Neither a Microscope nor a Telescope, Just a

Mathscope

Claudi Alsina

Uniiversitat Politècnica de Catalunya

This chapter aims to present a “mathscope” which may be useful in order to promote the joy of learning interesting mathematics in the classroom.

Applications, modelling and communication in secondary school mathematics

Honor Williams & Afzal Ahmed

Chichester Institute of Higher Education

This chapter offers some experiences on two aspects concerning the integration of modelling activities at school level. The first considers productive classroom activities and teaching and learning approaches, the second is concerned with assessment to support modelling in the curriculum. It concludes by recommending that more systematic research be undertaken into the complexities of integrating mathematical modelling into the school curriculum with a particular focus on the influence of assessment so that modelling is not regarded as an add-on activity.

Mathematics learning and modelling: Theory and practice

João Matos

Universidade de Lisboa

In different times and places many educators, researchers and teachers have been arguing that mathematics education in secondary school should integrate mathematical modelling and applications. One of the main ideas underlying this trend is that students learn mathematics while working on a given real world problem. Theory can help us to better understand students’ mathematics learning in relation to mathematical modelling activity. Using part of an example of secondary school students solving a problem in the mathematics class, I analyse the idea of (a) meaning- making in mathematics, and (b) its relation to mathematical modelling.

Mathematical modelling in years 8 to 12 of secondary schooling

T. A. Dunne

Downlands College
A research study was conducted which aimed to demonstrate that a pedagogy based on the process of mathematical modelling substantially assists the acquisition and understanding of mathematical ideas, concepts, methods and theories. It also aimed to demonstrate improved student attitudes to mathematics and improved competency in communicating solutions. This chapter outlines the essential elements of such a pedagogy and how it can be integrated in a secondary school mathematics program.

Physical modelling of mathematical concepts in subjects studied by pre-service undergraduate teachers: a pedagogical perspective

John Green

University of Southern Queensland

This chapter endeavours to illustrate, with the aid of examples, the role of, and significance of, physical modelling as a student activity within an undergraduate mathematics teacher education course. It highlights some of our experiences in working with pre-service teachers at the University of Southern Queensland.

Get students to do the teaching!

S. Kenneth Houston

University of Ulster

Peer tutoring is a structured way of involving students in each other’s academic and social development. This case study reports on student seminars in a mathematical modelling course where student groups research and then teach to their peers a mathematical model described in the literature. Students also prepare written teaching materials. The evaluation evidence suggests that students’ inter- and intra- personal skills were enhanced and that only about 10% of students did not find the seminar series a valuable learning experience.

Student Perceptions of Large Systems Modelling Projects

M. J. Hamson & M.A.M. Lynch

Glasgow Caledonian University

One of the main difficulties in mathematical modelling is getting started. When the context is an open-ended ‘large system’, then there are special problems in identifying how to start and what can be achieved. This chapter will explain how, within an undergraduate mathematics degree programme, third year student groups addressed these issues. Student perception of what modelling involves was revised and as a result commitment and belief in its value was strengthened.

On the Role of ‘Grundvorstellungen' for Reality-Related Proofs - Examples and Reflections

Werner Blum

University of Kassel

There are a lot of arguments for the inclusion of applications and modelling in mathematics teaching: so-called pragmatic, formal, cultural and psychological arguments. Among the psychological arguments the most often mentioned is the role of applications for motivating and introducing new topics and for practising and consolidating them. What is rarely, mentioned both in the ICTMA community and outside - is another psychological aspect: applications provide contexts for what I called reality-related proofs. This chapter has three aims:

1) to explain the concept of reality-related proof by means of four examples,

2) to elaborate the role of Grundvorstellungen in these proofs,

3) to show why all this is important for mathematics teaching.
Cognitive difficulties related to the understanding of the definition of Group

Teng-San Shih

Chinese Culture University (Taiwan)

Although many applications of mathematics, for instance coding theory, cryptography, symmetrical design etc, are devised from group theory, most college mathematics teachers would probably agree that students have insurmountable cognitive difficulties with the basic concepts of ‘groups’. Thus, the primary goal of this chapter is to collect information about the cognitive obstacles of the basic concepts of group and propose some computer activities that would lead students from concrete to abstract.

Mathematical modelling and current events using hand held graphing technology.

