Topicality: A Personal Plea for Mathematical Modelling Teachers

G.F. Raggett

Sheffield City Polytechnic

It is my personal view that the teacher of students studying mathematical modelling as a major component of a course should achieve the following minimum aims:

(i) motivate the student’s interest in the subject

(ii) adequately prepare the student for a possible  modelling career in the outside world.

Further, my contention is that (i) is far easier to achieve than is (ii).

The first aim may be achieved, at a superficial level, by illustrating a large variety of fairly simplistic well-posed situations which may be put in a modelling framework. This framework may then be used as a basis for students to solve for themselves other unrelated problems of a similar difficulty. Certainly, the studying of such problems can be beneficial to the student, particularly if they are varied enough to stimulate a fresh approach to each problem; furthermore, many of the good global fundamentals of mathematical modelling should at least have been experienced.

But what of aim (ii)? Who can suggest that such modelling as indicated above, valuable though it may be, can adequately prepare the student for a career in modelling?

Realistically, aim (ii) can never be met ideally within the context of a limited time span course. For to make such a far-reaching claim would require to expose the student to all the world’s modelling problems. Taking a small subset of these is one possible approach, but one questions the wisdom of this as both the complexity and technical background required for each such model would become prohibitive. 

Thus one strives for a less than perfect situation in which students are encouraged to study models which are both stimulating and which have many of the overall characteristics of real world problems, and yet which do not necessarily require much technical expertise. The paper will indicate the author’s belief that such an ideal may be achieved by utilising topics of current news interest and show, by example, how this ideal was accomplished when teaching a course in mathematical modelling over the period January-June 1982.

From Consulting to the Classroom

D. H. Lee

South Australia Institute of Technology

This chapter describes some experiences in incorporating elements of consulting and applied research projects into a mathematics teaching programme.

Over the last decade the author and colleagues, active in consulting with industry on applied mathematics and operations research problems, have, wherever possible, sought to inject components of this work into the undergraduate teaching programme. The main vehicle for carrying this experience into the classroom has been the case study: the author has developed approximately 20 case studies ranging from physical distribution problems through to thermal system design. This describes briefly the way some case studies have been used in different classes and comments on their classroom use and impact. One case study, exploring fundamental mathematics of storage systems is presented in some detail.

Modelling, ‘Successful’ and ‘Unsuccessful’

D.G. Medley

University of Leeds

All mathematical models of the real world are equal in much the same way as all animals are equal in Animal Farm; that is, all are in principle conjectures to which no credence can be given until they have been extensively tested and corroborated. In practice, some models are virtually sure of success right from the beginning; others prove to be almost valueless.

A distinction should be made between modelling and the part of the modelling process which is commonly called the mathematical model. Modelling consists of many steps, beginning with a gathering of miscellaneous ideas, and ending with rigorous testing, and presenting the conclusions whether predictive or decision-making, in a form suitable for use.

Innovative modelling is a time-consuming process. Even when the eventual model is of extreme mathematical simplicity, neither the teacher nor the pupil will find the necessary decisions easy to make. The exercise is extremely valuable, but the model is likely to be, at best, only partially successful; ‘failure’ is often to be expected.

More success though fewer demands on modelling skill, is likely in fields where there are already many established, well-corroborated laws to appeal to, and the number of significant factors is identifiable and small.

Textbooks can assist either by providing mathematical background, or by providing insight into the modelling process, or by providing interest and motivation. It is important to recognise which of these purposes a particular book is serving.

Modelling in the Classroom—How Can We Get It to Happen

Hugh Burkhardt

University of Nottingham

The teaching of modelling skills demands a teaching style which includes crucial elements which lie beyond the style elements of nearly every teacher or lecturer. Studies show how hard it seems to be for teachers to change their style in any significant way. Though many ‘modelling’ courses and books are still really only about models, not modelling, demanding of the student only that he learn and use, and not create or modify models, enough has been done in the past twenty years to show that there exists teachers at all levels who can help their students develop their modelling skills. How can we help all the teachers who should contribute to this work to acquire the skills necessary to get modelling to happen with their students? Recent research will be described which emphasizes the difficulty of this problem, but shows some possibilities for a breakthrough.

OU Students Do IT by Themselves

J.S Berry

The Open University

D. Le Masurier

Brighton Polytechnic

A report is given on the mathematical modelling project scheme that forms part of the second level applied mathematics course, called Mathematical Models and Methods (MST204).

Part 1. The Walton Hall view by John Berry

In this part an outline of the project scheme is given, identifying its aims and how the modelling component fits in with the rest of the course. The course ran for the first time in 1982 and the author was a member of the course team. 

The students of the Open University study by themselves and seldom have the opportunity of working in small groups. It is desirable and much more stimulating and rewarding, if mathematical modelling is carried out as a group activity. In this respect, therefore, our students are disadvantaged. However, the course team felt that, in addition to learning mathematical techniques and examining standard models, students should be given the opportunity of investigating in some depth, an extended problem lasting 40-50 hours over 4 distinct weeks of the year. Inevitably students ‘do it by themselves’ and an outline of the help given to students for their project work and the advice given to tutors in assessing the students’ work is described here.

