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1.1

Communicating Big Themes in Applied Mathematics

Julian Hunt FRS

Lighthill Institute of Mathematical Sciences and

University College London, UK

(and JM Burgers Centre, TU Delft, The Netherlands)

Abstract(This paper reviews, primarily for mathematical educators, how decisions taken in government and the private sector make use of the concepts and techniques of mathematical sciences, particularly those related to sudden and extreme events in natural, social and technological systems. The insights of applied mathematics, statistics, and computational modelling are shown to be relevant to understanding and managing the outstanding problems concerned with these systems. The main themes highlighted here include predictability, accuracy, extreme values, singular events, and patterns in system behaviour, especially in relation to new approaches in deterministic and statistical modelling and to the increasing use, through computer networks, of the vast volumes of data that are now available to scientists and decision makers. These developments also exploit improved optimisation methods which make better use of approximate data and, most recently, the ‘multi-centre’ combinations of model results obtained at different institutions, which benefit from the slightly different assumptions and numerical methods at each centre. Suggestions are made about how these concepts and techniques could be used more effectively in government and industry to guide both tactical and strategic planning. The worlds of media and politics also need to understand better how mathematically-based predictions are made and how to question them. Universities could provide general 'appreciation’ courses to survey the general ideas of mathematical science and their wide applicability in society. Graduating mathematical scientists might be encouraged to take on more responsible roles which should be of benefit both to their organisations as well as to their own careers.

1.2

ECONOMIC MODELLING:

THEORY, REALITY, UNCERTAINTY AND DECISION-MAKING
Kate Barker

Member of Monetary Policy Committee

Bank of England, London, UK

Abstract(This paper discusses the range of issues which arise from the use of economic models, and the importance of recognising the context when selling a particular model to its clients.

2.1

Dreaming a ‘possible dream’: more windmills to conquer

Peter Galbraith

University of Queensland, Brisbane, Australia

Abstract( 

Oh, East is East, and West is West, and never the twain shall meet,

Till Earth and Sky stand presently at God’s great Judgment Seat;

But there is neither East nor West, Border nor Breed, nor Birth,

When two strong men stand face to face, though they come from

    the ends of the earth. (Rudyard Kipling, 1889)

Approaches to real-world problem solving, in the world beyond the classroom, offer attributes that can enrich the teaching and learning of mathematics. Such attributes stand to develop the capacities of individuals to apply mathematical knowledge in situations involving social or personal decision-making or in other academic pursuits, as well as for vocationally- specific purposes. The meeting of the outside world with the mathematics classroom (metaphorically East and West), challenges both sides to enhance mutual understanding by finding common ground at the interface. We have identified a number of meeting points and structures where this need is highlighted, including: properties of real-world problems that differ from those traditionally met in mathematics curricula; identification of problem types that occur outside the classroom, and the construction of parallel school-level problems; teaching and learning conditions necessary for the solution of real problems; and associated tensions and inconsistencies within existing didactical practices.

2.2

MODELLING IN CLASS: WHAT DO WE WANT THE STUDENTS TO LEARN?

Katja Maaß

University of Education, Freiburg, Germany

Abstract(Modelling and application are regarded as an important topic for maths lessons. But so far the concept “modelling competencies” has not been described in a comprehensive manner. The aim of this paper is to supplement former descriptions of modelling competencies based on empirical data. An empirical study was carried out which aimed at showing the effects of the integration of modelling tasks into day-to-day maths classes. Central questions of this study were – among others: How far do math lessons with focus on modelling enable students to carry out modelling processes on their own? What are modelling competencies? The paper describes the theoretical and the methodological approach, the classroom settings, and the results of the study.

2.3

LEARNING BY CONSTRUCTING AND SHARING MODELS

Celia Hoyles and Richard Noss

Institute of Education, University of London, UK

Abstract(We report on a small slice of a large-scale, three-year, EU-funded research project, WebLabs, which focused on the iterative design of two systems: a programming-based environment for students to build models of their mathematical and scientific knowledge, and a set of web-based collaboration tools to share both their ideas and their programmed models. Our students were aged between 10 and 14 years, and spanned six EU countries. We focus on the iterative design of a set of activities in the context of the construction and exploration of a 'lunar lander', in which the idea was eventually to build a game about landing on the moon. Our hope was that in constructing a model of a lander, exploring its behaviour, sharing knowledge about problems and ultimately sharing the game, students would develop a deeper appreciation of the concepts of position, velocity and acceleration with the tools provided, and the relationships between them. We focus particularly on students' activities in relation to reading and interpreting position-time and velocity-time graphs.