Roger Brown

Swinbourne University of Technology

This paper reports on an example of mathematical modelling used with students in schools in both Australia and Alaska. The students ranging in ages from 12 to 20 years, in mixed ability groups, investigated a number of topics, of which the analysis of air quality is reported here. The students had access to hand held graphing technology, particularly the Texas Instruments TI 83 graphic calculator. The emphasis of this chapter is on how hand held technology can be incorporated into mathematical modelling in the secondary school classroom.
Modelling using dynamic geometry software

Barry Mcrae

University of Melbourne

The potential of dynamic geometry software to revitalise the teaching of geometry is widely recognised. However, the role it can play in mathematical modelling is not so widely recognised. To demonstrate this capability, a solution of a typical year 12 optimisation problem is developed using The Geometer‘s Sketchpad The need for minimal abstraction of the situation, the power of the visual image and the ability to vary parameters continuously are identified as significant advantages in its use as a modelling tool.

Technology as a tool for transforming mathematical tasks

Merrilyn Goos

The University of Queensland

This chapter reports on a study, which examined student interaction and discussion generated by computer-based applications tasks in a senior secondary school mathematics classroom. Key concepts from sociocultural theory are used to examine the role of technology as a tool for mediating students’ learning. Also highlighted is the significance of social support offered by the teacher, the researcher, and students’ peers in creating zones of proximal development, which allowed the students to extend the established boundaries of their knowledge.
The Impact of Computer Algebra Systems on Modelling Activities

Hans-Wolfgang Henn

Staatliches Seminar fur Schlupaedagogik (Gynasien)

In the German federal state of Baden- Wuerttemburg, extensive tests on the use of computer algebra have been going on since 1993.With the beginning of the school year 1996/7, we have started a pilot project that is at present unique in Germany. All students of five 11th grade classes (aged 16-17) from different towns in Baden-Wuerttemburg, have been equipped with a modern notebook and will work with MAPLE for three years until their final exam. One of our major goals is to bring more applications and modelling into every day teaching experience.

MAPLE- Methodology, Modelling and Matrices

Dr Neville T. Neill

University of Ulster

In recent years many British universities have moved from traditional teaching methods to a more student-centred learning approach. This chapter describes how mathematics courses at Ulster have attempted to involve students  more actively in the educational process by redesigning some modules around Maple, and then teaching and examining them in computer laboratories. The pedagogical justifications for such a move are discussed while results of the experiment, and issues remaining for resolution, are noted.

The use of Maple in  teaching mathematical modelling

Mike Pemberton

University of Queensland.

The debate ,on whether the use of symbolic manipulators in the teaching and learning of undergraduate mathematics is advantageous or not, is still continuing. This chapter describes some of the situations where Maple can be effective in widening the scope of the traditional approach and illustrates this by showing how Maple can be used inter alia  to aid the modelling of some advanced problems in applied mathematics and engineering.

The Understanding of Mathematical Expectation in Gambling Situations

Robert Peard

Queensland University of Technology

Australian society has an acceptance of gambling that is greater than any other society. Most of this gambling is “social” gambling for which the main purpose is entertainment rather than an expectation of long term winning. Historically, track racing has been the dominant medium for this. More recently, poker machines and casino betting now dominate. This chapter examines research by the author, which has shown that social gamblers involved in track betting often have an intuitive knowledge of the concept of mathematical expectation that those involved in casino betting do not.

Goal!!!

[The Mathematics of a Penalty shoot-out in a Football Game]

Elsa Fernandes

Universidade da Madeira

and

João Filipe Matos

Universidade da Lisboa

In this chapter we discuss the problem of the penalty shoot-out as a case to show the possibilities for making sense and learning mathematics in secondary school through the analysis of mathematical models. The main question is: “Is there any place at the goal post where the player could shoot the ball making it impossible for the goalkeeper to stop it?” After the construction of relevant mathematical models, experiences with Powersim and Excel can lead us to conclusions about the possibility of scoring a goal.

Developing Simple Random Number Models Using A Spreadsheet

Mike Hamson

Glasgow Caledonian University

For mathematics students concentrating on business and operational research, mathematical modelling activities are best undertaken where the context of the modelling problems is non-physical. Suitable problems are readily found from simple organisational events that occur commonly in every day life such as ‘crossing the road’, ‘waiting for a bus’ and so on. Formulating these as mathematical models involves use of random numbers and the analysis of the models can be effectively carried out using a spreadsheet package.