Part 2. The Part-time tutor’s view by David Le Masurier

Part (some would suggest all!) of the process of teaching Open University students is undertaken by part-time tutors, most of whom are in full-time employment as academic staff in higher education. institutions throughout the U.K. For this course, there were approximately 50 such tutors appointed, and this has been almost doubled for the current year (1983). The difficulties of the course and problems for students of learning at a distance are appreciated more by part-time tutors than by most (some would say all!) Walton Hall academics.

In this part one tutor discusses how well the mathematical modelling component of the course went, and whether the aims were achieved, from two viewpoints: firstly, from the position of the tutor, who is himself relatively isolated, to enquire whether the advice received from Walton Hall was sufficient to enable the tutor to provide he student with worthwhile support, and to assess the work fairly and consistently; secondly, looking through students’ eyes, the assistance given to students was satisfactory, so that they gained significantly from their modelling experience.

Mathematical Modelling-A Major Component in an MSc Course in Mathematical Education

K.H. Oke

Polytechnic of The South Bank

The MSc course was first offered at the Polytechnic of the South Bank in 1977, and the initial results in developing and running this course was first reported by Oke (1980). The report covered the rationale and objectives of the mathematical modelling component, one of four, that is presented on the course. With the additional experience gained in running such a course, new insights have developed which have led to considerable modifications being made to the structure of the mathematical modelling component. Such modifications on teaching strategy and assessment methods are detailed in this chapter. Some difficulties encountered in finding appropriate problems for modelling exercises, both for the teacher and the students, are identified with illustrative examples on how such difficulties may be overcome.


Some teachers attending the course have opted to carry out an investigation into aspects of teaching mathematical modelling to students at a level with which they are familiar; to date, three investigations have been carried out at secondary level, two at further education level, and one (by a Polytechnic lecturer) at undergraduate level. The results of these investigations are briefly reported on, together with the work of the author—the latter based on work with undergraduates MSc students (teachers) and various workshops. Emphasis is placed on formulation processes and how they relate to general problem solving strategies. In this context suggestions for further work are made and, in particular, how such endeavours are closely linked with the development of Intelligent Knowledge Based Systems (IKBS) in fifth generation computer studies.

Issues involved in the Design of a Modelling Course

A.O. Moscardini, D. A. S. Curran, R. Saunders, B. A. Lewis and D. E. Prior

Sunderland Polytechnic

Rapid developments in technology over the last few years have made high power computing facilities more readily accessible. As a result, an increasing number of organizations are beginning to use mathematical modelling with computer simulations as a cheap and reliable way of solving very complex problems. In the past such problems could often only be tackled by very costly and often unreliable small-scale experiments. The inevitable decrease in the cost of computing equipment and software will add further impetus to the use of mathematical modelling by industry and commerce. 

Further evidence for the growing importance of mathematical modelling is provided by the number of highly attended conferences and the increasing number of journals which have recently been devoted to the topic. Locally the North East Polytechnic modelling group POLYMODEL has attracted a great deal of industrial support and there has been a considerable demand for the proceedings of the five annual conferences it has organized. (see Cross et al.,1978; O’Carroll et al., 1979; Bradley et al., 1980; Caldwell and Moscardini, 1981; O’Carroll and Hudson, 1982).

The increasing use of mathematical modelling by industry and commerce has led to a movement to change school, university and polytechnic curriculae to include more modelling. Many higher education establishments now provide courses at undergraduate level often as a part of a mathematics degree programme. For example, at Sunderland, modules are included in the BSc Combined Science degree, BSc. Environmental Studies and the HND in Nautical Studies. These courses, however, only provide an introduction to mathematical modelling and are not designed to produce the specialist mathematical modellers required by industry and commerce. Indeed, a course aimed at providing such specialists would make such demands on a student’s mathematical sophistication and critical judgement that it is doubtful if it could be successfully offered at undergraduate level. Unfortunately provision of postgraduate courses has not matched that at first degree level. Oxford University does run an MSc in applied mathematics and modelling but the course is heavily biased towards the former. Other universities such as Brunel provide training in modelling but only as part of an MSc course in a related area.


 For these reasons Sunderland Polytechnic decided in November 1979 to introduce a full time MSc in mathematical modelling. Because of political pressures, both internal and external to the Polytechnic the course has taken 3 years to develop and has emerged as a two-year part-time MSc. In this chapter we review the problems that occurred in the design of the course in the hope that this will be of benefit to other institutes that are planning to introduce a similar course.

The Use of Discrete Dynamic Models in the Teaching of Mathematical Modelling

P. H. Landers

Dundee College of Technology

This chapter considers the digital simulation of mathematical models of dynamic systems and a particular problem which occurs in the necessary discretization of the continuous model. This problem, the generation of spurious transfer function zeros, is a serious one for the control engineer, especially as very often these zeros are non-minimum phase. It is observed that increasing the sampling rate makes matters worse. An engineering problem is considered and the z transform method is shown to be inadequate. Simpler discretization techniques are described which were used to deal with the problem.