3.1
EXEMPLAR MODELS: EXPERT-NOVICE STUDENT BEHAVIOURS 

Rosalind Crouch1 and Christopher Haines2
1University of Hertfordshire, Hatfield, UK, 

2City University, London, UK.

Abstract(We report on a study of mathematical modelling skills of final year mathematics undergraduates, studying a course in mathematical models and modelling where the students’ introduction to modelling is through exemplar models. These students are found to be at an intermediate stage between expert and novice, whose modelling capabilities are affected by limitations of their domain knowledge both in organisation and in content. We describe expert-novice behaviours, in terms of novice, intermediate and expert classifications. We consider outcomes from multiple-choice coursework questions, developed in a similar style to those used in more elementary contexts. We link these outcomes, and those from other assessments, to the descriptors of behaviour. Further, we raise questions as to how these outcomes might change perceptions of applying mathematics in real situations and consider implications for education more generally.
3.2

A TEACHING EXPERIMENT IN mathematical modelling

Toshikazu Ikeda1, Max Stephens2 and Akio Matsuzaki3
1Yokohama National University, Japan

2University of Melbourne, Australia

3Tsukuba University, Japan

Abstract(When combined with group discussion and careful teacher direction, the use of multi-choice modelling tasks proved to be effective in helping to shape students’ thinking about key features and stages of mathematical modelling. The problems in this pilot study were accessible and challenging to Japanese senior high school students of mathematics who had no prior teaching relating to mathematical modelling. Students initially developed their own thinking through individual problem solving and small group discussion. In whole-class discussion, the teacher helped clarify shared and different opinions from among small groups. This assisted students to re-evaluate their own ideas, or to challenge ideas from other groups. More detailed one-to-one interviewing during and after teaching will be needed to ascertain what predisposes some students to gain more from this type of approach than others.
3.3

modelling and modelling competencies in school

Gabriele Kaiser

University of Hamburg, Germany

Abstract(The paper reports on university seminars of mathematical modelling at school. The seminars were held by the departments of mathematics and mathematics education together with various schools in Hamburg. Future teachers and students in upper secondary level carried out together modelling examples either in ordinary lessons or special afternoon groups. They tackled authentic problems proposed by applied mathematicians working in industry. In this paper we consider one of these examples in more detail and describe students’ attempts at solving the problem. The paper also deals with modelling competencies and their development. These competencies are evaluated by means of a test that was applied to all participating students at the beginning and at the end of the seminar. The results of these tests are reported and they indicate which competencies were fostered through modelling examples and which were not. 
3.4

EXPLoring university students’ competencies in modelling

France Caron and Jacques Bélair

Université de Montréal, Canada

Abstract(We report on the introduction of a term project in an undergraduate mathematical modelling course. Covering a wide range of real-world situations, the projects were deliberately open-ended. An exploratory study was conducted to examine which phases of the modelling process received greater attention and which competencies were displayed in each phase. Relating these observations to data on students’ characteristics (educational background, modelling experience, interest in mathematics, and confidence with technology) helps identify trends suggested in previous studies, and points to possible improvements to be incorporated in future courses. The study also provides a new perspective on the relevance of examining the place given to applications, modelling and technology in university programs in mathematics.

3.5

FACILITATING MIDDLE SECONDARY MODELLING COMPETENCIES

Peter Galbraith1, Gloria Stillman2, Jill Brown2, Ian Edwards3
1University of Queensland, Brisbane, Australia

2University of Melbourne, Melbourne, Australia

3Luther College, Melbourne, Australia

Abstract(One method of engaging secondary students in mathematics classes is through taking a real-world modelling approach to teaching, beginning in the middle years (Years 8/9) and developing students’ modelling abilities into the senior secondary years. This chapter documents a case study in an Australian secondary school where such an approach is being established. The purpose is to provide an approach where Year 9 students experience a sense of success pivotal to their continued engagement with the modelling process. As the aim is that students have well-developed modelling skills within a classroom context by Year 11, students’ handling of transitions between phases of the modelling process is of particular interest. From intensive analysis of student responses whilst undertaking two extended tasks, a framework is developed for identifying student blockages during transitions.

3.6

Assessing mathematical modelling competency

Tomas Højgaard Jensen

The Danish University of Education, Denmark

Abstract(Focusing on the concept of competence in mathematics education has many analytical implications. Multidimensionality is a necessary, but challenging, approach and in this chapter I address the need to work with at least three dimensions to make a valid assessment of someone’s possession of competence. This is demonstrated in regard to mathematical modelling competency, before the presentation of two challenges of bringing this multidimensional approach into educational practice. The two challenges are: The conflict with simple ranking as an educational goal and the conflict with the dominant focus on technical levels in mathematics education.

