
it has many other potential advantages. In particular, the computer
offers opportunities which did not exist previously for investigative
work, realistic problem-solving and the use of graphics.

As interest in the use of microcomputers in schools and higher
educational establishments has spread, new approaches to teaching and
learning have begun to emerge. The Computer-Aided Teaching of Applied
Mathematics project at Cambridge University (Harding, 1974) and, mnore
recently, the Mathematics Department at Birmingham University (Beilby,
1987), both aim to develop an investigative approach towards problem
solving, A supportive software environment enables students to write
some of their own programs thus acquiring a deeper understanding of the
mathematics of the problem, Within the school sector, several
researchers have used the programming tool LOGO to develop mathematical
problem-solving skills, encourage creative activities, and foster
co-operative work and discussion (Pearson, 1986; Hoyles and Sutherland,
1987). With the aid of a package developed by Tall (1986), numerical and

graphical methods can be used to introduce the fundamental concepts of



calculus in a more meaningful way than the traditional symbolic approach.
There have been a number of studies describing mathematical
packages and reporting on their use in the classroom or college
environment (for example, Bajpai et al., 1984; Jacques and Judd, 1985) and
some researchers have compared the effectiveness of a computer-aided
learning (CAL) approach to traditional teaching methods (for example,
Beevers, 1986 and 1988; Katsifli, 1986). There are, however, few
published evaluations of changes in the nature of the learning which may
take place when CAL is introduced, One study of mathematics learning in
school pupils (Fraser, 1987), which did examine this aspect found that the
use of computer packages encouraged problem-solving activities,
investigations and better communication in the classroom. Improvements
in mathematical discussion were also reported in a study involving the use
of LOGO in schools (Hoyles and Sutherland, 1987) in which a pupil-centred,
investigative approach was implicit, Although these studies demonstrate
the wider potential of computers, the experimental nature of the research
hinders its immediate acceptance by the tertiary sector. Long-lasting
changes in higher education evolve as a result of gradual acceptance by

lecturers, students and employers of the educational advantages of a new

approach,
1.3 Development of Computer-assisted Learning of Mathematics at
Napier

At Napier Polytechnic, Edinburgh, the Mathematics Department has
been involved in the use of computers in teaching for many years (Leach,
1974). At first, teletype terminals to mainframe computers were used,
but these were slow and unreliable. With the advent of microcomputers,
members of staff believed that improved methods of using computers to
enhance the learning of mathematics were possible. It was felt that an

approach requiring students to write their own programs was not



appropriate for the majority of the science and engineering courses being
taught at Napier. Some microcomputer-based software was developed and a
departmental laboratory was established. Awareness and interest in the
potential of computers to enhance mathematical education grew steadily.
More computers were purchased, more software was written or acquired, and
more members of staff began to use packages with their classes. Much of
the software has been developed within the department in response to needs
identified by lecturers and has been designed in close consultation with
them. The use of computer packages at Napier is integrated into the
curriculum to illustrate, explore or extend a topic when it arises,
Frequency of use of the laboratory varies widely depending on class size,
availability of software and the suitability of the topics being studied.
A few classes have weekly laboratory sessions, comprising perhaps
one-quarter of their total mathematics time, whilst others use computers
only to carry out an investigative assignment as part of their

coursework.

1.4 Aims and Scope of the Research

For this project, two comprehensive computer-based mathematics
learning packages were developed, tested and evaluated. The impact on
the mathematics curriculum resulting from the use of the packages was
investigated with a view to recording changes in the learning experiences
of the students, The feasibility of transferring the packages developed
to other establishments of higher education was also examined.

The packages share a common core of objectives, namely, to
encourage investigative work, to facilitate problem-solving and to enhance
student understanding of certain algorithms and methods.  Unlike most
other programs available for use in mathematics, the design of the

software was determined by these basic objectives. The packages which



were developed are:

LINPROG: This is a linear programming package with optional step by step
progression through the Simplex method. The program features
easy input of the data and menu-driven facilities that enable
the original problem to be modified thus facilitating
post-optimal analysis and the solution of integer programming
problems by the branch and bound method.

NODES: This menu-driven package solves single or systems of ordinary,
initial value differential equations numerically, Emphasis has
been placed on graphical output and flexibility which allows
problem parameters to be easily changed and the resultant effect
on the solution observed, It is suitable for investigating
both numerical methods and mathematical models.

Both packages are used in conjunction with appropriate worksheets,
designed to encourage an investigative approach.

During the formative evaluation phase, modifications and
improvements were incorporated and both packages were then marketed.
Following this, a summative evaluation of the materials developed and
their impact on the mathematics curriculum was carried out. In
particular, changes in teaching approaches, learning outcomes, methods of
assessment and in student attitudes towards mathematics were studied
through observation, questionnaires and interviews.

Initially, two «classes in which the wuse of computers was
extensively integrated into the mathematics curriculum were selected for

close monitoring. Questionnaires, supplemented by interviews with

individual students, were used to gather evaluative data from the students
in these classes. As the project progressed it became apparent that the
use of computers in teaching at Napier was steadily growing, and more

classes were using the laboratories for investigative work.  Students



from several other classes, who were using the NODES or the LINPROG
package, were surveyed also, Additional data were gathered from
lecturers in the Mathematics Department over a four-year period.

The study identifies a trend towards more investigative work and
more testing and analysis of models when computer packages are used. Less
time was spent practising routine manipulative skills and methods
involving tedious arithmetic. Graphical output was used extensively to
investigate the behaviour of functions, numerical methods and models. It
was concluded that this work can lead to greater student understanding of
the topic being studied. Student attitudes towards the use of computers
as an aid to learning mathematics were found to be generally positive,
Most of the students regard it as a useful and relevant aspect of the
curriculum, A considerable number show enthusiasm for experimental and
investigative work. Other learning outcomes deduced from the evaluation
include a more student-centred approach to learning, improved
communication skills and, in certain areas of mathematics, a better
understanding of some mathematical concepts and algorithms. It is
evident that a computer-based, investigative approach towards learning
fosters the development of higher cognitive skills, thus leading to a
higher quality of learning,

Recent and future developments, including implications of the
introduction of computer algebra systems, are discussed. The
desirability of regular laboratory work being included in the curriculum

of all mathematics courses is noted.



CHAPTER 2

Learning Mathematics with Computers

2.1 The Role of Computers

The mathematical qualities required by future engineering, science
and business graduates include the ability to think creatively, to apply
their mathematical knowledge to unfamiliar problems and to communicate
competently, The achievement of these aims will have important
implications for the mathematics curriculum,

In 1977, Richard Hooper prophesied that computers would play an
important role in education because of their inherent versatility. Unlike
some previous educational innovations, the computer is not bound to any
particular learning theory and so its survival does not depend on the
prevailing ideology. A DES report (Ball et al,, 1987) asserts that
computers are:

"...of particular significance for the teaching of mathematics,
and have profound implications, both for the styles in which
mathematics can be learned, and also for the content of the
mathematics curriculum,"

Thus, not only have microcomputers been the main influence behind
calls for changes and improvements to the mathematics curriculum, they can
also play a significant role in those changes. It is now widely accepted
that, before embarking on a new teaching programme, it is necessary to
consider the learning objectives, Unless such objectives are
enumerated, the learning cannot properly be evaluated. This need not
preclude the inclusion of additional objectives during the course of the
teaching in response to observed outconmes.

Bloom's taxonomy (1956) classified educational objectives in the

cognitive domain in ascending order of understanding as follows:



(1) knowledge

(ii) comprehension
(iii) application

(iv) analysis

(v) synthesis

(vi) evaluation,

Knowledge, comprehension and application imply the ability to
learn techniques and apply them both routinely and to particular problenms,
Analysis involves identifying the different features affecting a solution
and exploring the relationship between then, Synthesis is a creative
activity in which relationships are developed. This is the 1level of
understanding required to explain a concept to other people. The highest
level is that of evaluation, where one gives judgement about the value of
a method or solution.

The classification of affective objectives ranges from a basic
level of awareness or willingness to learn at the lowest level through
stages of increasing control over one's behaviour. Bloom's taxonomy has
been criticised for suggesting that objectives in the cognitive and
affective domains can be considered separately (Rowntree, 1982). Rowntree
also considers that there is too much overlap between the cognitive levels
specified. He proposes three broad objective domains for school
education, namely, lifeskills, methodological and content which cut across
the boundaries of the cognitive, affective and psychomotor spheres. At
tertiary level, educators are concerned mainly with cognitive and
affective skills, Bloom does recognise a close relationship between
development in these two domains, His taxonomy relates closely to the
objectives of mathematical teaching as outlined in the Cockcroft report
(1982) and remains a useful quide towards curriculum development in

higher education,



Recent reports on mathematics teaching in schools stress the need
to develop flexible problem solving skills and the ability to communicate
difficult concepts (Ball et al., 1987). The role of mathematics as a
powerful and concise means of communication is cited by Cockcroft (1982).
He also reports that evidence from professional bodies stressed the
importance of being able to apply skills confidently in different ways and
to think more deeply and critically.

Opportunities for discussion between teacher and students, and
between students themselves, problem solving and investigational work are
all listed by Cockcroft as teaching approaches which should be included in
mathematics teaching at all levels, Problem-solving, investigative
activities and effective communication quite clearly utilise cognitive
skills at the upper end of Bloom's taxonomy. These are the pursuits
which require the greatest depth of understanding of the mathematical
concepts involved.

Skemp (1971, 1986) distinguishes between 'instrumental’
understanding, the use of rules without knowing why, and 'relational’
understanding in which new concepts are related to previous knowledge. He
also introduces the idea of a 'schema' as a conceptual structure. Because
of the hierarchical nature of nathematics, new learning must build on
previous understanding. Real (i.e, relational) understanding results
from assimilating new concepts into an appropriate schema. The process
of assimilation involves a progression from generalising to abstraction,
i.e. an awareness that the rule applies to a number of other structures
(Plumpton, 1972), The great power of mathematics lies in its generality
and abstraction, At the intuitive level of understanding, we do not
reflect on the mental activities involved in a process, for example, when
calculating 3 + 4, This is similar to the lowest levels of Bloom's

taxonomy. Reflective thinking involves searching for the reasons why one
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does something, It is reflective activity that leads to generalisation
and abstraction and, hence, relational understanding. Mason (1985)
suggests that, if reflective thinking is followed by trying to explain the
concept to another person, the understanding is further enhanced. This
aspect can be exploited by including opportunities for small group
activity in the teaching programme.

The distinction made by Cawley (1988) between holistic, or deep
learning and surface learning relates to Skemp's two modes of
understanding, Holistic learning, when the student thinks deeply about
what is being studied and tries to relate it to previous learning leads to
relational wunderstanding. Surface learning restricts learning to
memorising facts and methods and results only in instrumental
understanding.  Whilst there may be little difference in the short tern
between the performance of students who adopt deep and surface approaches,
both long term retention and the comprehension of students using the deep
approach is far superior (Saljo, 1975). Cawley concludes that
open-ended investigative work, together with appropriate assessment, is
crucial in encouraging deep learning,

Other authors support the use of open-ended investigations
(Baron, 1972, Clements, 1984, and Grant, 1985). Baron asserts that
such activity fosters creative thinking by promoting an environment in
which making mistakes is accepted. The process of mathematical modelling
is also an activity which encourages creative thinking due, mainly, to the
open-ended nature of the problems encountered (Bajpai, 1975 and 1976,
Lighthill, 1979, and Clements, 1984). In real life, problems are seldom
precise or have a unique mathematical formulation or solution. By
exposing undergraduate engineers to such problems they can develop the
creative skills needed to find acceptable solutions (James, D.J.G., 1985),

The process of modelling, normally a group activity, also stimulates the
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important skills of communication and critical judgement.

Very few realistic problems can be solved analytically without
making many assumptions which greatly simplify the problem. A computer
can be a valuable tool for modelling and investigational work. By using
numerical methods, the realisation of a mathematical model can be
implemented as a computer program. The ease with which a computer model
can be tested, modified and re-tested greatly enhances the whole modelling
process. Results displayed graphically give students qualitative
information about a model and its behaviour, The student's time and
energies can thus be directed towards the higher 1level tasks of
formulating the model and analysing the significance of the results. A
feature of any dialogue between computer and user is the impersonal nature
of the computer so that the student is not embarrassed by his mistakes or
when he repeats an action several times. Consequently, some students are
more likely to persist in attempts to find a solution. Other students,
particularly the weaker ones, may be deterred by this anonymity. The
option to work in pairs or small groups can help to overcome this attitude
whilst providing valuable opportunities for discussion. With a computer
at his disposal, therefore, a student has a flexible piece of 'apparatus’
with which he can conduct 'experiments' in mathematics. Students can
also use computers to investigate simulations of theoretical models.

The ability to tackle realistic problems is an important
motivational factor for engineers (Bajpai, 1976, and Cawley, 1988) and
other non-specialist mathematicians (Gudgin, 1987). Problems which have
no analytical solution or are too difficult to tackle analytically can
frequently be solved using numerical techniques. Computer packages give
the user access to numerical methods and thus facilitate problem solving.
Further, the integration of numerical and analytical techniques can

provide 1insight into the nature of a problem and hence improve
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understanding (Harding, 1976, Bajpai, 1975 and Rowe, 1985),

An advantage of the computational power of a computer is that it
allows a large number of cases (or events) to be investigated very
quickly. It can thus be used to illustrate or reveal relationships and
generalisations, Such illustrations are invariably enhanced, where
applicable, by graphical representation or dynamic display. Several
authors have suggested that visual manipulation enhances the student's
understanding of the underlying concepts (for example, Mills and Tall
(1988), Driver and Scanlon (1988))., An appropriate computer program can
direct the user's thinking towards specific mathematical concepts and lead
to a restructuring of the student's knowledge (Tawney, 1979) and, hence,
assimilation of the new theory into an existing schema. The nature of
such conceptual changes in school pupils is one of the topic domains
currently being studied by Driver and Scanlon.

As previously noted, it is not sufficient to concentrate only on
cognitive skills which are desirable in the mathematics curriculum. 1In
order to produce mature, highly motivated graduates who are mathematically
confident, it is necessary to consider educational objectives in the
affective domain also. A positive attitude towards mathematics, critical
self-awareness and acumen and mathematical confidence could be considered
affective objectives. Attitudinal development should include the desire
for deeper understanding and the enjoyment of investigative and creative
activities,

Several studies have shown that computer-aided learning (CAL) is a
powerful motivating factor for students of many disciplines, for example,
in mathematics (Harding, 1976), in economics (Gudgin, 1987), in operations
research (Erikson and Turban, 1985) and in English (Johnston, 1985)., The
freedom to experiment and the flexibility of the response are two of the

ways in which computers encourage a student's self-determination (O'Shea
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and Self, 1983), They allow information in various forms to be stored,
manipulated and readily presented to the user. Students are also
motivated to assume greater responsibility for their own learning because
CAL allows them to learn whenever and whatever they wish, Whether the
computer is being used in laboratory mode or for CAL, the student can work
at his or her own pace.

Learning is more likely to take place when students are interested
and involved in what they are doing. Computers help in the learning
process when they arouse the user's curiosity, interest and involvenment
(Ball, 1987), Recent learning theories (Bruner, 1966 and Pask, 1976)
stress that learning is most effective as an active process. such
learning means more than just 'learning by doing'. Rather than being a
passive recipient of knowledge, the student must actively participate in
the learning by discussion, written work or other means. Most computer
programs require the user to participate to some degree although, in some
cases, it nmay be little more than a "press space bar to continue"
response.  Genuine active learning can be stimulated by software which
engages the user in dialogue that compels him to think about what is
happening, allows the user to control his path through the program or to
make decisions, Some programs allow users both to pose and solve their
own problems (for example, function graph plotters). This flexible
response to inputs is an important aspect of a computer's role.

This section has described many of the ways in which computers can
help to make mathematical learning more effective and more appropriate to
the needs of industry and commerce. These can be summarised as follows:

- it is an aid to problem solving

- it encourages investigations

- it facilitates simulations of models of physical systems

- it can display information graphically in a variety of ways,
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Visualisation is a powerful aid to understanding,
- it provides a flexible response to students' inputs
- it promotes active student learning.
Past and current developments in computer-aided 1learning in
mathematics have exploited these capabilities in various ways and with

varying degrees of success. These will now be considered.

2.2 The Development of Computer-assisted Learning in Mathematics

In the early days of computers in education (pre-1975), very
little educational software was available, Students had to learn a
programming language such as Fortran and implement their own programs.
Many statistical and numerical methods and algorithms involving tedious or
complex arithmetic can be programmed relatively easily, thus enabling
students to tackle problems which are impractical otherwise. Programming,
however, is a very time-consuming activity. The pernickety nature of the
Prevailing compilers was a source of frustration, compounded by the
slowness and unreliability of the mainframe computers and teletype
terminals in use at the time. With obstacles such as these to overcome,
there was a very real danger in seeing the program as an end in itself,
rather than as a tool to be used to further the student's understanding of
the topic being studied, Not surprisingly, these early ventures into
computing were centred mainly on the universities, such as Cambridge,
where their Atlas computer provided one of the first ever nulti-access
systems, At less fortunate institutions the students were hindered by
batch-processing systems which must have dismayed all but the most
persistent students!

Meanwhile, new developments were taking place, mainly in the USA,
in the field of computer-assisted instruction (CAI), a successor to
programmed learning. Tawney (1979) likens CAI to a dialogue between

computer and student in which the computer questions, gives results,
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offers help, draws attention to particular features, etc., whilst the
student responds, selects options, enters data and requests particular
solutions, Proponents of CAI claim that it can individualise instruction
and reduce labour costs. Tawney suggests that many tutorial systems are
more concerned with efficiency of instruction than the quality of
learning. Many teachers dislike the inflexibility of tutorial programs,
and the fact that the approach has been predetermined by the author.
Another major drawback is the initial high cost of producing the
material.

Although some early CAI projects, for example, PLATO and TICCIT
(Alderman, 1978, and Brerland, Amarel and Swinton, 1974), claimed
potential educational benefits, there has been no widespread adoption of
the systems by other institutions.

An effective way of reducing development costs is to use an
authoring language to program the CAI units. One set of teaching units
programmed in this way is the MALT system (Hunter, Rosenberg and Webber,
1985) which began development at the University of Glasgow under the
National Development Programme in the 1970s. The authors stress that by
far the most time-consuming stage of development is planning and
structuring the educational content and presentation of each topic. The
MALT interactive 'tutorial mode' teaching units and 'progress tests' are
available for topics in 'A' level and first year undergraduate (Scottish)
Mathematics, Statistics and Physics. The CAI units do not replace the
normal lectures, They are intended to supplement the lecture material
and broaden the student's experience, The advantage of such a system is
that it encourages students to take responsibility for their own learning
in terms of both content and pace.

A more recent development is the microcomputer-based CALM project

(Computer Aided Learning of Mathematics) at Heriot-Watt University,



although their software has been written in PASCAL to aid portability
(Beevers, 1986 and 1988). The CALM units have been developed to assist
the teaching of calculus to large classes of first year Engineering and
Science undergraduates by replacing conventional tutorials with the
computer-based system., A feature of the software is the effective way in
which it exploits the graphical capabilities of the microcomputer to
produce visually stimulating materials.,  Evaluation has shown that the
students like the self-paced nature of the computer-based tutorials and
that the weekly self-assessment built into the units is a powerful
motivating factor.

Beevers reports a comparison of examination results at the
end of first year between the computer group (49 Mechanical Engineers) and
a group of 37 Civil Engineers matched for mathematics entry
qualifications, In the calculus paper the overall average mark obtained
is higher for the computer group, although the average of the algebra
paper is lower by a similar amount, However, the superior marks are most
pronounced for students who gained a Higher grade 'A' pass in Mathematics
(23.4% higher), less striking for the largest group with a grade 'B' pass
(10.2%) and, for 'C' pass students, the average mark of the computer group
is actually 8.1% lower. It would appear, therefore, that the impersonal
rigidly structured approach of the computer-based tutorials is more suited
to high ability students, and that the very students who most need help
receive least benefit. It seems likely that the computer tutorials give
valuable reinforcement and practice to able students who readily
assimilate new concepts, but fail to assist the understanding of the less
able students,

A live tutorial is effective because the teacher has within him
not only the knowledge of the subject matter but also of the learner or

learners (Hooper, 1976). 0'Shea and Self (1983) argue that, for CAI
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systems to be effective, they must incorporate artificial intelligence
techniques to develop an understanding of the student's needs, thus
treating the student as a thinking individual, The student model
contained within the program should be adaptive, i.e. as the student
learns, the model is modified so as to represent the current state of the
student's knowledge. The program could then predict the student's future
needs., Only then would learning become truly personalised.

Hartley (1987), too, stresses that future developments must be
linked to the methodologies of cognitive science and artificial
intelligence. He describes an on-line knowledge-based help system which
works in conjunction with an application program to help develop a
student's planning, investigative and problem-solving skills, The
program contains an adaptive model of the student's knowledge, performance
and nmistakes, and gives advice accordingly.

The potential to develop CAL systems of this nature is limited by
the sophistication of the programming languages used.  Rushby (1986)
argues that the authoring languages currently available have proved
themselves inadequate as the developers of the majority of applications
have reverted to general purpose languages for some sections of the
software,

Until intelligent, adaptive computer systems are developed which
do contain models of the knowledge outlined above, computer-aided
tutorials cannot successfully replace the teacher., Production of such
knowledge structures is costly and time-consuming, and progress to date

has been slow.

2.3 The Computer as a Tool

The advantage of a human tutor over the computer is his ability to
make decisions and adapt his teaching method and pace to suit the learner,

The strength of the computer lies in its computational power, its graphics
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and its interactivity. The functions of the computer and teacher are
therefore complementary.

When used as a tool, the computer does not contain any
representation of the learner's knowledge. In this mode, the computer is
primarily a computational aid, whether the user writes his own programs or
uses prepared software. As computers have become cheaper, more reliable
and available to larger numbers of students, more attention has been paid
to developing software to assist the teaching of mathematics. For many
years most of the software produced was badly written and difficult to
use. With a lack of suitable support material, the use of such software
is often limited and unimaginative,

The CALNAPS software, (Katsifli, 1986), written in FORTRAN for
large mainframe computers, is designed to support the teaching of
numerical analysis to undergraduates. 1In one of the few reported studies
at higher education level of the effect on a student's learning of using
computer packages, Katsifli found that the use of CALNAPS stimulated
discussion between students and lecturer, and that the questions asked
reflected more involvement with mathematical concepts than those asked by
students using traditional methods. She concludes that the CALNAPS group
achieved a deeper understanding of the numerical methods being studied.
The number of students involved in the study is not given, Users of
CALNAPS suffer from the usual drawbacks of mainframe computing, namely, a
lack of colour to illustrate the output, uncertain response times, remote
printing facilities and difficulty in trapping real time errors, Although
the graphics are good, the method of inputting a function is cumbersome as
FORTRAN is not usually an interpretative language. The screen output is
verbose in order to assist first time users but, as a consequence, is
irritating to the more experienced ones.

A dedicated mathematics microcomputer laboratory was introduced at
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Paisley College of Technology in 1982 for first year students of the
Mathematical Sciences degree course (Glen and Walker, 1985), During a
weekly session in the laboratory the students work in small groups using
prepared software to solve problems and experiment with the mathematical
concepts and techniques of the course. Unreliability of the hardware
proved to be a problem initially, but useful experience was gained and use
of the laboratory has had a positive influence on the attitudes of both
staff and students (SED, 1986).

One of several microcomputer-based packages available to support
the teaching of mathematics is a suite of programs developed by Jacques
and Judd (1985). Although intended to help students test the robustness
and convergence of numerical methods, the lack of flexibility in the
overall approach inhibits experimentation. After the initial selection
of method, the order of progress through a program is usually fixed. The
graphical output is limited and appears to have been added as an
afterthought, rather than as an integral feature of the package which
would enhance the student's understanding of the solution. For example,
two solutions cannot be compared graphically on the screen, A more
flexible program design is required to encourage an investigative approach
by the students,

Inflexibility is also a drawback of the MIME software units,
developed at Loughborough University of Technology for use in the teaching
of mechanics and statistics to the 16-plus age group (Bajpai et al.,
1987). Although robust and visually interesting, the programs are
tutorial in nature and, thus, limit the user's control of the learning
process. The units are difficult to use without frequently referring to
the user documentation, Many of the topics are presented as animated
sequences, which, though perhaps considered necessary to interest school

pupils, are gimmicky and, at times, irritating.

-21-



A separate project concerned with software for undergraduate
mathematics also adopts a highly graphical approach but with fewer
gimmicks. The first unit to be completed, which deals with complex
transformations, is a useful package but, again, is not easy to use
without frequent reference to the user gquide to identify the required
input commands.

A set of simulation programs developed at the University of
Sheffield to aid the teaching of mechanics at A-level (MAP, 1987) avoids
the inflexibility of the MIME units whilst retaining an interesting
presentation, The programs are designed to allow the teacher to fit them
to his own teaching style, although the accompanying booklet does offer
suggestions for their use and for investigational activities. Animation is
used simply but effectively to illustrate, for example, the path of a
projectile or the motion of a rotating body, but the user is actively
involved at all times both in supplying input data and choosing between
different forms of output., A good screen layout includes the animated
display, graphical and numerical output and brief operational
instructions. No user gquide is required, In addition to simulation of
general topics in mechanics, the package contains some more specific
problems chosen to interest the user and to encourage him/her to apply
his/her knowledge to everyday situations.

The quality of the software used can be crucial to the success of
a project (Johnston, 1987)., If a program fails to exploit the hardware
or to motivate the students sufficiently, then its full educational
potential will not be realised. It has been arqgued that developers
should adopt a more consistent approach to screen layout, data input and
the user interface (Bajpai et al., 1985). In particular, it is
suggested that software must be interesting, robust, interactive and

user-friendly, Of greater importance, however, is the way in which
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a program is used. When computers assist in changing what is being taught

or how mathematics is being learned, then their impact is more

fundamental,

2.4 New Teaching Approaches

Various specialist programs such as MINITAB and INSTAT have
undoubtedly changed the face of statistics teaching in many higher
education institutions within the past decade. In the Mathematics
Department of Napier Polytechnic, all statistics learning is now aided by
computer packages, supported by a comprehensive set of wSrksheet and
handbook materials,  Considerable emphasis is placed on an exploratory
approach and more time is devoted to analysis and interpretation of
results,

Stern (1987) arques that one of the main benefits of using
computers in statistics is to enable the inclusion of topics that
previously could not be taught or were under-emphasised. He cites
experimental design and survey methods as examples. Large, realistic
data sets can be used to give students experience of handling
and presenting such data,

Programs used as computational tools focus the user's attention on
to the output and thus encourage students to investigate the effect of
changing initial values etc, However, a programming microworld such as
LOGO provides a framework for exploring mathematical concepts (Hoyles,
1987). During a three-year longitudinal study of secondary school children
using LOGO within the mathematics classroom (Hoyles and Sutherland, 1987),
detailed data were collected from eight pupils. The children, working in
pairs, were encouraged to experiment freely and to set their own goals.
Further data were gathered from ten other classrooms into which the
project was later extended. The findings suggest that a move towards a

more pupil-centred approach, which was implicit in the project, encourages



pupil initiative and stimulates collaboration and mathematical discussion
between pupils, In addition to fulfilling an organisational role, it is
important for the teacher to encourage the pupils to reflect on what is
happening and to present new problems. Presenting the pupil with a
carefully chosen investigation can direct the pupil's thinking towards
particular concepts, The process of experimentation and of switching
between graphical and symbolic representations helps to formalise the
pupil'’'s intuitive conceptions.

A similar pupil-centred approach has been followed by Pearson
(1986) using LOGO in the mathematics classroom with 11- to 12-year-old
children, As the pupils gradually adjusted to setting their own goals,
she found that the pupil/teacher relationship changed. Instead of the
teacher interrogating the pupils to test their knowledge, a conversation
developed with each side genuinely asking the other for information, but
also realising that there was not necessarily a unique, 'correct' answer
to the question.

A LOGO or MINITAB environment represents a move away from the use
of computers to reinforce existing teaching methods and curricula towards
a more learner-oriented, investigative approach to mathematics. With the
advent of cheap microcomputers, it has become possible to develop this new
approach to learning with a wider range of applications,

A course in mathematical modelling, facilitated by a systenms
simulation package, is described by Clements (1986). This enables
engineering students to model continuous systems which they are unable to
solve analytically, A series of practical investigations assists the
development of the skills necessary to tackle real-life problems. The
integration of numerical and analytical techniques is seen by Clements as
an important aspect of the course. Although familiar to engineering

students, the block-oriented input required by the programs may not appeal
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to other users.

An investigation of a more meaningful way to introduce the
calculus to school pupils resulted in the development of the Graphics
Calculus I package (Tall 1986),. A traditional symbolic approach
emphasises the manipulative techniques used to obtain derivatives,
integrals, etc. The computer program incorporates imaginative
interactive graphics techniques which allow calculus to be introduced from
an integrated numerical and graphical approach. Fundamental mathematical
concepts, such as limiting processes and rates of change, can be explored
dynamically, encouraging deeper understanding by the pupils, Tall (1987)
believes that appropriate computer packages are useful both when
introducing new nathematical concepts to pupils and for extended
investigations, He suggests that simple programming also has a part to
play, however, nin helping pupils to gain insight into the nature of
mathematical algorithms", a role also advocated by Francis (1988).
Programming promotes individual initiative, and pupils derive considerable
satisfaction from solving the problems posed, but it is costly in terms of
time and effort,

Harding (1984) claims that the close involvement which a student
develops when writing and de-bugging a computer program to solve a
mathematical problem can lead to a deeper understanding of the problem,
This view led the developers of the CATAM (Computer-aided Teaching of
Applied Mathematics) project at the University of Cambridge (Harding,
1974) to make students write their own programs but, in order to direct
their energies towards investigating the mathematics of a problem rather
than programming as an end in itself, a supportive software environment
has been developed. This takes the form of a library of graphical and
numerical routines which the student can incorporate into his progranm,

Harding points out that continuous formative evaluation of a



project such as CATAM is necessary for it to achieve a cost-effective
improvement in the student's learning. In the twenty years of its
existence, CATAM has adapted and matured, in the 1light of changing
availability of hardware, the needs of the students and the experience of
the project staff., The fundamental aim of the courses, however, is still
to develop an investigative approach to solving a wide range of problems
numerically, A survey (Harding, 1976) indicated that the students
appreciated the relevance of the course to real problems and the insight
computer-generated graphical solutions gave to theoretical results.

A philosophy similar to CATAM has been adopted at the University
of Birmingham where all first year mathematics undergraduates follow an
introductory course of computer-based investigations (Beilby, 1987).
During laboratory sessions the students use some prepared programs,
usually of the demonstration type, but they gradually learn to write and
modify their own prograns, supported by a library of procedures and
program constructions similar to that used by DAMTP at Cambridge. The
computer investigations fulfil a dual role of reinforcing lecture material
and introducing students to a wider base of mathematics than had
previously been covered in first year.

Student response to the course is varied as a significant
proportion of the students are attracted only by the mathematics and have
no enthusiasm for computing, There is evidence that many students do
enjoy the course and show a willingness to experiment.  Staff-student
relationships have improved through contact in the laboratory. In
general, the students show a preference for writing their own programs
rather than using prepared software, the former apparently allowing thenm
to explore the mathematics in their own terms,

It is interesting to note that, both at Birmingham and at

Campbridge, it was found that over 90% of the students entering the
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mathematics course at university had experience of using computers in
schools. A considerable number, in fact, owned a computer, The
situation regarding entrants to science and engineering disciplines may be
different. At Napier Polytechnic, an average of only 50% of all students
entering degree courses in science and engineering have had previous

experience of computing (1987 survey).

2.5 Evaluation studies

The shortage of published evaluations of computer-aided learning
has been criticised by several authors (Johnston, 1987, Ridgeway, 1986,
Roblyer, 1985, Harding, 1976). This lack is particularly noticeable in
the tertiary education sector. Those which have been reported tend to
concentrate on a description of the software, the way in which it has been
used and how the class was organised rather than an analysis of the
learning experiences taking place or the impact on the curriculum,

Hartley and Bostram (1982) examine teachers' attitudes to
computer-based teaching packages available at that tinme. Many programs
were rejected because they were not considered relevant to the current
classroom curricula, Qualities which teachers considered important in
selecting a program for use in the classroom included:

(a) ease of use;
(b) flexibility in mode of use so that a program could be used
either for a classroom demonstration or by small groups;
(c) presentation of help information on the screen rather than
in a separate user gquide;
(d) availability of various degrees of help/prompting to cater
for a range of level of experience of the user;
(e) graphical output wherever possible.
An experiment to compare the effectiveness of CAL software with

traditional methods to teach a topic area in mathematics showed a small



but not statistically significant difference in favour of the CAL group in
the post-test results. The authors point out that this result was not
altogether unexpected since the CAL packages used closely followed the
established style and content of teaching. Differences could only
emerge, therefore:

"not through differing cognitive demands made on the

groups (confirmed by observation schedules), but through

the interest and feedback provided by the program, and

through additional opportunities for the teacher to

instruct small groups of pupils",

It may be more effective to approach a topic in a new way in
order to exploit the potential of the computer, particularly where
conventional methods are not very successful,

Fraser (1987) asserts that the computer is a powerful aid to
better communication in the classroom. The visual images and dynamic
nature of the material presented by computer encourage the expression of
ideas, Observation studies of 170 mathematics lessons to 13/14-year-old
pupils found that, when using computer software, children:

"moved into investigating and problem-solving activities

more frequently than had been observed in the lessons

without computer support."

She suggests that the children were imitating roles normally associated
with the teacher or computer,

Software produced by the Shell Centre for Mathematical Education
for GCSE pupils has been designed to encourage pupils to adopt 'teacher’
roles of ‘'explainer', 'manager' and 'task-setter’, The software is
supported by a comprehensive set of teaching materials including
worksheets and lesson plans. Fraser deduces that such packages, when

used as an integral part of the curriculum, promote an environment which



encourages discussion, problem-solving and investigations.

By contrast, Ernest (1988) found no significant gain in
achievement in an experiment designed to test the effectiveness of a
microcomputer in teaching problem-solving skills to 13-year=-old children.
The experiment, which was conducted on a class of 21 children, consisted
of just two and one-half hours of instructional activity plus two tests
(pre-test and post-test), spread over a 10-day period. During this time
the children worked through a sequence of problems, one half of the class
working at computers in pairs and the others remaining as a group, whilst
the teacher led a joint exploration of the problem and demonstrated the
program. Over such a short time-scale it is hardly surprising that
neither group showed any significant gain in achievement. It could also
be argued that the written post-test was an inappropriate way to measure
the students! achievements, Neither the skills used when solving
problems with the aid of a computer nor the types of problem tackled are
necessarily similar to those employed for a written test,

The results of the experiment reinforce the view that this is not
an appropriate style of evaluation of the learning experience, since it
fails to take into account the different type of learning which may take
place when CAL is |used. Qualitative evaluation of CAL, wusing
Observational techniques and the opinions of the participants obtained by
interview or questionnaire, produce a more illuminating picture of the

learning taking place.

2,6 Summary

Computer-aided instruction is basically directed towards teaching
the same material to students but in a new, more user-paced, way. To
this extent it has achieved some success, particularly where large classes
are involved. It does 1little, however, to encourage creative and

analytical skills which students need to develop to enable them to apply
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their knowledge confidently to problems of the real world.

There is evidence that the scope of problem-solving can be greatly
widened by use of computer packages, and that such packages can also
stimulate investigative activity. Experience at Cambridge and Birmingham
suggests that, for mathematically able students at least, programming can
enhance the effectiveness of investigations in the computer laboratory.
Other authors believe that programming promotes deeper understanding of
concepts.  Unfortunately, few courses allow sufficient time for such an
approach to be adopted, even with the back-up of a software library. Many
of the benefits of programming can still be achieved, however, by careful
design of prepared software. Flexibility, good graphics, ease of use and
interactivity are essential, Worksheets used to direct the student's
investigations must also ke carefully constructed, Finally, any teaching
approach requiring use of computer packages will be more effective if it
is an integral part of the curriculum,

As it seems likely that not only the teaching approach but also
the curriculum itself changes when computer-aided learning is introduced,
traditional quantitative evaluation procedures are inappropriate.
Illuminative  techniques, based on observation, interviews and
questionnaires, will provide a more detailed understanding of the changes

that take place,
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CHAPTER 3

The Learning Environment at Napier Polytechnic

3.1 Introduction

Napier Polytechnic is located on three main sites, Due to the
wide diversity of courses serviced, mathematics staff are based at all the
sites and teaching takes place at them all. There is a natural divide
between the Professional Studies Faculty courses and the remaining courses
which are science- or engineering-based, The nature and teaching
emphasis of the mathematics for the business studies courses is
understandably different from that for the more scientific disciplines.
This study concentrates on the mathematics education of the science and
engineering students.

The courses based within the Mathematics Department are a B.Sc. in
Mathematics with Engineering Technology at honours and ordinary degree
level and a SCOTVEC Higher Diploma course in Mathematics, Operational
Research and Statistics, The Department has a major role in the B.Sc. in
Science with Management Studies (honours and ordinary degree) and also
teaches mathematics and statistics as service subjects to students on a
wide variety of science and engineering degree and higher diploma courses.

A typical mathematics service course for an engineering degree
involves 3-4 hours per week for 2 or 3 years of the course, Fifty per
cent of the time would be devoted to lectures. The remaining 50% is
occupied by tutorial sessions during which the students work through
sheets of exercises and problems, with lecturers on hand to assist when
necessary. These classes also provide an opportunity for students to seek
assistance with any topic not understood in class, Class sizes range
from 10 to 60 for lectures, but the ratio of students to staff is 20 to 1
or less for tutorials.

The majority of students at Napier are Scottish and enter the
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first year of their course directly from school at the age of 17 or 18,
They will have completed either 5 or 6 years of secondary school education
leading to Scottish Certificate of Education examination passes at Higher,
Ordinary and Standard grade. Those students who stayed at school for
six years may also have studied one or two subjects to the more advanced
Sixth Year Studies level.

Scottish 'Highers' are sat at age sixteen/seventeen, a year
earlier than English A-levels, and the knowledge content is consequently
less, A Scottish school education is less specialised and pupils study a
broader range of subjects up to Higher grade. The starting point of
mathematics teaching in first year higher education courses is about
halfway through the A-level syllabus.