Mathematical modelling of dynamic systems is strongly linked to computer simulation of such systems, as a mathematical model is required before simulation can be performed and simulation is often used to check the model. For many years analog computers were used for tis task. Model responses could be displayed on an oscilloscope or some other recording device, and the results obtained from different models could be easily compared. The usual means of simulating a dynamic model was to write down the differential equation and then use integrators and summers to realize it on the computer. Linear dynamics were particularly easily dealt with and nonlinearity, though a little more difficult, could be incorporated where necessary. The simulation invariably involved the use of negative feedback, with the accompanying risk of instability. If the system to be modelled is stable however, the analog model should also be stable. 

Digital computers have now become so common, for other reasons than the requirements of computer modelling, that they have tended to replace their analog counterparts for all but those problems that require great speed of solution. There is then a requirement to be able to simulate continuous systems on digital computers. The obvious procedure is to replace differential equations by difference equations as digital computers cope with delayed versions of variables very easily, provided the delay is an exact multiple of the sample period. Nonlinearity is also easily included in digital models.

Exploratory Data Analysis—A New Field of applied Mathematics

R. Biehler

Universität Bielefeld

This chapter deals with Exploratory Data Analysis (EDA) and is based on a detailed theoretical analysis of the latter (cf. Biechler, 1982). On one hand, EDA is controversially discussed among statisticians because it questions quite a lot of principles that underlie traditional statistical work. On the other hand, EDA begins to play quite a role within discussions on the teaching of probability and statistics because it seems to be both rather elementary in a mathematical respect as well as widely applicable and close to practical work with real data (cf. for example Gnadadesikan, Kettenring, Siegel, & Tukey, 1983). These features will probably, or so we hope, make EDA interesting enough for a conference devoted to problems of teaching applications of mathematics. This chapter is not concerned with questions of teaching directly. As EDA is as yet not well known or, sometimes is apparently known but misunderstood, the paper concentrates on clarifying general principles of EDA, on discussing its relation to subject matter fields and to traditional statistics. Subsequently, some propositions are formulated which argue that the results of studying EDA might be more generally important for a theory of mathematics education which is – to formulate this as a challenge – not only concerned with teaching mathematical modelling, but also with teaching applied mathematics.

Exploratory Data Analysis is a recent scientific development attained within the efforts to find new tools and principles for the practical analysis of data. EDA and its rise are closely linked to the textbook bearing the same title published in 1977 by J. W. Tukey, from whose introductory lectures at Princeton University it evolved. The textbook contains techniques for the handling and the representation of data in which probabilistic concepts have only a subordinate role. The focus of EDA is on the exploration of data, i.e., on the search for peculiarities and structures in data sets, and for simple comprehensive descriptions of the phenomena discovered. Graphical displays are the main tools for this activity. An example is used to illustrate EDA’s approach. It is primarily a vehicle for general ideas and should not be misunderstood as an example which can be directly be transferred into the classroom.

Experiences of Mathematical Modelling at Sheffield University

D. M. Burley

Sheffield University

and 

E A Trowbridge

The Royal Hallamshire Hospital Sheffield

We have had experience of teaching mathematical modelling at Sheffield University over the past ten years. This has been primarily for advanced undergraduates whose mathematical and mechanics training is reasonable. Against this background we discuss three questions (1) How do we teach modelling? Here we discuss the successes and failures of the system that we have used. (2) How do we examine modelling? We make a strong plea for project work to complement traditional examination methods. (3) Finally we ask, what do we teach? We describe our conclusions on what we should teach and give a list of examples of project titles that we have used and a long list of annotated references of our seminar sessions.

The Assessment of Modelling Projects

G. G. Hall

Nottingham University

The skills involved in modelling are summarized under the headings of content, presentation and drive. These are different aspects of the same project rather than separate entities and consequently it is proposed that their assessments should be combined geometrically rather than arithmetically. The importance of securing acceptable and objective marks is stressed. In practice, double-blind marking followed by a debate to resolve differences has been found a satisfactory procedure of establishing marks.

In the final analysis, the justification for including modelling in a mathematics course is the pleasure which the student has in doing it. It is this which will increase the motivation (Hall, 1992) and boost the self-confidence, so important in later careers. Nevertheless, in a warped world, where values are examination-based, some reward in terms of marks is important. Students must be assured, particularly in advance, that their activity is relevant to their course and an integral part of their training. Colleagues may also need to be reminded that this activity has a right to compete for a student’s time and attention. Without some reward of this kind modelling will not get started.

The objective of assessment is to evaluate a student’s skill and knowledge. In the traditional mathematics examination the candidate is required to reproduce standard arguments, to adapt them to novel ends and to follow standard procedures often in new instances. Since no great original thinking is expected, or found, the time limit for the paper is an integral part of the testing. On the other hand, the only direct method of assessing modelling skills is through a project done over a long period. In this the ability to think originally about a problem, to pursue it to a conclusion and to present the findings cogently and elegantly can be displayed and assessed.