3.7

A STOCHASTIC MODEL FOR THE MODELLING PROCESS 

Michael Voskoglou

Higher Technological Educational Institute

Patras, Greece

Abstract(We introduce a finite Markov chain having as states the main steps of the mathematical modelling process. In this way, we obtain a stochastic method for the description of this process, in situations where the teacher provides such modelling  problems  to the students for solution, and we also succeed in measuring the mathematical model building abilities of these students. Our stochastic method, which is compared with other reported qualitative methodologies, is actually an improved version of a model presented in an earlier paper. An application in the classroom presented in the above paper, is also reconsidered here, in order to illustrate the improvements of our model, and our conclusions are discussed in comparison with other recently reported research.
3.8

ASSESSING PROGRESS IN MATHEMATICAL MODELLING

John Izard

RMIT University, Melbourne, Australia
Abstract(Evidence of mathematical modelling skill may be obtained through performance of a number of complete tasks or by identifying the appropriate actions in a number of sub-tasks. Success is often gauged by adding the scores on each performance or sub-task. Students of different levels of modelling skill are assumed to receive different scores and students of the same level are assumed to receive the same scores. This paper reports an application of item response modelling procedures to samples from an item collection to investigate this assumption. The results inform the choice of items to meet technical and practical requirements for better assessments in mathematical modelling.

3.9

An introduction To CUMCM

Qiyuan Jiang1, Jinxing Xie1 and Qixiao Ye2
1Tsinghua University, Beijing, PR China

2Beijing Institute of Technology, PR China

Abstract(The China Undergraduate Mathematical Contest in Modelling (CUMCM) is a national event held annually. Teams of up to three undergraduate students investigate, model, and submit a solution to one of two simulated real-word problems in engineering, management, etc. The aim of the contest is to expose students to the real-world challenges inherent to mathematical modelling and experimentations, and provide educational (creativity, challenge, etc.) experience unique to problem-based learning. In this paper, we briefly introduce the aims and scope, organization and achievement of CUMCM. A selected contest problem from CUMCM-2004 is discussed. We also talk about some problems and difficulties currently faced by the contest.
4.1

FUNCTIONAL MATHEMATICS AND TEACHING MODELLING

Hugh Burkhardt

Shell Centre for Mathematical Education

University of Nottingham, UK

and Michigan State University USA
Abstract(Mathematical literacy (ML) is the capacity to make mathematics functional in everyday life – that is, to make effective use of it in better understanding the world and in meeting its challenges. The current focus on ML provides a unique opportunity to make modelling a reality in schools, at last. This paper will first review evidence that much of school mathematics is currently non-functional for many people at all levels of achievement. It will then look at the missing ingredients in current curriculae that are needed to develop ML, notably the explicit teaching of modelling skills. Using existing examples of proven effectiveness, it will outline what is needed to make ML an outcome of school mathematics. 

4.2

MODELLING AND THE CRITICAL USE OF MATHEMATICS

Jussara de Loiola Araújo

Universidade Federal de Minas Gerais (UFMG), Brazil

Abstract(The objective of this paper is to present a discussion about the use of mathematical formulae, or of mathematical models, by professionals from other fields, and students who work with modelling in mathematics classes, who are unfamiliar with their origin, and have not discussed and reflected on the consequences of their usage. This type of discussion is of critical concern to mathematics education. The discussion will be built around the report of an experience with a course proffered to practising and future mathematics teachers, in which one of the themes was mathematical modelling. Through the development of three kinds of activities a discussion spontaneously emerged regarding the use of mathematics in an unquestionable way. Thus, a second objective of the paper is to show how this discussion regarding the unquestionable use of mathematics (or of mathematical models) in society became increasingly important to one group of future mathematics teachers during their first contact with mathematical modelling in mathematics education.

4.3

LEARNERS’ CONTEXT PREFERENCES AND MATHEMATICAL LITERACY

Cyril Julie

University of the Western Cape, South Africa
Abstract(Mathematical Literacy deals primarily with the insertion of a mathematical gaze on extra-mathematical issues and situations. These issues and situations are to a large extent determined by curriculum, learning resource and test designers. The issues and contexts learners prefer for mathematical investigation is a largely under-researched area. In order to ascertain contexts that learners would find interesting to deal with in Mathematical Literacy a study, the Relevance Of School Mathematics Education (ROSME), was embarked upon. Some of the findings of this study and how they relate to current issues in South Africa are presented in this paper. It is concluded that within their Mathematics Literacy experiences learners should also be confronted with issues and situations to which they accord priority. However, this should be done with circumspection given that schools are also places where interests are to be developed. This, in turn, calls for a curriculum where the interests of learners and those fixed by curriculum, learning resource and test designers are balanced.