A wide variety of teaching resources is available to lecturers
either from the Department or through the Polytechnic's Learning Resources
Unit, These include overhead projectors, Keller Plan units, a
comprehensive set of tutorial sheets, books, video programmes,
audio-tapes, open-learning packages and computer programs. A central
computing facility, comprising PRIME computers, has terminal rooms at all
the main sites, Large commercial software packages such as the NAG
Library, MINITAB and ECSL (simulation package) are available on this
system,

Careful selection of the most appropriate teaching method is an
essential prerequisite for effective learning. It is important for the
lecturer to devote time to selection of the most appropriate teaching
medium for each part of the course and to the planning of the total

learning package (Searl, 1985).

3.2 Early Use of Computers

Early experience of using computers to teach mathematics at Napier

Polytechnic was gained during the National Development Programme in
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Computer-assisted Learning (NDPCAL), between 1974 and 1977,

Implemented in FORTRAN on a multi-access computer, MATLAB
(mathematical laboratory) was developed as an interactive problem-solving
tool, which removes the arithmetical drudgery from mathematical, numerical
and statistical techniques (Leach et al., 1977). Its mathematically-
oriented input language does not dictate any particular teaching style but
enables lecturers to adapt its use to their own needs. Back-up material
provides examples of how to use MATLAB, During the 1976-77 session
MATLAB was used, at Napier, by over 300 students from 16 courses for a
total of 47 sessions involving 9 members of staff. It was also
successfully transferred to two other Scottish colleges of higher
education,

Serious problems with computer reliabilty, both software and
hardware, hindered expansion of the use of MATIAB at Napier. In
particular, the CTL modular one computer could only cope adequately when
dedicated to MATLAB. Any attempt to run a non-FORTRAN program
simultaneously increased the response time to unacceptable levels,

Although MATLAB has been superseded by more user-friendly,
microcomputer-based software, the project introduced staff at Napier to
the potential of computers at an early stage. Curriculum innovation is,
inevitably, a slow process but the enthusiasm of a few lecturers had been
fired. New ideas for wusing computers to assist the learning of
mathematics and new ways of presenting the subject material gradually
emerged,

By 1982 the Mathematics Department had acquired several PET and
APPLE II microcomputers and a few lecturers had begqun to use them in the
classroom, Two members of staff had written some short programs in
BASIC to illustrate statistical or numerical methods. In September 1982

I was appointed as a programmer in the Department and began to develop



programs on an APPLE microcomputer to the specification of individual
lecturers,

Gradually two important methods of using the computer as a tool to
assist the learning of mathematics evolved (Mackie and Scott, 19883,

The first of these involves using computer-based demonstrations
within lectures, and has been successfully introduced over a range of
courses with a wide variety of topics. A successful demonstration
requires a microcomputer linked to monitors in such a way that the
interaction is clearly visible to all. Using this arrangement the
lecturer can illustrate important concepts, and solve problems in a manner
which time and conventional facilities would not permit. For example, a
good graph plotting program is ideal for illustrating the convergence of a
Fourier series,

The second nmethod followed naturally from the first, as the
interest generated by this use of the computer made it evident that
students would benefit from using the packages themselves, The
Department considered that this could best be accomplished by acquiring
appropriate computer equipment and establishing a dedicated mathematical

sciences laboratory.

3.3 Mathematics Laboratories

Having investigated the equipment available, it was decided that
ACORN BBC microcomputers offered the best value for money at that tinme.
The speed, memory, graphics and networking capability of these computers
would allow a wide range of mathematics software to be implemented in an

efficient and stimulating manner.

Computers were duly purchased and a mathematical sciences
laboratory was established at the Merchiston site in September 1984, It
consisted of 10 BBC microcomputers linked to a file server and a 30

megabyte Winchester disc by an E-net network, The network also included
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a line printer and a graph plotter. The machines were arranged round the
perimeter of the room, facing the wall, due to restrictions of the cabling
and available power points, However, students could easily turn their
chairs to face a lecturer at the front if necessary, The room also
contained a mobile whiteboard, an overhead projector and a cupboard for
the laboratory worksheets and user guides.

The first program to be implemented in the laboratory was a graph
plotting package. Students quickly gained confidence when using this
program and, being of such a general nature, it proved useful in a wide
variety of applications. The library of software has gradually been
extended to include packages covering several numerical methods, the
solution of differential equations, graph plotting in 3D, Fourier
analysis, linear programming, queue simulation and statistical packages.
The majority of the software has been developed within the Department.

A second mathematics laboratory was established at the
Craiglockhart site in February 1987 to cope with multi-site working and
increased demand. This facility consists of 12 BBC Masters arranged in
four rows of three, together with two line printers and a Winchester disc
linked by an Econet network (Figure 3.1). The following year the
Merchiston laboratory was moved to an adjacent room, extended to 17
machines with three line printers and converted to the Econet network
systenm,

One of the priorities in setting up the laboratories was that the
programs should be easily accessible to staff and students who had no
previous experience with the system. They should be able to browse
through the available software and feel free to experiment, Accordingly,
all the teaching software is stored on the hard discs and accessed from
any machine on the network by simple menus (Figure 3.2), introduced in

June, 1987, The menus can easily be extended or modified as new
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Figure 3.1: Mathematical Sciences Laboratory

Figure 3,2: Menu of Mathematics Programs

Computer-enhanced

mathematics
Help NODES NEWTON LINPROG
GRAPH DEPLOT NUMINT LPROG2D
SURF TRIG GAUSS TRANS
MEI FOURIER EIGEN QUEUE
COMPLEX FTRS EXPRND

Use arrows to select option
then press RETURN
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programs are added to the system. The menus and the software in the two
laboratories are nearly identical, the difference being some additional
facilities in the laboratory equipped with BBC Master computers. In
general, the user does not require to be allocated a personal user number
in order to access the menus and prograns, Security units were
purchased for all the computers so that the laboratories could be made
available to students on an open-access basis when they are not

time-tabled for class use and during the evenings.

3.4 Software and Worksheets

From the outset all the teaching software has been developed in
response to requests and initial ideas from lecturers in the Mathematics
Department. Close collaboration with the lecturer is maintained to
ensure that the detailed specification and program design match his or her
requirements, A team approach of this nature is considered by Nicolson
and Scott (1986) as "the only viable method for producing quality
software", They suggest that "the weakest link in the process is the
specification stage where a classroom teacher must convey the crucial
teaching ideas to a computer programmer", My experience as a
mathematician, programmer and part-time lecturer undoubtedly helps me to
bridge this potential gap in communication and, frequently, to assist with
the detailed specification,

To some extent, a consensus has emerged amongst developers of CAL,
mainly through demonstrations and workshops at conferences, as to what are
'good' program design features and approaches (see, for example, Bajpai et
al., 1985, and Harding, 1986). For example, highlighting can be used for
menu selection, a space at the foot of the screen for messages, default
values for program parameters, etc. Many such features have been
adopted for the mathematics software development at Napier.

The computer programs are not self-contained learning packages,
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They are designed as tools to assist and enhance the learning of
mathematics and to encourage investigations and modelling,

Of course, not many students will progress sufficiently if left to
experiment completely freely. Just as in any other science laboratory,
direction must be provided via a worksheet (Tawney, 1979), Such
worksheets must be carefully designed and well prepared. Their design
should reflect the aims and objectives of the laboratory session.
Depending on the lecturer's perception of the exercise, the written
material may take the form of a set of questions similar to the ones
encountered in a traditional tutorial/problem class. However, it is more
likely that a worksheet would include some open-ended investigative
exercises, Some of the work undertaken might be of an experimental
nature, leading to written reports for submission to the lecturer
concerned,

Worksheets have been prepared by different lecturers, usually for
use, in the first place, with one of their own classes. Gradually, a
variety of worksheets has been accumulated and made available as a common

resource,

3.5 The Continuing Development

Concurrent with developments in the use of microcomputers to
support the teaching of mathematics, there has been a similar trend
towards the use of mainframe software. In particular, use of a computer
package such as MINITAB is now accepted as a necessary part of any
statistics course taught by the Department,

The decision to use computers as a teaching resource for a
particular class is usually at the discretion of the lecturer concerned.
In general, use of computers is not an optional extra to a mathematics
course, as in some institutions, but is an integral part of the

curriculum, Occasional workshops/seminars are organised to familiarise



staff in the department with new facilities and software in the
mathematical science laboratories. A laboratory session takes the
place of a traditional tutorial or lecture.

As with any innovative teaching, the use of computers entails much
preparation and often involves more complex planning than a normal class,
especially if access to computers is only required occasionally. The
laboratory may not be free at the most convenient time, The lecturer
must familiarise himself with the operation of the software before
exposing his students to it, existing worksheets must be studied to
determine their suitability for the class and, if necessary, new
worksheets must be prepared, Worksheets are frequently designed by a
lecturer for a particular course and so are highly relevant to that
course. Where the class size is too large to permit supervised sessions to
be accommodated in the existing timetable, assignments can be issued for
students to complete in their own time after an introductory session, Some
computer-based work is assessed.

The laboratory environment is not a static one. There is a
continuing process of modification and refinement of the software and
worksheets, as a result of input from several different lecturers.

Teacher-led innovation of this nature is wusually the most
successful way of introducing curriculum change and new teaching
approaches (Candy, 1988), There has frequently been too much emphasis on
developing educational software for its own sake without reference to the
needs of teachers and students, The experiences of the teacher using a
computer package in the classroom can make a valuable contribution towards
subsequent modifications and improvements,

As a part-time lecturer and tutorial assistant I have been able
both to observe students using the computers and to participate in the

teaching, I have gained first-hand experience of difficulties



encountered by students and staff when using the computers or software and
also of the type of learning taking place, Informal evaluation of the
software originally developed for the Apple computer enabled much improved
versions to be written second time round for the BBC computers, In
addition, a wide study of work taking place at other higher educational
establishments has been undertaken. This includes several visits and
attendance at a considerable number of seminars and conferences concerned
with CAL, Familiarity with developments elsewhere has made it easier to
exchange software with other institutions and, thus, to concentrate on
producing programs which are either not available from other sources or

whose approach is radically different,

3.6 Aims and Scope of the Investigation

As the use of computers to assist the teaching of mathematics at
Napier has evolved, changing patterns of teaching and learning have become
apparent.  An increasing awareness of the potential of CAL, improved
availability of micros in sufficient numbers to allow adequate student
access and familiarity with projects at other institutions have all
contributed towards this adaptation of the learning environment, In
particular, with the introduction of laboratories, opportunities opened up
for investigative work iﬁ many areas of the curriculum in which it was not
previously possible., Not only is the laboratory environment conducive to
experimentation, it also lends itself to co-operative working between
pairs or small groups of students,

Ideas for program presentation and accompanying worksheets have
developed in a similar fashion. Some software packages prove to be more
effective learning tools than others, Many so-called educational
programs are black-box calculators which simply provide the answer to a
problem; others are difficult to use or inflexible.

Can the use of well-designed packages enhance the learning of
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mathematics by, for example, aiding the student's understanding of
concepts or algorithms? What impact does the use of such packages have
on the mathematics curriculum? Does the introduction of computer-based
work result in more emphasis on some areas of the curriculum and less on
others? The need to answer such questions led to this research project.
The success of the CATAM project at Cambridge (Harding, 1984) and
the mathematics laboratory at Birmingham (Beilby, 1987) is, without doubt,
partly due to the role of the computer having been determined by close
examination of their own teaching/learning situation, Experience at
Napier suggests that our students would bhenefit from the wuse of
computer-based packages which are specifically designed to:
(1) enhance the students' understanding of particular
concepts or algorithms,
(ii) facilitate problem solving, and
(iii) encourage investigative work.
The effective use of such packages will have a significant impact
on the mathematics curriculum,
This project aims to test this hypothesis by:
(i) the development and evaluation of two packages designed
to meet the criteria outlined above;
(ii) investigating the impact which the use of the packages
has on the mathematics curriculum, in particular, with
respect to teaching approaches and student attitudes
towards mathematics;
(iii) examining the feasibility of transfer of the materials

produced to other higher educational establishments.
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CHAPTER 4

The Learning Packages

4.1 Design Criteria

Selection of topics for the learning packages was influenced by
the perceived needs of the Mathematics Department at Napier and the
criteria listed in section 3.6, The two contrasting areas of the
curriculum chosen were linear and integer programming using the Simplex
method and the numerical solution of initial-value differential equations.
The packages would not be self-learning units but computer-based tools
designed to enhance the students' learning,

It has already been shown that the design of educational software
is important (section 2.6), Computer programs should be easy to use and,
in general, not require a user manual although they must be accompanied by
appropriate back-up material to direct and/or stimulate the learning
process, They should be menu-based and flexible in operation, making
full use of the computer's interactive and graphic capabilities, A
program must allow the user to try any apparently reasonable experiment
and, if the algorithm fails or the program produces an error message, it
should tell him why. Experiments by Anderson et al. (1971) in
computer-aided instruction provided some evidence that feedback from
incorrect responses was more beneficial to the learner than
acknowledgement given for correct answers. Kulhavy et al., (1976) further
demonstrated that students who were confident in their response spent much

longer considering the mistake when their answer turned out to be wrong.

4,2 The Linear Programming Package

Use of the Simplex method for linear programming involves matrix

transformations which students find difficult and tedious. Traditional

teaching enables them to progress, at best, to solving three or four



variable standard problems. The complexity of the arithmetic tends to
inhibit understanding of the process being carried out. Virtually no
post-optimal analysis is tackled. Although the branch and bound method
for integer programming is taught, students are normally given a data
sheet (Figure 4.1) from which to work. This contains intermediate
solutions to the problem for all combinations of constraints which are
required to construct the branch and bound solution tree,

The aims of the teaching package, LINPROG, are twofold. The
first of these is to assist students to understand the Simplex algorithm
and the concept of duality. Secondly, having mastered the algorithm, an
alternative mode of wuse facilitates post-optimal analysis or the
construction of a branch and bound tree to enable the solution of integer
programming problems. In this way, opportunities are created for problem
solving and investigative work which were not previously possible.
Research revealed no software available from other sources that would
fulfil these ainms,

Description
LINPROG copes with three main classes of problem:
(a) The standard class of linear programming problems where one is
required to
either Maximise f(x)
subject to gj(x) € bj
or Minimise f(x)
subject to gj(x) 2 bj
There are many realistic problems of this nature. For these
problems the user can follow a tableau by tableau display through
the Simplex method. The user is asked to select the pivot

element, to decide when the solution is optimal and to extract the

solution from the final tableau.

g3



Figure 4.1: Integer Programming Datasheet

Problem
No. Additional Constraints X, | x, | %, | x, I
1 ORIGINAL PROBLEM 0 [22.9(18,1(1.43 |24380.95
2 > 4 X, ¢ 20 5 | 20 |18.3] 0 |24333.33
3 >2, x, €3 x, €21 x, 19| 2 [20,5| 19 [0.25 |24200.00
4 > 2 X, ¢ 22 2 |21.7[18.2|0.857|24361.91
5 > 4 X, €20 x, 2 19| 4 | 19 | 19 | 0 |24000,00
6 > 2 X, = 22 INFEASIBLE
7 X, € 22 1.5 | 22 |18.2| 1 |24366.67
8 €1 X, €22 x, <18/ 1 | 22| 18 | 1.5 |24200.00
9 >2, %, €3 x, ¢21 3 | 21 [18.3] 0.5 [24333,33
10 X, > 23 0 | 23| 18| 1 [24300.00
11 >2, %X, €3 x, €21 x, <18/ 3 | 21 [ 18 | 1 |24200.00
12 > 4 X, =21 INFEASIBLE
13 > 2 X, €21 3.25| 21 [18.3| 0.5 [24350.00
14 <1 X, € 22 1 | 22 (18,3 1 [24333.33
15 > 4 X, €20 x, < 18{4.67| 20 | 18 |0.667|24133.33
16 <1 X, €22 x; >19| 0 (21,5| 19 |0.75 [24200.00
17 > 4 x, € 21 4 |20.6[18.3)|0.286/24342.86
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Minimisation problems are solved by first forming the dual
problem, The algorithm used by the program follows that taught
to the students at Napier.
(b) General 1linear programming problems where any combination of
constraints is allowed:
For these problems, the program uses a BIG-M method (Zionts, 1974)
but only the solution is given to the user.
(c) Integer and mixed integer programming problems:
The initial problem is solved as for a general linear programming
problem, The user can then add further constraints and solve the
new problem thus formed or return to the initial set of
constraints,
Thus the branch and bound method can ke implemented with ease.
Input to the program is straightforward. The user is led through
a series of questions to establish the type of problem, number of
variables and constraints, The program assumes that all the variables
are 2 0. The user chooses between a tableau by tableau solution using
the Simplex method (Figure 4.2), in which he makes decisions at each
stage, and a solution only option, The former option is available for
the standard problem described above. If "solution only" is selected,
the solution is followed by the comprehensive menu of options (Figure 4.3)
which enables the user to carry out sensitivity analysis, parametric
programming or the branch and bound method.

Prerequisites

The student is assumed to have been introduced to linear
programming before using the package. In particular, the student would
normally have been taught the Simplex method. Before attempting integer

programming problems, the student should be familiar with the branch and

bound method.
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Figure 4.2: LINPROG: Tableau by Tableau Output

This 1s the 1nitial tableau of the standardised problem

X1 X2 X3

3.000 6.000 3.000 1.9000 0.000 0.000 22.000
1.000 2.000 3.000 0.000 1.000 0.000 14.000
3.000 2.000 0.000 0.000 0.000 1.000 14.000

-1.000 -4.000 -5.000 9.000 Q.000 0.000 0.000

Is this an optimal solution (Y/N) ? n Correct

Select next pivot column 3

Correct

Select pivot row 2 Correct
X1 X2 X3
2.000 4.000 9.90009 1.000 -1.000 0.000 8.000
9.333 0.667 1.000 0.000 9.333 @.000 4.667
3.000 2.000 0.000 0.000 0.000 1.000 14.000

9.667 -0.667 0.000 9.000 1.667 0.0009 23,333

Is this an optimal solution (Y/N) ? n Correct
Select next pivot column 2

Correct

Select pivot row 1 Correct

Figure 4.3: LINPROG: Menu of Options

Display current problem

Solve current problem

Add a constraint

Change objective function

Alter coefficients of a constraint
Change r.h.s, of a constraint
Return to original problem
Terminate

1O\ U b WM
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The teaching objectives of LINPROG are:

(1) to enhance student understanding of linear
programming and, in particular, the Simplex method;

(ii) to facilitate problem solving which involves the
use of linear programming;

(iii) to facilitate the solving of integer programming

problems by the branch and bound method;

(iv) to encourage investigative work, in particular,
post-optimal analysis.

Implementation and use

Written in BBC-BASIC, LINPROG has been implemented on a
stand-alone Acorn BBC microcomputer and on the ECONET network in the
mathematics laboratory, A preliminary version was made available in
February 1985 for field testing with students. Since version 3,
described in this report, was released in December 1985, minor
modifications have been incorporated as a result of formative evaluation.
The package has been in regular use with several different classes at
Napier each session since 1985,

LINPROG has been marketed by Napier Polytechnic since April 1986
(Mackie and Scott, 1986) and has been sold to over 20 educational
establishments throughout the United Kingdom. It has been demonstrated
at six conferences (Mackie, 1985; Scott, 1986), including the
international ICME-6 conference in Budapest in August 1988, A PC-based
version of LINPROG has now also been implemented.

Back-up material

A program which enables two-variable linear programming problems
to be solved graphically is available in the mathematics laboraories with
an accompanying worksheet, This program can be used during the initial

stages of a linear programming course before introducing the Simplex
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method.
Three worksheets have been written to cope with topics covered by
the LINPROG package (Appendix 1). These are:

(i) Introductory linear programming

Included in this worksheet are exercises to formulate a linear
programming problem mathematically, examples which demonstrate the
operation of the Simplex method and compare it to the graphical
method of solving 2- and 3-variable problems and exercises which

explore the concept of duality.

(ii) Post-optimal analysis
The exercises on this sheet enable the student to investigate the
effect of changes in the objective function or constraints of a
linear programming problem. Both sensitivity analysis and
parametric programming are included.

(iii)  Integer linear programming

Integer and mixed integer programming problems are solved
graphically and by using LINPROG to implement the branch and bound
method, For the latter the student constructs the branch and
bound diagram on paper using the program menu options to form and
solve the new problem at each node of the solution tree.

All three worksheets have been designed to include realistic

problem solving and (ii) and (iii) to encourage investigative work.

4.3 The Differential Equations Package

One of the early programs written for the mathematics laboratory
enabled the user to solve first order differential equations by a variety

of Runge-Kutta methods. Although this program proved useful for a

variety of teaching purposes, many ideas for additional features had been
expressed by members of staff using it. The following features were

identified that would be of particular benefit:
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(1) graphical output of the solution;

(ii) the ability to compare the analytical solution, if

known, with the numerical solution;
(iii) the ability to solve a system of differential equations;

(iv) the ability to obtain phase portraits;

(v) the addition of predictor-corrector methods.

Since several programs already existed for the numerical solution
of differential equations, these were studied carefully to determine
whether an existing package would fulfil our requirements (Jacques and
Judd, 1985; Katsifli and Fyffe, 1984; Harding, 1974). None of the
programs oOr approaches studied offered the facilities we required.
Consequently, after discussion with several members of staff, a
specification for a new package, NODES, was prepared.

Description

NODES solves a single or a system of ordinary differential
equations subject to given initial conditions. The wide range of
methods provided (Figure 4.4) enables the package to be used for
comparative studies in numerical analysis and to investigate stiff
equations, The equation(s), analytical solution, if known, initial
condition(s), range and step size are input at run-time.

Figure 4.4: Numerical methods (enhanced version)

Single Equation System of Equations
Fixed-step Euler Euler
Runge-Kutta methods | Heun 4th-order Runge-Kutta

Improved Euler
3rd-order Runge-Kutta
4th-order Runge-Kutta

Variable-step 4th-order user-controlled
Runge-Kutta methods | 4th-order Runge-Kutta-Fehlberg

Predictor-corrector | Modified Euler
methods 4th-order Adams-Bashforth-Moulton
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The output may be a table of results, a graph (showing the
analytical solution also, if known) (Figure 4.5), or an error analysis
incorporating the absolute or relative error in both tabular and graphical
form (Figure 4.6), Different outputs may be selected in any order for a
particular input, The highly flexible and interactive nature of the
menu-driven program allows problem parameters or the method to be easily
modified and the resultant effect on the solution observed. Successive
graphs may be superimposed allowing direct comparison of solutions using
either different step lengths, methods or initial conditions. When a
system of differential equations is solved, the phase path of any two of
the variables can also be plotted. Hard copy of either tabular data or
graphical solutions may be output to the printer,

The screen layout has been carefully designed. Information about
the current problem is displayed at the top of the screen and a small
window at the base is reserved for instructions and error messages,
leaving the central area for input, the menu or display of results,
Default values for all input parameters are displayed in parentheses.
These are continually updated to contain the value most recently input by
the wuser. This facility is particularly valuable for classroom
demonstrations and the inexperienced wuser but also simplifies
modifications as only those parameters which have changed need to be
re-typed.

When a fixed-step Runge-Kutta or the modified Euler method is
used, the error is calculated by comparison with the analytical solution,
if given. With the fourth-order variable step Runge-Kutta and
predictor-corrector methods, however, the error at each step of a
particular solution is estimated by the method itself,

Many practical problems and idealised systems in science and

engineering can be modelled by differential equations. NODES allows
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Figure 4.5: NODES graphical solution
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Figure 4.6: NODES error analysis
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students to implement a model on the computer, to experiment with the
model parameters and to observe the effect on particular solutions.

Before using this package, the student should have been introduced
to first-order ordinary differential equations and simple modelling., In
order to carry out investigative numerical analysis the student should be
familiar with basic numerical methods. For stability analysis and for
testing models involving second-order differential equations, he/she
should be able to break down higher order equations and systems into a
system of first-order equations,

The teaching objectives of the package are:

(1) to enhance student understanding of

(a) solutions of ordinary differential equations (both

numerical and analytical),

(b) numerical methods,

(c) stability of systems;

(ii) to facilitate investigation of numerical methods for solving
ordinary differential equations, in particular, different methods,
the effect of varying step size and errors;

(1ii) to enable the testing of mathematical models of practical
situations (the user creates a system of first-order equations,
when necessary);

(iv) to facilitate investigation of

(a) the behaviour of a model,

(b) stiff equations,

Implementation

NODES is written in BASIC on a BBC microcomputer. It is
implemented on both stand-alone machines and the ECONET network in the
mathematics laboratories. The first version, with limited facilities,

was installed on the network in November 1986 for student and staff use,



Throughout 1987, amendments and modifications were incorporated and
further facilities added. As the program became too large to be
accommodated on a BBC model B it was decided to implement two versions.
The enhanced version, described in this report, is implemented on the BBC
Master, A standard version which offers fewer numerical methods and
error analysis for single equations only is available for the BBC nmodel B,
Version 3 was released in June 1988 (Mackie and Scott, 1988(b)) and
demonstrated at the ICME-6 conference in Budapest in August that year,
NODES has also been demonstrated at four other conferences (Mackie, 1986,
1988(a), 1988(b)) and is being marketed by Napier Polytechnic. The
package has been used extensively at Napier since 1987,

Back=-up material

A series of worksheets has been prepared to accompany this
package, many of them specific to a particular application, Topics
covered range from comparisons of different numerical methods and
investigations of errors (or the stability of systems) to model building
and analysis. A full list is included in Appendix 2. For example, one
worksheet requires the student to construct and analyse a mathematical
model of a simple vibrational system., The objectives are to study simple
harmonic motion, damped vibrations and various forced vibrations,
including the conditions leading to resonance. Many of the questions
encourage the students to analyse the significance of their results, Where
feasible, some open-ended questions have been included to foster creative

thinking and further experimentation.
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CHAPTER 5

The Process of Evaluation

9.1 Methodology

"Evaluation is the means whereby we systematically collect
and analyse information about the results of students'
encounters with a learning experience."

(Rowntree, 1982)

It is by identifying the outcomes, the strengths and the
weaknesses of a teaching/learning system that it can be improved upon
before using with another set of students. Such evaluation should also
determine which objectives have been achieved and which have not. Scriven
(1967) first introduced the distinction between formative and summative
evaluation.  The former occurs during the development phase of a learning
system as a result of feedback obtained by continuous monitoring. Its
primary purpose is to improve the system for the benefit of the present
students. The appraisal of the entire system and its overall
effectiveness constitutes the summative evaluation.

The distinction between these two phases in this project is
relative rather than absolute, The development and use of CAL in the
Mathematics Department at Napier, described in Chapter 3, has been an
iterative process, Evaluation of small-scale innovations, with the close
involvement of the lecturers concerned, enables modifications to be made
to the new materials and ways of presenting them, Further CAL is
introduced as a result of individual self-evaluation and in response to
specific needs, Rowntree notes that self-appraisal at the end of a
teaching unit is a summative evaluation of that unit but may appear
formative to the evaluation of a system as a whole. The main distinction
in this project is that the formative evaluation concentrates on the

materials developed whereas the summative assessment considers the
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outcomes resulting from the use of those materials.

It used to be thought that, to be of value and to demonstrate
validity, educational research had to follow the experimental methods of
scientific research, As discussed in section 2.6, however, the
quantitative pre- and post-test measurements typical of experimental
evaluation fail to provide sufficient insight into all the changes in
learning which may be taking place as a result of significant curriculum
innovation.

Several recent studies in the field of computer-assisted learning
(Hoyles and Sutherland, 1987; Johnston, 1985; Gudgin, 1987; Fraser, 1987)
have relied on the qualitative techniques of illuminative evaluation
(Hamilton et al., 1977). This approach is anthropological in nature,
relying on observation, interviews and questionnaires for much of its
data. Anecdotes may be used to reveal particular examples of attitude or
change.

For this project illuminative techngiues have been embodied in a
framework of action research (Cohen and Manion, 1980). In advocating the
teacher as researcher, Candy (1988) argues:

"The close investigation into the learning and teaching

processes at work when a computer is introduced, can be
carried out only by considering the impact and effectiveness
in the school and classroom context. The changes observable
by the teacher, reflecting on a number of different factors,
can be related to previous experience and assessed with a
view to subsequent action,"

Continual appraisal allows subsequent teaching to be modified and
new goals and strategies to be set in the light of experience.  The
advantage of the dynamic nature of this approach is its ability to

recognise that objectives and priorities are continually evolving,  Thus,



this methodology not only leads to a clearer understanding of the
processes involved but is more likely to assist in the identification of
all the significant outcomes of the learning process, not just those it

was designed to produce.

The views of participating lecturers are a crucial aspect of the
evaluation, These have been determined by informal conversation, by
interview and by questionnaire, Most researchers agree that student
evaluation can be valuable also (Arubayi, 1986), although variables such
as sex, experience, grade, class size and time of day course is taught can
influence students' ratings of instruction, Interviews and questionnaires
have been used to gather student evaluation data.

The validation of the learning packages developed is the main
function of the formative evaluation, There are two main objectives:

(1) to assess the performance of each program, and whether

it is a convenient and effective learning tool;
(ii) to determine the extent to which the teaching objectives
of the package have been achieved,
Attributes such as the reliability, "user-friendliness" and usefulness of
the programs need to be assessed, what difficulties or deficiencies
have been encountered in use? Does the program have any unexpected
advantages? Are the accompanying worksheets clear, relevant and useful?

Both student and staff ratings of the programs have been measured
but, by analysing these separately, any significant variations will be
noted. One problem in judging the reliability of a program is the user's
inability to distinguish between hardware and software faults,
Deficiencies in the network operating system may lead an inexperienced
user to rate a package as unreliable. By encouraging users to report all
faults either verbally or in a book provided for the purpose in the

laboratories, hardware faults should be quickly rectified and the software
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reliability should improve as the project progresses.

Organisational and operational aspects of the mathematical
sciences laboratories were also reviewed as part of the formative
evaluation,

The summative evaluation

(1) investigates all the learning outcomes;

(ii) examines changes in (a) teaching approach,

(b) the mathematics curriculum,

(c) student attitudes;

(iii) determines the feasibility of the transfer of the packages to
other higher educational establishments.

The primary teaching objectives are the promotion of problem=-solving and
investigative work (sections 4.2 and 4.3), The role of computers in
learning mathematics was discussed in section 2.1 and the following
desirable student outcomes of problem solving and investigative work in
the laboratory were identified:

assimilation/reinforcement of concepts

mathematical discussion

involvement of both weak and able students

students' knowledge is broadened

encouragement towards becoming more independent learners

increased motivation

improvement of problem solving skills

experience of mathematical modelling.

Since outcomes in both the cognitive and affective domains are
expected, a variety of techniques have been used to identify them., The
students' learning experiences are assessed informally but frequently by
both the teacher and the students themselves, Their judgments have been

polled by questionnaires. Written data gathered from the questionnaires



can be verified and elaborated by interviews with staff and students,
Student motivation can be inferred from scaled ratings in surveys.
Observation of overt behaviour in the mathematical sciences laboratories

can be used to validate the written responses.

5.2 Classes selected for Monitoring

Initially two classes were selected for close monitoring during
the 1985/86 academic session:

(i) B.Sc. in Science with Industrial Studies, 4th year

(ii) B.Sc. in Communications and Electronic Engineering, 4th year

(Honours),

The lecturer concerned, who teaches both classes, felt that both
would benefit from the introduction of computer-assisted learning,
utilising microcomputers in the nathematical sciences laboratory,
available for the first time the previous session. As both groups study
aspects of linear programming as part of their course, opportunities exist
for the use of the LINPROG package. Obviously the willingness of the
lecturer to participate in the research was also a requirement. Prior to
this session both classes had occasional microcomputer-based classroom
demonstrations of mathematical programs but neither had hands-on
experience of such software.

B.Sc. in Science with Industrial Studies, 4th year (SIS4)

This is an interdisciplinary science-based sandwich degree with
two six-month placements at the end of Years 2 and 3, The course leads
to an ordinary degree after four years or an honours degree after five
years,

In their first year, students study Physics, Chemistry, Biology,
Mathematics, Computing and Industrial Studies. One science subject, but
not Mathematics, is dropped at the end of Year 1 and another the following

year, They thus continue to study two science subjects, one of which may



be Mathematics, for the remaining two or three years of the course. The
course structure and mathematics syllabuses are detailed in Appendix 3.
(See also Leach, 1978).

As part of the computing course, students learn at least one high
level programming language, FORTRAN, in Year 2. Those who choose the
Mathematics option from Year 3 onwards also continue to study computing.
The content of the mathematics syllabus is almost 50% statistics,
Students use MINITAB and other computer packages reqularly from the first
year of their course.

There were 12 students in SIS4 in 1985/86, The three hours of
mathematics per week shown on the scheme of work in Appendix 3 forms half
of the total mathematics curriculum for the fourth year of this course.
The balance between lectures and tutorials is flexible but, in general,
laboratory sessions replaced lectures. They had one classroom
demonstration and three laboratory sessions using packages, but were
encouraged to make further use of the packages in their own tinme.

Students on this course study linear programming and the use of
the Simplex method in their third year. 1In the fourth year the topic is
extended to include integer and mixed integer programming problems and
their solutions by the branch and bound method. LINPROG was used to
reinforce the teaching of this method. The student's use of LINPROG was
not assessed directly,

As no non-linear programming software was available, the students,
working in pairs, wrote their own programs in BBC BASIC based upon
routines given in their textbook. Each group developed a program for one
of the methods, then presented their work to the rest of the class
including an explanation of the algorithm itself. This exercise involved
5 laboratory sessions for the group presentations which were assessed,

The programming was done in the students' own time.



B.Sc. in Communications and Electronic Engineering, 4th year (Honours)

(CEE4)

This 4/4% year sandwich course, with bifurcation at the start of
Year 3, leads to an ordinary or honours degree in Communication and
Electronic Engineering, The principal subjects studied are Electrical
and Electronic Engineering, Engineering Science, Mathematics, Computing,
Information Technology, Communication Systems and Industrial Studies,
Details of the course structure and mathematics syllabuses are given in
Appendix 3, There are two 18-week periods of supervised work
experience, at the end of Years 2 and 3, during which students work in a
variety of industrial environments.

Throughout their course, the students are exposed to a wide range
of computer hardware, including microcomputers, microprocessors and a high
frequency laboratory. They learn both a high level programming language,
PASCAL, and microprocessor programming techniques during the first three
years of their course,

In 1987, in response to the Finniston Report, this course was
converted to a B.Eng., degree, with a greater emphasis being placed on
engineering applications.,

The provision of a relevant programme of engineering applications
aims to stimulate creative thought and self-awareness in the students. The
first phase of the programme, EA1, equips the students with the practical
machining and electronic skills they require. During the second phase,
EA2, individual creative skills are developed by the application of the
theoretical work to practical solutions of real problems, This includes
a computer-based mathematics assignment of an experimental or
investigative nature, in each of the first four years of the course.

In Year 4, the students have three hours of mathematics per week,

in which they study probability and statistics, numerical analysis,
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optimisation and queueing systems. The three hours comprise one hour
each from two different lecturers plus a shared tutorial hour. The
scheme of work followed by one lecturer for the 1985/86 session, given in
Appendix 3, shows the balance between lecturing, classroom demonstrations
and students' hands-on experience in the mathematics laboratory. It also
illustrates how the use of appropriate computer packages is integrated
into the mathematics curriculunm, Laboratory sessions with this class
replaced lecture hours. The students were encouraged to explore the use
of the computer packages further in the laboratory in their own tinme,
There were 16 students in this class,

The linear programming studied in the fourth year of the course
consists of the graphical solution of two-variable problems, the Simplex
method, the concept of duality, and an introduction to post-optimal
analysis.  The solution of integer programming problems by the branch and
bound method is also covered. The LINPROG package was used to enhance
the teaching of all aspects of this topic.

Computer packages were also used to assist the study of queueing
theory. The software required to solve boundary value problems by the
finite difference method was not available in time, but one of the
students wrote a program on his own computer which was then demonstrated
to and used by the rest of the class. This class also made use of the
programs for non-linear programming methods developed by SIS4,

The students had a total of 10 laboratory-based classes, five of
them using LINPROG, They also had one classroom demonstration. None
of the computer-based work was assessed directly. Their EA2 assignment
was a joint exercise in mathematics and communication systems to simulate
random flow in networks.

One of a number of other classes which used the mathematics

laboratory reqularly during this session was the first year B.Sc. Applied

-61l=



Chemistry class (AC1), comprising 24 students, In the capacity of
tutorial assistant, I participated in laboratory-based classes with this
group and was, therefore, able to observe their experiences., A variety
of programs for function plotting, Newton-Raphson iteration and numerical
integration were used. By gathering data from this first year class
also, their response to the use of computer-based materials can be

compared to that of the more mature and mathematically-experienced fourth

year classes,

5.3 Observation of Laboratory Sessions

During the 1985/86 academic year I attended twelve laboratory
sessions, three each with SIS4 and CEE4 and six with AC1. Although with
the latter class I participated as a tutorial assistant, whereas mny
involvement with the other classes was simply as an observer, the
distinction was blurred. 1In all three classes I gave advice on operation
of the software, when requested, and discussed difficulties and results
with the students,

The LINPROG package was in use during three of the observed
sessions, Being at a formative stage of development, several minor
'bugs’' and operational problems were discovered during these sessions.

At each laboratory class the students were given a worksheet to
direct their efforts. In most cases this had been specially prepared for
the package being used but, in a few cases with ACl, an existing tutorial
sheet was used. In all instances, when a package was being used for the
first time, the lecturer gave the students a short introduction to its

operation.

5.4 Student Surveys

All the students in the three classes listed in section 5.2 were

asked to complete questionnaires in October 1985 and May 1986 (Appendix



4). The first of these, SQ0, was brief, designed to assess the students’
previous experience of and attitude to mathematics and computing.  The
second questionnaire, SQ1, had two main aims:

(1) to appraise student attitudes towards the use of computers

as a learning tool for mathematics, and

(ii) to determine which packages had been used and to rate

these packages.
The students were also asked for their opinions on assessment of
computer-based work, group working and unsupervised working in the
laboratory. These, and subsequent questionnaires, were handed out to
students in class either by me or the lecturer. The students were asked
to complete them and hand them back as soon as possible.