Carrying out the assessment of a project, however, does pose problems for mathematics. In the traditional examination the examiner exercises considerable judgement about what will be evaluated, and how, through the choice of questions. In assessing a project the examiner must judge these matters separately in relation to each student since projects may differ considerably in the opportunities of displaying particular skills which they offer. The dangers of bias on the part of the examiner are obviously much greater in this situation. 

In this pater the problems of assessment are discussed both theoretically and practically. Some suggestions are made on how assessments can be made more reliably and on how they can be defended against various criticisms.

The Hewet Project

J. de Lange and M. Kindt

Utrecht University

The Hewet project is a project that will lead to a new curriculum for pre- university students. Applications and modelling play a vital role in this curriculum. 

Discrete Modelling, Difference Equations and the Use of Computers in Mathematical Education

J. Ziegenbaig

Paedagogjsche Hochschule, Reutlingen

It is the author’s opinion that the teaching of mathematical modelling should not be deferred until the students have command over tools from the areas of calculus or differential equations. Difference equations lead to very elementary descriptions of many real world problems. The computer is an ideal tool for evaluating difference equations by straightforward iterative computation. Some examples from various areas are given. An extremely elementary method for obtaining the solutions of a second order linear difference equation using nothing but secondary school mathematics is given.

It is argued that difference equations can be seen as a thread running through all stages of mathematical education (from elementary school to university).

Furthermore it is stressed that the use of difference equations can contribute to a more unified way of teaching mathematics and its applications. They can help integrate some seemingly ‘disparate’ branches of knowledge and methodology in mathematical education.

The Modelling Game: The Uses of Broadcast Television in a Modelling Course

J.Jaworski

BBC/The Open University

One Friday morning in early January 1982, three mathematicians came together and solved some problems. What distinguishes this act of collective problem solving from the thousands of similar events that occur in the working life of any professional mathematician, is that it occurred in a television studio. It was an exercise in eavesdropping, requiring some courage on the part of the participants. Their agreement to take part implied a contract to allow the resulting material to be used no matter how embarrassing or unprofessional it might appear to be. In the lively environment of a university department or an industrial setting, it is easy to be relaxed about the mis-remembered formula, the corner-cutting technique that usually works or the untidy and imprecise jotting. There was every reason to believe that the eventual audience for the

four television programmes that were eventually made in this way would be far less forgiving.

It is to the credit of all who took part that having given their initial agreement, their commitment never wavered.

This paper describes how these television programmes came to be made,

what they were designed to achieve, and what the reaction to them has been. In some sense, it is less a presentation of conclusions than a subjective account of how we came to make these programmes. That seems appropriate, as the act of creating television programmes is very much a subjective act: almost as much so as the doing of mathematics.

Experiences with Modelling Workshops

I.D. Hunt1ey,

Sheffield City Polytechnic,

and

D.J. G. James

Coventry (Lanchester) Polytechnic

In the late seventies a number of institutions in the U.K. were attempting to introduce courses on mathematical modelling within their undergraduate degree programme. This was seen as an attempt to remedy deficiencies highlighted by various reports (McLone, 1973; Gaskell and Klamkin, 1974) regarding the ability of mathematics graduates to formulate problems and communicate results to the non-specialist.

Two such courses were those offered at Coventry (Lanchester) Polytechnic (James and Steele, 1980) and at Paisley College of Technology (McDonald, 1977). In both these courses a conscious effort was being made to teach modelling skills and staff were finding the task far from easy. The difficulties arose from many directions, for example, the uncertainty as to what and how to teach in this field and, perhaps most of all, at the time a lack of good readily available source material. This led to collaboration between the staff at the two institutions and in order to instigate collaboration on a wider scale the two institutions initiated the idea of a National Workshop on the Teaching of Mathematical Modelling.

Over the last four years a series of such workshops have been organised and have been partly financed by a grant from The Nuffield Foundation. The purpose of this paper is to outline briefly the activities of the various workshops and to discuss some of their findings.

Wallpaper Group Design Package

P. Strachan

Robert Gordon’s Institute, Aberdeen

The GROUP structure is well known to mathematicians. The following is an attempt to introduce it to a wider audience, composed of artists, designers and architects.

Analysis of Applications and of Conceptions for an Application Oriented Mathematics Instruction

Werner Blum and Gabriele Kaiser

University of Kassel (F.R.G.)

In connection with the (revived) demand for considering applications in the teaching of mathematics, various schemata or lists of criteria have been developed since the end of the sixties, which set up requirements about closeness to the real world or about the type of mathematics being used, and which have made it possible to analyze the available applications in their light.


After having stated the problem (in section 1), we present (in section 2) a sketch of some of the best known of these and of some earlier schemata, although we are not aiming for a complete picture. Then (in section 3) we distinguish among different dimensions in the analysis of applications. With this as a basis, we develop (in section 4) our own suggestion for categorizing types of applications and conceptions for an application-oriented mathematics instruction. Then (in section 5) we illustrate our schemata by some examples of performed evaluations. Finally (in section 6), we present some preliminary first results of the analysis of teaching conceptions.