4.4

 ‘REAL WORLD’ INTERACTIONS FOR ADULT BASIC NUMERACY TUTORS

Yvonne Hillier

City University, London, UK

Abstract(We are concerned with how adult basic numeracy tutors enable people to deal with the ‘real world’. This chapter draws upon an ESRC funded research project (no R000239387) which explores the formative decades of adult basic skills from 1970 – 2000.  The chapter explores how practitioners from the past three decades have developed numeracy practices, aimed at enabling adults to improve their basic maths and examines the tensions within basic skills that have privileged the work with literacy and language. It also identifies how the government definition of the problem of numeracy and basic maths favours a functional approach but how the professional development of tutors attempts to incorporate a much wider understanding of how maths is taught. The resulting tension continues in the current debates about how numeracy tutors should be trained and developed.

4.5

MATH MODELLING: WHAT SKILLS DO EMPLOYERS WANT IN INDUSTRY?
ManMohan Sodhi, Byung-Gak Son
City University, London, UK

Abstract(We analysed 401 mathematical modelling-related job advertisements from Monster.com and OR/MS Today to find out what employers want from graduates from mathematical modelling related courses. We used content analysis to analyse job advertisements by tallying up relevant phrases and keywords and phrases in the advertisements regarding (1) skill requirements, (2) degree requirements, and (3) background disciplines requirements. Our analysis shows that many skills required for mathematical modelling jobs are “soft” skills pertaining to problem solving and to communication, which are not covered by ordinary mathematical modelling curricula. Educators can help students to obtain such soft skills by adopting innovative teaching methods such as team exercises, competitive exercises, group discussions, presentations, and case analysis.
5.1

How do Students and Teachers deal with MoDelling Problems?

Werner Blum and Dominik Leiß

University of Kassel, Germany

Abstract(In this paper, we shall report on some of the work that has been, and is being, done in the DISUM project. In §1, we shall describe the starting point of DISUM, the SINUS project aimed at developing high-quality teaching. In §2, we shall briefly describe the DISUM project itself, and in §3 we shall present and analyse a modelling task from DISUM, the “Sugarloaf” problem. How students dealt with this task will be the topic of §4, the core part of this paper. How experienced SINUS teachers dealt with this task in the classroom will be reported in §5. Finally, in §6, we shall briefly describe future plans for the DISUM project.

5.2

Teacher-student interactions in mathematical modelling

Jonei Cerqueira Barbosa

State University of Feira de Santana, Brazil

Abstract(This investigation took part at a Mathematics Modelling course to pre-service teachers. The students were requested to formulate and solve applied problems, observed and monitored by a teacher through meetings. Interactions between students and teacher were video-ed as qualitative data. The results underline the notion of interaction spaces to denote the moment of encounter between the teacher and the students or the students by themselves to discuss the modelling task. The data illustrates different styles of interaction between the teacher and the students.
5.3

Mathematical modelling:

A teachers’ training study

José Ortiz1, Luis Rico2 and Enrique Castro2
1University of Carabobo, Venezuela

2University of Granada, Spain

Abstract(The application of modelling has had promising results in the field of mathematics education. It offers an organised and dynamic way of closing the gap between mathematics and the student’s physical and social world. To investigate the teaching competence of student teachers, a training programme was designed and applied to incorporate mathematical modelling and the graphic calculator in teaching activities with an algebraic content. The aim of this programme was to broaden the cognitive support for participants and to help them act rationally in decision-making when designing teaching activities. The productions of ten pre-service mathematics teachers are analysed, specifically their proposals for problem situations in secondary school linear algebra. The results showed evidence that technical and didactic use of the graphic calculator and of the benefits that it offers were important for both teacher and student. Pre-service teachers reflected on the joint teacher-student work group discussion and the reporting and communication of mathematical ideas to the class. 
5.4

mathematics in the physical sciences: multiple perspectives

Geoff Wake and Graham Hardy

University of Manchester, UK

Abstract-There is much concern in the UK about the “mathematics problem”: the lack of ability of students to apply mathematics when entering Higher Education courses in science and technology. Some studies suggest students’ lack of facility with basic techniques as a root cause. However, as studies of application of mathematics in different settings such as workplaces suggest, the problem is likely to be deeper than this. We have found the theoretical framework of Cultural Historical Activity Theory useful in drawing attention to different factors that mediate, for better or worse, (mathematical) activity in different settings. We use this here to assist us make sense of data we have collected in a study in which we ask of students, as they apply their mathematics to solve problems in the physical sciences, “what is mathematical activity and how can this be used to assist scientific activity and understanding?” We examine this question from the different perspectives of the students, their teachers and ourselves as educators / researchers. 