In addition to the questionnaires, I interviewed ten students
individually, three from CEE4, four from SIS4 and three from AC1, These
students were selected by the lecturer to represent a cross-section of
views, sex and abilities within each class. The interviews were informal
and wide-ranging, lasting about twenty minutes each. The students were
told that the interviews were for research purposes only, but not the
exact nature of the research, They could not, therefore, guess the
'correct! responses to the questions asked and were encouraged to talk
frankly. The aim was to gain a deeper insight into the views and attitudes
of these students towards mathematics and the use of computers than could
be ascertained from a questionnaire. A further aim was to identify
unforeseen points of significance which could be followed up in later
questionnaires,

During the following session, 1986-87, the SIS4 and CEE4 classes
followed the same scheme of work. They were again surveyed at the start
and end of the session using questionnaires SQ0 and SQ3, respectively. The

second questionnaire, SQ3 (Appendix 4), was similar to SQ1 used the



previous year but modified to reflect the wider range of computer packages
available and the additional laboratory.

At this time a new mode of use of the laboratories emerged. As
explained previously (secton 5.2), the Communications and Electronic
Engineering degree, now converted to a B,Eng. degree, required the
mathematics course to include an engineering applications (EA2)
component, Students on this course are taught methods for solving first-
and second-order differential equations analytically in first vyear.
Methods for second- and higher order differential equations and
simultaneous equations are developed further in second year and numerical
methods are introduced. It was felt that an investigation of the
mathematical model of a physical system using the NODES package would be
an appropriate and useful engineering applications assignment. The first
and second year classes, CEE1 and CEE2, a total of 116 students, used an
early release of the NODES package for this purpose early in 1987.  The
worksheet DE7 was used as the CEEl assignment whilst CEE2 used DE1l
(Appendix 2),

Students in these classes had little previous experience of using
computer packages in mathematics. At the start of the session, the
first year class had been introduced to the facilities of the lakoratory
and, in particular, use of the graph plotting program, and, thereafter,
encouraged to use it in their own time to follow up topics encountered in
class. NODES was used in class with the second year group prior to the EA2
assignment to demonstrate various numerical methods for the solution of
ordinary differential equations. The students' preliminary instruction
for the EA assignment included an introductory lesson using NODES in the
laboratory and being shown how to break a second- or higher order
differential equation into a system of first-order equations. They were

then required to complete the assignment in their own tinme.
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Both classes were asked to complete questionnaires SQ0 in October
1986 and SQ2 (Appendix 4) after completion of the EA2 assignment. The
objectives of the SQ2 survey were:

(1) to rate NODES for its ease of use, reliability,

usefulness and flexibility;

(ii) to pinpoint particular features of the program which

were liked or disliked;
(iii) to find out student attitudes towards use of the NODES
package;

(iv) to assess students' perceptions of ways in which use

of a computer could help their learning.

An improved version of NODES was available for the 1987-88 session
and was used by CEE2 in the same way as in the previous session. As this
class had completed the SQ2 survey the previous year, an amended
questionnaire, SQN2 (Appendix 4) was prepared and issued to the class in
March 1988, Many questions remained the same for comparison with the
previous year's findings. A four-point scale for ratings replaced the
three-point scale because of the tendency of participants to 'sit on the
fence', I also interviewed three students from CEE2, selected to
represent a cross-section of abilities and attitudes within the class, to
obtain a more detailed and subjective reaction to this assignment.  The
interviews were recorded on audio tape.

In March 1988, the SIS4 and CEE4 classes were again asked to
complete a general questionnaire, SQ4 (Appendix 4). This questionnaire
was based on SQ3 but modified to use a four-point rating scale. Previous
questions for which sufficient data had already been gathered were omitted
but ratings for the packages used were again requested in order to
complete the formative evaluation, New questions were included to

ascertain ways in which students thought that the use of computer packages
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had assisted their study of mathematics,

Data from the interviews conducted with CEE2 students and previous
questionnaires contributed towards two new questionnaires, one each for
LINPROG and NODES, which were developed for the final year of the study,
1988-89 (LPAQ and NAQ, Appendix 4). In these attitude surveys students
were asked to respond to a series of statements and to state the degree of
agreement with each statement on a scale of 1 to 5 (Likert, 1932) as

follows:
5 4 3 2 1
Strongly agree  Agree Not sure/ Disagree Strongly disagree
Doesn't apply
For example:

"Using LINPROG helped me to understand the branch and bound

method for integer programming, "

"It was interesting to investigate the sensitivity of solutions

to differential equations."
"I couldn't understand what the program was doing."
These surveys were designed to assess:
(1) the student's enjoyment and interest in the topic being studied and
the use of the program,
(ii) the student's assessment of the package as a learning tool, and
(iii) the types of learning taking place.

The statements were mixed with respect to positive and negative
attitudes to avoid a set pattern of responses and to enable a check to be
nade on the internal reliability of the survey. Each survey was given to
two classes who had made use of the appropriate package that session. The
classes asked to complete the NODES survey were B.Sc, Mathematics with
Engineering Technology, Year 2 (MET2) and the B.Sc. Physics, Year 2
(PHYS2), a total of 26 students. The LINPROG survey was given to the

SIS4 and CEE4 classes, totalling 35 students. The student surveys
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carried out are summarised in Table 5.1.

Table 5.1: Student Surveys

No.of No.of Number
Session | Class students | Questionnaires Completed Interviewed
Questionnaires
1985/86 SIS4 12 SQO0 SQ1 8 4
CEE4 16 SQO0 SQ1 13 3
AC1 24 SQO SQ1 7 3
1986/87 SIS4 20 SQO0 SQ3 16
CEE4 23 SQ0 SQ3 23
CEE1l 65 SQ0 SQ2 51
CEE2 58 SQ0 SQ2 42
1987/88 | SIS4 11 SQ4 11
CEE4 20 SQ4 17
CEE2 64 SQN2 50 3
1988/89 SIS4 13 LPAQ 10
CEE4 26 LPAQ 25
MET2 16 NAQ 16
PHYS2 10 NAQ 9
5.5 Staff Surveys

A microcomputer laboratory was first established in the
Mathematics Department in 1984, Resultant changes in teaching approach
by the staff were monitored by a series of questionnaires issued in June
1985 and the three successive years 1986 to 1988 (Appendix 5). Information
requested included:

(1) amount and frequency of time spent using computers,

(ii) packages used,

(iii) reasons for use, and

(iv) ratings for packages used.

All permanent, full-time members of staff of the Mathematics
Department based at Merchiston or Craiglockhart were asked to complete the
questionnaires, Science and engineering courses are taught at these two

sites,
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In 1989, four lecturers were asked to complete a more detailed
survey, two each for LINPROG and NODES (LQL2 and LQN2, Appendix 5). The
emphasis of these was on his/her objectives when using the package and the
extent to which these were achieved, the teaching approach adopted and the

effectiveness of the package as a learning tool.

Further detailed data were gathered by extended, informal
interviews in June 1989 with five lecturers who have gained experience of
using computers to assist their teaching over several years. The
lecturer responsible for teaching the SIS4 and CEE4 classes was among
those interviewed. These interviews were recorded on tape so that
details and implications could be summarised later on paper. By using a
checklist of points to be covered, it was possible to obtain comprehensive
data on individual changes in teaching emphasis and approach as a result

of the use of computer packages,

5.6 Use in Other Institutions

Contacts were established with other Scottish higher education
institutions early in the project with a view to transferring the packages
developed.  Lecturers at Paisley College of Technology and Dundee College
of Technology expressed an interest in LINPROG and were duly supplied with
copies of the program, handbook and worksheets in May 1986, with later
updates as these became available. Similarly, the NODES program, with
accompanying user guide and worksheets, was given to Dundee College in
1987 and to Robert Gordon's Institute of Technology in Aberdeen in 1988,
Of the four packages supplied, only one has actually been used with
students.

At Dundee College a lecturer used LINPROG with a class in both
1987 and 1988, In February 1988 I visited the College and observed the
class using the program., The observed lesson was part of the mathematics

course of a third year B.Sc, Science degree, during which they study



linear programming using the Simplex method. The course includes a
two-hour practical session each week, usually held in the BBC laboratory,
but covering different aspects of the course and often using the BBCs as
terminals to a mainframe computer. The use of LINPROG represented their
first use of a microcomputer-based CAL package,

I left questionnaires for both students and the lecturer (SQL1 and
LQL1, Appendix 6) to be completed and returned to me,

The Dundee lecturer explained that lack of class time had
prevented him from using the NODES package since differential equations
were not covered until late in the session, by which time the students
were feeling the pressure of examinations, Robert Gordon's Institute of
Technology expressed interest but, soon after receiving NODES, they
acquired a new IBM-PC compatible computer laboratory and no longer had
ready access to BBC computers.

In April 1988 a questionnaire, LQL2 (Appendix 5) was sent to the
20 custonmers to whom a copy of LINPROG had been sold, with an accompanying
letter requesting completion by a lecturer who had used the program, Since
purchase orders for software are handled by the central administration in
many colleges and universities, it was not possible to identify the
department from which the order originated in all cases. It is not known,
therefore, how many questionnaires did in fact reach the intended user,

Six completed questionnaires were returned.
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CHAPTER 6

Formative Evaluation of the Learning Packages

6.1 LINPROG

From 1986 onwards, LINPROG has been used with students in CEE4
(B.Sc., Communications and Electronic Engineering, 4th year Honours class)
and SIS4 (B.Sc., Science with Industrial Studies, 4th year class), For
three successive years, the students were requested, by questionnaire, to
rate the computer packages they had used for ease of use, reliability and
usefulness of output on a scale ranging from 'Very highly' (4) to 'Poor!
(1). The results are shown in Figure 6,1. There are many factors which
may influence students' ratings. These include the time of day, week or
session that the questionnaire is answered, their most recent experience
with computer packages and their peer group. A different format of
questionnaire in 1987/88 may also have affected ratings for that year,
These results, therefore, can only provide a broad indication of student
opinion, but they do demonstrate a consistent rating of 'High' or 'Very
high' by at least 46% of respondents for all aspects of the program under
consideration,

The data for 'Reliability' shows a sustained improvement over the
period of study. Table 6.1 contains student comments relating to their
use of LINPROG, Two aspects of the program which proved advantageous
were the step by step solution of problems by the Simplex method and being

able to implement the branch and bound method.



Figure 6.1: LINPROG - Students' Ratings (percentages)

1985/8¢ 198¢/87 1987/88
RELATIVE ICUMY = RELATIVE CUMY- RELATIVE CuNU-
4 9.5 $s 42
Ease oruse O 8 52 o 77
g 5 27 100
1K 100
4 % 31
RELABILITY 3 s2.5 21
2 to.5 B {co
‘ .' 100 .
4 303 23
USEFULNESS 3
£ OUTPUT & by
u 2 {00 100
{
SAMPLE SIZE 24
RATING SCALE - - { 2 -—% -
VERY HIGHLY —=» POOR

-71-



Table 6.1: Student comments relating to LINPROG

- Allows you to concentrate on the problem and therefore
understand the method more easily

- Use of the program helped my understanding. I got
lost when reading through my notes. The screen layout

and prompts aid understanding

- I think it helps you to understand problems quicker
than you would normally

- The lecture can't explain everything - LINPROG helped
overall understanding of the Simplex method and the
branch and bound method

- You can work through the method at your own pace

- You don't get hacked off by tedious calculations and
lose interest in what the actual problenm is

- LINPROG helped me understand the branch and bound
method. It was not clear from lecture and notes

- The coqbination of using the computer (LINPROG) and
the whiteboard (to build the tree diagram) helped
me to appreciate the branch and bound method

- You can experiment with different parameters and
solve more realistic problems

Staff evaluations of LINPROG are given in Table 6.2. No program
ratings were gathered in 1988, As the number of ratings obtained is
small, no generalisations can be made. Staff may be less critical and
rate programs higher than the students do because they are more aware than
students of the amount of arithmetical drudgery eliminated by the programs
and the wider educational opportunities opened up.  LINPROG was rated
particularly highly for the usefulness of its output, It scored less

well, however, for 'Flexibility/range of options offered’.

72



Table 6,2: Staff LINPROG ratings 1986-87

Number of staff
Program attribute
1986 1987
Ease of use: very highly 4 2 ;
3 0
2 0 1
poor 1 0 0
Reliability: very highly 4 2 1
3 0 3
2 0 0
poor £ 0 0
Usefulness: very highly 4 2 3
3 0 1
2 0 0
poor 1 0 0
Flexibility/options:
very highly 4 no 0
3 data 3
2 avail- 1
poor 1 akle 0
Sample size 2 4

Further data were obtained from questionnaire LQL2 in 1989 from
lecturers who had, by then, made considerable use of the package. The
two lecturers who evaluated LINPROG rated it on a scale of 4 (very highly)

down to 1 (poor) as follows:

Lecturer 1 Lecturer 2
Ease of use 4 4
Reliability 4 3
Usefulness of output 4 4
Flexibility/options
offered 3 3

The features of the program most liked by the reviewers were the
ease with which students became familiar with the program and the tableau
by tableau option which aided understanding of the Simplex method. These
results reinforce the findings of the students' evaluations, The ease of

use and the labour-saving aspects were two reasons why they considered



that the students reacted favourably to using the package. One lecturer
would like the program to allow more variables and constraints in order to
solve more realistic problems, Both respondents suggested that an option
to delete a constraint should be added to the menu, Access to the menu
options from the tableau by tableau mode for post-optimal analysis would
also be welcomed, The results in Table 6.3 indicate that LINPROG had
been used for all its intended teaching objectives (Section 4.2) and was
judged to have been very successful for all purposes except enhancing

student understanding of the concept of duality,

Table 6.3: LINPROG Evaluation 1989

: . ' Degree of success
Teaching Objective

Lecturer 1 Lecturer 2

To enhance understanding of the
Simplex method Very successful |Very successful

To enhance understanding of duality |Fairly successful Not sure
To solve realistic L,P, problems Very successful *
To carry out post-optimal analysis Very successful *

To solve integer programming problems| Very successful |Very successful

Support material used LINPROG LINPROG
worksheets worksheets
Used for part of overall assessment? No Yes

Note: * program not used for this purpose
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6.2 NODES

The NODES package was first used in the 1986/87 session with
classes CEE1 and CEE2, Results from questionnaires SQ0 and SQ2,
completed by both classes, are shown in Appendix 9. Although only 7% of
the students responded positively to the question "Have you enjoyed using
NODES?", a further 75% rated their enjoyment as 'OK'. Features of NODES
which were particularly liked by students in 1987 included the program's
ease of use, the clarity of the graphical output and the ability to
superimpose graphs.  Features identified as being 'liked least' were
difficulties in editing input data, the tendency for the program to
'crash' easily and problems encountered when outputting graphs to the
printer.

In 1588, the CEE2 class used an updated version of NODES and
subsequently completed questionnaire SQN2, the reuslts of which are given
in Appendix 9. Student ratings for NODES, summarised in Figure 6.2,
clearly reflect the substantial improvements implemented for the 1988
session, notably an easier method of editing equations, default values for
parameters and a screen dump facility to print graphs. The program's
ease of use and graphical output were again rated as its most liked
features, whilst the lack of a proper queueing system for the printers and
occasional run-time errors were the least liked. These would account for
the relatively low rating for reliability in both years of the survey, The
run-time errors, which were caused by 'printer busy' messages, proved
difficult to overcome on the Econet network but were finally eliminated in

a later version,
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Figure 6.2: NODES - Students' Ratings (percentages)
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The students were asked to select reasons for which they would
recommend using NODES, Table 6.4 shows the percentage of respondents who
selected each reason in approximate descending order of frequency. It is
interesting that, whereas, in 1987, only 25% of CEE1 (and 43% of CEE2)
felt that use of NODES could enhance their understanding of the solution
of differential equations and systems of equations, in 1988, that
percentage of the same group of students, now in CEE2, had risen to 68%,
suggesting that further use of the package and, possibly, deeper

reflection on the previous year's use, had caused them to change their

minds on this issue,
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Table 6.4: Reasons for using NODES

Student recommendation

Percentage frequencies

CEE1/87 | CEE2/87 | CEE2/88
To obtain graphical solutions of d.e.s 88 90 96
To investigate the effect on the solution
of varying the method, step size, etc. 69 90 78
To obtain phase plots of systems of d.e.s 29 83 80
To determine and analyse the behaviour of
a model 63 45 74
To enhance understanding of solutions of
1st-order d.e.s or systems of d.,e.s 25 43 68
To obtain numerical solutions of d.e.s 45 57 38
To check hand calculated results 49 40 28
To investigate the accuracy of numerical
solutions 14 14 28
No. of replies 51 42 50

Several students suggested the addition of a facility enabling the
user to specify the x- and y-axis limits (over-riding the default values).
This would overcome a problem in the CEE2 assignment where the default
range of y-values did not allow the graphs of various different solutions
to be superimposed., This facility has since been implemented,

Some of the students' comments relating to their use of NODES are
given in Table 6.5. They illustrate the importance of the graphical

output as an aid to understanding the solutions of the differential

equations.,
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Staff ratings of NODES in 1987 are given in Table 6.6. No progran
ratings were gathered in 1988, In 1989, two lecturers who had been using
NODES for two or more sessions completed questionnaire LQN2, NODES was

rated very highly by the two lecturers who evaluated it as follows:

Lecturer 1 Lecturer 2
Ease of use 4 4
Reliability 4 4
Usefulness of output 4 4
Flexibility/options
offered 4 3

Table 6.5: Student comments relating to NODES

- You can see the problem more clearly when visually
displayed

- Easier to see how a function behaves

- Brought to life the abstract ideas of Runge-Kutta

- You can see what is happening

- Shows how maths is related to real-life applications

- The package helped me understand what (the solution to)
a differential equation did and how it worked with

respect to the initial values

- Seeing the graphical solutions of equations helps to
understand the equations

- Shows how mathematical models behave under different
conditions in a graphical format thus showing what the
model does instead of just finding a solution

Table 6.6: Staff NODES ratings 1987

Usefulness | Flexibility/
Ease of use | Reliability | of output options
Very highly 4 3 1 3 1
3 0 1 0 2
2 0 1 0 0
Poor 1 0 0 0 0
Sample size 3 3 3 3
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The most liked features were the graphical solutions, the speed
and the visual, self-explanatory nature of the program, Other results
from this survey, summarised in Table 6.7, show that the lecturers
considered their use of NODES to have been very successful for
investigative work and analysis of the behaviour of models. They both
included computer-based work using NODES as part of the overall assessment
for the class.

The teaching objectives of NODES (Section 4.3) are:

(i) to enhance student understanding of

(a) solutions of ordinary differential equations,
(b) numerical methods,
(c) stability of systems;

(ii) to facilitate investigation of numerical methods for solving
ordinary differential equations,in particular, different
methods, the effect of varying step size and errors;

(1ii) to enable the testing of mathematical models of practical
situations;

(iv) to facilitate investigation of

(a) the behaviour of a model,

(b) stiff equations.
Clearly, (ii), (iii) and (iv)(a) had been achieved whilst the outcome of
(1) was still uncertain. As previously mentioned, however, 68% of CEE2
recommended using NODES as an aid to understanding the solution of
differential equations in 1988 (Table 6.4) and this finding is
strengthened by student comments (Table 6.5). This suggests that

teaching objective (i)(a) had been achieved also.
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Table 6.7: NODES Evaluation 1989

Degree of success
Teaching Objective
Lecturer 1 Lecturer 2

To obtain graphical solutions Very successful *
To obtain numerical solutions Very successful *
To enhance understanding of the

solution of 1st-order o.d.e.s Not sure *
To determine and analyse the

behaviour of models Very successful *
To investigate the accuracy of

numerical solutions * Very successful
To investigate the effect on the

solution of varying method,

step size, etc, * Very successful
Frequency of use

supervised sessions 12 hours 5 hours

student assignments 1

classroom demonstrations 2 hours
Support material used NODES NODES

worksheets worksheets

Used for part of overall assessment? Yes Yes

Note: * program not used for this purpose

6.3 Mathematical Sciences Laboratories

At each of the 12 laboratory sessions which I attended the
students were working through a set of exercises at their own rate, either
alone or in pairs, The lecturer introduced them to the program to be
used and, in some cases, led them through an introductory example. The
topics being studied ranged from trigonometric graphs to integer
programming using the branch and bound method, but, in all cases, the
relevant theory had been covered in a recent lecture.

In general, the students seemed to enjoy using the computers and

were quick to gain confidence in using the various programs. In contrast



to traditional tutorial classes they frequently entered the laboratory and
started working before the lecturer arrived. This was particularly
noticeable with the first year class, ACl1., The 'settling down' period
was short and, throughout the session, there was less casual conversation
than usual. The students worked hard and made good progress through the
worksheets,

When working in pairs, there was wusually some meaningful
discussion about results, Results which were obviously incorrect
generated most discussion as the students tried to discover what had gone
wrong. Most students did not record their results unless told to do so. If
discussion was lacking or a student was working alone, the lecturer could
stimulate it by posing questions at an appropriate moment., Queries such
as "Why does the graph have that shape?" or "What happens when 6 is much
larger?" can force the student to draw conclusions or generalise.

One laboratory session with AC1 was unsatisfactory because the
worksheet provided was a standard set of exercises, some of which could
not be handled by the progranm, No experimental or investigative
questions were included.

On several occasions students suggested amendments or new
facilities which might be incorporated into programs. The lack of
printer or plotter output caused frustration at times.

During interviews in 1986 with a cross-section of students from
classes AC1, SIS4 and CEE4 (Appendix 7), various suggestions were given
for improving worksheets:

(a) to include more explanation of the mathematics and perhaps an
example of the use of the program, and

(b) to include more investigative work. (This suggestion came fronm
students who had used packages for which no specially prepared

worksheets were available.)
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Some students felt that worksheets should be given out in advance of the
computer session as, on some occasions, most of the time in the laboratory
had been spent reading and understanding the worksheet,

Another suggestion was that an introductory session in the
mathematical sciences laboratory be held at the start of the year to
explain the facilities and packages available, Having sampled some of
the facilities, they felt that there might be others which could also be
of use to them and were frustrated by lack of knowledge but insufficiently
experienced to find out for themselves,

In the 1986 and 1987 questionnaires, SQ1 and SQ3, students were
asked to suggest ways in which the organisation of the mathematical
sciences laboratories could be improved. Replies are given in Table 6.8.
Improvements implemented since this survey include:

(i) March 1987: printing facilities improved
(ii) December 1987: graph printing from GRAPH and NODES implemented
(iii) January 1988: laboratory open-access time extended to include some
evening time

(iv) October 1989: full-time technician appointed.

Table 6.8: Suggested improvements to the laboratories

AC1 SIS4 CEE4
More help available 6 4 4
More tutorial time 2 4 6
Extend hours of opening 0 7 2
Better printing facilities 0 8 9
More desk space 0 2 8
Better worksheets 6 0 1
Graph-printing facility 0 1 6
More computers 1 0 2

Sample size 19 34 38
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In annual surveys between 1985 and 1988, mathematics lecturers
were asked to give details of their use of computer-based packages and to
evaluate the laboratory facilities. In the 1985 and 1986 surveys,
lecturers’ recommended improvements to the laboratory included more
computers, a better level of fittings (i.e. workbenches, chairs, etc.) in
the laboratory, more software and worksheets, better printing facilities,
in particular, hard-copy graphical output and more user guides, In
addition, many amendments to specific programs were suggested. This high
level of constructive comments in the early years of the laboratory
suggested a keen interest by many members of staff and a willingness to
try out the facilities, One lecturer commented that the use of a
package:

"...allows students to do more investigations on their own

allowing a change in emphasis in assessments from set

exercises, "

However, a common complaint was summed up by:

"With large classes of 30-40 it is difficult to organise

a laboratory session,"

The survey in 1987 followed the opening of the second laboratory and the
addition of many more packages and worksheets. The most commonly
suggested improvements in this survey were for permanent technical
support, general instruction sheets for the use of packages and printers,
hard-copy graphical output and a standard procedure for accessing and
running programs., With the implementation of a menu-access program,
graphical output to the printers and on-line help facilities later that
year, good progress was made towards satisfying these requests.

Table 6.9 shows that the GRAPH package was consistently the most
frequently used program over the four years of surveys. The statistical

program, MICROTAB, which, like GRAPH, is of a general nature and thus
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Table 6,9: Computer programs used

Computer Programs Number of users

1985 1986 1987 1988
GRAPH 8 9 11 9
MICROTAB N/A N/A 9 7
SURF N/A 1 6 5
NEWTON 8 6 5 6
LINPROG N/A 2 4 4
QUEUE 2 3 4 1
NODES N/A N/A 3 6
NUMINT 3 4 3 5

Note: N/A program not available

suitable for a wide range of purposes, was also well used though not so
well 1liked. Use of most programs remained fairly constant or rose
slightly. Use of both LINPROG and NODES increased each year after their

introduction in 1986 and 1987 respectively.

6.4 Student attitudes

A general impression of the students' reactions to the
introduction of computer-based learning packages in mathematics in 1986
was gained from questionnaires SQ0 and SQ1 (Appendix 8). These reactions
were examined more closely during interviews with ten of the students. A
resume of the interviews is contained in Appendix 7.

The first year students to whom I talked obviously found it
difficult to articulate their feelings; the fourth year students were able
to express their attitudes towards their course and towards learning
mathematics much more clearly,

Of the ten students interviewed, eight felt that the use of
computers had contributed positively towards their course to varying
degrees. Three students had made use of the laboratory in their own
time, Most of those students who enjoyed using computers would welcome

more investigative work in the laboratory, All the first year students
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wanted more time spent both on suprvised sessions and on assignments to be
completed in their own time,

Students' comments relating to the use of computers in assisting
the learning of mathematics, which are given in Table 6.10, highlight the
importance of graphical output and the ease with which experiments can be
carried out, Three fourth year students emphasised that they found
writing their own programs on the BBC micro very helpful as it "forces you
to understand" the problem.

Two female students in SIS4, who both enjoy mathematics, did not
perceive computers as being useful towards their learning; they both gain
their satisfaction in mathematics from working through a problem and

getting the correct answer, like solving a puzzle, Neither mentioned

Table 6.10: Student comments relating to computer-aided learning

- I learn by doing and like experimenting.

- It helps understanding and makes the notes clearer, Graphics
output helps., I learn by doing. Computers are fascinating.

- They allow 'what if' questions,

- I don't like mathematics but enjoy using computers in mathematics,
- You can work at your own pace.

- Useful for solving problems relevant to the work being done.

= Packages allow you to try out things and experiment to see what
happens if things are varied.

- Experiqenting with different parameters helps as it would take a
long time to perform enough examples by hand to reach conclusions.

- They present the data in logical steps, present data graphically
and inform on mistakes.

- As long as methods are understood, then mundane calculations are
removed. Graphical outputs are useful,

- Solving hard problems in the laboratory helps me to solve easier
ones by hand.

- Computers are good for guiding you through a problem.
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experimenting or investigations. One objected that the computer doesn't
show how it gets its answers: "I must know what is happening". The other
student, who was older than average, had no confidence in computers or the
output from programs. Initial experience of computing in first year was
discouraging and she had never really recovered.

The first questionnaire, SQO, showed that most of AC1 considered
themselves of average mathematical ability and had a moderate enjoyment of
the subject. Very few had much previous experience of using computers
though most thought that they would be a very useful aid towards learning
mathematics. The SIS4 and CEE4 students showed more enthusiasm for
mathematics, and had all used computers at college previously and written
programs of their own, Enjoyment of computing was mixed, but about
two-thirds considered that computers can be a useful aid towards the
learning of mathematics,

There was a poor response to the second questionnaire in 1986, It
was given out too late in the session, after the end of formal classes,
and there was no further opportunity to see the students collectively to
receive completed forms or issue reminders. It cannot be assumed that
those students who did respond were either a representative or a random
sample, therefore data from this questionnaire referring to enjoyment of
the use of computers has been ignored. Results from questionnaires SQ3
and SQ4 which students in SIS4 and CEE4 were asked to complete in 1987 and
1988 are contained in Appendix 8, Figure 6.3 illustrates that, in 1987,
the percentage of students who enjoyed using computers in mathematics
'very much' at the end of the academic year was greater than those who
enjoyed using computers 'very much' at the start of the year. Further,
only 8% did not enjoy using computers in mathematics at all, compared with

30% at the start of the session who did not like using computers.
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Figure 6.3: Students' enjoyment of use of computers

Start of session End of session

Students surveyed in 1986 and 1987 were asked: "In what ways, if
any, do you think computer packages help you in mathematics?" The most
frequent responses from these surveys are shown in Table 6.11. The
results in this table were used to compile a list included in the 1988
questionnaire to SIS4 and CEE4 (SQ4). The students were asked to name
particular packages which had helped in any of the ways shown. The most
frequently mentioned packages were LINPROG, SURF (3-D function plotting),
GRAPH (2-D function plotting), EIGEN (numerical approximations of
eigenvalues, used by SIS4), and QUEUE (queue simulation, used by CEE4).
The responses, summarised in Table 6.12, are given as percentages of the
number of students in the class or classes using the particular package.
LINPROG achieves the highest score in all but one category, Its score is
significantly higher than that of the other programs for "Better
understanding of a topic", "Solving problems", and "Checking results", and
equal to the score of the two function plotting programs for helping the
user "To visualise a solution more clearly". In the same survey, 6 out
of 28 students thought that the use of computer packages was a 'very
useful' aid to learning mathematics, and a further 14 felt they were a

useful aid,
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Table 6,11: Ways in which computer packages help

AC1 SIS4 CEE4

Less arithmetic 2 11 12
Visual display aids understanding 2 6 6
Experimenting with different
parameters .... 2 6 14
.+.. leading to greater
understanding 0 0 3
Quick solutions allow more
problems to be tackled 0 7 9
Reinforcement of theory 0 2 3
Wworking at own pace 0 4 2
Solving realistic problems 1 9 5
Working step-by-step through a
problem with mistakes corrected 0 0 6
Checking tutorial answers 0 0 6

Sample size 19 34 38

Table 6.12: Computer packages as an aid to learning (percentages)

How package helps

LINPROG SURF GRAPH EIGEN QUEUE

Better understanding of a topic/

algorithm/method 43 21 18 27 18
Able to visualise solution more
clearly 54 43 54 36 24
Solving problems 61 36 36 45 29
Experimenting/investigating 36 32 29 18 35
Working at own pace 39 29 29 9 41
Checking results 64 25 29 9 35
Sample size 28 28 28 11 17
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6.5 Summary of the formative evaluation

LINPROG

LINPROG was used with a class by four different lecturers during
the survey period. It was rated highly or very highly for its ease of
use, reliability and usefulness of output by all the lecturers who had
used it., The package was used for all its intended teaching objectives,
namely:

(a) to enhance student understanding of linear programming and, in
particular, the Simplex method;

(b) to facilitate problem solving which involves the use of linear
programming;

(c) to encourage investigative work, in particular, post-optimal
analysis,

Students in two classes were asked to rate LINPROG for the sanme
attributes as the lecturers., It was rated highly or very highly by about
50% of the students in 1986 and 1987, and by over 75% in 1988.  The
usefulness of its output was rated higher than the other characteristics.
Student comments highlighted the role of LINPROG as an aid to
understanding both the Simplex method and the branch and bound methed.

One disadvantage mentioned by both staff and students was the lack
of a facility to delete a constraint., It would appear that some way must
be found to include this facility in a future version of the progranm.
NODES

The three lecturers who used NODES in 1987 rated it very
favourably, particularly for its ease of use and the usefulness of its
output, Graphical solutions were pinpointed as the most liked feature.
Evaluation by two lecturers in 1989 revealed that NODES had been
successfully used in the following ways:

(a) to obtain graphical solutions;
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(b) to obtain numerical solutions;

(c) to investigate the accuracy of numerical solutions;

(d) to investigate the effect on the solution of varying the method,
step-size, etc.;

(e) to determine and analyse the behaviour of models.

Student ratings of NODES were less favourable in 1987 but improved
greatly, with the exception of reliability, in 1988, More than
two-thirds of the students would recommend using NODES for (a) and (d)
above, and one half for (e). In 1988, 68% recommended its use as an aid
to understanding solutions of differential equations.  Student comments
emphasise the important part the graphical output plays in assisting their
understanding of the solution and of the behaviour of a model. Criticisms
related mainly to difficulties in using the printers to obtain hard-copy
graphical output, This facility and the general reliability have been
improved in later versions,

All the teaching objectives have been successively achieved with
the following exceptions which have yet to be tested:

(1) to enhance student understanding of numerical methods and the
stability of systems;
(ii) to facilitate investigation of stiff equations.
Both LINPROG and NODES have been used for computer-based student
assessments,

Mathematical sciences laboratories

Most students enjoy using computers in the mathematical sciences
laboratories because there is less tedious arithmetic and they like
investigative work, They find graphical output easier to intepret than
numerical output, A few students dislike computers, in some cases
because of bad experiences early in their college course.

In response to student demands, open-access hours to the
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laboratories have been extended. Many students were critical of the
printing facilities and the limited help available in the laboratories. In
addition to these complaints, lecturers requested more software and
worksheets, The range of software and worksheets has steadily been
expanded, more technician help is now available and printing facilities
have been improved. Many modifications and extensions suggested by staff
and students have been incorporated into programs and worksheets,  Staff
were also concerned about difficulties in accommodating large classes,
One solution to this problem has been to set more computer-based
assessments to be completed by the student during open-access time,

Findings presented in this chapter from questionnaires and
interviews provided a base from which to develop a summative evaluation of
the computer packages. The main aims were to examine the overall impact
on the mathematics curriculum and to evaluate the learning experiences of
the students,

In general, students react favourably to new approaches to
learning but, once the novelty value has worn off, will they still be
enthusiastic and judge it worthwhile? This issue, too, was investigated

further, The results are presented in the next chapter.
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CHAPTER 7

Results of the Summative Evaluation

el Introduction

The study of the impact on the mathematics curriculum resulting
from the use of computer-based packages examined changes from three
viewpoints:

(i) the teaching approach,
(ii) the emphasis and content of the curriculum, and

(iii) methods of assessment,

From the students' perspective, the effect on their learning
experiences and attitudes was investigated, Finally, the feasibility of
transfer of the learning packages developed to other higher educational
establishments was studied,

7.2 Teaching approach

Changing approaches to teaching mathematics were monitored by
annual questionnaires to lecturers in the Department. The number of
lecturers using the laboratories for teaching purposes increased steadily
over the survey years (Table Tal)s The number of staff based at the two
campuses covered by the surveys, Merchiston and Craiglockhart, increased
by three over this period, The opening of a second laboratory at
Craiglockhart early in 1987, in response to demands for additional
computers, accounts for large increases in use in 1987 and 1988, It is
very likely that those lecturers who did not return their questionnaires
had made no use of the laboratories, This small number have continued to
make no use of the computer-based facilities despite several departmental

workshops and encouragement by the Head of Department.
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Table 7.1: Number of staff using laboratories

Type of use Number of lecturers

1985 1986 1987 1988
(a) For a formal class meeting 7 11 13 14
(b) By setting student assignments 3 6 12 10
Own use 9 10 9 12
Not at all 1 1 1 1
Number of questionnaires issued 15 17 18 18
Number of replies 12 16 14 15

The frequency of use of the laboratories for supervised class
sessions is summarised in Table 7.2. By estimating the average number of
hours of use per month for each frequency category, as shown in the table,
the total number of hours use can be approximated. The monthly total
rose in the second and third years, The slight decrease in the final
year is not significant, given the crude system of measurement. More
detailed analysis of the figures reveals a gradual shift towards more
frequent use over the first few years, as would be expected. A new user
is likely to approach the laboratory cautiously at first to experiment
with new ideas by himself before introducing them to his students, perhaps
to one class in the first year, and to additional classes in subsequent
years, Of course, not all computer-based learning/teaching will be
judged to have been successful or worthwhile, Thus a certain amount of

consolidation takes place which could account for the levelling-off in

1988,
Table 7.2: Use of laboratories for formal class meetings
Average Number of lecturers
Frequency of use hrs/month | 1985 1986 1987 1988
More than 2 hours per week 10.0 1 1 2 1
1-2 hours per week 6.0 2 4 3 3
1-4 hours per month ¢.5 2 2 4 7
Less than 1 hour per month 0.5 2 4 4 3
Estimated total hrs/month 28 41 50 47
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Of even more interest, perhaps, are the reasons why lecturers
choose to use the laboratories (Table 7.3). The three most frequently
named reasons were:

to reinforce/enhance understanding of an algorithm/method

as a means of solving more realistic problems

to carry out investigations and/or experiments.

Of those lecturers who used computers for any of their teaching, the
percentage selecting each of these reasons increased between the years
1986 and 1988, This could indicate a growing awareness among these
lecturers of the potential of computer-based packages to improve these
aspects of their teaching. Other reasons mentioned were for student
projects, to motivate non-mathematically inclined students, for
preparation of classwork and to provide 'hands-on' experience.

Table 7,3: Lecturers' reasons for using the laboratories

Number of lecturers

Reason 1985 1986 1987 1988

An improved teaching method 6 - " N

To reinforce/enhance understanding| - 8 10 13

To solve more realistic problenms 5 5 8 10

Investigative work 6 8 12 13
To set student assignments using

packages 2 7 9 5

Student programming assignments 0 1 1 -

Total no.of lecturers using labs, 7 11 13 14

Reasons for not using the laboratories as often as they would have liked
are summarised in Table 7.4, The most frequently given reason was that
the class size was too large., Some lecturers were able to overcome this
problem by setting computer-based assignments to be completed in the
student's own time., Generally, the class would be split into manageable
groups who would be given an introductory session in the laboratory. The
assignment would then be completed in the student's own time during

open-access. It is interesting to note that the number of positive
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replies to the first five reasons listed increased annually. This
suggests that the desire to use the laboratory facilities was growing at
an even greater rate than the actual usage. Physical and practical
considerations limited the potential use of the laboratories, with large
class sizes and insufficient class time being the most difficult obstacles
to overcome.

Table 7.4: Reasons for not using the laboratories

Number of lecturers
Reasons 1985 1986 1987 1988

Class size too large

Appropriate software not available
Worksheets not available
Insufficient class time

Laboratory already booked
Laboratory out of order

Teaching at another site
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Further detailed information was obtained from extended informal
interviews with five lecturers from the Department of Mathematics in 1989
(Appendix 10). All those interviewed had been using computers to assist
their teaching for several vyears, They had, therefore, had time to
develop and evaluate (informally) their new teaching approaches and to
reflect upon the value and effectiveness of computer-based learning.