Mathematical Modelling and the Preparation of Industrial Mathematicians

J.U. Sekhon, A. G. Shannon, C. Chiarella,

New South Wales Institute of Technology

and

A.F. Horadam

University of New England

This paper defines mathematical modelling, delineates an approach to teaching it, observes its importance in industry in three areas, and explains that many mathematical graduates, even at the doctoral level, are unequal to the tasks required by industry.

This paper pleads that experience in mathematics and experience in the field being modelled are critical. The paper maintains that the philosophy of assisting students to become successful modellers implies the need for decisively different emphases, methodologies and assessment techniques.

The authors advance the view that this philosophy is admirably caught in student projects, in both undergraduate and graduate studies, which may arise out of the consultancy activities of academics or from the work-environment of students themselves. The difficulties of client communication and in the recognition and formulation of these problems will parallel those met in future professional practice.

Experience with Team Projects in Mathematical Modelling

A. M. Gadian, P. C. Hudson, M. J. O’Carroll and W. P.Willers

Teesside Polytechnic

A new course in mathematical modelling was introduced to the first year of the HND course in Mathematics, Statistics and Computing at Teesside Polytechnic in 1981/82. The programme of studies aims to reflect the needs of employers of mathematicians, that they should be better equipped to apply their knowledge, and able to communicate with non-mathematicians and work cooperatively with colleagues within a prescribed schedule.

An underlying principle is that students should enjoy the course. They learn, not by instruction, but by active participation, the work being creative and socially interactive, thus complementing the traditional lecture/tutorial arrangement encountered in other parts of the course.

The ice is well and truly broken in a two-week introductory period during which the organization and objectives of the course are explained and lecturer-led teams take on a simple mini-project. The students are then divided into small teams to work on their own initiative on the first of three projects. The teams are given a statement of a real problem which they work on for a period of five weeks, with a strict deadline for producing a written team report. The problem is deliberately defined in an open-ended way to make the teams think about its definition and interpretation. They are free to solve the problem as they see fit. Written and oral communication skills are practised, and each team agrees and prepares a written project report. Finally a representative from each team presents a verbal report at an often lively post mortem session, and then is cross-examined by the other teams.

No marks are awarded for this course; a student passes the course if he is judged to have participated and gained the intended experience. Reactions have been very favourable. Staff have found the course enjoyable and several visitors from other institutions have been favourably impressed. Student response is recorded systematically and indicates significant success in meeting the objectives. The course received an award of the Royal Society of Arts in its Education for Capability Recognition Scheme in 1982.

Price Index: Mathematization without a Happy Ending

Wilfried Herget

Technical University of Clausthal (F.R.G.)

This paper shows how the problem of the definition of the price index can be used in mathematical lectures and seminars at universities and colleges It will be shown how the starting problem almost invariably leads to an axiomatic investigation-and the few axioms turn out to be incompatible The usual mathematical happy end fails to come -but even this (in usual mathematics very unusual) situation turns out to be extremely fruitful

Why always only happy-ending-mathematics'?

Teaching Mathematical Modelling in O.R.

P.B. Taylor

City of London Polytechnic
The process of creating a mathematical model has always been recognized as an activity of central importance in the practice of O.R. It is therefore surprising that so little attention has been paid to teaching mathematical modelling, as distinct from mathematical models, in undergraduate and postgraduate courses. This paper describes a short course, presented to graduate mathematicians, specifically designed to teach modelling. The principles on which the course is based are discussed, together with illustrations of the teaching method and assessment material used. The paper concludes with a pedagogic hypothesis concerning the development of modelling skills which if accepted, has important implications for the design of O.R. courses at all levels. The material should be of interest to all those involved in the education and training of O.R. practitioners.

Modelling a Games Programme at a Tenth Birthday Party

C.R. Haines

The City University

It is often difficult to devise novel problems which are suitable for use with students of diverse mathematical backgrounds. The model described in this chapter was devised in making arrangements for a tenth birthday party. It concerns the setting up of a league system for games for which the following objectives are borne in mind.

(1)
Each child would play every other child once and only once.

(2)
In a given session, different games would be played by each pair as only one set of each game was available.

(3)
Each child would play as many of the available games as possible.

It turns out that objectives (1) and (2) are easily attainable but that (3) is only partially so. The main features of the model involve the existence of a many-many map from a Cyclic group or a Klein group (Sn, *) to the set Sn = {1,2,3,.. ., n} on which a particularly uninteresting operation  ° is defined. For this application it appears that such a map does not exist for all groups (S4n-2, *),n(N, so do not have six children at the party!

Simulation-Its Role in a Modelling Course

I.D. Huntley

Sheffield City Polytechnic


Simulation seems to me to be one of the big forgotten areas in maths teaching. Not so long ago Operational Research, of which simulation is just one part, was firmly seen as a postgraduate activity-you first did your maths or your  physics degree, and then (if you were bright enough) you went on to do an MSc in OR.

This is slowly changing, and nowadays all computing degrees (and a lot of other ones as well) contain an element of OR. However, COPRA is now pushing for an A-level option in Decision Maths (the same as OR to most of us), and the Spode Group is just starting to write a resource book of OR-type examples for middle school use. Things have come a long way in 10 years!