5.5

modelling problems FROM

a cognitive perspective

Rita Borromeo Ferri

University of Hamburg, Germany

Abstract(Looking at modelling from a cognitive perspective has largely been neglected in the current discussion regarding modelling. Using the mathematical didactical and cognitive-psychological approach of mathematical thinking styles, this study analyses the modelling performed by teachers and students in context-bounded mathematics lessons. This study is complex, and so are the results. The focus of this paper is on the depiction of reconstructed and so-called individual modelling routes of sixteen-year-old learners working in groups on modelling problems during mathematics lessons. These routes provide an insight into the learners’ cognitive procedures during modelling. 
5.6

EXPLORATIVE STUDY ON REALISTIC MATHEMATICAL MODELLING

Cinzia Bonotto

University of Padova, Italy

Abstract(In this contribution we will present preliminary results of a study which is part of an ongoing research project aimed at showing how the use of suitable cultural artefacts can play a fundamental role in bringing students’ out-of-school reasoning experiences into play, by creating a new tension between school mathematics and everyday-life knowledge with its incorporated mathematics. The focus is on fostering a mindful approach towards realistic mathematical modelling which is both real-world based and makes sense quantitatively.
5.7

STUDENT REASONING WHEN MODELS AND REALITY CONFLICT

Jerry Legé

California State University Fullerton, USA

Abstract(Upper secondary students were provided data from an experiment which contained a systematic error, all related calculations, and several recommendations for modelling the situation. The students were asked to select one of the given recommendations, or to provide one of their own. The physical context (reality) should have required a direct variation as the model, but data analysis (model) suggested a linear relationship with two parameters. In trying to resolve the internal conflict, a wide range of responses and justifications were offered by participants. Clusters of student responses are characterized, and underlying root issues are suggested as explanations.

5.8

The concept of the derivative in modelling and applications

Gerrit Roorda, Pauline Vos and Martin Goedhart

University of Groningen, The Netherlands

Abstract(The question addressed in this paper is how to measure students’ transfer skills with respect to the concept of the derivative in modelling and applications. We adapted a framework developed by Zandieh (2000) for analysing students’ understanding of the concept of the derivative. Nine grade-11 students made a test and a task-based interview, which consisted of mathematical and application problems. The task-based interview included tasks about the application of the derivative in a physics and economics context. The analysis of interview data showed some difficulties emerging with the framework. With respect to modelling and applications, we found that sometimes students cannot apply knowledge of calculus that they have, and that translations between representations, and especially between a context set in the real world and mathematics, and backwards, cannot be represented in the framework. Our analyses gave directions for further development of a framework for understanding derivatives in relation to applications.
5.9

INEQUALITIES AS MODELLING TOOLS IN COMPUTING

Sergei Abramovich

State University of New York, Potsdam, USA

Abstract(This chapter is a reflection on a technology-enhanced mathematics education course that utilizes context-oriented spreadsheet modelling as a milieu for secondary school teachers’ training in the use of inequalities and associated proof techniques. In some cases, a spreadsheet is presented as a generator of applied problems dealing with a computational efficiency of modelling involved and leading to the use of inequalities. In other cases, a context within which computational environments are created is extended to allow for inequalities to be used as problem-solving tools. The chapter illustrates how a traditional pedagogy of utilizing technology for modelling inequalities can be complemented by that of using inequalities as modelling tools in applications to computing.

6.1

INTEGRATION OF Energy Issues in

Mathematics ClassroomS
Astrid Brinkmann1 and Klaus Brinkmann2

1University of Dortmund, Berufskolleg Iserlohn, Germany

2University of Trier, Umwelt-Campus Birkenfeld, Germany

Abstract(For the young generation, it is indispensable to be concerned itself with the environmental consequences of the extensive usage of fossil fuels and to become familiar with renewable energies. It seems to be particularly suitable to treat future energy issues in mathematics education. However, there is a great lack of appropriate teaching material. Thus, the authors have developed a didactic concept with regard to content and structure of mathematical problems, allowing their direct and broad usage in classroom. On the basis of this concept, the authors have created several series of problems for the secondary mathematics classroom. The aim of this contribution is to present an overview of our project together with some examples of the developed problems.
6.2