All the staff interviewed stressed that the use of computers is
integrated into their lecture programme. Laboratory sessions most often
replace conventional tutorial classes but, in some cases, they take the
form of laboratory lectures, One lecturer explained that all his time
with some classes was timetabled in the laboratory, There was then no
distinction between lectures and tutorials, and computers could be used
whenever appropriate, All the lecturers relate work being done in class
to packages available in the laboratories. If there is insufficient time
to use a package during class time, the students are encouraged to go and

try it out for themselves., There is evidence from both students (student
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interviews, 1986, Appendix 7) and lecturers that some students did use the
packages in their own time, Referring to his first year physics class,
lecturer B said he had "broken the barrier", The students were "quite
familiar with the lab, and happy to use it" both for mathematics and to
assist their physics assignments, Several of the staff felt that
lectures were becoming less formal with more participation from the
students. This was achieved, in one case, by the use of courseware
booklets based on MINITAB and, in another case, by using 'interactive
handouts' which the students completed as the lesson proceeded.  Lecturer
C used a computer-illustrated textbook (Bowman and Robinson, 1987) as the
basis for a course in statistics, At appropriate points in the text, the
student is invited to use the accompanying software to illustrate the
topic being studied. Spells of working through the textbook as a whole
class were interspersed with periods when the students worked
individually, or in pairs, at the computer, Most lecturers also used other
resources such as videos to assist their teaching when appropriate.

The interviews confirmed the reasons given in questionnaires for
using computer packages (Table 7.3). Lecturer A commented that, with
recent developments in hardware and software, it was difficult to see how
one could avoid using computers. He uses packages to reinforce ideas and
to explore them further, for example, with numerical integration, More
use is made of graphical output and more time is spent on experimental and
investigative work,

Students spend their time in the laboratory doing more interesting
things according to lecturer C. Investigations are presented in an
open-ended way to encourage students to take them as far as they like. In
this way, there should be a greater challenge for more able students, but
only two lecturers felt that this was being achieved.

Three interviewees stressed the advantages of graphical output as



an aid to understanding. For example, when finding stationary values of a
function of 2 or more variables, students can use a 3D graphical package
to draw the surface and thus obtain a visual check of the minimum or
saddle point previously located using calculus,

"This boosts their confidence .... and makes it more interesting
«ee. It is easy for students to follow the recipe for
obtaining and classifying stationary points = but they
forget what they are really doing."

Supervised laboratory sessions entail harder work for the teacher
as they involve continual interaction with students, usually one or two at
a time. The lecturer asks more questions of the students than he or she
would do in a conventional classroom setting and students are nore
responsive.

"The awareness of the facilities leads one to .... pose more
questions", for example, "as to what the graph of a function
looks like."

Questions asked by the lecturer in the laboratory may also be more
complex and take longer to respond to. Lecturer B indicated that the
questions asked are more demanding conceptually. He uses questions to
probe understanding. For example, the idea of steady state is difficult
to get across analytically, but is obvious when seen graphically on a
computer.

"That is one (concept) I would always query them about ....

particularly when you get a steady state being an

oscillation instead of a horizontal line, What has it
got in common with the previous steady state? What has
it got different? These are questions I wouldn't really
ask analytically, They would be too tied up with the

maths to think about it .... I rely heavily on the
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graphical output."

Lecturer F pointed out that there can be more support for weaker
students as the lecturer can keep prompting the student to interpret
his/her results, Another claimed:

"There is not as big a difference between the weaker student

and the stronger student in the laboratory .... I have also
noticed that some of the weaker students analytically often
do better in the laboratory because they realise that there
is something here that they can come to grips with and they
take it very seriously."

Investigative work, the use of graphical output and appropriate
questioning by the lecturer can, therefore, all contribute towards
improved understanding of mathematical concepts by the students, thus
enhancing the quality of their learning.

All the staff interviewed enjoy teaching more as a result of using
computers, There is less drudgery and it is more interesting. It can
also generate interesting discussions with students on points which would
not have arisen otherwise, Some explained how using computers had
affected aspects of their own attitude towards mathematics, One felt
that her wunderstanding of the practical side of handling data had
benefitted, whilst another has found that certain topics, such as the
phase solutions of differential equations, have become much more alive and
meaningful as a result of the new graphical approach, Several teachers
mentioned that they sometimes feel hampered if a computer is not available
when they are teaching,

Computer-based learning passes more responsibility to the students
who can work through an algorithm or method at their own pace and return
to the computer as often as they wish. They can explore topics further,

experiment with parameters and choose from a variety of outputs. In



general, co-operation between students in the laboratory is seen as a good
thing., Three lecturers actively encourage students to work in pairs on
the computers, whilst the others prefer them to have a machine each but to
confer freely.

Te:3 Emphasis and content of the curriculum

The use of computers in the teaching of mathematics affects not
only how some topics are taught but also what is taught. In the past,
numerical analysis consisted solely of learning techniques. Two
lecturers now use NODES to investigate numerical methods for solving
single and systems of differential equations, For example, students no
longer work through many examples using the d4th-order Runge-Kutta method
by hand, but do spend more time on error analysis which is more easily
understood using graphical output from NODES. Students now also study
the stability of numerical methods, using NODES to investigate the
solution as the step length varies,

Techniques are played down and there 1is more emphasis on
applications which can be explored with the help of a computer package.
NODES has been used very effectively to investigate the behaviour of given
mathematical models which would not be possible without computers.  The
SIS5 syllabus has changed significantly, Differential equations now form
almost two-thirds of the course whereas, formerly, they occupied
one-third. Far more time is spent investigating models and applications.
More discrete mathematics such as non-linear difference equations (leading
to chaos) is also covered. Leslie matrices, which are a related idea, have
been reintroduced to SIS5 because the difficult mathematics can be done by
computer. These two topics now make up the remaining third of the course
and stochastic processes have been dropped. With other classes lecturer
B has initiated the use of computer algebra packages to enable students to

do mathematics that they could not otherwise do, thus showing the power of
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such packages.

Lecturer C uses time saved on computation within a topic to extend
the topic. The students

"are still learning all the things they learned before ....

but are not endlessly applying algorithms and techniques."

For example, in linear programming, whereas students used to spend a lot
of time solving a few examples by hand, they now solve more problems using
LINPROG, devote more time to the formulation of the problems and are
introduced to post-optimal analysis. The use of computer packages allows
students to solve problems which would take far too long to do otherwise,
such as integer programming problems using the branch and bound methed.
Lecturer C claims that this is a particularly successful use of computers
which combines the use of a package (LINPROG) to solve all the
intermediate linear programming problems with pen and paperwork to
construct a tree diagram., Both SIS4 and CEE4 classes have benefitted
from using LINPROG in this way.

The use of computer packages in the teaching of statistics is well
established at Napier. Two of the staff interviewed are primarily
involved in teaching statistics, and lecturer F has developed courseware
booklets based on the use of MINITAB. Both lecturers indicated that
about 50% of tutorial time is spent in the computer laboratory. Lecturer
D disclosed that a few years ago he tended to use computers too much and
too soon but he feels he has achieved a better balance now, Use of
packages such as MINITAB enables realistic data sets to be accessed,
eliminates tedious arithmetic and allows the student to do more.

The use of computer packages has led to some topics being
approached in a completely new way, starting from data rather than
starting from the theory. The balance of importance between topics has

changed with more emphasis being placed on regression and hypothesis
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testing. Within topics the balance has shifted from calculation to
understanding and interpretation of results, Students now use real
data for project work, often gathered from their own discipline (e.g.
biology, chemistry, business studies) and then analysed using statistical
packages,

The use of computer packages has enabled more of the educational
objectives at the upper end of Bloom's taxonomy to be achieved. It is
evident that, by involving students in more investigative work and analysis
of models, NODES and LINPROG, in particular, have been used to enhance and
extend the quality of their learning experiences.

7.4 Assessment

Interview data revealed a trend towards the use of nore
computer-based assignments as part or all of the assessed coursework
replacing class tests. This seems to be the most appropriate way of
assessing computer-based work at present. The engineering applications
component of the mathematics course for the Communications and Electronic
Engineering degree now comprises a computer-based investigation of a
mathematical model, as described in section 5.4. For many courses changes
in nmethods of assessment require the approval of a multi-disciplinary
course team, Lecturers from other departments have sometimes been
reluctant to relinquish formal mathematics tests in favour of
computer-based assignments to be completed in the student's own time but
such opposition is gradually diminishing. An innovation tried in the
1989/90 session, for such a course, was a formal computer-based assessment
in the laboratory during a timetabled session.

Lecturer B has introduced a system with some classes whereby all
laboratory tutorials are assessed and contribute towards an overall

coursework mark., His worksheets contain blank spaces for answers to

specific questions which the students complete and hand in at the end of
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the session.,

"The students always work in pairs., They prefer it and I

encourage it because they learn more. It is more difficult

to assess but it is primarily a learning situation rather

than an examination situation and I want them to learn as

much as possible."
Occasionally he sets a more extended assignment which may be completed
over two or three sessions, but he tries to avoid asking them to write
lengthy reports as he feels many classes are already overburdened with
coursework. Other lecturers see report writing as an important part of an
assignment, encouraging communication skills and reflection upon results,

Two lecturers have also used computer-generated data or tests for
assessed coursework, According to lecturer D, this reduces '"coursework
by committee., Students can discuss the work with each other but not copy
results."

The content of examination questions has been slowly changing as
a result of the wider use of computers. This trend is most marked in
statistics, where a paper can now include several pages of MINITAB output.
The student might be required to analyse data or interpret results by
extracting information from the computer print-out. In linear
programming problems a question might include several tableaux of the
solution by the Simplex method and the student be asked to pick out the
solution and interpret it, Students are no longer asked to perform a
numerical method such as 4th-order Runge-Kutta by hand in an examination
if they have used NODES to investigate the method in the laboratory.
Instead, more conceptual questions, concerned with the behaviour and
accuracy of the method, would be asked based on their laboratory work.

7.5 Student attitudes

All the lecturers interviewed agreed that a few students do not
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like using computers but the majority enjoy it and, as a result, are more
interested and attentive,. "Their ability to communicate improves
dramatically", and they become more mathematically confident. Some
students show more desire to experiment; NODES is particularly good for
this., Their investigative skills improve, probably because they spend more
time talking about the problem and solutions, They are not in so much of
a hurry to get to the computation, which used to be the time-consuming
stage, since the computer now takes care of that, and thus spend more time
thinking, If their formulation is wrong, less time has been wasted and it
doesn't take long to get a new solution. The mathematics students tend
to ask more questions and discuss more with each other, At first, the
questions are mainly concerned with the operation of the computer and the
package but, later, they are interested in the meaning of the results.
Whereas students in classes SIS4 and CEE4 used the mathematical
sciences laboratory mainly for supervised sessions and had little or no
computer-based work assessed in the years 1986-88, the CEEl and CEE2
classes who were surveyed in 1987 and 1988 used the laboratory primarily
in their own time for an assessed computer-based assignment.  Results
from student questionnaires reveal that 67% of the latter group, but only
52% of the former group, thought that some computer work should be
assessed, The higher percentage of the group who were assessed being in
favour of such assessment may be due to the amount of effort required to
complete their assignment or may reflect satisfaction with this form of
assessment. Figure 7.1 shows that the majority of students preferred to
work co-operatively at the computer, but students in the assessed group

were more likely to work alone.
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Figure 7,1: Preferred mode of working at computer

(1) non-assessed group (ii) assessed group

Interviews with three students from CEE2 in March 1988 provided
more insight into these students' learning experiences (Appendix 11). This
class used NODES to carry out an engineering applications assignment to
investigate the Van der Pol oscillator, including the study of limit
cycles. The students exhibited different approaches towards the
computer-based exercise,

Student A enjoyed investigating the mathematical model and
diligently produced a great many hard-copy graphs, many of which he did
not use for his written report, The graphical output was an important
factor in his understanding of the model but he found it difficult to
write the report. He did not consider the subject matter relevant to his
course,

Student B was very enthusiastic about the investigative aspects of
the assignment and the use of NODES. He also appreciated the wider
relevance of the exercise and would not expect the model chosen for
investigation necessarily to have been covered in classwork. There is
"no point in knowing all the theory and how to solve all the equations if
you've never come across practical applications". He considered the
report writing stage important as it forced him to draw conclusions about

his laboratory work. He believed that the standard of his report writing
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had improved since last year. This was due both to more practice and
greater knowledge enabling him to describe the behaviour of the model in
more mathematical terms and relate computer results back to the physical
model, This student exhibited a holistic approach to learning,

By contrast, student C spent a long time doing background reading
and writing up the assignment, but the minimum amount of time in the
laboratory. He saw no benefit in using computer packages in the
mathematical sciences laboratory and did not enjoy or cope well with any
computer-based work., He did not consider it to be as important as
'examinable' topics and therefore did not devote much time to it. His
priority was to attain a good overall assessment, He had no interest in
the assignment and did not consider it a useful or relevant exercise, He
believed that this view was shared by the majority of his class,

Data from the 1988 questionnaire completed by 50 students in this
class (SQN2, Appendix 9) do not corroborate this opinion. The
questionnaire findings show that:

73% of the class found 'investigating a model' interesting,

39% found it enjoyable, and

60% found it useful towards the rest of their course.

Only 12% found report writing interesting, and even less found it
enjoyable, but 40% considered it to be useful towards the rest of their
course,

64% of the class (all male) enjoyed mathematics (rated 1 or 2).
Only 26% said that the use of computer packages contributes towards their
enjoyment of mathematics and 16% said it didn't contribute at all,
However, 61% thought that the use of packages enhanced their understanding
of aspects of mathematics, the most commonly cited aspects being the
behaviour of mathematical models and being able to study the solutions of

differential equations graphically.
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Student attitude surveys

Information for the 1989 LINPROG and NODES attitude surveys
(Appendix 4) was coded as follows, Statements with which agreement

implies a generally positive attitude were coded:

Strongly agree 5
Agree 4
Not sure or doesn't apply 3
Disagree 2
Strongly disagree 1

For the remaining statements, agreement with which signifies a negative
attitude, the scoring was reversed so that 5 represented 'Strong
disagreement' and 1 'Strong agreement'., In either case, a score of 3
indicates 'Not sure or doesn't apply'. Another lecturer was asked to
categorise the statements as positive or negative independently to confirm
the groupings shown below:

Program Positive statements Negative statements  Neutral
(coding reversed)

LINPROG 1,3,4,6,8,9,11,12, 2,5,7,10,13,15 17
14,16,18

NODES 1,3,4,5,7,9,10,12, 2,6,8,11,15,16 19
13,14,17,18,20

The surveys were then analysed using the MINITAB statistical
package. For the LINPROG survey, scores for the 18 statements were read
into 18 data columns, each row representing one student's score.
Similarly, the NODES data were read into 20 columns, one for each
statement in the survey. Each column thus contained all the scores for a
single question, whilst each row held the data for a particular student.

One drawback to using a Likert scale for attitude measurement is
that identical total row scores may be obtained in different ways and may,
therefore, have different meanings (Oppenheim, 1966). It is important,

therefore, to look at the pattern of responses also.
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Results for LINPROG

The coded survey data for LINPROG is given in Appendix 12, The
following statements had the highest column sums, thus showing the
strongest agreement or disagreement:

Strong agreement

16 Similar computer programs should be used to enhance the learning
of other topics

1 I enjoyed using LINPROG
12 Using LINPROG made the topic more interesting

14 Knowledge of linear programming techniques would be useful when
working in industry or commerce

Strong diaagreement

2 I couldn't understand what the program was doing
10 I had difficulty using LINPROG
Row sums were calculated omitting the neutral column 17.  The
stem and leaf diagram (Figure 7.2) shows that 73% of those surveyed have a
generally positive attitude towards the use of LINPROG. Only one student
showed a slightly negative attitude.

Figure 7.2: Student attitudes towards use of LINPROG

Attitude Stem Leaf

Minimum 17

Negative
4 9
=== Neutral 51 ===--- =5 ===|=111222 2 ===-
5 577778888
Positive 6 001223
6 55678
Strongly positive 7 12

Maximum 85

Notes: (i) N = 30; leaf unit = I
(11) Rows with one item missing have row mean added to row sum
(111) Rows with more than one item missing have been omitted
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A principal component analysis of the responses of the 28 students

(omitting those with data items missing) to the 18 survey statements was

used to identify possible relationships between statements (Appendix 12).

The first principal component of the analysis shows a 23% variation

between students, attributable mainly to statements:

3

4

11

12
15

16

Using LINPROG helped me to understand the Simplex method
Using LINPROG helped me to understand the concept of duality
I learn more by working it out by myself on paper (reversed)
LINPROG reinforced my understanding of linear programming

Using LINPROG helped me to understand the branch and bound method
for integer programming

Using LINPROG made the topic more interesting
I am only really interested in passing my exams (reversed)

Similar programs should be used to enhance the learning of
other topics,

This group contains all the statements which relate to

understanding aspects of linear programming and the algorithms used and

also statements which imply an active interest in the subject and course.

This suggests that those students who felt that their understanding of

aspects of linear programming was improved by the use of LINPROG were also

well motivated generally. An analysis of the scores for the questions

relating to understanding is given in Figure 7.3.
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Figure 7,3: LINPROG as an aid to understanding

ScoAt
ed S | 4 |
SIMPLEX METHOD 3 3 ]
21 2 14
E . |
DUALITY 3 3 ] o
PR 2 [ 1]
"y s | 4 |
BRANCH AND @OWND{ 3 3 il A |
PN B il
w45 4 1
LINEAR 3 3 | E )
PROGRAMMING w2 ]
E 4 3 : e a2 /4 16 & 20 dqA
NUMBER OF STUDENTS :

Results for NODES

The coded survey data for NODES is given in Appendix 12, Row sum
totals, indicating overall attitude, have been calculated by summing all
columns except 4 and 19, Statement 19 concerns preference for single or
group working. Twenty out of twenty-five respondents scored 3 ('Not sure
or doesn't apply') for statement 4, and it was subsequently confirmed that
neither class had studied stiff equations. Since 18 statements have thus
been used to estimate overall attitude, a score of 18 x 5 = 90 is the
maximum possible score, 18 x 1 = 18 is the minimum and 18 x 3 = 54
indicates a neutral attitude. The stem and leaf diagram (Figure 7.4)
indicates that, with one exception, all the students showed an overall
positive attitude towards the use of NODES in their mathematics course,

with 16% expressing a strongly positive attitude.
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Notes:

Figure 7.4: Student attitude towards use of NODES

Attitude Stem Leaf

Minimum = 18

3 9
Negative 4
4
=== Neutral = 54 ====|== § =ecc|cccccccccccccccccc=-
5 8
Positive 6 D1112234
6 555557888
7 112
Strongly positive 7 6 7
8 4

Maximum = 90

(1) N = 25; leaf unit = 1
(i1) Rows with one item missing have row mean added to row sum

Examination of the responses to individual statements revealed

that the strongest agreement or disagreement was with the following:

Strong agreement

10

14

18

17

13

Graphical solutions of differential equations are easier to
understand than numerical values

Investigating a model using NODES is a useful exercise

Similar programs should be used to enhance the learning of other
topics

Experience of investigating mathematical models would be useful
in industry

I enjoyed using NODES

I like to experiment with different parameters in the program
and see how they affect the solution

Using NODES made the subject more interesting,

Strong disagreement

11

2

I had difficulty using NODES
I couldn't understand what the program was doing.

A principal component analysis of the 20 questions in the NODES
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survey was carried out to explore possible relationships between groups of
statements (Appendix 12)., A summary of the information gained is given
below.

The first principal component of the analysis accounts for 32% of
the variation between students, The statements contributing most to this
variation were:

14 Investigating a model using NODES is a useful exercise

17 Experience of investigating mathematical models would be useful
in industry

12 NODES reinforced my understanding of the behaviour of solutions
to differential equations

9 I like to experiment with different parameters in the progranm
and see how they affect the solution

13 Using NODES made the subject more interesting,
and to a lesser extent:
16 I am only really interested in passing my exams (reversed)

15 I did not learn anything new about solving differential equations
(reversed)

3 Using NODES helped me understand numerical methods for solving
differential equations

18 The program was user friendly.
These nine statements can be classed as:

(1) concern with the usefulness or relevance of using NODES or
similar packages (14,15,17);

(ii) showing interest in the subject being studied and the course
(9,13,16);

(iii)  acknowledgement of its role in reinforcing understanding of
aspects of differential equations (3,12).

Students who scored highly on this set of statements would be exhibiting

an overall positive attitude towards their course in general, and the use

of NODES in particular. Since most of these statements received high

overall scores in the survey, this supports the finding that a large

-111-



proportion of the students surveyed exhibited a positive attitude. For
this group of students the main benefits accruing from their use of NODES
could be summed up as follows:

Investigating a model using NODES and experimenting with

different parameters to see how they affect the solution

is an interesting and useful experience,

7.6 Transfer to other institutions

Dundee College of Technology

Evaluative data for LINPROG were gathered from students and their
lecturer at Dundee College of Technology in 1988, as described in section
5.6. This third year B.Sc. science class used LINPROG to reinforce their
study of the Simplex method for solving linear programming problems.

At the observed session in February, 1988, nine students were
present, five female and four male. Two students shared a terminal,
whilst the others had one each, but all were seen to be collaborating
roughly in pairs throughout the two-hour session, The class had a
hand-out explaining the Simplex method, but had not previously worked
through any examples by hand. They were, in effect, using the program to
learn the method, although they did understand terms such as slack
variables, basic feasible solution, etc. After the lecturer had guided
them through the procedure to set up the initial tableau, the students
worked through examples on a given sheet (prepared by the lecturer) using
the 'tableau by tableau' option,

The students had few difficulties with the operation of the
program but asked frequent questions about the problems they were trying
to solve. They all had previous experience of using computer packages
for mathematics, but LINPROG was their first involvement with a
microcomputer-based package, One student neatly summed up her reaction

to using LINPROG as follows:
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"Use of the program helps you to become familiar with the use
of the correct terminology and layout, When you are working
on your own on paper, you don't always use the correct
terminology and thus don't always understand results at a
later stage. You get through lots more problems, and thus
become familiar with these things and the method more quickly."

The students completed questionnaire SQL1 after their third linear
programming laboratory session. The above explanation was supported by
comments in a questionnaire:

"It helps you to understand the Simplex method and duality.

It is a good back-up to lectures, You can get through
more examples than you would by hand calculating., It
helps you to become accustomed to the terms used and it is
quick. You need to do hand calculated examples, too, to
get a good understanding. You can't depend on LINPROG
alone, It doesn't explain slack variables."

These students' ratings for LINPROG are shown in Table 7.5, with
those given by Napier students in 1988 (Figure 6.3) in parenthesis for
comparison. The percentage cumulative frequencies are similar for the
three aspects common to the two surveys. The Dundee students rated
reliability more highly, but, as explained in section 5.1, hardware
factors may have influenced these ratings as students do not necessarily
distinquish between hardware and software reliability.
Flexibility/options offered scored a lower rating than the other aspects,

thus reinforcing Napier staff appraisals,

=113=



Table 7,5: LINPROG student ratings, Dundee, 1988

Ease of use | Reliability | Usefulness |[Flexibility/
of output options
Cumula- Cumula- Cumula- Cumula-
No, tive % |No. tive % |No, tive % |No., tive %
Very highly 4 | 4 36 (42)| 5 45 (31)] 2 18 (23)( 1 9
3|6 90 (77)] 6 100 (81)| 7 81 (81)| 6 63
2|1 100(100)] 0 (100)| 2 100(100)| 4 100
Poor 1 0 0 0 0
Sample size 11 (26) (11 (26)]11 11

Note: Figures in parenthesis are Napier student ratings, 1988

Other questionnaire results, detailed in Appendix 13, convey that

the students were more enthusiastic about their use of LINPROG than about

the use of mathematical computer packages generally, but were not in

favour of having computer-based work included in their overall assessment,

Although one student suggested that the package '"could be more user

friendly", four commended it for its "ease of use" and one for being "easy

to understand". Two others liked the speed of calculation,

The lecturer at Dundee also completed a questionnaire in which he

rated LINPROG 4 (very highly) for 'Ease of use' and 3 for the other

aspects listed above. He adjudged his use of LINPROG to reinforce
understanding of the Simplex method to have been very successful, due to

its "interactive capability in the learning environment". He disliked

the fact that the program forces maximisation to be the standard problem
and also found the tableau by tableau output difficult to read for some

Overall he felt that the students' reaction had been

larger problens,

very favourable:
"They took to it easily and picked up the Simplex procedure
from hands-on experience (with no prior class tuition)."

Other higher educational establishments

Six completed questionnaires were received from customers who had
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purchased LINPROG between 1986 and April 1988, Five of these customers

had used the program with students and their evaluations of the resulting

learning experience are shown in Table 7.6.

One user observed:

"It certainly improved their facility in the mechanics of the

method but true understanding is unlikely to come from such

work.,"

The program ratings of the six purchasers are shown in Table 7.7.

Table 7.6: Customers' reasons for using LINPROG

Degree of success

No.of Very Not
Reason for use users |successful ==-====-=--- > successful
+ 3 2 1
To enhance understanding
of the Simplex method 4 1 2 1 0
To enhance understanding
of duality 1 1
To solve realistic LP
problems 2 2

Table 7,7: Purchasers' ratings

Ease of use | Reliability | Usefulness [Flexibility/
of output options
Very highly 4 2 0 b} 0
3 2 3 3 2
2 1 1 2 0
Poor 1 1 1 0 2
Don't know 0 | 0 2
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The most critical comments came from a purchaser who was using the
package with business studies students, He described the program as
poorly designed and rated no aspect higher than 2, Comments and ratings
from other reviewers, at least three of whom were teaching mathematics
students, were more favourable. The detailed step by step approach to
the Simplex method was commended as was the ease of entering and amending
input data. Criticisms included the automatic conversion of minimisation
problems to the dual problem, a program error, and being unable to add or
subtract constraints when using the Simplex method.

The back-up material used with the program consisted of sheets of
straightforward linear programming problems., No one had used the package
for post-optimal analysis, or mentioned doing any investigative exercises.
Several customers commented that it was still too early to assess fully

the usefulness of the package, but they clearly intended to use it again,
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CHAPTER 8

Discussion and Developments

8.1 The Learning Packages developed

Problem solving and investigative work should form an important
part of the mathematics curriculum of science and engineering students.
This research has confirmed that these activities can be made more
effective with the aid of computer-based packages. Unlike some software,
labelled as educational, LINPROG and NODES were specifically designed as
teaching tools to satisfy needs which emanated from real teaching
situations at Napier Polytechnic., The design and content of the programs
resulted from consultation with lecturers, thus ensuring their suitability
for the teaching objectives for which they were intended. Acceptance of
the packages as effective teaching tools is evident from the increase in
their use over the survey period to a level which has subsequently been
maintained.

Both packages were rated favourably by staff and students for
their ease of use, reliability and usefulness of the output, Student
comments emphasised LINPROG's role as an aid to understanding both the
Simplex method for linear programming and the branch and bound method for
integer programming, The graphical output from NODES was highlighted as
an important feature, which assisted student understanding of the
behaviour of solutions of differential equations.

In his final report of the National Development Programme, Hooper
(1977) asks that evidence of institutionalisation should be the primary
gauge of success of a project rather than generalisations derived from
experimental classroom use. At Napier the crucial stage of
institutionalisation has been accomplished and both packages are now

firmly established in the teaching repertoire of several lecturers,
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The successful transfer of a package to other institutions not
only helps to justify the high development cost of the materials but is
also a useful indicator of its educational value, Complete transfer of a
package is unusual. It is more likely that a lecturer would wish to use
selected parts of a package or to adapt accompanying notes or coursework
to fit his student's needs more closely. LINPROG has been successfully
transferred to Dundee College of Technology for some of its teaching
objectives. The computing laboratory facilities and the mathematics
curriculum of the course for which LINPROG was used at Dundee were similar
to those at Napier, Student and lecturer reaction was very favourable,
The lecturer prepared his own worksheets, the content of which was
restricted to enhancing the existing teaching approach for the Simplex
method. No attempt was made during the period of evaluation to use
LINPROG to introduce investigative work such as post-optimal analysis.

The response of purchasers of LINPROG was more varied, The most
successful use was achieved by lecturers using the package with
mathematics students, Reaction from a lecturer of business studies
students was more critical, No mention was made by any of the
respondents of using LINPROG to facilitate investigative work. Many
teachers are reluctant to make significant changes in their teaching
strategies even when computers become available (Hartley and Bostram,
1982), This study has demonstrated that a more investigative approach
to teaching and learning at Napier evolved over a number of years after
computers were introduced. Depending upon previous experience, it may
take several years of gradual advancement before lecturers at other
establishments are willing fully to exploit the potential of this computer
package.

Although the use of NODES within Napier has been judged highly

successful, it was not transferred to any other institution during the
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research period. A number of copies of the program have been sold but no
data has yet been gathered from purchasers regarding its use. The
booklets accompanying NODES and LINPROG contain examples of use of the
package, but experience indicates that it might be beneficial to add
suggested laboratory exercises in order to encourage lecturers at other

institutions to explore a wider range of educational possibilities.

8.2 A Changing Role for the Teacher

Use of the mathematical sciences laboratories at Napier
Polytechnic for timetabled classes ‘increased by about 70% over the
four-year period 1985-88, The majority of lecturers in the Mathematics
Department now use computer-based packages as a tool to support their
teaching. Many lecturers, therefore, have had to reconsider their
teaching objectives and adapt their teaching approach to accommodate new
styles of learning and the wider opportunities offered by computers.
Computer packages have enabled teachers to arrange learning situations
which were not previously possible, for example, using graphics to explore
the behaviour of a function, to analyse the solution of a mathematical
model or to investigate the stability of a numerical method.

Co-operative learning has flourished in the laboratory as most
students prefer to work in pairs or small groups. Opinions vary amongst
the lecturers as to whether the students should work alone or in pairs on
the computer, but all lecturers encourage students to discuss problems and
results both with each other and with the teacher. As a result, the
laboratory environment is less formal than a conventional classroom where
one lecturer faces rows of students. Control is shifted away from the
lecturer towards the students who, working autonomously, manage their own
learning, The teacher's role, however, has not diminished in importance
and class contact time has not been reduced, On the contrary, it was

found that class sessions in the laboratory can be harder work for the
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lecturer because the students ask more questions, some of which involve
concepts that would not have been encountered otherwise, The role of the
teacher and the computer are complementary and both contribute towards the
learning process, The computer is used as a tool to remove tedious
calculation, to present information graphically and to increase a
student's involvement in his own learning., The teacher's skills lie in
recognising and seeking to rectify a student's particular weaknesses or
misunderstandings and exploiting the learning situations which arise., All
five lecturers interviewed were enthusiastic about their use of computers
and enjoy teaching more as a result of using them, By reflecting on the
educational advantages of their new approach, these lecturers have
responded positively to their changing role and will remain receptive to
further developments and opportunities,

A few lecturers failed to make any use of computers in their
teaching during the survey period. Large classes and lack of class time
were mentioned by one lecturer, whilst another claimed insufficient time
for preparation due to other commitments, Some teachers may be
apprehensive of the changes which the introduction of computers would
bring to their established teaching practices. They may even feel that
others are using the new technology as a substitute for teaching skills.
Further research is required to investigate fully the reasons for this

reluctance,

8.3 Learning Outcomes

The learning outcomes which have resulted from using
computer-based packages as a tool for nathematics represent a broader
range and higher quality of cognitive and attitudinal outcomes than
previously present in the mathematics curriculum at Napier Polytechnic,

Student  understanding of some mathematical concepts and

algorithms has been improved or reinforced as a result of using computer
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packages. More than 40% of the students in two classes (SIS4 and CEE4)
considered that use of LINPROG helped them to understand the Simplex
method, duality, the branch and bound method for integer programming
problems, or some other aspect of linear programming., Use of the NODES
package for engineering applications assignments resulted in increased

understanding of the solutions of differential equations by 68% of
respondents in a second year class. In particular, many students found
that being able to study the solution of equations graphically using NODES
improved their understanding of the behaviour of the mathematical model.

Investigative and experimental work has increased and more

emphasis is placed on this type of work. The use of computer-based

packages has been successfully integrated into the curriculum of several
courses at Napier, In such courses there is now less time than
previously spent teaching techniques and more time spent solving problems,
formulating and testing mathematical models and doing investigative work,
In linear programming, for instance, more time is available for
post-optimal analysis, which is introduced in a meaningful way with the
aid of the LINPROG package, Almost all the lecturers using the
laboratories cited "To carry out investigative and/or experimental work"
as one of the reasons for choosing to do so. Extensive use is made of
graphical output to examine the behaviour of functions, to analyse models
and to investigate the errors in, or the stability of, a numerical method,
using one of the packages available in the laboratories.  Students' work
in the laboratory is directed by worksheets which have been designed to
accompany the computer programs and which contain some open-ended
investigations. Results from student surveys show that the majority of
students consider investigative work to be both interesting and useful,

Students solve more realistic problems, There is much wider

scope for problem solving, both in statistics, where 'real' data is used
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and in areas such as linear programming, As the time spent on
computation has been greatly reduced, more time is spent formulating
problems and there is more emphasis on the analysis and interpretation of

results.

Students spend more time testing and analysing mathematical

models. Computer-based packages enable a much wider range of problems to
be tackled. In the first four years of the Communications and Electronic
Engineering degree, the students carry out a computer-based assignment as
part of the engineering applications element of the course. This involves
investigating the mathematical model of a physical system using a computer
package, NODES was found to be an excellent tool for this purpose.

Mathematical discussion has increased. The importance of keing

able to communicate mathematical concepts confidently was highlighted in
Chapter 2, The use of computer-based packages stimulates mathematical
discussion in the classroom both between teacher and student and between
the students themselves, confirming findings from a previous study
(Katsifli, 1986)., Graphical output offers the lecturer many unrivalled
opportunities to probe the students' understanding by appropriate
questions. Evidence from lecturers also suggests that students' competence
in discussing mathematical ideas improves as a result of using computer
packages in the laboratory. Working through an algorithm step by step on
the computer (for example, the Simplex method for linear programming), not
only aids student understanding of the method but also helps him to become
familiar with the mathematical terms being used. This boosts the
student's ability to communicate clearly.

The above outcomes relate to the higher levels of Bloom's taxonomy
of cognitive learning objectives, discussed in Chapter 2.1. In
particular, the skills of analysis and synthesis are fostered by

the mental processes involved in computer-based exercises. The ease with
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which the user can change the parameters of a model or problem encourages
her to explore particular instances of mathematical behaviour. Systematic
variation of parameters enables the student to progress towards the stage
of generalisation where she can predict the change in behaviour when a
parameter is changed., As this new learning is assimilated into existing
mathematical schema, relational understanding develops (Skemp, 1976).

The natural curiosity of some students will lead them through the
above stages with little assistance but, for the majority, the structure
of the worksheet plays a crucial role in directing their mental activity
towards relational understanding. Discussion with fellow students or a
lecturer also contributes towards the generalisation and assimilation
process,

The above results are broadly similar to those observed during
experimental computer-based projects with schoolchildren (Fraser, 1987).
Learning outcomes in the affective domain are also important and, in many
cases, closely interrelated to cognitive outcomes, Results reported in
Chapter 7 show that, for most students, the introduction of
computer-assisted learning has had a positive influence on their attitude
towards their mathematics course,

Learning is more student-centred. Computer-based work is usually

more self-paced than traditional coursework and allows the student to
control the level of explanatory detail required. It thus passes more
responsibility to the student for his or her own learning,  Explanatory
feedback from errors enables a student to learn from his own mistakes,
Many laboratory worksheets include open-ended exercises to encourage the
students' creativity and collaboration. Some students return to the
laboratory in their own time to use packages to reinforce ideas, explore
them further or to assist with coursework for other subjects.

Many students enjoy their mathematics course more as a result of
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using computer packages. Attitude surveys concluded that many of the
students surveyed felt that use of the LINPROG and NODES packages had made
the topic being studied enjoyable and more interesting. Increased
motivation probably leads to an improvement in educational achievement.
There was also strong agreement that similar programs should be used to
enhance the learning of other topics. A minority of students dislike
using computers, In some cases, early computer programming experience
has left the student confused and lacking in confidence. Additional help
should be made available to such students, perhaps in the form of a
computer-based tutorial, to increase their basic computing skills, A few
students felt that computer-based work was not so important as more
directly examinable parts of the course.

Most students consider their computer-based work useful and

relevant, both to their course and to their future career in industry or
comnerce, This outcome was evident from the results of the student
attitude surveys and could be summed up by one student who commented that
there is

"no point in knowing all the theory and how to solve all the

equations if you've never come across practical applications",
One of the three students interviewed after completing a computer-based
engineering applications assignment showed evidence of a holistic approach
to learning. He used the assignment to improve his overall understanding
of ‘the topic and to build upon existing knowledge. The report writing
stage entailed reflective thinking as it required him to draw conclusions
about his laboratory work. When a student is well-motivated, it seems
likely that an investigative assignment of this nature encourages a
holistic approach to learning, as asserted by Cawley (1988). By
contrast, another student in the group had adopted a surface approach to

learning which excluded anything not regarded as immediately relevant to
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achieving a good mark in the next examination., As computer-based work
came into this category, he did not devote much time to the assignment
and, consequently, derived little benefit from it, To increase the
motivation of such students and encourage a deeper approach to learning it
would be necessary to place greater emphasis on the assessment of
computer-based work, This should not, however, be at the expense of
allowing students sufficient time to progress, at their own rate, towards
the goal of understanding.

The success of the Napier approach to computer-aided learning can
be attributed to various factors. The computer programs and accompanying
worksheets were developed in close consultation with lecturers in the
department, but with the benefit of previous programming experience and
cognisance of other concurrent developments in the field. The resulting
programs are reliable, user-friendly, effective and appropriate to the
needs of the Mathematics Department, They not only enable a wide range
of problems to be tackled but also encourage users to vary problem
parameters and to test the sensitivity of solutions. Graphical output
helps students to interpret the results more effectively and to achieve a
better understanding of the concept or model being studied.

The use of computers evolved gradually over a period of years,
encouaged by the provision of mathematical science laboratories. Inspired
by the enthusiasm and success of early users, more lecturers became
involved and tried out the facilities for themselves. They displayed the
determination required to master the operation of the software and
hardware, to overcome the logistical problems of timetabling, class size
etc., and to prepare suitable worksheets. As new software and worksheets
were developed, the level of the awareness of the inherent potential of
computer packages to enhance mathemtical education and the quality of

learning increased,
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It was deduced in Chapter 2 that teaching involving the use of
computer packages is more effective if it is an integral part of the
curriculunm, Experience at Napier strengthens this opinion. The
integration of computer-based work ensures that students appreciate its

relevance and that its benefits feed directly into their course.