All that background perhaps explains, to an extent, why simulation is not included in current maths syllabi. With the recent (and, I hope, unfinished) growth in computing power available in secondary and tertiary education, however, the topic deserves another look.


Simulation seems to be one of the big forgotten areas in maths teaching. Not so long ago Operational Research, of which simulation is just one part, was firmly seen as a postgraduate activity-you first did your maths or your  physics degree, and then you went on to do an MSc in OR.

This is slowly changing, and nowadays all computing degrees (and a lot of other ones as well) contain an element of OR. However, COPRA is now pushing for an A-level option in Decision Maths (the same as OR to most people), and the Spode Group is just starting to write a resource book of OR-type examples for middle school use. Things have come a long way in 10 years!

All that background perhaps explains, to an extent, why simulation is not included in current maths syllabi. With the recent growth in computing power available in secondary and tertiary education, however, the topic deserves another look.

The Use of The Simulation and Case Study Techniques in the Teaching of Mathematical Modelling

R.R. Clements

Bristol University

Traditional university mathematics courses concentrate on teaching mathematical skills and techniques. The modes of assessment used reinforce the tendency of students to develop a restricted range of mathematical skills chiefly oriented towards efficiently solving examination questions.

In contrast to this, the demands made on mathematicians working in industrial and commercial environments are much wider. The industrial mathematician must be able to recognize the underlying mathematical structure in a problem presented in real world terms or to develop a structure to describe the problem. He must be able to balance the mathematical and non-mathematical constraints placed upon him to arrive at a solution that is somewhere near optimal in the environment pertaining. He must, above all, be skilled at interpreting the results of his work and reporting them in an appropriate form that is acceptable and understandable to non-mathematical members of the organization.

The recognition of this dichotomy of requirement has led to initiatives in the mathematical education community including the development of mathematical modelling teaching. The simulations described in this paper represent an associated but slightly divergent line of development., The simulations are based on problems that have arisen and been solved in industrial and commercial organizations. They are presented to students in a realistic way through a collection of printed source documents. The students work in modes that they might adopt in the industrial environment simulated, followed by ‘post mortem’ discussion. The design, implementation, teaching and assessment of the course of simulations is described and its relationship to other forms of mathematical modelling teaching discussed.

Simulation Modelling: How to Assess Model Credibility

S. S. Stone

The Open University

Complex simulation modelling used to be the exclusive province of the expert mathematician. The introduction of the System Dynamics (SD) modelling technique means that complex models can be created by people with little mathematical expertise. For both modellers and model users there is then a problem of credibility assessment.

A series of techniques for analysis of SD models have been developed at the Open University to aid the modeller in constructing a model. They also provide information, not normally available, which improves credibility assessment.

This chapter shows how one modeller used the path analysis technique of this series to develop his model. Also reported are some of the results from analysis on two further models which show that: (a) fundamental flaws in models remain undetected; (b) the basic structure of the model is opaque; (c) the computer program and some simulation results do not provide adequate information on which to base a credibility assessment.
On the Use of Simulation Software in Higher Educational Courses

A.0. Moscardini,

Sunderland Polytechnic,

and

M. Cross

Thames Polytechnic.

and

D. E. Prior

Sunderland Polytechnic

Simulation today is applied to a large number of areas of endeavour, including politics, management, ecology, engineering, medicine and pharmacology (see for example, the papers in Simulation). One reason for this diversity is the cheap and widespread use of computer technology combined with the tremendous upsurge in mathematical modelling over the last twenty years. Simulation and

modelling are obviously intimately connected and to understand simulation, one must first understand something of mathematical modelling.


The art of mathematical modelling is not a recent phenomenon (Aris 1970).

It can be traced back to the planetary work of the early Greeks, the work of

Copernicus in the middle ages and, more recently, the theories of Einstein on Photoelectricity and Relativity. There are many definitions of a model but, for this purpose, it could be described as a ‘simplified conception of reality designed to satisfy a particular purpose’. Scale models provide an obvious example here. Model aeroplanes, for example, can now be built with amazing accuracy and attention to detail. If one analyses this type of model, then it consists of a set of component parts and static relationships between them: the aileron is in the appropriate position on the wings, the joystick is in the pilot’s cabin etc. The model components and interrelationships are copies of the real situation, a feature which may be termed the structure of the model. When dealing with mathematical models, the components parts will be the variables and their relationships are represented by the governing equations. If these variables are given differing values or the ailerons and joystick are manoeuvred, then the relationship between the components changes with respect to time.

Such changes may be referred to as the processes of the model. The distinction between structure and processes defines mathematical modelling and simulation, respectively.


Simulation may be described as a dynamic or operating model, i.e. changes over time in the model correspond isomorphically with changes over time in the situation being modelled. A simulation of a situation involves abstracting not only the static, structural relationships but the dynamic process relationships as well. Once the variables that have been selected are given values and the relationships between the variables are specified, the model is allowed to operate. It may operate through the interaction of people who play roles within the model or it may operate on a computer. This chapter will concentrate on computer simulation which has become the most widely used method for analysing and predicting system behaviour.