MODELS OF ECOLOGY IN TEACHING ENGINEERING MATHEMATICS

Norbert Gruenwald1, Gabriele Sauerbier1,

Tatyana Zverkova2 and Sergiy Klymchuk3
1Wismar University of Technology, Business and Design, Germany

2Odessa National University, Ukraine

3Auckland University of Technology, New Zealand

Abstract(This paper describes a recent joint project of three universities from Germany, Ukraine and New Zealand. The project is based on innovative pedagogical strategies in teaching applications in first-year university engineering mathematics. The aim of the project is to develop a set of real ecology models suitable for first-year engineering students in order to involve  students in solving real practical problems from the first year of their study, motivate them by showing the relevance of the mathematics that they learn in their course and encourage them to pay attention to environmental issues. Two models that are presented in the paper were given as a project to the first-year engineering students in their mathematics course in the Wismar University, Germany and the Auckland University of Technology, New Zealand. A questionnaire was given to the students to find out their difficulties with the project and their attitudes towards using it as a part of assessment. The students’ responses to the questionnaire and comments are presented and analysed in the paper.
6.3

MODELLING AS AN INTEGRATED

PART OF THE CLASS ON CALCULUS

Adolf Johannes Riede

Ruprecht-Karls-Universität, Heidelberg, Germany

Abstract(This paper reports on the practice of teacher education in modern teaching and learning methods including mathematical modelling. The report may encourage teachers and their educators and trainers to overcome frequently-cited obstacles to learning mathematics. 

6.4
CASE STUDY: LEAK DETECTION

IN A PIPELINE

Andrei Kolyshkin
Riga Technical University, Latvia
Abstract(A mathematical model for leak detection in pipelines is analysed in the present paper. The model is used as a case study for a course in mathematical modelling at undergraduate or graduate level. 

6.5

Discrete and Continuous Models of Lizard Populations
Michael Jones and Arup Mukherjee

Montclair State University, New Jersey, USA

Abstract(Difference and differential equations are used to model the mating strategies of side-blotched lizards. The lizard population is divided into three sub-classes based on mating strategies. The discrete model using difference equations assumes that the lizards are playing a “rock-paper-scissors game” and results in long-term behaviour contradicting observations. The same evolution can be modelled using a system of ordinary differential equations similar to predator-prey systems and results in a long-term behaviour that matches the observations. The lizard project is assigned as a capstone project in a second year undergraduate course with single variable calculus as a prerequisite. The students use Excel and Maple to study the long-term behaviour of the various models, justify their observations using analytic solutions when appropriate, explore and learn the process of checking model validity through comparison with observed data, and learn verbal and written communication skills.

6.6

Modelling and Problem Solving in Billiards 

Burkhard Alpers

University of Aalen, Germany

Abstract(In this article we discuss several models for the billiards scenario and identify a typology of problems. For these, several examples are provided. Moreover, we discuss how technological tools like a Dynamic Geometry System and a billiards machine can be used in the problem sol​ving process. We also report on using billiards problems in mathematical application projects.
6.7

The Lottery of Casanova

Hans-Wolfgang Henn and Andreas Büchter

University of Dortmund, Germany

Abstract(This paper presents the results and experiences of a project we did at Dortmund University with students in our teacher education department. The open-ended task to analyse the “Lottery of Casanova” provided a productive learning experience and leads naturally to various modelling approaches. These different approaches emerge through different perspectives of the situation. The context opens up a large potential for the design of modern mathematics teaching, oriented at current didactical concepts starting from phenomena and leading to the formation of mathematical theories.

6.8

Model transitions in the real world: The Catwalk problem

Thomas Lingefjärd and Mikael Holmquist

Gothenburg University, Sweden

Abstract( In our courses, we use examples from real-world phenomena as a forceful argument why modelling could be useful, valuable, interesting, and lead to a deeper competence in mathematics. This study examines whether a “real-world phenomena problem” makes any difference to the way students approach a problem.

6.9

FRACTAL IMAGE COMPRESSION

Francesco Leonetti

University of L’Aquila, Italy

Abstract(Fractal image compression gives us more models for images. It also uses simple mathematical tools: scalings, translations and rotations. Thus, fractal image compression is suitable when showing that mathematics is very useful.
 6.10

MODELLING HEAT FLOW

IN WORK ROLLS

Leticia Corral1, Rafael Colás2, Antonino Hernández3
1Instituto Tecnológico de Cuauhtémoc, Chihuahua, México