8.4 Implications for the Curriculum

Methods of assessment are slowly changing to reflect curriculum
developments. Many courses now include a computer-based assignment as
coursework replacing a class test, A majority of students surveyed were
in favour of some computer-based work being assessed, In some
examinations, students are asked to interpret computer output from a
package they have used and they might also be asked questions of a
conceptual nature based on work done in the laboratory.

The reported shift in teaching emphasis away from techniques
towards understanding, applications and investigations is 1likely to
continue, and, indeed, to accelerate, as the use of computer algebra
systems increases. The new, broader range of learning outcomes descriked
in the previous section calls for further thought to be given to the most
appropriate means of assessing students' work, Tentative steps have been
taken at Napier towards laboratory-based examinations. As computer
facilities improve, these may become commonplace,

One difficulty which still exists is how to extend the benefits of
laboratory work to students in larger classes. This has been partially
accomplished by setting computer-based assignments which the students are
required to complete during open-access time following an introductory
laboratory session. It is usually possible to split a large class into
manageable groups for one or two introductory sessions in the year. This
approach gives students valuable experience of using computer packages as

an investigative tool in mathematics and exposes them to a broader range
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of mathematical models than would be possible otherwise. Of course, it
is only possible to explore a very few topics from the curriculum by means
of computer-based assignments. In order to extend the advantages of
using computer packages to other areas of the curriculum, additional
access must be arranged.

Two other approaches have been adopted by some lecturers. Where
large monitors or projection facilities are available, computer packages
can be demonstrated during lectures at appropriate points in the course.
Students can also be encouraged to try out packages in the laboratory in
their own time. However, more lecturers would use the mathematical
sciences laboratories if class sizes were smaller or laboratories larger,
This may only become possible when mathematics is fully recognised as a
laboratory-based subject and time-tables are organised such that large
classes are sub-divided for laboratory work on a regular basis. An
alternative solution is to provide much larger laboratories, but these
would not only be difficult to supervise but expensive to establish and
uneconomic unless the majority of classes were large.

Insufficient class time also deterred some lecturers from using
the mathematical sciences laboratories as often as they would have liked,
Again, the solution lies in recognising laboratory work as an essential
element of a mathematics course, Only then will Boards of Studies or
course committees be willing to amend curricula to include regular

laboratory work in mathematics,

8.5 Developments

In 1989, twelve PC-compatible computers were purchased by the
Mathematics Department and a third laboratory was opened, Versions of
LINPROG and several other mathematics packages are now available on these
computers, running under MS-DOS, and conversion of NODES will take place

at an early date, Thus the substantial learning resources and expertise

=127~



is being transferred to the new laboratory without disrupting lecturers’
teaching programmes. Staff and students will, however, notice the
improved running speed of the programs which the more powerful computers
offer. The greatly increased memory has enabled LINPROG to be adapted to
allow larger linear programming problems to be tackled. Further planned
improvements include deletion of constraints, a default problem and the
grahical solution of two variable problems,

As described in Chapter 3, there is a continuing process of
modification and refinement of the software and worksheets in the
mathematical sciences laboratories, as a result of input from lecturers
and students. New worksheets are regularly added to the system and more
open-learning material is being developed. During interviews, one
lecturer reported his use of a Computer Illustrated Text (CIT) for a
statistics course, CITs have since been used in other courses to
supplement existing course material, A CIT combines the advantages of a
textbook for browsing and reference with the flexibility and visual nature
of a good computer package (Harding, 1988). The underlying philosophy
of CITs, which integrate illustrative and investigative use of programs
into the teaching material, closely reflects the approach which has
emerged at Napier,

Students frequently have difficulty relating what is taught in
their mathematics class to practical applications or even to what they
learn in other subjects, The aim of the second stage of the engineering
applications programme for B.Eng, courses is to develop the students'
ability to apply their knowledge to the solution of physical problems. In
an effort to improve the practical aspect of the EA2 mathematics
assignment for CEE2 in 1989, the investigation of a mathematical model was
linked to an experiment in the mechanical engineering laboratory,

Apparatus was set up to enable the students, in small groups, to conduct
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experiments in mechanical vibrations, including simple harmonic motion,
damped, undamped and forced vibrations., In the mathematics laboratory,
the same experiments were performed on a mathematical model of the system
using NODES and using some data obtained from the physical apparatus. The
exercise has since been repeated in a modified form using electrical
apparatus and an appropriate mathematical model. Despite logistical
difficulties, initial student reaction has been favourable, It is
intended to evaluate this innovative exercise,

With the addition of a PC-compatible laboratory, it is possible to
run much larger packages, including computer algebra systems (CAS). One
such system, DERIVE, has already been used in the laboratory with a class
and there is considerable interest in its use both within the department
and elsewhere, Much work has still to be done in developing and
evaluating courseware for such packages. There is a need for evaluative
studies to be conducted to assess the effectiveness of CAS as teaching
tools for mathematics,

However, the use of CAS has wider implications for the curriculum,
There has already been debate at ICME-6 (1988) and elsewhere about
possible changes to mathematics syllabi for engineers and scientists. Is
it still necessary for engineers to learn several different techniques of
integration if a CAS is available? It seems likely that, in future, less
time will be spent learning techniques. This study has reported a trend
at Napier towards more emphasis on understanding and investigations when
computer packages are used as mathematical tools, The introduction and
wider recognition of the power of CAS may prove to be the catalyst
required for course committees to reduce the techniques content of syllabi
and to recognise fully mathematics as a laboratory-based subject.  The
advantages of using computer packages to enhance the learning of

mathematics and to encourage investigative work could then be extended
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into other areas of the curriculum and across more courses than is

presently possible.

8.6 Model Curricula

Much of the discussion in this Chapter can be summed up by
presenting a model for mathematics curricula which embodies the findings
of this research project. The underlying philosophy for such curricula
recognises the computer as an educational tool which not only assists the
teaching but, if used effectively, enhances the quality of the learning.
Mathematics curricula should be designed to allow regular time to be
devoted to laboratory work in addition to lectures and tutorials. The
balance between these modes of learning should be flexible and left to the
discretion of the lecturer to vary according to the topic being studied.
At least one computer should be available during lectures and tutorials
for demonstration purposes and/or checking results. The system must be
flexible enough to allow each lecturer to develop the teaching style which
he considers most appropriate to the course and with which he is most
comfortable, A further development favoured by some lecturers envisages
groups of students spending some of their course working on open-learning
materials with staff present to help when required. Student-centred
coursework of this nature would not resemble the instructional learning
packages of the 1970s but might include computer illustrated textbooks and
similar material.

Experience at Napier has shown that the effective use of computer
packages enables an investigative approach to be incorporated into the
curriculum and, further, that when such an approach is adopted, the
students' learning experience is enhanced. If, as seems likely, the use
of computer algebra systems beomes widespread, there will be less need for
the majority of science and engineering students to spend a large

proportion of their time mastering algebraic skills and techniques. The
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time thus saved should be spent investigating concepts and methods,
solving realistic problems, formulating models and analysing and
interpreting results, using computer packages when appropriate, The
improved understanding and higher cognitive skills resulting from such

work will better prepare the students for the current needs of industry

and commerce,
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INTRODUCTORY

ToRIC : LINEAR PROGRAMMING
PROGRAM 3 LINPROG
OBJECTIVES : (i) To formulate a L.P. problem mathematically.

(ii) To solve a 2-variable problem graphically.

(iii) To solve problems with 2 or more variables
using the computer.

(iv) To demonstrate the operation of the Simplex
Method for a 3-variable problem.

(v) To explore the concept of duality.

A firm manufactures two products A and B, the market for each being
virtually unlimited. Each product is processed cn each of the
machines I, II and III. The processing times in hours per item of

A or B on each machine are given in the table:

I II III

O O
FSON )

The available production time of the machines I, II and III is

40 hours, 36 hours and 36 hours respectively each week. The profit
per item of A and B is £5 and £3 respectively.

The firm wishes to determine the weekly production of items of A and
B which will maximise its profit. Formulate this problem as a

linear programming problem and solve it graphically.

Maximise P = S5x; + 3x3
subject to x; = O, x; 2 0O

2x1 + x3 < 160
4)(1 + 3x3 < 360
X1 + 2x2 < 180



Verify that the graphical solution of Question 1 agrees with the

answer obtained on the BBC for Question 2. Why is this the case?

Maximise I = 3x; + Sx2 + 2x3
subject to x;, X2, x3 2 O

X1 + 3x2 <12

X, + X2 +2x3 S 6
comparing your solution, tableau by tableau, with the diagram shown

in Fig. Q.4. What conclusions do you reach from this compariscn?

(a) A manufacturer has available three inputs A, B and C, from which
he manufactures 3 products X;, Xz and Xj. The gquantity of each
input used, the income from 1 unit of each product, and the total

supply of the three inputs is summarised in the following table:

A B C Income/Unit (€)
! Compesition X 1 1 0 0.15
' of the X2 2.5 0 0 0.10
| products X3 i 1 1 1 0.10 44J
Total Supply (x10%) | 10 5 3

Find the production programme which maximises the manufacturer's
income.

(b) A dealer offers to purchase all of the available inputs, A, B and
C, at prices which guarantee that the manufacturer receives at
least as much for the contents of each product as he could obtain
by making and selling the product. Assuming that the manufacturer
agreed to sell his total supply, the dealer seeks to minimise his
total outlay. Verify that this prcblem is the dual of the primal
problem of part (a).

(c) State the solution to the dual problem of part (b).

(d) Verify the principle of complementary slackness for this example.



/N X3

GRAPHICAL

SOLUTION

Mathematical Formulation

Find x,, x and x3 which

maximise I = 3x; + 5x; + 2x3

[x1+x2+2x~,=6

subject to x; 2 0, x2 2 0, x3 2 O

X + 3x2 + Ox3 <€ 12

I =3 + 5x2 + 2 = const.
X; + X + 2)(3 < 6 =8 2 *3 s

I
[ 1
(0] (o)
I _
- B 20
| - 5
- = D (0,4,1) 22
Eé/( o 7 H (3,3,0) 24
L7 / g
X) I / P - The optimal solution is
l / % X, = 3
/ - X2=3
/ il x3 = O and IMAX = 24
7 e
cW
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DEPARTMENT OF MATHEMATICS

MATHEMATICS LABORATCRY

519,72

Subject Area

Author

Date

LP 2

LINEAR PROGRAMMING

T.D. Scott

24th January 1986



TOPIC : POST-OPTIMAL ANALYSIS

PROGRAM : LINPROG

OBJECTIVE: To investigate the effect of the following changes in a

L.P. problem:
(1) Changes in the RHS values (of the constraints).
(ii) Changes in the coefficients of the objective
function,
(iii) The inclusion of more variables,

(iv) The addition of extra constraints.

Problem 1

(a)

(P)

(¢)

Minimise C = 12y, + 6y,

subject to y, 30, y, 30

Investigate the solution to this problem with the altered objective
function:

¢ = (12 - 28)y, + 6y,
and, in particular, obtain the range of values of 8 for which the

optimal solution remains as in part (a),

Assume that, in the original problem, the R.H.S. become 3, 5 and
2 + 8 respectively., Determine the range of values of 6 which allow

the solution to the problem to remain optimal.

Suppose that the first constraint of the problem becomes
9
(L=-9)y, +(1+¢ -2-)y2 3 3, Show that the solution to the problem

is unaffected for values of 8 » -%.



Problem 2

(a)

(b)

A firm produces self-assembly bookshelf kits in two models A and B.
Production of kits is limited by the availability of raw material
(high quality board) and machine processing time, Each unit of A
requires 3 m? of board and each unit of B requires ¢ m?* of board.
The firm can obtain up to 1700 m? of board each week from its
suppliers, Each unit of A needs 12 minutes of machine time and
each unit of B needs 30 minutes of machine time, Each week a total
of 160 machine hours is available,
If the profit on each A unit is £2 and on each B unit is &4,
determine the weekly production programme which maximises total
profit,
The production manager, who is not a mathematician, requires the
solution to part (a) as well as answers to the following questions:
(i) Suppose we can buy extra board from a second timber
merchant, How much per square metre are we prepared
to pay for it?
(ii) Suppose we can obtain extra machine time by working
overtime. If this costs i7 per hour extra, is it
worth it?
(iii) Suppose that the profit on each A unit is £P, and on
each B unit is &P,. Por what possible values of the
ratio P,:P, is the solution we have obtained optimal?
(iv) Suppose a third type of kit, C, can be made, Suppose
it uses 4 m? of board and needs 20 minutes of machine
time, If the profit on each unit is &P, should we
make it?

(v) Suppose that, during a period of economic recession, the



sales team report that the market will not stand more
than 550 sales of kits each week. How does this affect
the production schedule?
(vi) Suppose, following on from the last section, that total
weekly sales are restricted to at most 450 kits,
Would this affect the schedule?
Prepare a written report for the production manager which will

answer all his queries and include suitable explanations.



NAPIER COLLEGE

DEPARTMENT OF MATHEMATICS

MATHEMATICS LABORATORY

Subject Area : INTEGER PROGRAMMING

Author : T.D. Scott

Date :  29th May 1985
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[39]

' INTEGER LINEAR PROGRAMMING

TOPIC {

L
PROGRAM  : LINPROG
OBJECTIVES: (i)

(ii)

(iii)

(iv)

Sclve the followin
Maximise

subject to

(a) graphicall

(b) using the
Minimise Cc =3
subject to

2%y +
x)] +
X1, X

X1, X

To solve a 2-variable problem graphically.

To solve problems with 2 or more variables using
the computer.

To examine mixed integer programming problems,
and solve them using the branch and bound method.
To produce mathematical formulations of realistic

I.P. problems.

g integer programming problem:
Z = X) + X2

ldx; + 9x < 51

-6x1 + 3x2 € 1

X1, X2 2 0 and both integer
y:

computer.,

Xy + 2x2 + 1.5x3

7.6
X2 # 18.3
2X2 + x3 2 26.9

xz-X3<

2, X3 20

2, x3 integers.

/3.



3. Develop the mixed integer constraint set for the following feasible

region .

I

4. Given the integer programming problem:
Maximise I =13.2x%; + 7x2 + S5x3

subject to  2x; + x; - x3 € 15.3
© Xy + 2xp + 7x3 € 26.5
X1 + x3 > 4.6

X1, X2, X320

X1, X2, X3 integers,
use data sheet Q.4 to construct the tree diagram obtained when the

problem is solved using the branch and bound algorithm.

/Data sheet .



Data sheet Q.4

‘ :53;3’” ADDITIONAL CONSTRAINTS SQUUTIONS
: ’ X1 X2 X3
T
1 ' ORIGINAL PROGRAM 8.907 0 2:513 130,135
2 i %, = 7 % P2, % S3 7 3 1.929  123.043
3 | X, = 8 Xy = 2 NO FEASIBLE SOLUTION
4 | x; <8 x2 <1 X3 > 5.5 o) 3 87.6
s I x1 < 8 8 1.511  2.211  127.233
g |m=7 x2 22, x2<3 x3S1 | 6.65 3 1 112.45
7 xy =7 X2 2 2 i 7 3.178 1.878  124.033
8 Cx1 29 NO FEASIBLE SOLUTION
9 . Xy = 7 X2 2 2, x2 €3 x3 S 7 2.3 1 113.5
10 | X, 28, x; S9 x; 22 NO FEASIBLE SOLUTION
11 x; S 7 X2 2 2, x2 €3 x3 2 7 2.75 2 121.65
12 | x <7 %2> 3, % % 3 | 7 3 1.929  123.043
13 x1 <8 x2 S 1 w23 | 8 1 2 122.6
14 l x; = 7 X2 2 2, x S 3 x3 2 7 2.75 2 121.65
15 | x1<8 x2 <1 | 8 1 2.357 124.386
16 @ x3 <38 X2 = 2 . 7.707 2 2.113  126.295
17 X3 =7 X2 2 4 ' NO FEASIBLE SOLUTION
18 Cxy <7 x2 = 4 | 6.507 4 1.713  122.455
19 x; <7 x2 2 2 7 3.178 1.878  124.033
Program: Maximise 13.2x) + 7x2 + 5x3
subject to 2x1 + x3 - < 15.3
X1 + 2x2 + Tx3 S 26.5
X1 + X2 2 4.6

X1, X2, X3 integer and non-negative.

/5.
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~J

Verify that the solutions listed in data sheet Q.4 are correct.

Determine ALL of the optimal solutions of the following problem:
Minimise C =x) + 3x2 + x3

subject to x; + 1l.2x; + 0.9x3 2 53
1.2x; + 3.3x2 < 84
X2 + x3 # 13.8

X1, X2, X3 20

X1, X2, X3 integers.

Given the following mixed integer programming problem:
Maximise 2 = 4x; + 5x2 + 9x3 + 5Sxy

subject to X, + 3xp + 9x3 + 6x, S 16
6x; + 6x2 + 7xy <19
7x; + 8xs + 18x3 + 3xu, € 44
X1, X2, X3, X4 Z O

X1, X2, X3 integers,
investigate the effect (on the solution) of imposing the additional

constraint that x4 has to be an integer.

A large corpcration is considering the investment possibilities that

it currently has available:

Expected
Net Present Exf:;ﬁi::;e
Investment Possibility Value

1. Build a new warehouse P1 a)
2. Remodel the old warehouse P2 a2
3. Buy automation for the new warehouse P3 as
4. Buy a company that supplies product A Pu au
5. Build a plant to manufacture product A Ps as
6. Refurbish corporate offices Ps as i

Assuming that the firm has funds to the extent of a,, formulate the
oroblem of choosing among the projects as an integer programming problem.
(Projects 1 and 2 are mutually exclusive, as are projects 4 and 5;
project 3 can only be undertaken if project 1 is undertaken - the

automation is only feasible for a new warehouse.)



9.

10.

An assembly line has eight jobs which are to be performed as indicated

below:

Time Jobs that must be completed before

Job Required starting this job

min. -
min. -
min. -
min. 1,2
min. 2,3
min. 4,5
min. 5
min. 6,7

OO0V s WwN -
O 9O+~ OO

|
l
x
l

| I—

Cne worker is positioned at each staticn and performs certain jobs at
his station. Formulate the problem of determining how many stations
should be set up and which jobs to assign to each station as an integer
programming problem. The objective is to minimise total worker idle
time. (Hint: Let xij be a variable which is 1 if job i is assigned

to station j, and zero otherwise.)

A corporation is considering buying two warehouses in a region. There
are 20 possible sites. Each site has a fixed cost of purchase and
development. In addition, there is an associated capacity of each

warehouse and costs of servicing each customer from each warehouse.
Formulate the problem of determining the two best warehouses as an

integer programming problem.
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Reference‘
Numbers

DE2

DE3

DE4

DE5

DE7

Topic

Numerical Methods

Numerical Methods

Numerical Analysis

First-order
Differential
Equations

Mechanical
Vibrations I

Objectives

To compare the behaviour of single step
numerical methods of different order, for
approximately solving ordinary
differential equations

To investigate the effect on the errors of
changing step 1length in single step
numerical methods of first- and second-
order differential equations

To investigate the stability of single
step numerical methods for first-order
ordinary differential equations, The
tutorial is restricted to the induced
instability that arises when such methods
are applied to "stiff" differential
equations

To investigate the behaviour of an RL
circuit under different initial conditions

(a) To construct a mathematical model of a
simple vibrational system,

(b) To examine the three modes of
operation:
(i) simple harmonic motion
(ii) damped vibrations
(iii) forced vibrations,

(c) To illustrate the three types of
damping:
(i) underdamping
(ii) critical damping
(iii) overdamping,

(d) To distinguish between the transient
and the steady-state part of a
solution,

(e) To investigate the effects of changing
model parameters and, in particular,
the conditions for resonance.



Reference
Numbers Topic

DES8 Mechanical
Vibrations II

DE11 Phase Portraits

(a)

(k)

(¢)

(d)

(a)

(k)
(¢)

(d)

Objectives

To construct mathematical models of
simple coupled systems,

To analyse the behaviour of each model
for various specific conditions.

To investigate the effects on the
solution of varying the parameters of
each model,

To characterise the "frequency
response" of a mass-spring system.

To obtain solutions of non-linear
second-order equations,

To construct phase portraits,

To investigate the limit cycle of the
Van der Pol oscillator,

To investigate the effect of changing
the parameters of the model.



APPENDIX 3

B.Sc., Science with Industrial Studies course details

B.Sc. Communications and Electronic Engineering course details



§ Se Scierxe wsu\ Iadustrial Studes

Course Structure

The Degree is a four session, and the Honours Degree a
five session, thin sandwich course, with industrial place-
ments between..the second and third, and third and fourth
sessions. The industrial placements are so situated

to allow students the opportunity of attaining a con-
sistent academic level despite variations in entry quali-
fications. After the second period of industrial ex-
perience Degree students undertake a final three terms

and Honours Degree students a final five terms of academic
study in the College. The periods of industrial train-
ing are seen as complementing the academic studies in

the Sciences and in Industrial Studies. The organisation
of the course is as follows:

Session 1 - 3 terms - Academic Study - 30 weeks
Session 2 - 2 terms - Academic Study - 23 weeks
Industrial Placement - 24 weeks

out of 28 weeks

Session 3 - 2 terms - Academic Study - 23 weeks
Industrial Placement - 24 weeks

out of 28 weeks

Session 4 - 3 terms - Academic Study - 30 weeks
Session 4H- 3 terms - Academic Study - 30 weeks
Session S - 2 terms - Academic Study - 24 weeks

During the first year all students take a general science
course, covering a wide range of scientific subjects.

This provides a broadly based understanding of science.
Mathematics with Computer Studies is taken by all students
during the first two sessions of academic study. This
provides all the students with the mathematical and com-
puting skills required in other parts of the course. In
the second and subsequent years choices of subject are

made as indicated in the table. Interdisciplinary study

is introduced by two special seminars in each of the

first and second sessions and an introducton to Integrating
Studies in the third session which leads to the Integrating
Studies course in the fourth and fifth sessions for Honours
Degree students. During the final session of academic
study, a Degree student undertakes a dissertation on a
subject of his own choice whereas the Honours Degree
student undertakes a project during his last two sessions.



Structure of the Course and Possible Combinations

SESSION I

SESSION III

WV
SESSION IV

V

SESSION IV H

SESSION V

INDUSTRIAL MATHEMATICS SCIENCE INTEGRATING
STUDIES STUDIES
INDUSTRIAL MATHEMATICS X Y INTEGRATING
STUDIES STUDIES
INDUSTRIAL TRAINING
L 2 3 &
INDUSTRIAL INT.
STUDIES A STDS.
INDUSTRIAL TRAINING
INDUSTRIAL INT. STUDIES
STUDIES A B g
ESSAYS
INDUSTRIAL INTEGRATING STUDIES
STUDIES B ESSAYS PROJECT
INDUSTRIAL INTEGRATING STUDIES
STUDIES B SPECIAL TOPIC PROJECT

*

L 2

X and Y are two subjects taken from Physics, Chemistry and Biology
A and B are two subjects taken from X, Y and Mathematics.




Course Curriculum
Session

Session I

(30 weeks of 21
hours per veek max
excluding
remedials)

Session II
(23 weeks of 21
hours per veek)

Sesston III
(23 weeks of 20
hours per week)

Session

Session IV
(30 weeks of 17
hours per week)

Session IV Honours

(30 weeks of /9
hours per week)

Session V

(24 weeks : 20 hrs Biology
per week in term ) Cheaistry

and 15 hrs per
week in term 2)

No of Hrs/ Total Hrs/
Subject Code Terms Week Session
Industrial Studies SIS 118 3 s 150
Mathematics SIS 1M 3 4 120
Computer Studies SIS 1Cs 3 1 3o
Science SIS 1S 3 10 300
Integrating Studies SIS 1E 3 1 30
Total for Session 1 630
Industrial Studies SIS 1§ 2 S 115
Mathematics SIS 24 2 4 8%
Computer Studies SIS 2Cs 2 2 3o
Biology S1s 28 2 S 115
Chemistry SIS 2C 2 S 115
Physics S1s 2p 2 S 118
Integrating Studies SIS 2e 2 1 23
Total for Session II 483
Industrial Studies SIS 31§ 2 S 115
Mathematics SIS M 2 S 121
Computer Studies SIS 3Cs 2 2 40
Biology SIs 3B 2 7 16l
Cheaistry S1s X 2 7 161
Physics SIs 3¢ 2 ? 161
Integrating Studies SI1s 3E 2 2 46
Total for Session III 480
No of Brs/ Total Hrs/
Subject Code Terus Week Session
Industrial Studies SIS 4IS 3 H) 150
Mathematics SIS M k| 6 180
B8iology SIS 4B k] 6 180
Cheaistry SIS & k) 6 180
Physics SIS 4P 3 6 180
Reperts SIS 4 2 NA
Total for Session IV 510
Blology SIS 4B(R) 3 H 150
Cheaistry SIS 4C(B) 3 s 150
Mathematics SIS 4M(H) 3 S 150
Physics SIS 4P () 3 5 150
Industrial Studies SIS 41S(8) k] S 150
Integrating Studies
( 1) Lectures etc SIS 4e(R) k] 2 60
(11) Project SIS4Proj(H) 3 2 60
Total for Session IV S70
SIS SB(B) 2 4 96
SIS 5C(m) 2 4 96
Mathematics SIS SM(B) 2 4 9%
Physics s1s SP(A) 2 4 96
Industrial Studies SIS SIS(H) 2 3 120
Integrating Studies
(1) Lectures etc SIS SE(R) 2 2 39
(11) Project SISSProj(H) 1 s 60
Total for Session V 411




Mathematics S‘l‘a\:;

Session 1 | Total time 126 hrs

Functions and their graphs - domain of definition, examples of
functions to include polynomials, rational functions, trigono-
metric functions, log, ln, exp, product and ratio of functions,
inverse functions, composition of functions, logarithms, indices,
radian measure and introduction to the use of simple trigonometric
identities, cartesian and polar co-ordinates, graphs, use of semi-
log and log-log graph paper. Converting to linear form and
graphing equations of the forms y = aePX and y = axb.

(25)

Calculus - Limits including limits of rational functions,
(completing the graph at a point), gradients, the derived function,
derivatives from first principles, use of table of derivatives,
derivatives of sum, product quotient and composition of functions,
turning points, the art of graph sketching including some simple
multi-valued functions eg for conic sections. Simple integration
and areas simple problems eg rectilinear motion and energy of
stretched spring.

(25)

Numerical Mathematics - Absolute, relative and percentage errors.
Error analysis for simple formulae eg y = ab-lc-l+d. Linear
interpolation. Root finding techniques: Bisection and Newton-
Raphson methods. Trapezoidal and Simpson'‘s rule. Library pro-
grams for calculations relating to these numerical methods.

(14)

Series - Arithmetic and Geometric Series. Conditions for con-
vergence. Binomial Theorem for a positive integral index.

( 6)
Statistical Methods & Theory - Sample space concepts and laws of
probability for statistically independent events. Random varia-
bles - discrete and continuous. Probably distribution for Uniform,
binomial, Poisson and geometric distributions and density functions
for normal and exponential distributions. Parameter estimates for
these distributions from observational data. Methods of present-
ing statistical information. Use of normal probability paper.

(26)

Computer Studies

Introduction - overview of computer applications in business,
commerce and industry. General outline of basic computer con-

figuration.
«2)

Brief summary of computer systems operation (batch/on-line) and

available computer languages.
1

A study of problem analysis and the use of flow charting.
(4)

A detailed study of BASIC - Let, Rem, Input, Read/Data, End,

Print, If. Statements, looping and counting. Terminators.
Functions and Subroutines. Arrays.

(23)
Session 1
Lectures ' 70
Tutorials 56
Revision and Examinations 24
Total 150
Session 2 . Total time 98 hrs

Functions and Graphs - Hyperbolic and inverse trigonometric
functions. Siwmple functions of two variables and contour dia-
grams for these.

(6)

Calculus - Derivatives of hyperbolic and inverse trigonometric
functions. Partial derivatives and stationary values of functions
of two variables. Maclaurin's Theorem. Power series for sin x,
cos x, exp x, (1 + x)N and conditions for convergence. Taylor's
Theorem for functions of one and of two variables. Integration
by parts and by substitution.

(15)

Algebra - Complex numbers - cartesian, polar and exponential
form. Euler's formulae. Matrices - elementary operations,
transpose and inverse. Determinants.

(10)

Differential Equations - First-order with variables separable,
second-order with constant coefficients - particular integral
by trial: use in modelling physical and biological systems.
Interpretation of transient and steady-state solutions. Graph-
fical and computer solutions.

(9

Numerical Mathematics

Gaussian elimination to solve linear simultaneous equations and
to invert matrices. Solution of differential equations by Euler's
ngthod and using computer packages.

9



statistical Method and Theory

The distribution of the sample mean in simple random sampling

from a normal distribution. The central limit theorem studied
experimentally. Hypothesis testing. Errors of Type 1 and Type 2.
Confidence intervals for u, W -bz and My- Statistical quality
control. Acceptance sampling. Operating characteristics. Con-
tingency tables using Chi-squared test. Linear regression.

(19)
Computer Studies
Further study of BASIC - Character handling. Microcomputer
oriented instructions eg Peek, Poke.

( 6)

Microprocessors. Architecture and functional components. Cap-
abilities and limitations. Constraints on languages, programming
and storage. Comparison with mainframes and mini‘'s. Application

and functions. Introduction to assembly language programming.
(12)

Conversion from BASIC to FORTRAN - assignment, READ, WRITE, FORMAT,
IF, Comment statements. Arrays. A detailed study of imput/output.
(12)

Session 2

Lectures 58
Tutorials 40
Revision and Examination 17
Total 115

Total time 137 hrs

Session 3

Linear Mathematics

vector Spaces - subspaces; linear dependence; bases; dimension.
( 8)
Linear Transformations (operators) - products of transformations;

null space; inverse transformations; linear transformations and

matrices.
(8)

Linear differential Operators - linear ordinary differential
equations - lst order; 2nd order with constant coefficients;

apolications - S H M damped and forced oscillations, circuits.
(10)

Numerical Solutions of O D E's - Euler, Euler modified, Runge-
Kutta methods.

(8)

Integral operators - the Laplace transform; properties and use
in solution of O D E 's.

(8)

Difference equations - formation; solution; wuses; similarity
to ODE's.

()]

Reduction of Differential Equations to the form Ax = b by Finite
Differences. - -

(4)

Statistics

More advanced design of industrial expetimentl: components of

variance and linear hypothesis; randomised blocks and Latin
squares.

(10)

Response surface methodology; analysis of the 2n series.
(10)

Optimisation

Linea? programming - a treatment of transportation and assignment
algorithms, including consideration of industrial location, the
Simplex algorithm and the concept of a dual program.

Critical path analysis - construction and analysis of networks.

Introduction to forecasting techniques - moving averages and
exponential smoothing.

(24)
Computer Studies

A study of subprogramming in FORTRAN, library procedures including
scientific subroutines and statistical procedures.

(12)

Advanced computer techniques - language, computer systems (batch,
on-line, real-time), file processing. Instruction processing.
Computer organisation/operating systems.

(12)

A detailed study of the use of Coume
camputers ( rcial
research applications). o S ST

(6)



Micros. Further assembly language programming. Current appli-
cations and trends.

(10)
Session 3
Lectures 74
Tutorials 63
Revision and Examination 24
Total 161
Session 4 (Degree) Total time 160 hrs

Linear Mathematics

Eigenvalues and Eigenvectors - Eigenvalue problem for a linear
transformation (matrix), orthogonality, diagonalisation, appli-
cations - vibrations, life-cycle matrices, simple economic
systems etc. Caley-Hamilton Theorem. Use of computer to effect
eigenvalue calculations.

(26)

Probability and Statistics

The generation and testing of random variates conforming to
various distributions - uniform, normal, exponential, Poisson,
and arbitrary observed. The use of these in simulation studies
of queueing and other stochastic processes including birth and
death processes in populating studies. Use of the computer to
effect these simulations.

(36)

Theoretical investigation of the preceding topics:

Markov chains, definitions and examples.

General properties of Markov motion. The stability of a Markov
system.

Introduction to queueing theory: single channel, Poisson arrival,
exponential service. .

Deterministic and stochastic models for the growth of populations.
Elementary theory of epidemics: deterministic models with and
without removal.

Decision theory in the context of industrial quality control.
(45)

.oEtlmisation

Constrained optimisation - integer programming using branch and
bound method, method of Lagrange multipliers, method of constraint
elimination.

Unconstrained optimisation - direct search and gradient methods.

Use of the computer to solve realistic optimisation problems.

(53)
Session 4 (Degree)
Lecture 110°
Tutorial SO
Revision and Examination 20
Total 180
Session 4 (Honours) Total time 130 hrs

Linear Mathematics

Eigenvalues and Eigenvectors - Eigenvalue problem for a linear
transformation (matrix), orthogonality, diagonalisation, appli-
cations - vibrations, life-cycle matrices, simple economic
systems etc. Caley-Hamilton Theorem. Use of computer to effect
eigenvalue calculations.

(25)

Probability and Statistics

The generation and testing of random variates conforming to various
distributions - uniform, normal, exponential, Poisson and arbi-
trary observed. The use of these in simulation studies of que-
ueing and other stochastic processes including birth and death
processes in population studies and average run length character-
istics {n Cusum quality control schemes.

(18)

Theoretical study of the preceding topics pursued in greater
depth than for the non-Honours course: a selection to be made
from the following list, to suit student and staff interests
related to project work and other interdisciplinary research
activity relevant to the degree: Markov chains, queues, popu-
lation dynamics, theory of epidemics including deterministic and
stochastic models; mathematical demography.
In this work, in contrast with the non-Honours course, use will
be made, in the theoretical treatment, of generating functions and
the partial differential equations which these functions satisfy.
(30)



Decision theory in the context of industrial quality control.
(7)

Optimisation
Constrained optimisation - integer programming using branch and
bound method, method of Langrange multipliers including Kuhn-

Tucker relations, methods of constraint elimination.

Unconstrained optimisation - direct search methods and gradient
methods.

Use of the computer to solve realistic optimisation problems.

(50)
Session 4 (Honours)
Lecture 94
Tutorial 36
Revision and Examination 20
Total 150
Session 5 Total time 81 hrs

Survey of multivariate statistical methods with emphasis on
problems arising in student projects and staff research relevant
to work in industry.

(17)

The statistical analysis of time series. The Box-Jenkins method-
ology and related forecasting procedures. The Spectral analysis
of linear systems Transfer Function models.

(24)

Further study of deterministic and stochastic models in the
biological and social sciences. Birth and death processes, com-
peting species, prey-predator, population age distributions,
competing economies, spread of epidemics. Interpretation of
typical computer prints out fram statistical packages.

(25)

Use of analytic and numerical methods in the solution of differ-
ential equations arising in industrial problems.
(15)

Session 5

Lecture 65
Tutorial 16
Revision and Examination 15

Total 96



MATHEMATICS BOOKLIST

Author
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Title

Calculus, Pure and
Applied

Advanced Mathematics,
Vols 1 and 2
Calculus

Statistics

Statistical Methods

Statistics in Action

Elements of Computer
Science

Interactive Computing
in BASIC

Introduction to Micro-
processors

Elementary Fortran
Design and Analysis

of Industrial
Experiments

Short Term Forecasting
Elementary Numerical
Analysis

Introduction to
Difference Equations

Linear & Integer
Programming

Operations Research

Publisher Year
Arnold 1, 2
1, 2
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Publishers
Iowa State 1,2:3
upP
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Anderson, O D

Title

Fundamentals of
Operational Research

Elementary Differential
Equations & Boundary
Value Problems

Principles of
Operations Research

Mathematical Methods
for Economists

Non-Linear Optimis-
ation

Operational Research
Techniques

Probability, Statistics
& Queueing Theory

Introduction to
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SCHEME OF WORK (1985/1986)

B.Sc. Science with Industrial Studies

Class Year 4 (Honours)

Teaching Hours 44 (2 hours per week) plus 1 tutorial hour per week
Recommended Reading : (1) Bunday, Basic Optimisation Methods

(2) Zionts, Linear and Integer Programming

Course

WEEK TOPIC LOCATION* | PROGRAM | WORKSHEET
1 |Revision of linear algebra C
2 |Introduction to new concepts
(definiteness, rank, etc.) C
3 |Eigenvalues and eigenvectors I
(classical method, etc.) C

4 |Eigenvalues and eignevectors II
(similarity transformations, modal

matrices) s
5 |Powers of a matrix (diagonalisation,
Cayley-Hamilton theorem) C
6 |The inclusion theorem and
Gerschgorin's theorem G
7 |Similarity transformations and
Gerschgorin's theorem c
8 |The power method and the Rayleigh
quotient method c/M EIGEN
9 |Matrix deflation L EIGEN
10 |Applications of eigenvalues and
eigenvectors C
11 [Revision C

12 |Unconstrained NLP problems

(classical method) c
13 |Constrained NLP problems (equality
constraints, elimination) c
14 |Constrained NLP problems (inequality
constraints, Lagrange multipliers) C 5
15 |Fibonacci search and golden section
search) L
16 [Spendley, Hext and Himsworth's
Simplex method L NLP
17 [Nelder and Mead's method (including rout-
original article) L ines
18 [Cyclc co-ordinate descent,
Cauchy's steepest descent L
19 |Newton's method L J
20 |Integer programming problems with ’
two variables C
21 |The branch and bound method for IP
and MIP problems L LINPROG IP1
22 |The branch and bound method for IP
and MIP problems L LINPROG

* C: classroom; C/M: classroom with monitors; L: laboratory



Totel time in College

Degree 98 weeks
Honours 130 weeks

For all students

Skills Apprecistion (EAl) 10 weeks
swe 36 weeks

Totel Dursttion of Course

Dexree 108 veeke
Honours 140 weeks

CNAA HONOURS DEGREE/DEGREE
IN ELECTRONIC AND
COMMUNICATION ENGINEERING

COURSE CURRICULUM AND EXAMINATION SCHEDULE

Subject Ars/Wk Total Exam Papers Others
Lect/Tut Are/Yr Ext sssessed

let Year 36 weeks (including

a & week EAl block)
Electrical Engineering 1 b} 9 1
Electronic Engineering 1 3 96 1
Msthematice I 4.3 164 1
Engineering Science I 3 9% 1
Computing 1 1 32 cw
Communication Studies 1 32 cwW
EAl Eagineering Drawving

+ Lab Femiliarisation 64
Formal Lad Work 64
EA2 Lab Design Exercises 64
EA2 Computing Assignments 32
TOTAL Hre/Wk 20.6
2nd Year 28 weeks (including

a 6 week EAl block)
Electrical Engineering I1 3 66 1
Electronic Engineering [IA 2 &4 1
Electronic Engineering IIB 2 &b 1
Mathematics II 4.5 99 1
Eagineering Science 11 2 &4 1
Computing 1I 1 22 (o]
Industcial Studies 1.5 33 cw
EA2 Cowmputer Assignments 22
EA2 Industrisl Studles

Assignments 11
EA2 Open-ended Lad Assignments 80
Formal Lab Work 30

TOTAL Hre/Wk 22.5



let Year - MATREMATICS 1

Alme

The etudent {e giveam @ brosd foundation in Mathemstice which builde
naturally on the Righer Mathematice studied at school. In particular, the
Calculus 1¢ extended to include techniques snd applications relating to the
engineering eubjects of the course. The ssme {¢ true of the Matrix
Algebras.