Model building and simulation, in effect, are techniques for bringing order and predictability out of an apparent chaos of multiple variables. A unique advantage of simulation is the ability to push ahead in time, allowing a user to pretest possible alternatives under variable conditions representing future periods. If the model is realistic this glimpse into ~possible futures’ permits a user to evaluate and choose the most favourable of many alternatives.

Simulation is not a panacea. In many situations, other methods of problem solving are quicker and more economical. In the areas of personnel and organization planning, the inability to quantify facts may render simulation impracticable. Simulation may also be costly in time and money so its pay-off potential must be significant. The key to simulation is to apply it in areas where it provides substantial return for its high investment cost.

Mathematical Modeling in the School Curriculum

David Burghes

School of Education, University of Exeter

Although the major experiments in the introduction of mathematical modelling courses have been in higher education, the same feeling as experienced in H. E. of wanting mathematics to be more practical, more relevant and more useful has been prevalent in schools over the past decade or more.

This urge to make mathematics at school more relevant has been particularly fuelled by

(i)
The introduction of modern mathematics which has led to the belief that mathematics, as taught, is fairly irrelevant;

(ii)
The pressure from children, who realize that for them school mathematics is the end of their mathematical careers, and consequently are totally unmotivated by the normal mathematical topics.

So the demand to make mathematics at school more relevant is certainly there, the pressure coming from both pupils and teachers. Responding to this pressure is not easy. Note also that this is a demand for relevance, not necessarily for mathematical modeling.

If we stick with the present C. S. E. syllabus, just how do we make, say, matrices relevant to the average pupil at school. The usual sort of ‘shopping basket’ question is just not convincing for this audience. There have though been a number of projects aimed at making mathematics relevant, and we will consider two, the ‘Maths Applicable’ project and the work of the Spode Group.

Mathematical Modelling = Mathematical Motivation?

M.S. Townend

Liverpool Polytechnic

In the first part of this paper the value of presenting all students with mathematical examples relevant to their own disciplines is discussed. Both mathematical models and mathematical modelling are seen as ways of achieving this end.

The second part of the paper deals with a particular modelling course given to sports science students. A comprehensive list of the sports problems used is given together with an anecdotal report on the progress of the course. Many of the examples could easily be incorporated as motivational material on a wide range of existing sixth-form and undergraduate courses.

The Mathematics of a Modern Series of Texts—A Case Study

J. W. Searle

West Denton High School, Newcastle upon Tyne

The view that children form of mathematics, whilst at school, would seem to 1 influenced both by their teacher’s attitudes and approaches to mathematic teaching, and also the resource materials they use. A resource material I common use in a secondary school mathematics course is a series of text book

Several such courses were published and revised in the 1960s and 1970s reflecting the modernization of school mathematics, the influence of learner theories, and also the introduction of comprehensive schools and the CS examination.


The ‘Modern Mathematics For Schools’ course of the Scottish Mathematics Group is evaluated here with particular reference to the nature and structure the mathematics that it embodies and contemporary learning theories. The materials have about a 20 % share of the U.K. market, and a discussion of small sample survey of how teachers find them is included.


It is argued that in the main course there is too great an emphasis on the drilling of structural principles and their terminology and notation at t] expense of relating mathematics to ‘real world’ problems. Also, abstractions are  found to be made too rapidly for most children to appreciate them, and a need is indicated for more concrete experiences relevant to the child, and for more open, exploratory work in which children can use their own language and notation. The course is found to be a sound preparation for examinations for the more able pupil, but as such, it distorts the creative aspects of the nature of mathematics. In particular a misleading view as to the nature of mathematical modelling is given. The impression that most pupils gain from this course may well be one of mathematics as meaningless names and symbols, remote from their own experience, which is ‘done’ for examinations.


Teachers seem to find this a rather dull course lacking in stimulating ideas.

Although it is suited to the more able pupil together with a well qualified teacher, most pupils may well be mystified by its modern approaches. The success of the aim of the course to make mathematics enjoyable and relevant for all children is questioned. They are unlikely to gain much mathematical understanding of their world from it, or to gain much appreciation of mathematics itself. It is argued that if such an aim is to be achieved, what is needed is a modelling approach, probably involving computers, in which ‘real’ identifiable problems can be investigated. It is argued further, however, that the convenience, permanence and authority of a series of text books such as this course together with the pressure of time and examinations, and expectations of the traditional secondary classroom, all act against the adoption of such an approach to mathematics teaching.

The Claremont Colleges’ Mathematics Clinic

Professor E. Cumberbatch

Claremont Graduate School, California 

In response to the decline in enrolments in mathematics ,and the shift in student interests to applied mathematics ,the Clinic was started in  1973 as a way students can gain ‘hands-on” experience in solving a ‘real-world’ problem. Briefly, a team of undergraduate and graduate students and faculty formulate, analyse and solve a problem submitted by an industrial or government sponsor. To date there have been 48 such projects from a diverse set of clients.

This paper will describe the academic setting, the educational goals and benefits, the general organization, and the relationship with the sponsor.