2UANL, San Nicolás de los Garza, Nuevo León, México

3Centro de Investigación en Materiales Avanzados, Chihuahua, México
Abstract(The continuing quest for explanations that resolve real-world problems leads to present a two-dimensional model for work rolls used for hot rolling of steel strip in a continuous mill. This model is developed in a novel form using analytic and numerical methods by considering the roll as a semi-infinite solid. Due to the excessive thermal cycles to which the roll is subjected during the processing, the industry requires that the research predicting its thermal behaviour is robust. Therefore, this current research was developed and the heat flow at a steady-state through the two-dimensional model computed in a way that is valued in the industry, and meets its requirements. This paper contributes to the state of art of the modelling and simulation of industrial processes of the real world, as well as in significant learning through the pedagogic practice, and its assessment. This work presents a novel insight for the development of future researches in the field of materials science.
6.11

APPLICATIONS OF MODELLING IN ENGINEERING AND TECHNOLOGY
Sanowar Khan, Kenneth Grattan and Ludwik Finkelstein

City University, London, UK
Abstract(The use of mathematical models in the design, investigation and prediction of sensors, actuators and other devices constitutes one of the major advances in engineering design. Efficient numerical solutions are now available for a wide range of mathematical problems that are impossible to tackle by analytical methods. Based on a number of industrial case studies, this paper will describe the use of numerical modelling techniques, such as the finite element technique, for the design and analysis of sensors, actuators and other electrical devices. In doing so, it will focus on the scope and importance of physical modelling at a sub-system level which ultimately contributes to modelling activities at a global systems level. It highlights the fact that because of its importance in design and analysis, the topic of mathematical modelling and the underpinning techniques are of wide pedagogical interest.
7.1

Mathematics in architecture

education

Igor Verner and Sarah Maor

Technion – Israel Institute of Technology
Abstract(This paper considers a Mathematical Aspects in Architectural Design course in a college of architecture, which focuses on experiential learning activities in the design studio. The design process is tackled from three “geometrical complexity” directions: tessellations, curve surfaces, and subdividing space by solids. Mathematical needs in architecture design and relevant learning methods were selected from interviews with practising architects and educational literature. The assessment criteria for the portfolio focused on the project contents, design solutions and mathematics applications. Results of the course follow-up revealed a variety of mathematically-defined complex geometrical shapes applied in students' design projects. The increased interest, challenge, motivation, and positive attitude towards application of mathematics in architectural design were demonstrated. We conclude that continuous mathematics studies in architecture education are required, in order to assimilate mathematical concepts and turn them into a practical tool in architectural design.
7.2

MODELLING IN ENGINEERING: ADVANTAGES AND DIFFICULTIES
Maria Salett Biembengut and Nelson Hein

Universidade R Blumenau, Brazil
Abstract(This article presents the results of a research whose empirical data were obtained from the use of mathematical modelling as a teaching method for Differential Integral Calculus in a Civil Engineering course. The objectives of the research were to evaluate students’ learning of mathematics, analyze their competence and ability in using the model and verify the principal advantages and difficulties in establishing modelling as a teaching methodology in a regular degree course.
7.3

Modelling: Difficulties for novice engineering students

Marta Anaya, María Inés Cavallaro and

María Cristina Domínguez

University of Buenos Aires, Argentina

Abstract(The purpose of this work is to study the different responses and reactions of novice students when a real problematic situation is presented with different degrees of specification in the given information. The main objective is to achieve a deeper understanding of the difficulties in the modelling process. The research was developed in two stages and it was focused on the structuring of the real model (strategies, assumptions, feasibility, self-evaluation), the mathematical model and mathematising processes, and the incidence of working conditions.
7.4
Integration of Applications in

the Technion Calculus Course

Shuki Aroshas, Igor Verner and Abraham Berman
Technion – Israel Institute of Technology
Abstract(This paper considers an education design experiment in which applications were integrated in the Multivariable Calculus course. Its purpose was to emphasise the connections between the mathematics course and the science and engineering disciplines, and examine the effect of applications on students' understanding of calculus concepts, course achievements, and learning motivation. In the experiment the conventional curriculum was extended by optional application. The experiment tested several supplemental instruction frameworks and focused on the applied problem solving skills, developing teaching methods and materials, and testing the course outcomes. Data analysis indicated high positive evaluation of supplementary applications classes, their contribution to understanding calculus concepts, and significant positive effect on students' achievements and motivation. 
7.5

Mathematical Modelling Modules for Calculus Teaching
Qiyuan Jiang1, Jinxing Xie1 and Qixiao Ye2
1Tsinghua University, Beijing, PR China