The Mathemstice tesching ie enhenced by the uee of computer programe and
packages which relate to certsio parte of the eyllsbus. As in cthe later
yeare of the course, students will be given one aseignment (EA2) of an

eagiseeriag or prectical nature, which will mormally require iavestigation
{o the Mathemstice Labdoratory.

Syllabus
Basic Algebrs

Revision of logerithas sad indices. Traneforestion of formulae. Partial
fractione.

(6)

Elementary Anslysis

Cxponent ial end logarithmic functions sad their graphe. .Circular functions
and thelr iaverses. Polar co-ordinates. Evea, odd and periodic functions.
Revision of APe and CPs. Convergence - simple teets. Binomial series.

(10)
Liocear Algedbrs
Clewmentary msetrinx algebra, determinsnte, {iaverse of a matrix. Solution of
simultaneous linesr equations using Creser's rule and Gaussian

elisinetion - applicetions (eg, mesh and nodal snalysis).

(12)
Vectors
Scalar and vector producte; direction coeines. Applications.

(6)

CNAA HONOURS DEGREE/DEGREE
IN ELECTRONIC AND
COMMUNICATION ENGINEERING

Complex Numbers

Cartesian, polar, exponential forms. Argand diagram. De Moivre's theorew.
Impedances and admittances.

(10)

Calculus

Contlinuity and lieite. Differentiation from first principles. Rules of
differentiaetion. Logacithaic, exponentisl and hyperbolic functions aend
their derivetives. lmplicit, logaritheic and parametric differentiation.
Stationary points. .

Curve seketching, {ncluding aeyamptotes. First and eecond order partial
derivatives - applicetion to errors. Integration - general rule, simple
substitutionse leading to etandard forms. Integration by parts.
Integration as limit of a sum. Applications to areas, voluae, wmean, rws.
Ordinary differential equations - variasble separable, integrating factor.

Second order linesr with constant co-efficients. Applicetions.
Macleurin'e series, Taylor series. Indeterminate forms. 1'Hospital's
rule.
(36)
Lectures - 80
Tutorials - 64
TOTAL HOURS -144
BOOK LIST
K WELTNER, J GROSJEAN, P SCHUSTER Mathematices for Engineers and
& W J WEBER Scientists
Thornes

SHERLOCK, ROEBUCK & CODFREY Calculue, Pure and Applied

Arnold
GRAHAM, GRAHAM & WHITCOMBE A-level Mathematics Course Companion
Letts



2nd Year - MATREMATICS I1

Alms

Thie svllasbus followe through sose of the topics Introduced in the first
vear, wi:h eore eephacsies on aepplicetions 1in electrical end electroanlc
engineering. These will (nclude tepedance and asdnmittance loct for
ec circulze, eppliceazions of Fourier anslysis to common waveforms and the
behaviour of circuite weodelled by eoystems of diffecential equations.
Further use (s ®made of coepuzer packagee in the wvork done on Numerical
Analysis and Statistice. For example, the MICROTAB pecksge {e used
extensivelv.

The EA2 assigneen: will normally teke the form of an open-ended
invee:iga:ion requiring the use of stazistice and/or numerical anslysis.

Syllabus

Three-Dimensional Geometry

Vector triple products. Egquations of straight lines and planes.
(5)

Complex Variables

Functione of & complex varlable. Cauchy-Riemgnn equations. Transfocrmations
Loci. Applications.

(R)
Calculus

Sieple Inrnaduction to =mul-iple iInteqrals (including change of ocder and

crhange »f vartable). Pacr-ial diffecentisilon - chain rule. Stazlonary
poin"e and “heir nartuyre for a function of :wo varlables. Leplace
ctanefores - "helr use in solving differential equa'ions and simulzaneous
differenti1al eaqua’ inne., Fourier series - full and half-cange, exponential
fore.

(22)

CNAA HONOURS DEGREE/DEGREE
IN ELECTRONIC AND
COMMUNICATION ENGINEERING

Probability/Statistics

Introduction to stetistics. Collection and presentazion of data. Measures
of central tendency. Meassuces of dispersion. Permutations aend
coubinetione. Probability laewe; Bayes' Theorea. Simple correlation and
regression. Random varisbles. Probebility density func:lons. Probability
dietributions, eq, Blnomial, Poisson, nemaczive exponential end GCauesian;
enpectalon.

(12)

Numerical Methods

Errors and linesr (Interpolation. Introduction to numerical {ntegration
(eg, Simpeon's and Trapezoidsl rulee). Simple fters:ion. Newton-Raphson.
Recurrence relat lone. Numericel solution of lst order ordinery
differential equations. Cholesky decomposition.

(8)
Lectures - 53
Tutorials - &4
TOTAL HOURS - 99
BOOK LIST
K WELTNER_, J GROSIEAN, P SCHUSTER Masthematices for Engineers and
& W ) WFERER Sclentiste
Thornes, 1986
BOAS Mathematicsl Methods in the Physics
Sciences
Wiley
STEPHENSON Mathewmatical Methods for Sclence
Students
Longman
STROUD Laplace Transforams, Programmes and
Problems
Thocnes
SCRATON Basic Numerical Methods
Arnold
HUCTLL Advanced Statis:ics

Bell & Hyman



Jrd Year - MATHEMATICS III (D)

Alwe

Since thie will be the final year of Mathematices for degree students, the
overall ei®e of this eyllabus is to provide & rounding-off of the students’

sathewaticel educstlion. To eupport the engineering subjects, an
tntroduction to Vector Calculus s given, along with an elesentesry
treateent of Beeseel functione end pertial differentisl equations. In

eddizlon, the Stetistice covered in 2nd Yesr fe taken a etage fucrther and
wore vork fe done in Nueericsl Anelysis. The EA2 assigneent will involve
wetheestica]l wodelling, including the uee of the computer.

Syllabus
Celculus
Introduction to vector calculue. Sisple trestment of Bessel functione -

grephe. Simple partial differential equatione erlieing in comsmunication
engineering.

(12)
Complex Variables
Poles, zeroe, residues.

(8)
Probebility/Statistice
Sesepling. Dietribut ion of sample wean. Confidence fntervals.
Signifirsnce testing.

10)

Nusericeasl Anslysis

The sethod of leas: squares. Sys:ems of let order ordinary differential
equazions, 2nd order ordinary differentisl equations. Numericsl solution

of par-ial differentisl equations.
(14)

Lectures - 44
Tutoriale - 44

TOTAL - AA

BOOK LIST

R J MADDOCK

BOAS

SPILEGEL

KREYSZIG

SCHELD

HUGILL

CNAA HONOURS DEGREE/DEGREE
IN ELECTRONIC AND
COMMUNICATION ENGINEERING

Poles and Zeros in Electrical and
Control Engineering
Holt Rinehart

Mathematicdl Methods i{n the Physical
Sciences
Viley

Advanced Mathematics for Engineecs and
Scientiste
Schaum's Outline Series

Advanced Engineering Mathematice
Wiley

Theory and Probless of Numerical
Analysis
Schaum's Outline Series

Advanced Statistics
Bell & Hyaman



Jcd Year - MATREMATICS III(R)

Alas

At thie otage the Mathematice becomes rather wmore speciaslised and 1{o
designed to eupport the englineering toplice of the third year. Some of the
wsterfisle forms & beeils for fourth end fifth year wvork, this being
par-fculerly true of the Vector Calculue. Relevent aepplications of
Hethematice will {(nclude peartial differential equatione in an engineering
content, eg. vibretion, oecillstion end wvave equations. One such
applicetion will fore the basis for the EA2 sseignment.

Syllabue
Algedbras

Cowplex vacrlasbles - poles, zeros, residues. Introduction to contour
fntegration.

10)

Calculus

Seriees solution of ordinary differential equations. Steple treatnment of
Bessel functione - graphs. Sieple partial differential equetione arising
tn comsmsunicetlion engineering. Orthogonal functions. Fourler transforms.
Introduction to Vector Caslculus. Line, eurface end volume ({integrals.
Vector (dentities. GCsuse’ theorees and Stokes' theores. Conservative
flelde. Maxvell's equations. Z-transforws. Difference equations.

35)

Special Functions

The gesems and beta func:ione, their properties and use in the evaluation of

integrales. Ber and Bel functfons and their properties.
(10)
Lectures - 55
Tutorials - 4b

TOTAL - 99

BOOK LIST

KREYZIG

R J MADDOCK

B0AS

SPIEGEL

MEADE & DILLON

OPPENHEIM & WILLSKY

CNAA HONOURS DEGREE/DEGREE
IN ELECTRONIC AND
COMMUNICATION ENGINEERING

Advanced Engineering Mathematics
Viley

Poles and Zeros in Electrical and
Control Engineering
Holt Rinehart

Mathesatical Methods in the Phygical
Sciencee
Viley

Advanced Mathesatics for Engineers and
Scientiete
Schaum's Outline Series

Signels end Systems, Models and
Behaviour
Van Nostrand Reinhold

Signels and Systems
Prentice Hall



4th Year - MATREMATICS 1V (R)

Alas

Thie eyllebue contaline eome of the Staetistice and Matheasstice involved in
engineering toplice and provides & broadening of the etudent'e sethesatical
enperience, with some furcher work in Mumerical Analyesis and an
fntroduc:ion to Optiwisetion techniques and applicetions.

The wvork on queuing eyetems (Includes on (Introduction to Simulation.
Although the ewmphesie (e on underetanding Mathesatica, extensive uee of

pscuasgee (e sade throughout.

The EA2 gosigneent will be dased on the sfmsuletion of s queuing eyetea or
an Laveestigetion in the fleld of OR.

Syllabue

Probebilicty/Stetietice

Momente, ®woment genereting functlione, cheracteristic fuanctione, euss of
rendoe variebles, centrel lleit theorem, applicaltone to the distribuytion
of semple wean end to (ilnding confidence intervels of parasetera. Random
procesees, otationarity, sutocorrelstion end crose-correlatton.

(16)

Nuaericel Anslyetie

Sutzervorth ond Chebychev polynomiale and thetr proper:iee.
Appronieesrione. Solurion of polyncetal equetione (eq, Balrstow's method).
Spertiel wotriu eerhode. Cigenvelues end elgenvectore. Levineon-Durbin
ferurelion, Applicetinne to linear prediction. Finite difference schemes.
Snlution of evetems of equastione having banded estrices of co-efficlente.
Solytion af houndery velue problewss, (ncluding the uee of coesputer
pachages. Discrete Fourtier traneforme.

(14)
Optlimisation
Lineer progremming, (ncluding the eoleplex wethod. Integer prograseaing

tncluding the “raneporta-lon problems. Non-llneer progrewmsing, including
“he me " hnd of Lagrenge sul-ipliers. Use of sppropriste computer packeges.

(8.95)

CNAA HONOURS DEGREE/DECREE
IN ELECTRONIC AND
COMMUNICATION ENCINEERING

Queuing Syetems

The Poisson process. latcoduction to the M/M/1 queue Various
modificetions to the M/M/1 queue, with applications. Computer simulation
of queuing eveteme.

(82}
Lectures - 4%.9%
Tutortale - 22
TOTAL - 67.9%
800K LIST :
ZIONTS Linear and Integer Programaing
Prentice Roll
BUNDAY Besic Optimisation Methode
Arnold
COX & MILLER Theory of Stochastic Processes
Methuen
BALFOUR & McTERNAN Nusericel Solution of Equatione
Helnemann
LAM Anslogue and Digltal Filters
Prentice Hell
ALAKE An Introduction to Applied Probabilizy
Viley
PEEBLES Probability, Randos Variables ond

Rendom Signal Princlples
McGraw Hill



Course
Class
Teaching Hours

SCHEME OF WORK (1985/1986)

Year 4 (Honours)

oo oo oo

Recommended Reading ¢

chapter 1

B.Sc, Communication and Electronic Engineering

26 (1 hour per week) plus 1 tutorial hour per week
(1) Cox & Miller, Theory of Stochastic Processes,

(2) Zionts, Linear and Integer Programming
(3) Bunday, Basic Optimisation Methods

WEEK

TOPIC

LOCATION* | PROGRAM| WORKSHEET

Introduction to the Poisson process and

some results from Queueing Theory c
2 |The M/M/1 queue c
3 |Various modifications and extensions of
the M/M/1 queue C
4 |Uniformly distributed random nos, and
the generation of exponentially
distributed r.n.s L EXPRND | EXPRND
5 |Simulation of the M/M/1 queue L QUEUE
6 |Experiments with the M/M/1 simulation L QUEUE Q1
7 |Graphical solution of 2-variable
linear programming problems cM LINPROG
8 [(The general LP problem C
9 |The Simplex method C
10 |Duality and complementary slackness C
11 |LP problem solving L LINPROG| ~ LP1
12 |Sensitivity analysis L LINPROG|  LP2
13 |Parametric programming L LINPROG
14 |Graphical solution of 2-variable
integer programming problems C
15 [Branch and bound method for IP and MIP
problems (3 or more variables) C
16 |IP and MIP problem solving L LINPROG|  IP1
17 |Further IP and MIP problem solving L LINPROG
18 |Unconstrained non-linear programming
(classical methods) c
19 [Constrained non-linear programming
(constraint ellmlnatlon) c
20 |Constrained non-linear programming
(Lagrange multipliers) c
21 |Investigation of search methods C
22 |Investigation of gradient methods c
23 [Solution of tridiagonal systems of
equations o
24 [Solution of boundary value problems
(2nd order linear ODEs) c
25 |Investigation of finite difference
schemes L
26 |Solution of problems by finite
differences L OWN PROG

*

C: classroom; C/M: classroom with monitors;

L: laboratory




APPENDIX 4

Student questionnaires



Mathematics Questionnaire

1. Background

| Name of course
Year of study
Qualifications in mathematics
(including grades) eg SCE Higher B

2. Mathematics
In the following questions please tick the most appropriate answer.

a) Would you describe your mathematical abilities as?
qgood
average
poor

b) How would you rate your enjoyment of mathematics?

enjoy 1t very muc
okay
dislike

¢) In relation to the rest of your course, do you see the
mathematics content as

very useful
fairly useful
irrelevant

3. Computers

a) Have you used computers before ?
i) at college: regularly

occasionally

not at all

ii) at school: reqularly
occasionally

not at all

iii)elsewhere (eg at home| regularly
occasionally

not at all

b) Have you written your own programs ?

c) As an aid to learning mathematics, do you think that the use of
computers at school and/or college is

very useful
fairly useful
not useful

1) Do you enjoy (have you enjoyed) using computers at college (school)?
very much .
okay

not at all

4. It is entirely optional but it would be helpful to have your name (or
p§eud9nym) for comparison with future questionnaires . The information you
4ive 1s confidential and will be used only for research purposes.  If you use
. pseudonym please use the same one each time.

Name

'hank you for your help.



Student Questionnaire 1985/86

(All replies are confidential and are for research purposes only)

Where a multiple choice question is asked, it is best to reply according
to your first instinct. Where reasons are asked for, try to give the

question more thought and give a useful response,

s Is mathematics your |[favourite subject
least favourite subject
neither
2, Do you enjoy using computers in mathematics |very much
okay
not at all
3. Tick any of the following computer packages which you have used in
the mathematics laboratory this session:
GRAPH NEWTON NUMINT KUTTA
GAUSS LINPROG MEI(REG1, REG2) SURF (3D pictures)
4. For each package used, how would you rate the following aspects:
(1 - very highly; 2 - highly; 3 - okay; 4 - poor; 5 = very poor)
Name of package Ease of use Reliability Usefulness
of output
5. Which package did you find most useful?

Why?

SQ4



10.

11,

Have you used any PRIME computer packages this session (e.q.
MINITAB)?

If YES, do you prefer working on (a) the PRIME?
(b) the BBC micros?

Why?

In what ways, if any, do you think computer packages can help you
in mathematics (e.g. solving realistic problems, understanding
graphs, less arithmetic, experimenting with different parameters
in a problem, working at your own pace, etc.)?

During your mathematics course this sesson, do you think computer
packages were used:

too nmuch

about right

not enough

Do you think some computer-based work should be included as part
of your overall assessment?

Can you suggest any ways in which the mathematics laboratory could
be improved (e.g. more computers, lineprinters or deskspace, more
time for tutorials, more help available, more open access, better
worksheets, etc.)?

In the mathematics laboratory, do you prefer:
(a) supervised sessions?

(b) working on assignments in your own time?



say

12 In the mathematics laboratory, do you like to work:

on your own

in pairs

in a small group

13, In relation to the rest of your course, do yéu find the
mathematics content:

very useful

fairly useful

not at all useful

14. Do you own a micro (wholly or shared)?

If you gave your name (or pseudonym) on the first questionnaire, please
give it here also (the same one!):

Name:

Ma'(, ’ FQHQ'Q

Many thanks for your help.



Studernt Questionnaire

”
-

Computer packages for Mathematics

so2

tics ?

NODES
Title of course
Year of course
Sex
Do you enjoy mathematics 7 very much
okay
not at all
Have you previously used computer packages for mathema
a. on a mainframe frequently
occasionally
not at all
b. on & micro frequently

occasionally

not at all

Do you enjoy using computer packages in mathematics”?

very much

okay

not at all

For how many sessions have you used NODES? 1

2-9

Sd
Have you enjoyed using NODES 7 very much

okay
[Tnot at all

How would you rate NODES for the following features?
1 very highly 2 highly 3 okay 4 poor S very

ease of use

usefulness of screen output

reliability
“flexibility/options offered

poar



7.

10.

For which of the following reasons, 14§ any, would you recommend

using NQODES?

saz2

order d.e’s and systems of d.e’s

a. to enhance understanding of the nNumerical solution of lst

b. to check hand-calculated results

systems of d.e’s

c. to obtain numerical solutions of lst order d.e’s and

method, step size, initial conditions etc

d. to investigate the effect on the solution of varying the

_d.e's

e. to obtain graphical solutions, of d.e's or systems of

f. to obtain phase plots of systems f d.e’s

invglving d.e's

g. to determine and analyse the behaviour of a model,

h. to investigate the accuracy of numerical solutions

1. other reasons

l

Which features do you like most about NODES 7

Which features do you like least about NODES?

11. Do you consider numerical solution of d.e’s to be a useful topic

to

12.

13.

14.

Thank you very much for your help in filling in this Quastionnaire.

be included in your course?

Do vou think some computer-based work should be included &as part
sf your overall assessment?

In the mathematics micro-laboratory, do you prefer

supervised sessions

working on assignments
1N _your own time

both equally

In the mathematics micro-laboratory, do you prefer to

QN your aown

1N pairs

1A a small group

wor k




SQ3

8q3
Student Questionnaire 1986/87

(All replies are confidential and are for research purposes only)

Where a multiple choice question is asked, it is best to reply according
to your first instinct. Where reasons are asked for, try to give the
qQuestion more thought and give a useful response.

1. Do you enjoy mathematics very much

okay

not at all

2. Do you enjoy using computers very much

okay

not at all

3. Tick any of the following computer packages which you have used in
the mathematics laboratories this session:

GRAPH SURP NUMINT GAUSS QUEUE
NODES EIGEN LINPROG LPROG2D MICROTAB
a. If you have used any of the packages mentioned below, how would you

rate the following aspects:
(1 - very highly: 2 - highly: 3 - okay; 84 - poor: 5 - very poor)

Name of package Ease of use Reliability Usefulness
of output

GRAPH

NUMINT

LINPROG

NODES

QUEUE

5. Which package (of all the ones you have used) did you find most
useful? wWhy?



10.

11,

Sa3

Have you used any PRIME computer packages this session (e.g,
MINITAB)?

If YES, do you prefer working on (i) the PRIME?
(b) the BBC micros?
why?

In what ways, if any, do you think computer packages can help you
in nmathematics (e.g. solving realistic problems, understanding
graphs, less arithmetic, experimenting with different parameters
in a problem, working at your own pace, etc.)?

During your mathematics course this sesson, do you think computer
packages were used:

too much

about right

not enough

Do you think some computer-based work should be included as part
of your overall assessnent?

Can you suggest any ways in which the mathematics laboratorescould
be improved (e.g. more computers, lineprinters or deskspace, nore
tine for tutorials, more help available, more open access, better

worksheets, etc,)? Please state Lanh laloera M Merchiston
' (Plens ; at! c Cv\»alukhavt)

In the nathenmatics laboratory, do you prefer:
(a) supervised sessions?

(b) working on assignments in your own tine?



SQ3

12, In the mathematics laboratory, do you like to work:

on your own

in pairs

in a small group

13, In relation to the rest of your course, do you find the
mathematics content:

very useful

fairly useful

not at all useful

14, Do you own a micro (wholly or shared)?

If you gave your name (or pseudonym) on the first questionnaire, please
give it here also (the same one!):

Name:

noJ( l Ftw\‘lg

Many thanks for your help.



Student Questionnaire : SQ4

Computer packages for Mathematics

Title of course
Year of course
Male / Female

How would you rate your enjoyment of mathematics ?
(Circle the answer which corresponds most closely to your opinion.)

enjoy it very much -——-====cccccccnmcccccaa- > not at all
1 2 3 4

Does the use of the maths. science lab. packages contribute towards
your enjoyment of mathematics ?

very much =—==————cecccccmm e cc—ccceeee > not at all
1 2 3 4

Tick any of the following computer packages which you have used in
the mathematical sciences laboratories this session:

GRAPH NODES NUMINT LINPROG EIGEN
SURF DEPLOT NEWTON LPROG2D FOURIER
MEI TRIG EXPRND QUEUE COMPLEX
ALEVEL MICROTAB VIEW VIEWSHEET
For each of the packages mentioned below, which you have used, can
you rate the given aspects on & scale 1....... 4 as follows:
very highly ----- highly ----- okay =---- poor
1 2 3 4
package ease of use reliability usefulness range of
of software of screen options
GRAPH
LINPROG
NODES
SURF
MICROTAB




SQy

6. Do you think that the use of computer packages in mathematics has
helped you in any of the following ways:- (Tick for YES)

If YES, which package(s) ?

;
better understanding of a topic/ [
algorithm/method '
able to visualise solution
more clearly
solving problems
experimenting/ investigations E:]

working at own pace

checking results

report writing

7. Can you think of any other ways use of packages has helped?

8. Do you think some computer-based assessment should be included as
part of your overall assessment?

9. As an aid to learning mathematics, do you think that the use of
computer packages is
very useful -- - > not at all useful
1 2 3 4

Thank you very much for your help in filling in this questionna:re.

Mol 1122



Student Questionnaire SQN2

Computer packages for Mathematics

1. Title of course
| Year of course
Male / Female

2. How would you raté your enjoyment of mathematics ?
(Circle the answer which corresponds most closely to your opinion.)

enjoy it very much --=-=-=-—-——---——c—-—————--- > not at all
1 2 3 4

3. Does the use of the maths. science lab. packages contribute towards
your enjoyment of mathematics ?

very much =——-—==——--————————————————————— > not at all
1 2 3 4

4. Use of the mathematical sciences laboratory packages can involve
(amongst other things)

a) investigating a mathematical model
b) analysing the sensitivity of a solution
¢c) report writing

Can you rate each of these aspects under the given headings in

the table below on a scale 1l........ 4
eg l ——rmemeeee—- 2 - > 4 )
very interesting not at all interesting
interesting enjoyable useful towards
the rest of your
course

investigating a model

analysing sensitivity

report writing

5. Do you think some computer-based work should be included as part
of your overall assessment?

6. Does use of the lab. enhance your understanding of any aspects of
mathematics ?

yes,very much ---——-cccec—eeem————m——=———————— > not at all
1 e 3 4

If yes, which aspects ?



SQN2

The following questions refer to your use of the NODES package during
the current session, 1978/88.

7. For how many sessions have you used NODES? 1
2-5
>5

8. How would you rate NODES for the following features?
(Circle your answer)

very highly ---—-—------ > very poor
ease of use 1 2 3 4
usefulness of screen output 1 2 3 4
reliability of software 1 2 3 4
range of options 1 2 3 4
suitability for investigative/
experimental use 1 2 3 4

9. For which of the following reasons, if any, would you recommend
using NODES?

a. to obtain graphical solutions of d.e’s or systems of
d.e’s

b. to enhance your understanding of the solution of 1st
order d.e’s and systems of d.e’s

c. to determine and analyse the behaviour of a model,
involving d.e’s

d. to obtain phase plots of systems of d.e’s

e. to obtain numerical solutions of 1lst order d.e’s and
systems of d.e’s

f. to investigate the effect on the solution of varying the
method, step size, initial conditions etc

€. to check hand-calculated results
h. to investigate the accuracy of numerical solutions

i. other reasons

10. Which features do you like most about NODES ?

11. Which features do you like least about NODES?

------------------

Thank you very much for your help in filling in this questionnaire.



LINPROG

Student Survey

L PAQ

For each of the following statements, tick the column which corresponds
most closely to your own views, according to the following scale:

1,

2.

3.

10,

11,

12,

13,

. It was interesting to investigate the

5 strongly agree (W)
4 agree (V)
3 not sure or doesn't apply (?)
2 disagree (%)
1 strongly disagree (xx)

5 4

wW |V

I enjoyed using LINPROG

I couldn't understand what the program was
doing

Using LINPROG helped me understand the
Simplex method

Using LINPROG helped me understand the
concept of duality

I prefer conventional tutorials to using
LINPROG

sensitivity of the solutions of problems

I learn more by working it out by myself
on paper

I like to experiment with different
parameters and see how they affect the
solutions

LINPROG reinforced my understanding of
linear programming

I had difficulty using LINPROG

Using LINPROG helped me to understand the
branch and bound method for integer
programming

Using LINPROG made the topic more interesting

I did not learn anything new about linear
programming

w

/e, . ..



LINPROG

LPAQ

14, Knowledge of linear programming techniques
would be useful when working in industry or
commerce

15, I am only really interested in passing my exams|

16, Similar computer programs should be used to
enhance the learning of other topics

17. I prefer to work by myself on the computer

18, The program was user friendly

wW

L

XX

Please add any other comments you wish to make about LINPROG here:



NODES

Student Survey

NAQ

For each of the following statements, tick the column which corresponds
most closely to your own views, according to the following scale:

1.

2.

3.

10,

11,

12,

13

14,

strongly agree
agree

disagree
strongly disagree

DWW,

I enjoyed using NODES

I couldn't understand what the program was
doing

Using NODES helped me understand numerical
methods for solving differential equations

Using NODES helped me understand stiff
equations

. Using NODES helped me understand the effect

of errors on the solution
I prefer conventional tutorials to using NODES

It was interesting to investigate the
sensitivity of solutions to d.e.s

I learn more by working problems out on paper
I like to experiment with different parameters
in the program and see how they affect the
solution

Graphical solutions of d.e.s are easier to
understand than numerical values

I had difficulty using NODES

NODES reinforced my understanding of the
behaviour of solutions of d.e.s

Using NODES made the subject more interesting

Investigating a model using NODES is a useful
exercise

not sure or doesn't apply

(V)

(v)

(?)

(x)

(xx)
5 4 3 2 1
\/\/ v ? x XX

/15. . . .



NODES

15, I did not learn anything new about solving
differential equations

16, I am only really interested in passing my exami

mathematical
17. Experience of investigatinggmodels would be
useful in industry

18, Similar computer programs should be used to
enhance the learning of other topics

19, I prefer to work by myself at the computer

20. The program was user friendly

W

L

- W

XX

Please add any other comments you wish to make about NODES here:

NAQ



APPENDIX 5

Staff questionnaires



. . Lal
Sta{f Questionnaire 1984 | 85

I. During the 1984/85 session, did you make use of the facilities in
the mathematics laboratory:

(a) for a formal class meeting

in their own time

(¢) on your own

(d) not at all

(b) by setting assignments for students to complete —
I

S

——

(complete Section IV onwards) )

II. If your answer to I includes (a), (b) or (c) then, for each of the
packages listed below, which you have used, please indicate your
rating and any comments:

Package Name Rating Comments
Very

Good Poor
1 2 3 4 5

J

GRAPH

TRIG

NEWTON

NUMINT
KUTTA

EIGEN |
DEPLOT |
[
|

QUEGE
\BM.STAT i

III. If your answer to I above includes (a) or (b),

1. List classes involved:

2. How often, on average, did you use the lab for formal class meetings?
(tick cne answer)

(a) more than 2 hours per week

(b) 1 to 2 hours per week

(c) less than 1 hour per week

(d) less than 1 hour per week

LT



LQi
Staf Questionnaire 19gy | s

3. PFor which of the following purposes did you choose to use the
packages available in the laboratory:

(a) an improved teaching method ! l
i
(b) a means of solving more realistic problems ! !
A
(c) to carry out investigations and/or experiments .
| \
(d) to carry out (mini) projects ! ‘
(e) any other (please specify) l ‘
——

4. For each of the categories in (3) above, indicate how successful
you rate the experience:

Very successful | Fairly successful[ Not successful

Answers to the following guestions would be much appreciated:

l. Can you suggest improvements to the existing software?

2. What additional software would you like to see provided?

3. What other lab facilities would you like improved?

4. In what way does the availability of the packages in the lab
affect your approach to teaching?

Vs



LQl

Staff Questionnaire 1184 |eS

V. If your answer to I above is either (c) or (d), please indicate
which of the following reasons apply:

(a) use of the microcomputer considered inappropriate . !
i y
(b) appropriate software not yet available l
L
(c) back-up materials (e.g. worksheets) not available '
l__
(d) lab already booked f
|
(e) teaching not at Merchiston !
| ;
(f) other - please specify !
e )

VI. Please add any other comments which you feel may be helpful:



staff Questionnaire 198586

During the 1985/86 session, did you make use of the facilities
in the mathematics laboratory:

(a) for a formal class meeting

(b) by setting assignments for students to complete in their own
time

(c) on your own

(d) not at all (please complete question 7)

For each of the packages listed below, which you have used,
please rate the package for the aspects listed.

(1 very highly; 2 highly; 3 fair; 4 poor; 5 very poor)

LQ2

[0

Package reliability ease of use usefulness
of output

GRAPH

TRIG

NEWTON

NUMINT

KUTTA

EIGEN

DEPLOT )

QUEUE

GAUSS

LPROG2D

LINPROG

EXPRND

SURF

M.E.I.

L

How often, on average, during the first 2 terms, did you .s= =72
lab for formal class meetings? (tick one answer)

(a) more than 2 hours per week
(b) 1 to 2 hours per week
(c) less than l hour per week

{d) less than 1 hour per montn

1IN

L



Staff quastionnare 192s|2¢

For which of the following purposes did you choose to use the
mathematics laboratory?

(a) to re-inforce/ enhance understanding of an algorithm/ method
(b) as a means of solving more realistic problems

(c) to carry out investigation and/or experiments

(d) to set student assignments using packages

(e) to set student assignments/ projects involving students
writing their own programs

(f) any other (please specify)

For each of the categories in (4) above, indicate how successful
you rate the experience

very successful |fairly successful |not successful !

(a)
(b)
(c)
(d)
(e)

(£)

Can you suggest any improvements to the organisation gf the
mathematics laboratory (eg layout, peripherals, technical
support) ?

Have any of the following reasons prevented you from making use
of the mathematics laboratory when you would have liked to?

(a) class size too large D
(b) appropriate software not available [:]
(c) back-up materials (eg worksheets) not available [:]
(d) lab already booked [:]
(e) teaching not at Merchiston [:j

(f) other - please specify [::

LQ2

]
[




La3

3.

LQ3

Staff Questionnaire 1986/87

During the 1986/87 session, did you make use of the facilities in
either of the mathematics laboratories:

-

for a formal class meeting

by setting students assignments to complete in
their own time

on your own

not at all (please complete question 10)

Packages

Circle any of the following computer packages which you (or your
classes) have used in the mathematics laboratories this session:

GRAPH  SURF TRIG EIGEN NEWTON NUMINT M.E.I.
NODES KUTTA DEPLOT GAUSS EXPRND QUEUE MICROTAB
LINPROG LPROG2D COMPLEX BM-STAT VIEW VIEWSHEET

Software

For each of the packages listed below, which you have used, please

rate the goffware for the aspects listed.

(1 very highly; 2 highly; 3 fair; 4 poor; 5 very poor)

Package reliability ease of use usefulness flexibility
of output / options

GRAPH

NODES

LINPROG

MICROTAB

SURF

COMPLEX




LQ3

Worksheets

For each of the packages below, please 1list any lab. worksheets
which you have used this session (by number or topic) and give a
rating for each:

Worksheets used Rating
(1 very highly....5 very poor)
GRAPH
NODES
LINPROG
MICROTAB

Would you like more worksheets to be provided in the laboratories?
If vyes, for what topics?

Which packageg)(of all the ones you have used) did you find most
useful?  Why?

How often, on average, during the first 2 terms (2nd term only at
Craiglockhart) did you use the laboratories for formal class
meetings?

Merchiston Craiglockhart
1

more than 2 hours per week

1 to 2 hours per week

1 to 4 hours per month

less than 1 hour per month




10.

LQ3

For which of the following reasons did you choose to use the
mathematics laboratory?

to reinforce/ enhance understanding of an algorithm/ method

as a means of solving more realistic problems

to carry out investigations and/ or experiments

to set student assignments using packages

' to set student assignments/ projects involving the student
writing programs

preparation of classwork/examinations/worksheets etc

other (please specify)

Improvements to laboratories

a) Do you think permanent technical support is required
in or near the laboratories?

b) Do you think the mathematics department requires
i) larger laboratories
ii) more laboratories

c) Do you think instruction sheets are required for
i) each package in lab.
ii) general use of packages, printers etc

d) What other improvements %

Have any of the following reasons prevented you from making use of
the mathematics laboratories when you would have liked to ?

class size too large

appropriate software not available

worksheets not available

insufficient class time

lab already booked (please state approx. number of occasions)

lab out of order (" = . . " )




LQ4
Staff Questionnaire 1987/88

buring the 1987/88 session, did you make use of the facilities in
either of the mathematics BBC laboratories:

for a formal class meeting

by setting students assignments to complete in
their own time

on your own

not at all (please complete question 8)

How often, on average, during the first 2 terms did you use the
laboratories for formal class meetings?

more than 2 hours per week

1 to 2 hours per week

1 to 4 hours per month

less than 1 hour per month

OR total no. of hours during session

Packages

Circle any of the following computer packages which you (or your
classes) have used in the mathematics laboratories this session:

GRAPH NODES NUMINT LINPROG EIGEN
SURF DEPLOT NEWTON LPROG2D FOURIER
MEI TRIG EXPRND QUEUE COMPLEX

ALE

VEL MICROTAB GAUSS VIEW VIEWSHEET



LQL

For which of the following reasons did you choose to use the
mathematics laboratory (for supervised sessions or to set
assignments ) ?

to reinforce/ enhance understanding of an algorithm/ method

as a means of solving more realistic problems

to carry out investigations and/ or experiments

to set student assignments/ projects involving the student
writing prograns

preparation of classwork/examinations/worksheets etc

other (please specify) (eg€ student motivation)

Would you like more worksheets to be provided in the laboratories?
If yes, for what topics?

What additional computer packages would you like provided in the
BBC laboratories ?

Did you include any computer-based work as part of the student’s
overall assessment for any course this session ?

Have any of the following reasons prevented you frgm making use of
the mathematics laboratories when you would have liked to ?

class size too large

appropriate software not available

worksheets not available

insufficient class time

lab already booked (please state approx. number of occasions)

lab out of order (" " " " ! )

class not based at Merchiston or Craiglockhart

------------------

Thank you very much for your help in filling in this questionnaire.



Staff Questionnaire LQL2
Computer packages for Mathematics

LINPROG

1. For which course did you use LINPROG:
Title of course:
Year of course :

2. For which of the following reasons, if any, did you choose to use
LINPROG?

a. to enhance understanding of the Simplex method
b. to enhance understanding of duality

c. to solve realistic L.P. prbblems

d. to carry out a post-optimal analysis

e. to solve integer programming problems

f. other reasons

3. For each of the categories above, indicate how successful you rate
the experience.
very successful ---—------=-=-- > not successful
a. 1 2 3 4
b. 1 2 3 4
) 1 2 3 4
d 1 2 3 4
e. 1 2 3 4
1 2 3 4

4. How would you rate LINPROG for the following features?

very highly ----—-===--- > very poor

ease of use 1 2 3
usefulness of screen output 1 2 3
reliability 1 2 3
flexibility/options offered 1 2 3

LS S S



LQL2

5. Which features do you like most about LINPROG?

6. Which features do you like least about LINPROG?

7. Can you suggest any improvements ?

8. What was the students reaction to using LINPROG ?

9. What kind of support material did you use with LINPROG ?
e€ handouts, worksheets etc.
(A copy of of any such tutorials or worksheets would be much

appreciated. )

10. Did you include some computer-based work using LINPROG as part
of the overall assessment for the course?

11. Can you suggest any other topics for which a similar package would
be beneficial ?

------------------

Thank you very much for your help in filling in this questionnaire.