Control Theory Ideas as a Component of a Modelling Course

D. J. G. James and N. C. Steele

Coventry (Lanchester) Polytechnic

For a number of years the authors have been involved with teaching a course in mathematical modelling. The course is part of a second-year undergraduate mathematics programme so that students are already familiar with techniques for solving linear differential equations.

From the outset it is stressed that in modelling a real situation then there is no unique solution. Rather, any real system may be considered from several different points of view, all of which are equally acceptable. Any particular approach will give some information about the system although no model, however sophisticated, is an exact replica of the real situation. Consequently, students should become aware that all mathematical models are approximations with the degree of approximation permissible being a valid judgement made in the context of the system under consideration and the information required, striking a balance between sophistication and simplicity being the key to good modelling.

To reinforce these ideas the course is structured with various components designed to expose students to the various aspects of, and approaches to, a modelling exercise. Details of the course itself has been described elsewhere (James and Wilson, 1983) and this paper considers only one aspect, the objective of which is to demonstrate some of the modelling techniques associated with classical control theory. These same techniques are now being applied in an increasing variety of areas including, for example, biological

(Grodins, 1963) ecological (Patten, 1971) and socio-economics (Coyle, 1977) problems. Sometimes referred to as a systems approach to modelling, the technique involves formulation of a model via block diagrams leading to a visual model in which the various components of the system, and the interaction between them, are clearly identifiable. The approach provides a degree of insight and clarification not obtainable by other formulations.

This paper gives a brief outline of how this particular aspect of the course is developed in the classroom.

Magic Squares Leading to Vector Spaces

Paul Bungartz

Universität Bonn

Obviously we can’t teach ‘linear algebra’ beginning with the axioms of a vector space, deducing theorems and constructing proofs. On the other hand we should avoid arrows as the only model for vectors. In middle-band classes we often introduce arrows to symbolize a translation in geometry or physical forces and call them ‘vectors’. But one arrow, which means a ‘directed straight line of finite length’, is no vector, so we try to explain it by introducing ‘classes of arrows’. But nobody can imagine what a class is!


In my country, at least in the upper classes of the German Gymnasium, we are obliged to introduce vector spaces. So I developed in cooperation with some teachers a sequence of lessons with the learning goal: pupils, young students should discover, should learn by doing, that a vector is only an element of a structured set, called a vector space. We only can tell what a vector is if we know which model we mean. So we have to teach a lot of models of vector spaces and at the end of our lessons we should discover that finally all models of finite dimension n are in some sense ‘essentially the same’, and are ‘essentially equal to’ the arithmetic vector space li”.


But when introducing vector spaces at school-level I think we should not treat a lot of models abstracting the common structure. On the contrary, we should study intensively only one model, a suitable one. Of course if we have a very good model, attractive for pupils, they can discover all properties of a vector space by handling this one model. I think a very good model is ‘magic squares’. We found that our young students of age 16 or 17 are very interested in searching for new squares. There is a great motivation in dealing with magic squares because it seems to be something quite different from usual mathematical teaching. Even teacher students at the university are very interested in searching for magic squares and I have used magic squares in teacher training courses.

Ideal Fluid Flow and Finite Elements

E.-M. Salonen,

Helsinki University of Technology

A.Pramila

The University of Oulu

and

P.Lehtonen

Finnish Broadcasting Company

Two-dimensional ideal fluid flow is employed as an example problem to illuminate numerical modelling in the finite element method. The basic unknowns are the velocity components u(x, y) and v(x, y). Both the weighted residual and the variational formulation are employed.


Special topics emphasized are: (1) The difficulties in obtaining the discrete equations systematically in the weighted residual formulation; (2) the need for using transformations of nodal variables at the boundary nodes and the derivation of the transformation formulae; (3) simple explanation for the ill- conditioning in the penalty method when the value of the penalty number is high; (4) the possibility of combining the classical least squares method with the other versions of the method of weighted residuals.


Some numerical results obtained by the different formulations are given.

A Control Model of the Severn Barrage

S.C. Ryrie

Bristol Polytechnic

A simple dynamic model is presented of the operation of a tidal power scheme, as an example of a model which involves only simple mathematics, but which has obvious and realistic practical significance. The aim of the model is to determine how the total available energy output depends on the control of the flow through the barrage, and to find that control which gives the greatest energy output, subject to typical practical constraints.

Automata and Switching Theory in Teaching Discrete Mathematics

P. Siwak,

Technical University of Poznan

There is a very important problem in teaching mathematics: how to expose some general and abstract notions not only clearly and correctly but in a deeply intelligible manner as well. There is an idea leading to this end (see, for example,

Cohors-Fresenburg, 1977), that is, the idea to present all mathematical formalisms included in the course for students together with a variety of devices which could help to convince them about the significance and practical usefulness of a theoretical approach. The realization of this idea is especially possible in teaching automata and switching theory and probably in all related branches where discrete modelling is emphasized.


In this paper a classical interpretation of synchronous realizing net of automata is discussed and some realizing net wzhich has the ability to control the spreading of clock pulses is proposed. The problems concerning a flow of information in such nets are presented and some devices are shown to be useful in stimulating students’ interest and in intensifying their education.

�With me, I etc


�Without personal pronouns