2Beijing Institute of Technology, PR China

Abstract(This paper introduces a two-year project on incorporating ideas and methods of mathematical modelling into the teaching of main mathematical courses in Chinese universities and colleges, initiated by the National Organizing Committee (NOC) of the China Undergraduate Mathematical Contest in Modelling (CUMCM) in 2003. The importance and necessity of the project are briefly discussed. The project’s emphases are put on designing mathematical modelling modules, which include the whole mathematical modelling process for solving real-world problems and should be easily understood and can be effectively used for the existing courses. The use of the modules will not disturb instructors’ regular teaching, but will stimulate and raise students’ interest in studying mathematics. In particular, recommendations on how and where this can be done in the existing calculus teaching are discussed. A sample module “Why a Coca Cola can takes such a shape” is presented in detail. 
7.6

AN EXPERIMENTAL APPROACH TO

TEACHING MODELLING

Ken Houston and Mark McCartney

University of Ulster, Jordanstown, Northern Ireland, UK

Abstract(A case study is presented in the use of a web-based resource for performing physics experiments, mostly mechanics, using graphics calculators and allied compact peripherals in the teaching of engineering mathematics.. The usefulness of such materials in developing skills in mathematical modelling, independent learning, and group work is discussed. It is concluded that such materials provide a welcome addition to the armoury of the mathematics lecturer who wishes to teach mathematics and mathematical modelling in an engaging, student centred, and, in terms of engineering mathematics, subject-specific way.
7.7

MODELLING FOR PRE-SERVICE TEACHERS

Susann Mathews and Michelle Reed

Wright State University, Dayton, Ohio, USA

Abstract(Teaching mathematical modelling has become more important as we prepare students to investigate complex phenomena that affect their lives. However, many mathematics programmes do not include modelling experiences for their future teachers even though they will be called upon to teach modelling-based mathematics to their students.  At Wright State University, our nine-course programme for middle school mathematics teachers has modelling as a central theme. This paper describes four of these courses that help students develop modelling skills. Two vital practices we keep in mind when planning are reinforcing modelling skills over time throughout our courses, and aiming the mathematics and the activities at the students’ ability levels.
7.8

THE FINNISH NETWORK FOR

MATHEMATICAL MODELLING

Robert Piché, Seppo Pohjolainen, Kari Suomela,
Kirsi Silius, Anne-Maritta Tervakari

Tampere University of Technology, Finland

Abstract(Since 2002, ten universities and research institutes in Finland have collaborated in order to teach introductory and advanced university-level mathematical modelling courses as a pilot project of a national Virtual University programme. This pooling of resources and expertise has made it possible to offer modelling courses that would otherwise be beyond the capabilities of the individual universities. To date, five university courses, comprising 33 teaching modules prepared by 22 teachers, have been developed and they are taught annually, to 50-60 students at 7 Finnish universities. Each course features streaming video-lectures from faculties of several universities, student teamwork and peer review in a browser-based learning environment, extensive use of numerical software, and video-conferenced presentations of students' modelling projects. In this paper, some details of the courseware production, teaching methods, technology development, and student, as well as expert, evaluation reports are presented.

7.9

LEARNING ENVIRONMENT THROUGH

MODELLING AND COMPUTING

Regina Lino Franchi

Methodist University of Piracicaba, Brazil

Abstract(Mathematical modelling and computing are important in mathematics education and mathematical modelling because, in addition to enabling the learning of mathematics in a contextual way, it gives students the opportunity to develop their potential. Computing facilitates visualizations and offers precise and quick answers and, because it enables mathematical work through experiment form, it allows the student to exploit the concepts in an autonomous way, trying out changes and variations and drawing conclusions. The joint work of computing with modelling has brought new possibilities to modelling. Many of the difficulties in the modelling process were overcome by the ease of data collection and handling, and by the representations management with software and using the Internet. This paper presents a characterization and utilization of mathematical learning environment through mathematical modelling and computing.
7.10

MODELLING IS FOR REASONING

Luís Soares Barbosa and Maria Helena Martinho
Minho University, Braga, Portugal
Abstract(In a broad sense, computing is an area of knowledge from which a popular and effective technology emerged long before a solid, specific, scientific methodology, let alone formal foundations, had been put forward. This might explain some of the weaknesses in the software industry, on the one hand, as well as an excessively technology-oriented view which dominates computer science training at pre-university and even undergraduate teaching, on the other. Modelling, understood as the ability to choose the right abstractions  for a problem domain, is consensually recognised as essential for the development of true engineering skills in this area, as it is in all other engineering disciplines. But, how can the basic problem-solving strategy, one gets used to from school physics: understand the problem, build a mathematical model, reason within the model, calculate a solution, be taken (and taught) as the standard way of dealing with software design problems? This paper addresses this question, illustrating and discussing the interplay between modelling and reasoning.
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