LQN2

LQN2

Staff Questionnaire - NODES

For which of the following purposes did you choose to use NODES

a

b

to obtain &raphical solutions of d.e.’s or systems of d.e’s.
to obtain numerical solutions of d.e’s or systems of d.e’s
to investigate the accuracy of numerical solutions

to enhance understanding of the solution of 1st order
d.e’s or systems of d.e’s

to investigate the effect on the solution of varying method,
step size, initial conditions etec

to obtain phase plots of systems of d.e’s
to determine and analyse the behaviour of models involving d.e’s

any other (please specify)

For each of the categories above, indicate how successful you rate
the experience.

very successful ----—-e-c-—--- > not successful
a. 1 2 3 4
b, 1 2 3 4
o 1 2 3 4
d 1 2 3 4
e. 1 2 3 4
> 1 2 3 4
€. | 2 3 4
h. 1 2 3 4

How would you rate NODES for the following features?

very highly ----=——ce--o > very poor
ease of use 1 2 3 4
usefulness of
reliability = —oroon output : < . .
flexibility/options offered 1 2 3 4



LAN2

5. How often did you use NODES for

a) supervised sessions
b) student assignment

c) classroom demonstration

6. Which features do you like most about NODES %

7. Which features do you like least about NODES ?

8. Can you suggest any improvements ?

9. What was the students reaction to using NODES ?

10. What kind of support material did you use with NODES eg handouts,
worksheets etc ? (A copy of any tutorials or worksheets would be much
appreciated. )

11. Did you include any computer-based work using NODES as ; art of the
overall assessment for the course ?

Thank you very much for your help in filling in this quest..onair=.



APPENDIX 6

External questionnaires



Student Questionnaire sQu

Computer packages for Mathematics

LINPROG
1. Title of course
1 Year of course
Sex

2. How would you rate your enjoyment of mathematics ?
(Circle the answer which corresponds most closely to your opinion.)

enjoy 1t very much --------—--cecccccccne——- > not at all
1 2 3 u

3. Have you previously used computer packagesg for mathematics ?
a. on a mainframe frequently

occasionally

not at all

b. on a micro . frequently
occasionally
not at all

4., Do you enjoy using computer packages in mathematics?

very much -—=—ccececacaacaaa- B ittt > not at all
a8 2 3 u
5. For how many sessions have you used LINPROG? 1
2-5
>5

6. Have you enjoyed using LINPROG?

very MUCh —ccceccmcmccccccccccccccee e > not at all
1 2 3 4

7. How would you rate LINPROG for the following features?

very highly -=========- > very poor
ease of use 1 2 3 4
usefulness of screen output 1 2 3 u
reliability 1 2 3 u
flexibility /options offered 1 2 3 u



Sauy

8. For which of the foilowinz reasones, 1f any, would you recommend
using LINPROG?

a. to enhance understanding of the Simplex method
b. to sélve realistic L.F. problems

c. to solve integer programming problems

d. to enhance understanding of duality

e. to check hand-calculated results

f. to carry out a post-optimal analysis

2. Other reasons

9. Which features do you like most about LINPROG?

10. Which features do you like least about LINPROG?

11. Do you think some computer-based work should be included as part
of your overall assessment?

12. In the mathematics micro-laboratory, do you prefer
supervised sessions

working on assignments
in your own time

both equally J

13. In the mathematics micro-laboratory, do you prefer to work

—

on your own

in pairs

in a small group

l4. Can you suggest any other topicg for which a gimilar package would
be beneficial ©?

M R R T R N R S S

Thank you very much for your help in f1illing in this questionnaire.



Laud
Staff Questionnaire

L. For which of the following purposes did you choose to uze
LINFROG 7

‘a) to re-inforce/ enhance understanding of the Simplex
meatihod

i) to solve realistic L.F. problems

(Z) Lo solve 1nteger pragramming problems

(d) as a means of carrying out post-optimal analysis

(@) to set student assignments

(¥) any other [(please specity)

2. Tur wach of the categories above, indicate ow successrul
yiou rate the grperi2nce
very successful fairly successful [not successful
(&)
()
(c)
i)
(=)
)

3. How would you rate LINFROG for gach of the Follow1nglfestures ?
L very nighly 2 highly T okay 4 poor S very pooar

reliability

flexibility/options offered

ease of use

vsefulness of screen output

4. How often did you use LINFROG for

a) |supervised sessions

b) |student assignment

e) lzlassroom demonstration




S« Which features do you like most about LINFROG 7

4. Which features do you like least about LINPROG?

7. Zanm youw suggest any improvements 7

o
Insd

3. Whe was the students reaction to using LINFROG 7

?. What kind of support material did you use with LINFROG eg
handouts, worksheets etc 7 (A copy of any tutorials or worksheets
would be much appreciated. )

10. Can you suggest any other topics for which a similar pachage would
be beneficial 7



APPENDIX 7

Summary of student interviews, 1986



Student A (male), ACl1

Chemistry is his favourite subject but mathematics is mostly interesting
and he expects it to prove useful, He enjoys the use of computers in
mathematics very much because it involves 'learning by doing’ and allows
more work to be done because calculations are so fast. During lectures,
which he finds long and boring, he is too busy taking notes to learn much,

He enjoyed doing the computer-based assignment and would welcome more

investigative work of that nature.

Student B (female), AC1

Her favourite subjects are computing and mathematics, which she finds both
interesting and enjoyable, She thinks that the use of computer packages
has helped her to understand some aspects of mathematics better. Graphical
output is particularly helpful, All the packages used this year were
helpful but she would have liked to spend more time using them and to do
more investigative work. She thinks that computer packages should have

been used in mathematics in 6th year at school,

Student C (male), AC1

He is not interested in mathematics and does not enjoy it at all, but
believes that it might be of use to him some day. He enjoys the use of
computers and thinks that some packages can help in learning mathematics,
for example, by drawing graphs or for numerical integration. He did not
pay attention during laboratory sessions and found the assignment
difficult, Nevertheless he thinks that more use should be made of
computers both during tutorial time and for setting assignments to be done

in their own time,



Student D (male), CEE4

He enjoys mathematics, more so now because of the practical applications.
It is useful, relevant and interesting. Computer packages are good for
checking results. Their use can also aid understanding by allowing more
examples to be solved and by illustrating results graphically (e.q.
Fourier analysis). He found LINPROG especially useful when learning the
Simplex method and would like more investigative work, He enjoys writing

his own programs too.

Student E (male), CEE4

He does not find mathematics interesting or enjoyable but thinks it would
be if it were more practical, More help is needed to get started when
using computers or packages, He needed frequent assistance during
laboratory sessions, as he does in normal tutorials also. Using LINPROG
to reinforce the Simplex method for linear programming problems was "far
superior to the lecture", He returned to the laboratory on his own
several times to use the package, It helped with the branch and bound
method for integer programming problms also. An introductory course on
the facilities in the laboratory would be useful, as would handing out

worksheets in advance of the session.

Student F (male), CEE4

His favourite subject is computer engineering but mathematics is quite
interesting. He derives satisfaction from solving a problem, Computers
can help in the learning of mathematics because "they allow what if
questions", In general, he thinks that writing his own program is more
beneficial than the use of packages but he found both LINPROG and QUEUE

helpful. He thinks that the worksheets should contain more information



about the methods being used and the program. They could be given out in

advance.

Student G (male), SIS4

Mathematics is his favourite subject at college though he did not enjoy it
much at school. He finds college mathematics more relevant and
practical. He enjoys using computers, too, but prefers to write his own
programs for mathematics. He has written two programs during the year,
one for random numbers and one for a search method. Oon the whole, he
sees more value in these exercises than using prepared packages, with the
exception of KUTTA and LINPROG, In particular, LINPROG helped him to
understand the branch and bound method for integer progamming problems.

"It was not clear from the lecture and notes",

Student H (female), SIS4

This student is older than average. Mathematics is her favourite subject
and always has been. She considers it to be a practical subject but
derives her satisfaction from getting results. She has no confidence in
the use of computers. Her initial experience of computing in first year
was discouraging and she has never recovered. She was one of only four
in the class who had no previous computing experience, and the lecturer's
attitude was that he was not going to hold up the rest of the class for
them. She was not offered any additional or remedial help. She does
not see how computers can help towards learning mathematics but cannot
dissociate use of computer packages from programming,  She finds micros
less intimidating than the mainframe, and is happier working on her own or
with a friend with no lecturer present so that nobody sees her "silly

nistakes". She is scared of experimenting,



Student J (male), SIS4

He likes mathematics more now than two years ago because it seems more
directly relevant - for example, when modelling real-life situations. The
use of computers in mathematics helps a lot towards this. He feels
confident about using a computer package to solve a problem. Solving
'hard' problems in the laboratory helps him to solve 'easier' ones by hand
later, LINPROG helped particularly when using the branch and bound
method to solve integer programming problems. He did not really
understand the method from the lecture but did after using LINPROG and
constructing a tree diagram, Writing one's own programs also aids
understanding - for example, the algorithm for a search method. He
considers all his work in the mathematical sciences laboratories to have
been helpful, including the use MINITAB the previous year, and a positive
contribution towards the course. He has twice used the laboratory in his
own time. He cannot remember computers having been used much in other

subjects.

Student K (female), SIS4

Chemistry is this student's favourite subject but she enjoys mathematics
too. She thinks that computers are useful for getting answers quickly
but do not help you to learn mathematics as they do not show how they
arrive at the answer. "I must know what is happening", Computers can
be useful for drawing graphs and 3-D surfaces. She does not consider

mathematics to be very useful,



APPENDIX 8

Results of questionnaires SQ0 (1986, 1987), SQ1, SQ3, SQ4



Results of initial questionnaire SQ0, 1986, 1987

1986 1987

AC1 SIS4 CEE4 SIS4 CEE4

Mathematical ability: good 1 4 3 7 10
average 16 10 10 12 13

poor 2 0 2 1 0

Enjoyment of mathematics: very much 4 7 4 2 7
OK 12 7 11 17 14

not at all 3 0 0 1 2

Mathematics course: very useful 9 8 8 4 16
fairly useful| 9 6 7 14 7

irrelevant 0 0 0 2 0

don't know 1 0 0 0 0

Previous use of computers:

at college: regularly 1 12 5 13 5
occasionally 7 2 10 7 18

not at all 11 0 0 0 0

at school: regularly 1 2 3 0 3
occasionally 7 2 5 6 9

not at all 11 10 7 14 11

elsewhere: reqularly 2 1 5 2 3
occasionally 5 4 6 6 11

not at all 12 9 4 12 9

Written programs? yes 6 14 12 16 19
no 13 0 3 4 4

Use of computers as aid very useful 11 4 4 4 5
to learning maths: fairly useful| 7 8 6 12 10
not useful 0 2 5 3 4

don't know 1 0 0 1 4

Enjoyment of use of very much S 5 3 3 4
computers: OK 1 5 9 9 12
not at all 2 4 3 8 5

don't know 11 0 0 0 2

Number of replies 19 14 15 20 23




Results of questionnaire SQ1, 1986

AC1 SIS4 CEE4
Enjoyment of mathematics: favourite subject 0 5 0
least favourite subject 6 0 1
neither 1 3 12
Enjoyment of computers very much 2 3 1
in mathematics: OK 4 4 12
not at all 1 1 0
Amount of use of too much ‘| 0 0
computer packages: about right 3 8 13
not enough 3 0 0
Should some computer- yes 5 5 5
based work be assessed? no 2 3 8
Preferred mode of supervised sessions 2 4 7
working: working in own time 2 3 3
no preference 3 1 3
Preferred mode of on own 4 3 8
working: in pairs 2 5 4
in small group 1 0 1
Mathematics course: very useful 1 3 7
fairly useful 3 5 6
not at all useful 3 0 0
own a micro: yes 0 3 7
no 7 5 6
Packages used: GR7 | GR5 | L 13
GR = GRAPH GA = GAUSS N ¢ N 3 K 1
N = NEWTON K = KUTTA L2 L7 (GA 1
L = LINPROG S = SURF K ¢
S 2
Number of replies: 7 8 13
Male 4 5 13
Female 3 3 0




Results of questionnaire SQ3, 1987

SIS4 CEE4
Enjoyment of mathematics: very much 1 6
CK 15 17
not at all 0 0
Enjoyment of computers very much 4 7
in mathematics: OK 9 16
not at all 3 0
Amount of use of too much 3 3
computer packages: about right 12 18
not enough 1 2
Should some computer- yes 5 15
based work be assessed? no 10 8
don't know 1 0
Preferred mode of supervised sessions 10 14
working: working in own time 3 6
no preference 3 3
Preferred mode of on own 6 1
working: in pairs 8 19
in small group 2 3
Mathematics course: very useful 4 13
fairly useful 11 9
not at all useful 1 1
Own a micro: yes 4 1
no 12 22
Packages used: G 4| G 23
G = GRAPH M = MICROTAB L16 | L 23
L = LINPROG S = SURF Q15 | Q 18
Q = QUEUE L2 = LPROG2D E 14 |L2 8
E = EIGEN M 5
S 6
Number of replies: 16 23
Male 10 a1
Female 6 2




Results of questionnaire SQ4, 1988

SIS4 | CEE4
Enjoyment of mathematics: very much 4 2 4
l 3 8 12
2 0 1
not at all 1 1 0
Enjoyment of computers very much 4 1 3
in mathematics: l 3 5 9
2 5 5
not at all 1 0 0
Should some computer- yes 6 8
based work be assessed? no 5 9
Use of packages as an very useful 4 1 5
aid to learning l 3 6 8
mathematics 2 4 4
not at all useful 1 0 0
Packages used: G 5| G 13
G = GRAPH S = SURF L11 | L 17
L = LINPROG Q = QUEUE N 9 | N15
N = NEWTON L2 = LPROG2D E 8| Q 7
E = EIGEN S 11 |L2 8
Number of replies: 11 17
Male 5 17
Female 6 0
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Results of questionnaires SQO (1987), SQ2, SQN2



Results of questionnaire SQ0, 1987

CEE1 % CEE2 %
Mathematical ability: good 9 15 10 18
average 47 77 37 67
poor 5 8 8 15
Enjoyment of mathematics: very much 3 5 7 13
OK 48 79 44 80
not at all 10 16 4 7
Mathematics course: very useful 38 62 26 47
fairly useful| 23 38 28 51
irrelevant 0 0 1 2

Previous use of computers:
at college: reqularly 47 77 25 45
occasionally 11 18 29 53
not at all 3 5 1 2
at school: reqularly 13 21 7 13
occasionally 21 35 20 36
not at all 27 44 28 51
elsewhere: regularly 17 28 6 11
occasionally 23 38 24 44
not at all 21 34 25 45
Written programs? yes 55 90 54 98
no 6 10 1 2
Use of computers as aid very useful 20 33 9 16
to learning maths: fairly useful| 27 44 30 55
not useful 8 13 12 22
don't know 6 10 4 7
Enjoyment of use of very much 19 31 10 18
computers: OK 32 52 33 60
not at all 4 7 21 20
don't know 6 10 1 2

Number of replies 61 55




Results of NODES questionnaire SQ2, 1987

(All results are given as percentages)

CEE1 | CEE2 [combined
Enjoyment of mathematics: very much 2 17 8.5
OK 88 76 83
not at all 10 7 8.5
Enjoyment of computers very much 6 17 11
in mathematics: OK 67 71 69
not at all 27 12 20
Previous use of frequently 0 5 2
computer packages occasionally 35 9 24
for mathematics: not at all 65 86 74
No. of sessions 1 4 7 5
using NODES: 2-5 71 62 67
>5 25 31 28
Enjoyment of very much 0 14 6.5
using NODES: OK 75 76 75.5
not at all 25 10 18
Is numerical solution of yes 63 81 71
d.e.s a useful topic? no 25 7 17
don't know 12 12 12
Should some computer- yes 65 57 61
based work be assessed? no 29 38 33,5
don't know 6 5 5.5
Preferred mode of supervised sessions 12 21 16
working: working in own time 45 29 38
both equally 43 50 46
Preferred mode of on your own 39 43 41
working: in pairs 43 28,5| 36
in a small group 18 28.5| 23
Number of replies: 51 42 93
Male 51 41
Female 0 1




Results of NODES questionnaire SQN2, 1988

(All results are given as percentages)

CEE2
Enjoyment of mathematics: very much 4 4
3 60
l 2 32
not at all 1 4
Does use of laboratory very much ¢ 0
contribute towards your l 3 26
enjoyment of mathematics? 2 58
not at all 1 16
Ratings for aspects of laboratory work: interesting|enjoyable|useful
(4 very highly - 1 not at all)
investigating a model: 4 11 4 15
3 62 35 45
2 27 53 38
1 0 8 2
analysing sensitivity: 4 4 0 7
3 35 23 38
2 50 68 49
1 i1 9 6
report writing: 4 2 0 6
3 10 4 34
2 46 41 34
1 42 55 26
No, of sessions using NODES: 1 6
2=5 44
>5 50
Does use of laboratory very much ¢ 11
enhance your understanding l 3 50
of any aspect of 2 35
mathematics? not at all 1 4
Should some computer-based yes 78
work be assessed? no 22
Number of replies: 50
Male 50
Female 0
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Staff interviews, 1989



A,

1.,

Donald

Classes involved:

Class No.of students Description of use of laboratories

CEE1

EWM1

CEE2

BSc Building 1 30 1 laboratory tutorial on numerical

45 5 hours mathematics per week

1 introductory laboratory session

1 optional session using MUMATH
(computer algebra)

1 EA assignment, based on GRAPH
package, to investigate wave-
forms and introduce Fourier

series

30 4 hours mathematics per week
supervised sessions
2 assignments
(a) investigation of exponential
functions, using GRAPH
(b) 2-variable linear programming

[ 8]

integration

encouraged to use FOURIER series
package and SURF (3-D graphs)
in own time

Teaching approach

He has found it difficult to find time to fit in laboratory
sessions and would like to do more, as he feels that the use of
computer packages is often a good approach. The CEE1 assignment
worked well, being both useful and relevant, He frequently
relates work in class to packages available in the laboratories
and encourages the students to go and try them out., Students ask
more questions both of each other and of lecturers when working in
the laboratory. He enjoys teaching more as a result of using
computers, With recent improvements in hardware and software it is
difficult to see how one could avoid using computers, Other

resources used are a video and a gquest lecturer.



Impact on the mathematics curriculum

The use of computer packages has resulted in a change of emphasis
in some areas, He uses computers to reinforce ideas and to
explore them further, for example, with numerical integration.
More use is made of graphical output and more time spent on
experimental and investigative work. However, there is at
present insufficient time to fit in laboratory time on a regular
basis and syllabi should be redesigned to accommodate this.
Assessment

Computer-based assignments have been used as part of overall
assessment for 3 years. Style of examination questions has not
altered,

Future developments

Software and hardware will continue to improve and be more readily
available, Syllabi must be changed to include regular

time-tabled laboratory work. Computers should be available for

use at any time during lectures,



B.

1.

John

Classes involved

Class No.of students Description of use of laboratories

SIS3

SIS5

MET2

BSc App. 12 4 hours mathematics per week plus 2
Physics 1 hours for special entry students

15 2 hours mathematics per week

Approximately 6 laboratory tutorials
for numerical analysis and
modelling.,

Laboratory lectures using MATHCAD

10 2 hours mathematics per week

Approximately 8 ad hoc laboratory
tutorials at intervals through-
out the year

Weekly laboratory session for
special entry students (but
standard entry came too!)

Laboratory tutorials for graphical
work, trigonometry and matrices

12 4 hours mathematics per week

Used weekly; laboratory tutorials
using NODES for numerical
analysis; stand-alone course
using MUMATH + assignment

Teaching approach

Use of laboratory is integrated into lecture material - i.e. use
packages when that part of syllabus is reached. Packages are
used to investigate both methods and models, to enhance
understanding and to eliminate tedious arithmetic, He relies
heavily on graphical output, Computers are used to do things that
cannot easily be done by hand, for example, graph sketching,
numerical analysis, modelling, He encourages the students to
work in pairs because they learn more that way.

The mathematics students (SIS, MET) are good at techniques
and manipulation, but have trouble with concepts. For example,
the idea of steady state is difficult to get across analytically,

but is obvious when seen graphically on a computer.



He uses questions during laboratory sessions to probe
understanding. The questions asked are more demanding
conceptually. He often leaves the student to think about it and
comes back later, Laboratory sessions mean continual work for
the supervising lecturer, usually with one pair of students at a
time., Students are more responsive, It is not a suitable
environment for whole «class discussion. Weaker students
sometimes do better in the laboratory - the differences are not so
noticeable. The potential is there to provide greater challenge
for the more able students, but he hasn't achieved this yet., Use
of computers makes learning more self-paced and passes more
responsibility to the students. The students want to get stuck
into it by themselves.,

He feels that with several classes he has 'broken the barrier’'.
Students are 'quite familiar with the lab and happy to use it’,
Physics students use the GRAPH package for physics work during
their own time. Other students use packages by themselves and go
and view videos a second time in the Open Learning Unit.

His use of the laboratories has gradually increased from one
ten-minute classroom demonstration a few years ago to occasional
laboratories and now, for most classes, to a regular laboratory
session replacing a conventional tutorial as an integrated part of
the teaching,

The use of computers has increased his enjoyment of teaching
greatly. Certain topics, such as the phase solutions of
differential equations, have become alive for him, too, through
the new approach,

In the «classroom his teaching style is changing to a

lecture/tutorial mix using interactive handouts. For these, he



uses overhead projector slides, The students get a copy of the
notes with some details missing which they fill in as the lecture
proceeds., The handout also contains examples for the students
to do. He stops frequently to allow them to complete these.

Impact on the mathematics curriculum

There has been a considerable impact on the curriculum, In
numerical analysis, for example, he no longer teaches 4th-order
Runge-Kutta methods by hand but does now include the stability of
numerical methods, using NODES to investigate the solution as the
step length varies. He has introduced more discrete mathematics,
such as non-linear difference equations (leading to chaos). Leslie
matrices have been reintroduced in SIS5 because the difficult
mathematics can be done by computer, He uses computer algebra
packages to do mathematics that they could not otherwise do, thus
showinq the power of such packages.

In general, syllabi are changing to include topics which lend
themselves to computers. Techniques are played down and more
time is spent on applications and investigating models involving
the use of differential equations. Some topics have been
dropped, for example, stochastic processes. Differential
equations now form almost two-thirds of the SIS5 course whereas,
formerly, they occupied one-third,

Assessment

Most laboraotry tutorials are assessed as part of coursework. He
feels that students are already overburdened with coursework and
report writing so these are usually completed in class time. Some
are extended assignments but, again, mostly done in class time.
Assignments may include both analytical and numerical work. The

exception is SIS5 which has no assessed coursework yet, though



some is planned for the session beginning Autumn, 1990,

He has used computer-generated exercises to replace class tests
(for statistics and differential equations). Numerical methods
are assessed mainly by coursework. Examination questions on
numerical methods are concerned with the behaviour of methods,
conceptual questions based on work done in the laboratories. He
uses printer output from both MINITAB, MUMATH and MATHCAD in
examination questions, particularly for SISS.

He feels that laboratory sessions where the students work through
and fill in a worksheet which is then assessed for coursework have
been the most successful, They provide good feedback on the
student's grasp of concepts and mathematics involved due to the
nature of the questions asked, Set assignments don't reveal a
student's understanding of mathematics so well,

Student attitudes

As a result of using computers to aid their learning, he believes
his students enjoy their mathematics course more, are more
interested and attentive, more motivated and more mathematically
confident, Their ability to communicate improves dramatically.
Some students show more desire to experiment - NODES is
particularly good for this, The mathematics students tend to ask
more questions and discuss more with each other, though at first
the questions are concerned with the operation of the computer and
package.

Future developments

There will be better computer algebra and scratchpad type
packages, such as DERIVE and MATHCAD, which could be used to help
students understand mathematical techniques. Calculus syllabi

must change, particularly for engineers who will use packages



extensively.

The laboratory environment could be improved by arranging small
groups of desks and computers in U-shapes, This would allow a
more relaxed atmosphere and encourage co-operation within a group

but insulation from other groups.



cC.

1.

Ton

Classes involved

Class No.of students Description of use of laboratories

CEE2

CEE3

CEE4 (Hons) 26 2 hours mathematics per week

SIS4

45 1 laboratory session using NODES
1 EA assignment using NODES

24 3 hours mathematics per week

Laboratory lectures, about 50% of
time using a computer-illustrated
text for statistics and 50% using
NODES for numerical analysis

6 laboratory lectures and tutorials
for linear programming

2-3 laboratory tutorials for non-
linear programming methods

13 3 hours mathematics per week

Laboratory tutorials, usually one
hour per week, for linear
algebra, integer programming
and non-linear programming.

Uses EIGEN, SURF, GAUSS and LINPROG

Teaching approach

Several classes are time-tabled in the laboratory so that the use
of computers can be fully integrated into the course, to be used
whenever suitable. In practice they are used for about 50% of
the class time. Packages are used for graphic illustration, to
eliminate tedious arithmetic, enhance understanding, increase
motivation, to check results (of algorithms) and for investigative
work, For example, by using a 3-D graphical package to draw a
surface, students can see the minimum point or saddle point
previously located using calculus. This boosts their confidence.

The use of computers allows students to solve problems which would
take far too long to do otherwise, such as integer programming
problems using the branch and bound method. This is a

particularly successful use of computers which combines the use of



a package (LINPROG) with pen and paper work (to construct a tree
diagram), The investigation of many mathematical models would
not be possible without computers, NODES has been used very
effectively to investigate the behaviour of given models.

He encourages students to work in pairs at the computer. Often
one is happy to use the machine whilst the other acts as scribe.
Other resources used include the overhead projector, videos on
mathematical modelling and a self-paced learning text to replace
conventional notes,

Some of his classes have tutorial time shared with another
lecturer, As he is not so free to use this time as he would
wish, computer use with these classes replaces lecture time, Other
classes are time-tabled wholly in the laboratory and there is no
distinction between lectures, tutorials and computer use, Often a
class is a mixture of these, The students spend more time
working by themselves; there is less formal lecturing. He spends
less time than previously teaching techniques, for which they now
use the computer, and uses the saved time to extend some topics,
for example, linear programming. He asks students more questions
in the laboratory and students are more responsive., They spend
more time doing interesting things, Investigations are presented
in an open-ended way to encourage students to take them as far as
they like,

He enjoys teaching more as a result of using computers. There is
less drudgery, and it is more interesting, Sometimes, when
lecturing, he wishes a computer were available to demonstrate
something,  When in the laboratory, he spends more time talking
to students on an individual basis, which promotes a closer

relationship,



Impact on the mathematics curriculum

The syllabus has not changed. The same topics are taught but the
emphasis within many topics has changed. In many cases, time
saved on computation is used to extend the topic. For example,
in linear programming, whereas students used to spend a lot of
time solving examples by hand, they now solve more problems on the
computer and more time is available for post-optimal analysis. In
the past, numerical analysis consisted solely of learning
techniques. Now there is no need to do lots of examples by hand
using methods such as 4th-order Runge-Kutta, The students spend
more time on error analysis which is much more easily understood
using graphical output from NODES, More time is spent doing
experimental and investigative work, The teaching of probability
and statistics has also changed.

Assessment

30%¥ of overall assessment for CEE classes is now covered by
laboratory assignments (Engineering Applications assignment).
Starting next session (1989-90), CEE3 will do a formal laboratory
assessment under examination conditions.

In examinations, he no longer asks arithmetic-type questions in
topics for which computer packages have been used. For example,
students would not be asked to solve a linear programming problem
by the Simplex method. They might be given a solution and be
asked to interpret it or analyse it further. SIS4 still get a
data sheet for the branch and bound method to tackle integer
programming problems,

Student attitudes

A few students do not like using computers but the majority enjoy

it and are happy to be doing less tedious computation., Most have a



natural instinct to experiment. Their problem solving skills and
investigative skills improve, probably because they spend more
time talking about the problem and its solution, They do not
have to wade through a series of manipulative and computational
steps, and thus spend more time thinking about the problem, If
their formulation is wrong, it doesn't take too 1long to
reformulate and get a new solution,

There is more discussion amongst students and the questions they
ask the lecturer tend to be more complex, often concerning the
meaning of a result rather than the techniques used to obtain it.

Future developments

There will be more and better software, probably on PC-compatible
computers, Some topics must be pruned from the syllabus. More
discrete mathematics 1is required for engineers and less
traditional calculus.

There will be a move towards student-centred learning. Chalk and
talk for an hour is seldom effective, but students still need
formal contact time, Groups of students could work on given
materials with staff present to help when requested - not unlike a

primary school atmosphere,



D. Robin
1. Classes involved
Class No.of students Description of use of laboratories
MET1 15 2)% hours mathematics per week (avge)
Use mainframe for MINITAB tutorials
for 50% of tutorial time,
Demonstration to whole class
then set assignments
MET2 20 3 hours mathematics per week
Use mainframe for MINITAB for
regression and student t-tests,
about 6 hours in total
MET3 20 Stochastic processes
MSc Water 10 MINITAB: analysis of real data sets,
Management 6 hours
SIS Hons. 2 hours, mathematical modelling
Biology with sets of simultaneous non-
linear differential equations
2. Teaching approach

Most of his teaching is statistics and he uses MINITAB with most
classes, He explains concepts in class, hands out exercises
during a tutorial session, then follows this up with a laboratory
session, The use of packages saves much routine calculation and
reinforces concepts more effectively than chalk and talk, Packages
are also useful for illustrating some ideas such as confidence
intervals, and to give students experience of setting up and
analysing real data sets. Tutorial sessions are split about
50:50 between classroom and laboratory. The latter are less
formal, The students normally work singly but interact a lot. He
always has asked a lot of questions, but probably even more so in
the laboratory,

He feels that a few years ago he tended to use computers too much

and too soon, but has achieved a better balance now.



Impact on mathematics curriculum

Some statistical topics which used to be taught very theoretically
can now be approached in a practical way using real data sets, for
example, Box-Jenkins ARIMA models, and confidence intervals,
Students use real data sets for project work., For an SIS Honours
Biology project the student fitted a model using real data
obtained from laboratory experiments.

Assessment

More extensive projects are undertaken as a result of using
packages. These may involve wusing several packages and
generating numerical solutions,

For computer-based assignments he generates individual data sets.
This reduces 'coursework by committee'. Students can discuss the
work with each other, but not copy results,

Future developments

MINITAB is not necessarily the best package for teaching
statistics, There is a need to investigate other ones. There
will be more emphasis on experimental data analysis and
non-parametric statistics,

It would be nice to have a good classroom layout for lectures with
terminals on hand but unobtrusive, Coursework needs updated, He
would like notes, exercises and sample output incorporated into

single booklets, appropriate to the different classes taught.



E. Sandra
1, Classes involved
Class No.of students Description of use of laboratories
S1S2 30 3 hours mathematics per week
Laboratory tutorials using MINITAB
SIS3 10 2 hours mathematics per week
Laboratory lectures using LINPROG
Set assignments using LINPROG and
MINITAB, 10 hours total
BSc Biology 50 2 hours mathematics per week
Laboratory tutorials, using MINITAB,
integrated into curriculum;
30 hours continuously assessed
BSc Life 50 Laboratory tutorials using MINITAB,
Sciences one per week
Quantity 50 Laboratory tutorials using MINITAB,
Surveyors two hours per week
2. Teaching approach

Computer packages are used to eliminate tedious arithmetic and
thus allow the students to understand more and 'do' more. They use
data in context ('real' data) and spend more time on
interpretation, Familiarisation with packages can also be
important for their future careers. She encourages students to
co-operate but prefers them to work at their own terminal where
possible, Other resources used include overhead projector slides
(with overlaps) and MINITAB workbooks which she has written. These
booklets are also used by other members of staff,

Lectures are less formal than they used to be. She uses the
MINITAB workbooks and hopes that the students will have previously
looked at the notes, The use of computers is integrated into
the curriculunm, In the laboratory, she asks students more
questions, which tend to be more demanding and take longer to

respond to, There is more support for weaker students as the



lecturer can keep prodding the student to interpret the results.
This is particularly true in BSc Biology which has continuous
assessment. The minority who have a mental block against computers
do not necessarily benefit, There is more challenge for more
able students, as they can experiment more and discover more
possibilities than with pencil and paper.

Computer-based learning is more student-centred. During
laboratory sessions, students work through MINITAB booklets at
their own pace and the computer package offers them more freedom
to explore a topic in different ways, to choose from a variety of
outputs or to seek additional help when necessary. She uses
computers with most classes and feels hampered when not able to do
so, Teaching with the aid of computers is more interesting and
enjoyable; it generates interesting discussions with students on
points which would not have come up otherwise. The use of
packages has benefitted her own understanding of the practical
side of handling data. This cannot be gained from theoretical
study.

Impact on mathematics curriculum

The use of computer packages has led her to a completely new
approach to teaching statistics, i.e. starting from data rather
than starting from theory. The balance of importance between
topics has changed. There is more emphasis on regression and
hypothesis testing. Students used to spend time working out
means, standard deviations and frequency tables. Now the
emphasis is more on understanding. Within topics the balance has
shifted from calculation to interpretation,

There 1is more experimental and investigative work - most

statistics comes into this category. Hopefully, students get a



better understanding by doing investigations.

Project work often involves collecting data from the student's own
discipline (for example, biology, chemistry, business studies) and
using statistical packages to analyse it,

Assessment

Two courses have continuous assessment which is mainly
computer-based, In other courses, the coursework component is
usually computer-based, for example, SIS3 has one assignment using
LINPROG and one using MINITAB,

The types of question asked in examinations have changed, She
would no longer ask a student to calculate a mean and standard
deviation or carry out a t-test, The question would either
include all or part of the answer, or computer print-out is given
and the student is required to pick out the solution and interpret
it. For example, several tableaux of linear programming using
the Simplex method might be given,

Student attitudes

Some enjoy their mathematics course more as a result of using
computers, some less, Students tend to ask more questions, some
of which are very basic ('How do you log in?'), and some which are
more to the point - they are not sidetracked by the arithmetic.
They are more likely to work co-operatively and discuss work
amongst themselves,

Future developments

New, Dbetter packages will become available on PC-compatible
computers., The use of packages will be written into statistics
curricula,

Classes are moving away from traditional lecturing and assessment

methods towards a more student-centred approach.
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Summary of student interviews with CEE2, March 1988

Student A

This student enjoys mathematics and finds it interesting. The
computer assignment was reasonably straightforward. It was very
interesting to obtain a visual representation of the solution of a model
and to observe the effect on the solution of changing the parameters of
the model, He did not consider the subject matter relevant to the
course since they had not spent much time on differential equations during
the session and had not previously learnt about phase-plane trajectories,
He did not appreciate that there was any wider benefit to be gained other
than learning about the Van der Pol oscillator. However, he did feel
that observed effects such as transient solutions, 1limit cycles and
damping had a wider relevance,

The student's previous experience of using NODES the previous year
enabled him to get started on the project quickly, but he spent a long
time on it and produced a great many hard-copy graphs, many of which
showed only small changes in the solution, When he came to write his
report he could only use some of the graphs and found he ran out of things
to say about slightly different solutions. He does not "really know what
they're looking for in a write-up", i,e. a description of what happened in
the package or a write-up based on knowledge gleaned from books.
Nevertheless, he reckons he has developed a good style of report writing.

He usually works alone in the laboratory but collaborated with a
friend to produce graphs more quickly as that process is time-consuming
and tedious, He found that varying one parameter at a time and
superimposing many graphs aided his understanding of the model. The

slowness of the package when calculating results was frustrating,



Student B

Student B doesn't like computers! He feels disadvantaged
compared to some of his fellow students since he had no experience at
school and did not enjoy or cope well with the PASCAL programming course
in first year. He does not consider computing studies to be as important
as 'examinable' subjects, therefore does not devote much time to thenm.
He cannot see any benefit in using computer packages in the mathematics
laboratory, The assignment was neither interesting nor relevant to the
course, Nothing similar was done in class. The first year differential
equations project was a bit more relevant,

This student does not feel he has gained anything from the use of
computers this year but thinks he will do so in later years of his course,
He works on his own in the laboratories and elsewhere as he prefers to
stick to his own ideas. He spent the minimum amount of time in the
mathematics laboratory doing his assignment but quite a long time doing
background reading and the writing-up. "All I want out of it is a good
mark". He thinks that the majority of his class would agree that they
just want a good mark and are not really interested in the assignment, It
would have to play a much greater role in the overall assessment before he
took any more interest in it, for example, if there had been a question on

Van der Pol oscillators in the final examination.

Student C

This student considers his course to be a good one and enjoyed
this year's mathematics laboratory assignment. He found it particularly
interesting to investigate the effect on the model solution of varying
single coefficients in a differential equation, He considers NODES to ke
"a good visual aid to understanding differential equations" and that its

use has enhanced his general background understanding of differential



equations and what they represent, He also appreciates that differential
equations play an important role in electrical work.

He finds the report-writing stage of an assignment important as it
forces him to draw conclusions from his laboratory work (i.e. pile of
graphs), and thus builds up a complete picture of the model. He believes
that the standard of his report-writing has improved since last year. This
is due both to practice and greater knowledge enabling him to describe the
behaviour of the model in more technical terms and to relate computer
results back to the physical model,

Investigative assignments are designed to "build up an overall
picture of what is going on in a field rather than just the theory that is
thrown at you for exams", and thus he would not expect the model chosen
for investigation necessarily to have been covered in classwork. There
is "no point in knowing all the theory and how to solve all the equations

if you've never come across practical applications",
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LINPROG

Total scores for individual statements

Statement Total score
(column total)

1 134

2 146

3 113

4 108

5 115

6 116%

7 86%

8 126

9 124

10 146

11 123

12 134

13 121

14 113%%
15 T4%%
16 120%%
17 95%%
18 101%%

Note: * 1 missing data item
** 5 missing data items
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'ﬂ.nen'pgl Compoutnt A nd“s_u

M8 > pca cl1-ci8

Eigenanalysis of the Correiation Matr:x

28 cases used

Eigenvalue
Proportion
Cumuiative

rilgenva.ue
Proportion
Cumui.iative

Eigenvaiue
froportion
Cumuiative

variable
Cl
Cc2
C3
C4
C5
Ccé6
c7
c8
C9
Ci0
Cll
Cl2
Cl3
Cl4
Cl5
Cl6
Cl7
cl18

7 cases contain missing va.ues

4.1938

0.
0.

233
233

1.0260

0.
0.

057
807

0.3054

SO SOSsSOSSeSOSSsSOSsS S

0.
-7 E

0

0.7

PC4

.187
.038
.363
.348
.011
.064
. 329
. 003
. £853
.048
.350
.335
.210
..46
.284
. 343
.09.
.197

2.6153
0.145
0.378

0.8132
0.045
9.852

0.2031
0.01.
0.983

PC2
0.394
-0.405
-0.0.2
-0.226
0.082
0.277
0.053
0.270
-0.243
-0.200
-0.201
0.057
-0.341
0.384
0.112
0.040
-0.212
0.074

2.4441

0.
0.

136
514

0.5981

0.
0.

033
885

0.1545

0.
0.

009
99.