Perceptions of mathematical modelling in Australia: Is it time to take gender off the agenda?

Ken Gray

Queensland Board of Senior Secondary School Studies

Three ways ‘mathematical modelling’ is currently taught in Australia are examined in the light of the distinctives of mathematics and more general curriculum trends that can be associated with gender. Attempts to redress any current imbalances must, it is contended, involve refocusing on individuals’ learning styles. Androgyny theory, via Bakan’s notions of agency and communion, is put forward as a way of auditing curriculum content and teaching approaches so individuals can operate within, and extend, their own learning styles and skills.

Drug Models and their use in Mathematics courses

Trevor Gethins

Oxford Brookes University

Models of drug intake to the bloodstream via the stomach are considered. Formulation as a compartment model leads to a system of differential equations, which are accessible to various methods of solution depending on the specific modelling assumptions. The models are therefore useful both in  a first course in mathematical modelling and in more advanced differential equation courses. Analytic solutions are presented for particular models together with computer-generated solutions.

Comparison of a newly developed chemotherapy competition model with earlier drug resistant models

J.R. Usher and D. Henderson

The Robert Gordon University

This chapter presents undergraduate case material, which compares the qualitative results of a recently developed competition model, Usher and Henderson (1996b) and Henderson (1997), describing chemotherapy treatment of tumours in the presence of drug resistance, with those of the two previously established models, Goldie and Coldman (1979)  and Birkhead and Gregory (1984). The first case study involves an investigation of the behaviour of the  resistant fraction in a tumour during treatment, while the second case investigates the behaviour of fractional tumour reductions (f.t.r) resulting from continued administration of a chemotherapeutic drug.

Discrete approaches to mathematical modelling

Anne Penfold Street

The University of Queensland

and

Deborah J. Street

University of Technology (Sydney)

Solving a real world problem by mathematical modelling requires, first that the problem can be translated into mathematics , and secondly, that a mathematical system exists (or can be developed) which sheds light on the solution of the problem. Discrete mathematics provides a wealth of examples of the use of existing systems, and of the development of new ones motivated by new problems. We illustrate this by considering in detail one example, namely the mathematics relevant to getting honest answers to sensitive questions. We also briefly discuss a second example with applications in agroforestry.

The influence of problem format on students’ approaches to mathematical  modelling

Toshikazu Ikeda

Yokohama National University

and

Max Stephens

Board of Studies( Victoria)

Students in a Japanese university engaged in  a task requiring them to develop and investigate a mathematical model of a physical situation. As novice modellers, what mathematical predispositions did they bring to the task? This study presents a framework for interpreting their responses and looks at differences generated by relatively open and more structured versions of the task. This study discusses the gap between current emphases in the Japanese mathematics curriculum and the skills needed to engage in mathematical modelling.

Secondary pupils creating posters

S Kenneth Houston and Barbara E Breedon

University of Ulster

Ideas developed for use with undergraduate students of mathematics have been successfully employed with school children. Pupils have been designing and using posters to communicate their ideas to their teachers and their peers. They have been involved in the creation of assessment criteria and in peer assessment.

Pupils in Year 8 worked in small groups to create instructional posters on topics in fractions. Pupils in Year 11 worked in small groups to create posters, which communicate the results of their mathematical investigations. It was found that most pupils were motivated to think carefully about mathematics and the communication of mathematical ideas.

The Emperor’s New Clothes? Teaching and assessment of mathematical applications at the senior secondary level

Gloria Stillman
James Cook University

In order to increase mathematical competence a focus on the modes of thinking which provide ways of modelling situations in our environment has been advocated. This chapter examines the question: Is an application, rather than a modelling approach, likely to engender the cultivation of the metaknowledge about applying mathematical processes associated with the modelling of real world problems? The data from a study of current practice is presented and a framework suggested for progressing from present practice towards the desired outcomes.

Modes of representation and their influence on the application of mathematical concepts

Traugott Hans Schelker

Swiss College of Agriculture

The following chapter is a short presentation of a mathematical experiment. The aim was to study whether the way a mathematical theory is presented would influence the students’ ability to apply this theory in real world situations. The experiment was based on arithmetical and geometrical progressions and series (upper secondary level). The same mathematical theory was presented to two groups of students, A and B. For group A we chose an abstract form, for group B we chose a very concrete from of presentation.

The presentation was followed by a series of different kinds of tests. We were mainly interested in the following questions: What are the differences in the test results and in the form of representation of these results for the two groups? What are the advantages of the different kinds of representation?
How do students’ attitudes to mathematics influence the modelling activity?

Peter Galbraith

University of Queensland

John Izard

Australian Council for Educational Research

Christopher Haines

City University (London)

In this chapter we review research on the relationship between students’ attitudes to mathematics and their beliefs in mathematics and academic achievement. We consider the dimensions of the affective variables and performance with a particular emphasis on mathematical modelling. We discuss the issues involved taking a broad view of mathematics to include computer use and other computational activity. Following a survey of assessment tools for achievement in mathematical modelling, we conclude by discussing the application of tools which focus on attitudes.

A fuzzy logical model to aggregate several heterogenous educational grades from a reductionist grading scheme

Chiu-Keung Law and Jin-Sheih Su

Chinese Culture University(Taiwan)
It is important to conduct a summative evaluation when we have developed a new approach in the teaching of mathematics. Often, several types of data are included and we should aggregate them as a whole in a way that would distinguish  a satisfactory approach from an unsatisfactory one. Thus, the aim of this study is to propose a fuzzy logical model to aggregate scores, as well as to provide clues to evaluate a new approach in  the teaching of modelling and applications.

Prospective South African teachers’ handling of pedagogical activities related to the applications of mathematics
Cyril Julie

University of the Western Cape 
Teacher preparation institutions are expected to deal with issues which prospective teachers will  encounter when they enter the teaching profession. Designing learning activities is one such issue. This study reports on prospective teachers’ handling of the design of a learning activity within  the domain of the applications of mathematics. Theoretical constructs derived from recent literature on applications and modelling underpinned the study. The major findings are reported and discussed in relation to constructs emanating from social practice theory.
Danish students compete in the A-lympiads.
Sten Asgaard Andersen

Virum Upper Secondary High School 
Among other subjects, Mathematical Modelling is part of the curriculum for high school students in Denmark. The increasing focus on the modelling aspect is the result of the possibilities provided by tools like PC’s and small calculators. From a pedagogical point of view it is important to teach students; to make models, to study the influence of the parameters in the model and to compare different models and solutions for a given problem. Even more important however, is to teach them to formulate a non-mathematical problem as a mathematical problem and later translate the solutions back into the original context. This is the background for Danish students to compete in the A-lympiads.
Algebra, modelling, and achievement
Susan J. Lamon

Marquette University (Wisconsin)
A modified version of classical mathematical modelling was used to give middle school students a gradual introduction to algebraic symbols and to enhance their perception of the usefulness of algebra in solving practical problems. After the first year of a three-course algebra sequence, grade 7 students, aged 11-12, surpassed students two years beyond them in the curriculum in their ability to convert quantitative relationships into algebraic symbols.

A proposal for university level of mathematical modelling and simulation using signal theory
Marta Anaya and Maria Ines Cavallaro

Univeridad de Buenos Aires
In this chapter, we propose the use of signal theory models at different stages of mathematics teaching at the university level such as; digital images illustrating matrix algebra, the use of the theory of two variables functions in image detecting, applications of complex analysis to speech signals. Some of these subjects have already been implemented in undergraduate courses, allowing us to evaluate our teaching efficiency and the improvement of the students’ performance.

New trends in distance education for the engineer
Heinrich Abel and Peter Hauck

University of Tübingen
Distance education as a means of continuing education and professional qualification is of considerable importance. This applies in particular to the field of engineering. The present chapter focuses on the question of to what extent engineering qualifications, usually obtained through laboratory work, may be acquired in the framework of distance education. The significance of computer-based learning environments in this context, in particular the use of simulation and model building tools, is considered.
Teaching of Mathematical Modelling in China

Qiyuan Jiang

Tsinghua University

The teaching of mathematical modelling has become regular and vigorous in universities in China, and has been favoured by students since the early 1980s. In this chapter, the course contents, teaching methods, students’ responses, the relations between mathematics education reform and the teaching of the course and will be presented based on teaching experiences over the past 10 years. The situation of the teachers’ training program and the contest in mathematical modelling for undergraduates in China will be introduced simply.
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