PC3

.029
.307
.226
.291
.428
.150
.238
.376
.026
.088
.047
.2419
. 289
.440
.01l
.123
.081
.426

1.6606

0.
0.

092
606

0.48.7
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0.

027
9.2

0.0846

. 005
. 996

rc4

.27
LA TT
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.34
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222
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...89
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. 006
.049
..62
.138
. 004
.263
.+49

1.4534

0.
. 687

0

08.

0.4137

0.
0.
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935

0.0556

Q.
. 999

003

£C5

.18
.-40
cadld
.08
.037
. .04
.06
.255
. 137
.6.5
. a32
221
.202
.096
.079
. 205
. 547
.0.8

1.1338
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)
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0.3489

0.
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0.9
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0.0.42
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.539
.223
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.04
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.029
.4+52
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.026
.2360
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.1.0
.061
.566
.036
. 248
. .04
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NODES

Total scores for individual statements

Statement Total score
(column total)
1 95
2 96
3 87
4 77
5 92
6 T4%
7 92
8 57%
9 95
10 105
11 99
12 94
13 95
14 101
15 88
16 71
17 98
18 100
19 82
20 93

Note: * 1 missing data item




NODES :

Principal Component

Annhsﬁ

MTB » pca ¢cl-¢c20

Eigenanalysis of the Correlation Matrix

23 cases used

Eigenvalue 6.6892
Proportion 0.334
Cumulative 0.334
Eigenvaiue 0.8234
Proportion 0.041
Cumuiative 0.831
Eigenvalue 0.2025
Proportion 0.010
Cumulative 0.970
Eigenvalue 0.0245
Proportion 0.001
Cumulative 0.999
Yariable PCl
Cl -0.137
C2 -9.228
C3 -0.251
C4 -0.117
C5 0.003
(of ) -0.187
Cc7 -0.197
cs8 -0.107
C9 -0.296
Cleo -9.213
Cll -0.157
Ci2 -0.317
Cl3 -0.280
Cl4 -0.322
Cl5 -0.247
C16 -0.267
C17 -0.322
Ccis -0.244
Cl9 -0.140
Cc20 0.115

2.5284

0.

126

0.461

0.7209

0

0.

.036

868

0.1842

0.
.979

0
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0.0112
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0
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9.6333

0
o
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o
0
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o
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. 987

PC3
.070
. 297
vddd
.284
.470
«ETL
.145
.166
.101
.059
.232
172
.327
.016
.376
.263
.026
. 304
.018
.081

2 cases contain missing values

2.0603

0.
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0.5458
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926
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.136
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.071
. 283
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Results of questionnaire SQL1



Results of questionnaire SQL1, Dundee, 1988

Enjoyment of mathematics: very much 4 0
3 8

2 3

not at all 1 0

Enjoyment of computers very much 4 0
in mathematics: 3 6
2 5

not at all 1 0

Previous use of frequently 2
computer packages occasionally 9
for mathematics: not at all 0
No. of sessions 1 2
using LINPROG: 2-5 9
>5 0

Enjoyment of very much 4 0
using LINPROG: 3 9
2 2

not at all 1 0

Should some computer- yes 1
based work be assessed? no 9
Do you prefer: supervised sessions 6
working in own time 1

both equally 3

Do you prefer working: on your own 1
in pairs 3

in a small group 5

no preference 1

Number of replies: 11

Male 5

Female 6
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Mathewaliis Teachine 25
D. Mackre

EXPLORING LINEAR PROGRAMMING WITH A BBC MICRO

Backqround

The Linear Programming Learning package which I shall desribe and
demonstrate is one of a number which have been developed at Napier College
as part of a research project in the field of computer-based mathematical
education, It is intended for use by students on a variety of degree and
diploma courses in which linear programming and/or integer programming is
studied,

Early versions of the package were used with students last session
with encouraging results, This latest version will be used more widely
during this session and an evaluation exercise will be carried out,

Aims

It is NOT a self-learning package. The user is assumed to have
been introduced to linear programming in his course before using the

package.
The aims of the package are:

(i) to enhance student understanding of linear programming and,
in particular, the Simplex Method;

(ii) to facilitate problem solving which involves the use of
linear programming;

(iii) to facilitate the solving of integer programming problems
by the branch and bound method;

(iv) to encourage investigative work.

In more general terms, computer-based packages of this nature can
be used to increase student interest and generate discussion. Questions
of the 'What happens if ...?' sort are encouraged because the result can
usually be readily demonstrated.

Design Philosophy

L, The user must feel that he is in charge of the situation and
choosing which path to follow, or which facilities to use, The
programs are thus menu-driven,

2. Input of data should be straightforward - in as familiar a format
as possible - with an opportunity to correct mistakes,

3. There is never too much text on the screen at one time - this is
discouraging =- but, rather, the different options are described
briefly and a help facility is included to provide more detail
when necessary for the inexperienced user,

4, There is an explanation of user errors whenever possible.

5, The package enables different levels of use.



6. To accompany the computer programs we have prepared worksheets for
the students, The material included in the worksheets ranges
from straightforward exercises through realistic problems to
opportunities for investigative work, e.g. a sensitivity
analysis,

7. Above all, the package must be ROBUST and RELIABLE,

Facilities
The package copes with three main classes of problem:

(a) The restricted class of linear programming problems where one is
required to

either Maximise f(x)
subject to gj(xX) ¢ by
or Minimise f(x)
subject to fj(x) > bj
There are many realistic problems of this nature. For these
problems the user can follow a tableau by tableau display through
the Simplex Method, The user is asked to select the pivot
element, to decide when the solution is optimal and to extract the
solution from the final tableau,
Minimisation problems are solved by first forming the dual
problem, The algorithm used by the program follows that taught
to our students,
(b) General linear programming problems where any combination of

constraints is allowed,

For these problems, the program uses a BIG-M method but only the
solution is given to the user,

Integer and mixed integer programming problems - the initial
problem is solved as for a general linear programming problem,
The user can then add further constraints and solve the new
problem thus formed or return to the initial set of constraints,
Thus the branch and bound method can be implemented with ease,

I shall demonstrate the program with some examples selected from

the worksheets.



Nathematics Teaching 8¢

Computer-based Mathematics in Further Education
D. Mackie

I.Background

The mathematics department at Napier College has been involved in
innovative work with computers for several years now. The main usage
has gradually shifted from main-frame to microcomputers, firstly FET
and AFFLE micras, and, now, BBEC micros.

In September, 1984, our first mathematics laboratory was installed.
This contained a network of 10 BBC micros linked to a 30 megabyte
dinchester disk and a lineprinter. Later a graph plotter was added.

This year we have purchased 20 BBC Masters and a second larger
laboratory will soon be in operation. This second laboratory is
necessary to cope with larger classes and multi-site operation. We
also have several stand-alone micros which are available to staff onlv
for classroom use and software development.

The laboratory is used by many different classes, from ist to
final year students studying a wide range of diploma and degree
courses. [t i3 also available to students on an open access basis when
not being used by a class.

The purpose of the mathematics laboratory 13 not to teach
students programming but to assist in the learning of mathematics. To
this end a variety of sottware 1s provided, the software being stored
on the large central disc. This includes many programs developed
in—-house as well as some commercial packages and programs obtained
from other academic institutions. Topics covered include graph
plotting, various numerical methods, linear programming, Qqueue

s1mulation and statistics.

]

2.Who, how. why

So much for the set up. Who uses it and why?

Any lecturer may choose to use the laboratory with a class or to set
work to be completed :n the student’s own time. A class held in the
mathematics laboratory normally replaces a convential tutorial session
at whieh the student has a sheet of problems to work through. In the
laboratory he is given a worksheet related to the topic being studied
and requiring the use of a particular program or programs.

Alterratively, the lecturer may take a stand-alone machine into the
classroom for a demonstration during a lecture.

It is not always appropriate to use a computer. Many different
t2aching aids and media are available to teachers today and the
computer should only be used if 1t has been selected as the best
method for the teaching purpose intended. To justify its use, it i1s
essential that a computer-based lesson should have clearly defined
ob jectives.

The most frequent objectives are
a) to enhance student understanding of an algorithm or method
b) to solve more realistic problems
c) to carry out investigations or experiments
d) to obtain a graphical solution to a problem
e) to carry out simulations.

Having formulated an objective, the extent to which we can achieve
it depends on two things:-

. the design of the available software

-

<. the way in which we use 1t.



S.Software design considerations

Consider,first, the qualities required of software designed for
laboratory use :-

It must be reliable and easy to use. The user must be confident in
his or her use of the package in order to concentrate on the
mathematical aspects of the topic being studied.

The screen layouy is important. It should encourage easy
assimilation of the information it conveys. It must be as concise as
possible whilst leaving the user in no doubt as to range of options
open to him at that stage. Colour can be used to enhance the screen
preseritation and highlight particular words or figures.

Ther 2 should be good use of graphics - a pictorial representation of
a problem or a result can greatly improve a student’s understanding of
that problem or solution. '

The program must be flexible, with the ability to vary paramters. to
re-run, and,where appropriate, to offer a choice of outputs. This is
essential for i1nvestigative work.

The program should be interactive - that does not mean the
"push—-space-bar’® syndrome but genuine interaction with the user which
requires him to make decisions.

Difierent modes of use of a program should be offered where possible
e step by step through a method, or , solution only - the former is
nzually an aid to understanding whilst the latter aids investigations.

1l these design features will be illustrated by the program NODES,
which i3 currently under development at Napier College and
demorstrated here.

This program solves crdinary differential equations by a choice of
JIunge—-tutta methods or a predictor-corrector method. The method and
step size can be varied and the program re-run to compare 2 or more
solutions. Output is graphical or tabular and, if the analytic
solution is known, it, too, can be plotted to be compared with the
numerical solut:on. Control of the program is by menu making it very
easy to change parameters of the original problem and re-run it.

NOCES greatly facilities problem solving and investigations and can
2nhanc?2 a student’'s understanding of the methods used.

The design of worksheets wilich accompany computer programs 1s also
important. Again, the objectives of each worksheet should be clearly
~nouyht out and the content constructed towards achieving them.

S1ven apcropriate software and worksheets, the hand’s on laboratory
appro=ach allows the students to solve problems, to experiment, to
2i389ver and to deduce results. One of the advantages of a computer
over a teacher 1s that the student is not embarrassed by his mistakes
and 13 therefore more likely to persist in his attempts to find a
solution. The laboratory environment encourages the development of an
investigative approach towards mathematics.



Packages can be used for both classroom demonstrations and laboratory
sessions with just slight modification or change of emphasis.
For a classrocm demonstrations, it is preferable if the package allows
pre-prepared data from a disc file - for example, a matrix - to be
used to avoid lengthy input during a lesson. It i1s important to have
tried out examples beforehand and chosen suitable input data values
eg a starting point for finding a root by Newton-Raphson iteration.
The package must also allow the teacher to step through the output
(particularly tabkles of results) at his own pace so that he may stop
and explain interesting features when he wishes.

In general, the procgram designer must use the computer to do what it
is good at but leave the teacher the freedom to direct it. Teachers
are superior to machines when it comes to presenting the overall
pictura, promoting discussion and drawing conclusions. The teacher
should. therefore, be in sufficient control to make the mathematical
points he wishes to, when he wishes, using the functions and :
parameters he considers appropriate.

4. Evaluation

Evaluation of the impact of the use of computers in mathematics 1s
currently being undertaken at Napier College. Results so far 1ndicate
that most studerts enjoy using computers in Mathematics. (93% of
sample) . The proportion of students who considered that the use of
computer packages can greatly assist in the learn:ing of mathematics
‘higheast rating) irncreased from 434 to S7% during the session. and the
progortion who considered they were of no use (lowest rating)
decreased from 147 to 4%. During interviews with 1ndividual students,
the main advantages cffered were improving understanding of particular
algorithms or methods, saving tedious calculations, the opportunity to
expariment and obtaining graphic output. It is satisfying to note that
these relate closely to the intended object:ves.

iUse cf the laboratory within the department is increasing, as shown by
the table below:-

Tvp= of use No. of staff
1984/8S 1985/86

for a formal class meeting 7 il

set assignment to be completed
1n students own time . s

usaed for | or more hours
per week on average

“
(L]

The linear programming package [1] was particularly popular with
students as, by removing the tedious arithmetic but not the decisions,
it aided understanding of the methods involved. Starf found that, by
using this package, the2ir students could tackle post-optimal analysis
ard integer programming problems which were not praviously possible.



S. Conclusi10ns

The use of a computer -an greatly enhance a students mathematical
experience.

To maximise that e:perience it is essential to use appropriate,
well-designed software.

I believe that the impact on the students learning of mathematics
will be determined by the quality of the software and the way in which
we use it. .

Refrerence
—— it

1. "Exploring Linear Frogramming with a BBC micro", Froceedings of
"Mathematics Teaching 85" conference, University of Edinburgh,
S=ptember 19783S.
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Mathemabics and Stolistes Curricula in Higher Educalon for the 19905 1139

DI'QAA Hukl'

Computer-based investigations in mathematics

Introduction

The desirability of including investigative and experimental work in
the mathematics curriculum has been accepted for some time now [1].
Investigative work in groups assists the development of teamwork and
cooperation between students whilst also encouraging initiative and
application of a broad range of skills. Recent changes in school
syllabl and examinations reflect this new approcach, as, for example,
in the new Scottish standard grade, and appropriate course material is
becoming more widely available within the school sector.

However the need for investigative work applies at all levels of
mathematical education, including tertiary level. The demands made on
mathematicians and engineers working in industry are such that they
must be able to apply their mathematics to a wide range of problems in
the real world, interpret the results of their work and present thenm
in a form that 18 understandable to non-mathematical colleagues.
Despite restrictions of timetable, class size or time, it is important
to include problem solving, experimental and investigative work in the
mathematics curriculum of higher education courses.

Use of computer packages can greatly extend the nature and scope of
such work. This papers offers a guide to choosing software suitable

for student investigations. The use of one particular package, the
assessment of the students performance and their reactions to it are
described. The impact on the mathematics curriculum is also
discussed.

Which computer package?

The most immediate advantage of using computers for student
investigations is the enormous increase in the range and relevance of
the problems that can be tackled, due to the elimination of tedious
and often lengthy calculations. However, repeatibility, that is the
ability to vary the parameters of a problem and observe the effect on
the solution when the calculations are repeated, is equally important.
It is by experimenting that the student develops a feel for the
properties of the system being studied and the physical significance
of the results (2]. Each student can work at his or her own pace and
meet each new step in the investigation as and when ready. Yet another
benefit arises if alternative outputs can be obtained from the same
problem, eg graphs, tables of results, a statistical chart etc.



Computer-based mathematics packages may be designed with one or more
of & number of educational objectives in mind. The most common ones
are demonstration/ electronic blackboard use, drill and practice,
computer-aided instruction, simulation, investigations and modelling.
In fact, a 1list of obJjectives should be the starting point of the
design of any software unit (3]. Not all mathematics packages,
therefore, are suitable for student investigations, and use of an
inappropriate one is at best frustrating and inefficient but may even
result in loss of motivation and failure to complete the
investigation.

Some basic requirements for computer programs suitable for
investigative work are listed below. They must be

1. reliable and easy to use

Any educational software unit must be user-friendly and
robust to enable the user to gain confidence in its use.

2. flexible

The ability to experiment, ie, to modify the original

input data, initial conditions or any parameter
interactively and re-run the program is absoclutely
crucial.

3. user-controlled

A menu-driven program can provide a flexible route
through a program offering a variety of methods, where
applicable, and a choice of outputs. The user is thus
in control of the situation and can choose which program
path to follow.

4. able to provide graphical output wherever possible.

The package NODES, developed at Napier College, has been specifically
designed to facilitate investigative work and problem solving. The
package solves single or systems of first order differential equations
numerically. It satisifies all the c¢riteria mentioned above and, in
particular, its highly flexible and interactive structure makes it easy
to alter problem parameters and examine the effect on the solution
either graphically or numerically.



Student Investigations

Mathematics students at Napier College are introduced to computer-
based investigations in the Mathematical Sciences Laboratory, a
networked system of BBC micros. A wide range of software is
available, backed up by carefully constructed worksheets. The
laboratory is used for both supervised tutorial sessions and
unsupervised open access work by students.

The NODES package has been used by first and second year students on
the Communications and Electrical Engineering (CEE) degree course at
Napier to carry out investigative assignments in connection with the
engineering applications content of their mathematics course. A
typical assignment has involved constructing a methematical model of an
electrical or mechanical system, using NODES to analyse the behaviour
of the model and to investigate the effect on the solution of varying
the parameters of the model, and, finally, presenting a written report
of the results.

One investigation designed for use with NODES directs the student to
model the Van der Pol oscillator and analyse its behaviour by

constructing phase portraits. For this investigation the students are
given the non-linear Van der Pol equation

Y '+ uy’(y2-1) + =0 ...t (1)

where u > 0.

Letting vy, = y and y, = y’, equation (1) becomes
Y, =Y
‘ Yzl - MY;(I-le) - Y)
This pair of first order equations is the input to NODES.

For u = 0.75, figure 1 shows solutions for 2 sets of initial conditions
(1) y(0) =0, y'(0) =1

(11) y(0) =3, y’'(0) = 3
1*5:9(2»V*

—6 75."(2).([ V(l)"Z) V(l)
L5 step si1ze = 0.

4th order Runge—Kutta Method Figure 1

-2.10 e



FPigure 2 shows the phase-plane trajectory, 1ie ¥y plotted against 9.
for the first of these solutions. If the phase plot of the second
solution is superimposed on the first they are seen to tend towards the
same limit cycle as shown in figure 3. Phase plane trajectories are
not covered in the teaching. prior to doing the exercise . The

students ‘'discover' them in the course of working through the
assignment aided by a carefully structured worksheet.
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Although students would be familiar with the formulation and
analytical soclution of differential equations, it is not necessary for
them to have studied numerical solutions of differential equations
before using NODES.



Student reaction and assessment of performance

A survey of two classes which used the package during the 1986-87
session has shown that, in spite of teething problems with hard-copy
output from the program, 81X of the students enjoyed using the package
and 72X considered the investigations to be a useful part of their
course. The fact that, by using a computer, they are able to solve and
analyse realistic problems makes the course seem more relevant. The
students soon realise that they can learn more from studying the
graphical solutions of the differential equations than from being
confronted with a long table of figures, accurate to several decimal
places.

Analysis of questionnaires completed by the students revealed that
they particularly liked the high qQquality graphical output, the ability
to superimpose graphs and the ease with which they could modify
parameters and repeat the calculations.

The students were free to choose whether to work on their own or in
groups in the mathematical sciences laboratory. The survey found that
57% preferred to work in pairs or small groups.

Some useful criticisms emerged, also, but these were mainly concerned
with the restrictions 1in s8ize of and access to the mathematics
laboratory.

Most students spent 1longer than intended on the 1investigation,
probably a result of inexperience. The standard of work submitted
varied, as would be expected, but was, in general, good. Those who
carried out the investigation well also tended to score well in the
final examination. With first year students, in particular, the report
writing was weak. More guidance is obviously needed as to the length
and content of such a report.

Impact on the curriculum

As a result of incorporating the use of computer packages into the
students mathematics curriculum, they are given access to a wide range
of problems that are modelled mathematically. They are able to carry
out 1investigations of important systems which they would have been
unable to tackle otherwise, either because they are too difficult or
cannot be solved analytically.

For instance, second year CEE students carried out a phase-plane
analysis of the Van-der-Pol oscilletor. Work such as this is considered
as a structured introduction to modelling. Without a computer package
such as NODES, obtaining even a single phase-plane trajectory is a
lengthy and complicated task. The idea of then conatructing a phase
portrait and analysing the sensitivity of the solution would be
unthinkable.



The interactive nature of the software encourages the students to
experiment. The graphical output and, in particular, the ability to
superimpose graphs, gives students a gqualitative feel for the model
being studied and this leads to a greater appreciation and
understanding of its behaviour.

The requirement for the student to submit a written report of his
investigation 1is considered to be an important component of the
exercise. Although collaboration 1is allowed, and indeed encouraged,
when using the computer for the actual investigation, each student is
required to produce his own report. Copying is easily detected.

The majority of students chose to work in small groups, giving them
valuable experience of cooperative effort and team working techniques.

Conclusions
The laboratory environment encourages the development of an
investigative approach towards mathematics. Given appropriate software

and structured worksheets, the students are able to concentrate on the
mathematical model, to experiment, to discover and to deduce results
(4]. Students enjoy the laboratory work which thus leads to increased

motivation.

The computer packages used are not specifically designed to teach any
new material but to assist in the application of existing knowledge.
Understanding in mathematics implies an ability to make use of a
concept in a variety of settings (l1]. Use of computer software as a
teaching aid for investigative work and realistic problem solving can
enhance student understanding of the underlying mathematical concepts.
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Finding the Unstable Orbit - a tertiary level investigation

D. Mackie

Introduction

The desirability of including investigative and experimental work
in the mathematics curriculum has been accepted for some time now [1].
Investigational work is not only an excellent vehicle for learning but
also encourages initiative, co-operation between students, and the
application of a broad range of skills., Recent changes in schools'
curricula reflect this new approach.

Although, at higher education level, restrictions of timetable,
class size or time may limit the scope for such work, it is important to
include some investigational work in the mathematics curriculum, The
demands made on mathematicians and engineers working in industry are such
that they must ke able to apply their mathematics to a wide range of
problems, to interpret the results of their work and to report their
findings.

In the Mathematics Department at Napier Polytechnic, computers
play a significant role in introducing science and enginering students to
meaningful investigations. Use of computer packages can greatly extend
the nature and scope of such work, This paper describes a typical
exercise given to second year students of the B.Eng. degree in

Communications and Electrical Engineering,

The Laboratory Environment

The mathematical sciences laboratories at Napier consist of a
network of BBC micros, a library of carefully selected software and a

large collection of associated worksheets, many of which are of an



open-ended nature, thus creating an environment ideally suited to
experimentation and discovery (2]. Students on the Engineering degree
course (and many other courses) use the laboratory both for supervised
tutorial sessions and to complete exercises in their own time,

The computer package, NODES, which is used for the investigation
described in this paper, has been developed at Napier Polytechnic (3]
specifically for investigative work. It solves single or systems of
first-order differential equations numerically and produces both tabular
and graphical solutions. The highly flexible and interactive nature of
the program allows problem parameters to be easily modified and the
resultant effect on the solution observed. Successive graphical
solutions may be superimposed.

Using the NODES package as a sophisticated tool, the students are
able to model realistic and important systems which they would be unable

to solve analytically,

The Investigation

For this exercise the student is given the following second-order
differential equation:

Yhatoetd aryl byl )ytet ¥:2.0 car-arenrecne (1)
where ¢ > 0 and 0 < pu ¢ % .

This equation is an extension of the van der Pol oscillator and is
essentially a harmonic oscillator with a non-linear damping coefficient.
(Setting p = 0 gives the standard van der Pol equation.)

After an initial discussion of phase-plane trajectories and phase

portraits, the students are ready to tackle the following investigation:



(a) Obtain the solution to the given equation when ¢ =1 and y = 0.1,

using the following sets of initial conditions:

. Y(0) Y'(0)
(1) 4 -5
(ii) 2 2
(iii) 1 1
(b) Plot the phase plane trajectories associated with each of the

above solutions, and hence construct the phase portrait for ¢ =1
and u = 0,1,

(c) Construct the phase portrait for ¢ = 2 and y = 0.1,

The first task is to convert the second-order differential
equation to a pair of simultaneous first-order equations as follows:
Let y, =Yy
Y, =Yy,
Then equation (1) may be written as:
Y, = e(y,t =1 -y ')y, - Y,
With ¢ =1 and g = 0,1, the problem may be restated as:
Solve y; =Y,
Y, = (¥} =402y, 4)y, = ¥, ~m----- (2)

When this pair of equations (2) is input to NODES, the solutions
for the three given sets of initial conditions can be plotted as shown in
Figure 1, The ability of the software to superimpose graphs greatly
facilitates the comparison of these solutions, Whilst (i) and (ii)
exhibit periodic solutions, the different behaviour of problem (iii) is

immediately apparent.
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Figure 1

By plotting y against y!’ (Y, against y, in NODES), phase plots are
obtained. The phase plot of problem (i) settles down to a closed
trajectory (Figure 2),
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Figure 3 shows that, whereas the plot of problem (ii) spirals out to join

the same stable orbit as problem (i), the phase plot of problem (iii)

spirals in towards the origin,

-5.38

élkutéi

-5.38
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These results suggest a stable limit cycle within which there is a
focus at the origin. The interesting task now is to find the critical
unstable trajectory. Experimentation with different starting values
between the points (1,1) and (2,2) eventually yields the phase portrait
shown in Figure 4, revealing a critical point to be («,a) where

1,304 < « < 1,305,

-5.39

Figure 4

The procedure can be repeated for different values of ¢ and g,
this latter part of the worksheet having deliberately been left
open-ended.

As a result of this exercise, the students develop an awareness of
phase-plane trajectories and phase portraits., They have also explored an
important model which exhibits both a stable limit cycle and an unstable

orbit,



Impact on the Student Learning

Use of a computer package is essential for an exercise of this
nature., By experimenting, students develop an understanding of the
properties of the system being studied and the physical significance of
the results [4]. In particular, the graphical output gives the user a
qualitative feel for the solution and enables him to build up a
comprehensive picture of the behaviour of the model. Comments from
students who have used the package support this argument:

"You can see the problem more clearly when visually displayed."

NODES helps show "how mathematical models behave under

different conditions" ..... "thus showing what the model

does instead of just finding a solution."

"The package helped me understand what (the solution to)

a differential equation did and how it worked with respect

to the initial values."

Students enjoy the laboratory work, thus increasing their
motivation towards the course. The majority of students choose to work
in small groups, giving them valuable experience of co-operative effort
and team-working techniques. However, each student is required to submit
his own report of the investigation,

In conclusion, investigative work in the mathematics laboratory
helps students to develop an experimental approach towards problem
solving, In addition, it enriches and extends their knowledge and

understanding of a topic.
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COMPUTER-BASED INVESTIGATIONS
by
Diana Mackie and Tom Scott
Dept of Mathematics, Napier College

At long last, amongst recent intakes of first-year students at
Napier College, a significant proportion have some experience
of investigations as part of their school Mathematics
curriculum. This is to be applauded, and it is hoped that the
current trend towards more investigative work in our schools
will continue. Evidence has been collected (1] which confirms
that as a vehicle for learning, the investigation is more
effective (and efficient) than traditional methods, although
different areas of the syllabus require different types of
investigation.

It has long been recognised that an important medium for
investigative work is the microcomputer, and it is
disappointing to note that in Scottish schools there is still a
severe shortage of computing facilities for Mathematics
classes. Even on an individual basis, which might be quite
adequate for some types of investigation, it seems to be very
difficult to gain access to a microcomputer. Of a sample of 116
students entering college in September 1986, only 15% had used
computers regularly at school, 32% occasionally and the
remaining 53% not at all. Fortunately, however, the provision
of computing facilities for Mathematics students in Colleges
and Universities is much better. It 1s therefore relatively
easy to organise computer-based assignments in Mathematics, and
even more appropriate when there is good software available for
the students to use.

In the department of Mathematics at Napier College, there are
two Mathematical Sciences Laboratories, each of which contains

a network of BBC microcomputers. The most important usage of
these facilities is in the field of Mathematical and
Statistical investigations. Although Statistics packages have

been purchased from external sources, most of the Mathematics
software which is commonly used has been developed within the
department. The resulting library of software is therefore
highly suitable for investigative work, having been produced
(or acquired) with this type of usage in mind.

Against this background, laboratory exercises have been
generated by several of the staff in the department and a large
collection of worksheets which utilise the software has now
been compiled. The general aim of all of the worksheets is to
direct the student's learning experience in a given direction.
With this is mind, authors are required to state their
objectives at the beginning of each sheet. By far the most
common type of objective is one involving some sort of
investigation of a mathematical or statistical model, including
perhaps a sensitivity analysis of the solution. It is important
to emphasise that, with an appropriate worksheet, a single
laboratory session is sufficient to allow useful and realistic
problems to be explored. The student is encouraged to
experiment with model parameters and investigate their effeot
on particular solutions. It is this latter analysis, in
particular, which enriches the student's experience; and the
laboratory environment is essential for the work involved.



With the recent conversion of many engineering degree courses
from BSc to BEng, the inclusion of "Engineering Applications"”
across the curriculum has given a new purpose to laboratory-
based assignments. Many of the worksheets are suitable for
the Mathematics component of engineering applications, and more
are being produced for use with first through to final year
students. The arrangements for any group of students would
typically include a series of lectures and tutorials on the
relevant section of the syllabus, followed by an introduction
to the software to be used, with some further explanation of
the Mathematics as part of a supervised laboratory session.
Thereafter the investigation would be carried out by the
students during periods of open access to the laboratory.

The situation is ideal for extending the student's learning
through discovery and experimentation with new ideas. For
example, an assignment which is given to a second year class of
electrical engineering students involves the phase-plane
analysis of the Van der Pol oscillator. Prior to tackling
this investigation, the group has received lectures on solving
ordinary differential equations using Laplace Transforms. They
are familiar with initial value problems and how to express
higher order equations as a system of 1lst order equations.

They have derived the simultaneous equations which model
coupled circuits, and solved them analytically. But that is
all !

With this background, the students are provided with the non-
linear Van der Pol equation:

§.+ uY.(Y2 = 1) + =0 = sesess ceeea (1)

and an extension:

]
o

Y+ e(l - g2+ uyd)y +y
and asked to:
(a) obtain solutions for both models;
(b) construct phase portraits;
(c) investigate the limit cycle of the Van der Pol oscillator;

(d) investigate the effect of changing the parameters of
model (2);

(e) submit a written report of their findings within a
prescribed period of time.
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As part of their introduction to the software, the students
learn that the package is designed for solving systems of 1lst
order equations, so that both models have to be expressed as
pairs of simultaneous equations before part (a) can be done.

During the (initial) supervised laboratory session, some
discussion of phase-plane trajectories and phase portraits
takes place. Following this discussion, the students are
ready to tackle the investigation as prescribed by the
following two experiments:

EXPERIMENT 1
{The Van der Pol Oscillator)

The non-linear van der Pol equation is
Y+ uy(y2 = 1) + ¥ =20 cevrirnnnnennnn. (1)

(a) For u« = 0.75, obtain the solution to (1) using the
following sets of initial conditions:

y(0) y(0)
(1) 0 1
(11) 3 3

(b) Plot the phase-plane trajectories associated with each
of the above solutions, and hence construct the phase
portrait for u = 0.75.

(¢) For u = <15, plot graphs against u of:
(1) the periodic time;
(ii) the maximum displacement y;
(iii) the maximum velocity v:

and comment on your results.

EXPERIMENT 2

For the differential equation
; + €(l - y2 + uy‘)? + Y =20 ... (2)
where € > 0 and 0 < u < } ,

(a) obtain the solution when ¢ = 1 and u = 0.1, using the
following sets of initial conditions:

v(0) ¥(0)
(1) 4 -5
(11) 2 2

(111) 1 |



(b) plot the'phase—plane trajectories associated with each of
the above solutions, and hence construct the phase portrait
for ¢ =1 and «u = 0.1.

(c) investigate the behaviour of the solution of (2) for
various values of the parameters ¢ and u.

For this assignment, the software used is a program called
NODES, which has been developed by the authors. Having been
designed specifically for investigative work, the package
produces graphical solutions as well as the usual tables of
values. It also allows the user to easily change parameters and
obtain new solutions, with the option of superimposing
successive graphs. Students obviously require a hard-copy of
their results, and this too is a feature of the package.

This is only one example of an investigation. There are many
others currently in use and the signs are that computer-based
assignments will become an essential ingredient in most
courses, The main educational purpose is to exploit the
effectiveness of investigations. The authors believe that
such projects reinforce and extend the students' understanding
of the topics to which they relate.
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Summary
Using computers to support the teaching and learning of

mathematics requires careful planning, good software and appropriate
back-up material, This paper describes the role of micros in the
Department of Mathematics at Napier College, and outlines the design
philosophy of the learning packages being used, The students benefit
from improved facilities for realistic problem solving and investigative
work, leading to a significant enhancement of their mathematical

experience,



1. Introduction

For some considerable time now, it has been recognised that
teachers/lecturers should devote some time to planning, as part of their
lesson/lecture preparation; and, in particular, careful selection of the
most appropriate teaching method has become an essential prerequisite for
effective learning. It is certainly true that such an approach is
necessary for successful learning of mathematics, within which we include
the levels studied at colleges and universities.,

Until fairly recently, mathematics lecturers have had only limited
resources available for attempting to improve: (or even sustain) their
effectiveness in the classroom. Now, however, teachers/lecturers have a
wide choice of resource to support their teaching: tape/slide programmes,
video programmes, self-instruction texts, computer-based materials, etc.
It has become essential, therefore, for the teacher/lecturers to devote
time to the selection of teaching medium for each part of the course and
to the planning of the total learning 'package’' ([1]. Because of the
demands for higher standards of achievement, at school and college, such
an approach is necessary at all levels of mathematics teaching.

In this paper the role of computers in this educatonal 'package’

is examined, and a development at Napier College is described,

2. Computers in Mathematical Education

As computers have become cheaper and available to larger numbers
of students, more attention has been paid to using them to assist in the
teaching of mathematics, Computers have been in use in the mathematics
departments of colleges and universities since the 1360s. In the fields

of numerical analysis and statistics, in particular, they have proved
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themselves invaluable by removing much of the numerical drudgery.

One . approach towards using computers which is sometimes taken
requires students to write their own programs. This can be a useful
exercise for straightforward algorithms (e.g. Newton-Raphson iteration) as
it encourages the student to think logically and reinforces his
understanding of the method, Writing good computer programs, however, is
time-consuming and, for some students, may be tedious, In addition,
there is a danger in seeing the program as an end in itself rather than a
tool to be used to further his understanding of the topic being studied.

An  alternative approach is to use existing packages.
Unfortunately, much of the available software is badly written, unreliable
and difficult to wuse, having changed little from the days of
batch-processing. Given such software and a lack of suitable support
material, their use is often limited arnd unimaginative. In this
situation students can quickly become frustrated and resort to the more
familiar calculator or even pencil and paper. Better programs, which do
take advantage of the computer’s interactive capabilities, are slowly

becoming available,

3. A Teaching Approach

At Napier College, Edinburgh, the Mathematics Department has been
involved in the use of computers in teaching for many years [2]. At
first, teletype terminals to a mainframe were used. These were slow and
unreliable.  With the advent of the microcomputer, the authors believed
that improved methods of enhancing the teaching/learning of mathematics
were possible. The use of carefully and appropriately designed learning
packages could promote better student understanding of the underlying

mathematical concepts and encourage him towards problem solving and



investigative work.

Two important methods have evolved, The first of these involves
using computer-based demonstrations within lectures, and has been
successfully introduced over a range of course with a wide variety of
topics. This set-up requires a microcomputer (or mainframe terminal)
linked to monitors (or a display screen) in such a way that the
interaction with the computer is clearly visible to all, Using this
arrangement the lecturer can demonstrate important concepts, and solve
problems in a manner which time and conventional facilities would not
permit, For example, good graphics is ideal for illustrating the
convergence of Fourier Series.

The second method followed naturally from the first, as the
interest generated by this use of the computer made it evident that
students would benefit from using the packages cthemselves, In the
interests of efficiency, it is desirable to locate all of the computer
equipment inside one room, the mathematics laboratory.

At Napier College a "mathematics laboratory" was established,
consisting of a networked system of 10 BBC microcomputers linked to a file
server, a 20 megabyte Winchester disc, a line printer and a graph plotter,
The laboratory is available both for supervised sessions and for periods
of open access to students, It is used reqularly by science and
engineering students. The majority of the software used has been
developed within the department,

The first package to be made available in the laboratory was a
Graph Plotting package,  Students quickly gained confidence when using
this package and, being of such a general nature, it has proved useful in

a wide variety of applications.‘
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Other packages include Numerical Integration, solution of
differential equations by Runge-Kutta methods, Newton-Raphson iteration,
simulation of a single server queue, linear and integer programming, and a
statistical analysis package. Many of these are first issues and

extensions are planned,

4, Design of Packages

In line with views of others working in the field, the authors
believe that the design of the software is extremely important [3]. It
is essential for each package to have clearly defined objectives. A
common feature of the programs is that, once locaded (a single command),
they are very simple to use and, in general, do not require a user manual,
They should have a uniformity of approach and be flexible in use, making
full use of the computer's interactive and graphics capabilitias.  They
nmust allow the student to try any apparently reasonable "experiment" and,
if the algorithm fails, or the program produces error messages, it should
tell him why., The reasons for getting it wrong are often more important
than the error nessages. One of the advantages of a computer over a
teacher is that the student is not embarrassed by his mistakes, and is
therefore more likely to persist in his attempts to find a solution [4].
The student, thus, has at his disposal a flexible piece of "apparatus"
with which he can conduct "experiments" in mathematics.

Of course, not many students will progress sufficiently if left to
experiment completely freely. Just as in any other science laboratory,
direction must be provided via a worksheet [5]. Such worksheets must be
carefully designed and well prepared. Their design should reflect the
aims and objectives of the laboratory session. Depending on the

lecturer's perception of the exercise, the written material may take the
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form of a set of questions similar to the ones encountered in a
traditional tutorial/problem class. However, it is more likely that a
lab sheet would include some "open-ended" exercises, of the type that lend

themselves to investigation in the laboratory. Indeed, some of the work

to be undertaken might be of an experimental nature, leading to written

reports for submission to the lecturer concerned.

A typical package is LINPROG which is described in the Appendix.
It is intended for use by students on a variety of degree and diploma
courses in which linear and/or integer programming is studied., Extracts

from accompanying worksheets are included in the Appendix.

B Summary
It must be emphasised that the student should have been taught the

underlying mathenatical concepts before using the package. Its use wili
then enhance his understanding and enable him to apply his mathematics to
a greater variety of problenms,

Inappropriate use of the computer is to be avoided. More
specifically, it can only be effective if it has been selected and
properly evaluated as the best method available for a given learning
situation [6].

In conclusion, the role of the computer, whether in the classroom
or in the laboratory, is to extend the repertoire of the mathematics
teacher, The authors believe that it has become an important tool in the
field of mathematical education, and deserves proper consideration as such

at the planning stage of the student's learning experience.  Much work
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has still to be done in the area of computer assisted learning of
mathematics, including the preparation of new material and, of equal

importance, the proper evaluation of such material.
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