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Abstract. The EdUmatics-project (European Development for the Use of Mathematics
Technology in Classrooms) aims to increase the integration of ICT in European mathematics
classrooms. An online training course is constructed to provide learning and teaching material for
in-service and pre-service secondary teachers. In this talk, we will give a short overview of the
aims and methods of this project and we will present two activities. The first one illustrates what
we call "teachers activities". It explores, using appropriate technological environments, the limits
of a method used to determine the position of a curve with regard to its tangents. The other
activity, which is to be conducted in the classroom, compares exponential and linear growth
processes using interactive Geogebra applets or handheld devices. Results of empirical
investigations carried out by French and German teachers about the later activities will also be
examined.

Recent studies in Mathematics education show that despite many national and institutional
actions within the EU aiming to integrate ICT into mathematics classrooms, such integration
in secondary schools remains weak (e.g. Hoyles & Lagrange 2010). The rate of this
integration increases slowly compared to the evolution of the technology. The huge diversity
of ICT resources leaves teachers often unsure of which to use and when and how to use
them. Studies also reveal that reasons for the slow integration of ICT in mathematics into
classroom practice are deeply linked to the training strategies used. Approaches to training
are sometimes unrelated to teachers’ current classroom practices, being essentially based on
the transmission of technological rather than pedagogical skills. Thus, there has been little
impact on supporting teachers to make best use of new opportunities created by digital
educational content and services.

The EdUmatics-Project
The European Development for the Use of Mathematics Technology in Classrooms
(EdUmatics) project aims to increase thoughtful integration of ICT in European mathematics
classrooms by building and disseminating an online training course for in-service and preservice secondary teachers, in particular by providing high quality teaching material based on
research and experience of the 20 partners involved (Drijvers & Weigand 2010). In using ICT,
the partners are experts from ten universities and research institutes, together with ten
secondary level schools across six European countries.
The project consists of five different "chapters" (called modules): 1. Starting to work with ICT,
2. From static to dynamic representations, 3. Constructing functions and models, 4. Using ICT
in the classroom and 5. Multiple representations.
The Wuerzburg Group develops module 5 together with the IREM of Montpellier. This module
deals with the use of multiple external representations (MER) in the classroom, the
interrelationships between employed software and how to wisely use them in class. The
module includes didactic considerations about the use of MER, methodical reflections on how
to make thoughtful use of ICT, discussions concerning the theoretical background of MER in
the learning of mathematics and ready-to-use classroom activities. Advantages and
disadvantages, goals and difficulties of the use of multiple representations are also
discussed.
The project will develop a research-based course, which aims to educate in-service and preservice teachers to use new technologies in their mathematics classroom to maximise
students’ learning.
The course resources will become available through a multilingual European collaborative
internet-based platform to include videos of classroom case studies, interactive applets,
teaching materials, etc. This course also integrates face-to-face meetings (within each
country), online-work, individual tasks and practical work in the classroom.

This paper will focus on the fifth module of the course: "Module 5: Multiple Representations".
In the following, after having presented the outline of the module, we will examine two trends
underlying the content of the module, namely the "teachers' activities" and the classroom
activities. An illustrative example of both activities will be presented: "limits of a method" for
the first trend and “growth processes” for the second one.

Multiple Representations (Module 5)
The structure of Module 5 is similar to the other four modules of the course, paying particular
attention to the use of ICT to display mathematical objects in various ways. After an
introductory part to show the possibilities of spreadsheets, dynamic geometry, graphing and
CAS for mathematical representation, the module revolves around a three main topics:
growth sequences, data and statistics and the derivative. These are primarily discussed in
two parts, namely teachers’ activities and classroom activities, which will be described below.
Teachers' activities
Based on the large experience in working with teachers and in developing professional
developments that aim to enhance mathematics education through technology, the Module 5
team believes that providing teachers with classroom activities that illustrate the use of
environments supporting multiple representations, even when accompanied by substantial
didactical and methodological elements, is not sufficient. Teachers also need to reflect upon
their practice before they practice. For this purpose, several "teachers' activities" were
included in the module, where teachers’ autonomy, considering their ICT choices, increases
as they progress in the course.
Two kinds of activities were designed. Activities meant to familiarise teachers with one
representation at the time (four in total, referred to as "basic competencies" in the course)
were introduced at the earliest stages of the course. For most of them, the idea was to
provide teachers with mathematical problems devised such that one particular representation
would be especially helpful to make conjectures. The second kind of activities aimed to
gradually introduce more than one representation that would potentially enrich the answer to
the given mathematic question. The interplay between different representations, at the core of
Module 5, is at the forefront of the later activities.
All teachers' activities are based upon the idea of an a priori analysis of classroom situations.
Throughout the activities, teachers are asked to predict students' strategies used for solving
the problem, reflect upon the technological environment they would use and argue on the
advantages and disadvantages of different representations on offer. Hints on expected
answers are given on teachers' demand (accessing the "expected answer" is possible
through clicking on parts of the activities).
In order to illustrate the underlying principles of the teachers' activities, let us focus on the one
called "Limits of a method", in which three representations (graphical, numerical and
algebraic) are involved.
The aim of this activity was two-folded: not only has it been designed to put the limits of
specific representations to solve the problem into evidence, but it also reveals the limits of a
widely taught mathematical method used for examining the position of a curve with regard to
its tangents, namely the method of studying the sign of an expression by factoring. This
activity, as all teachers' activities, revolves around student tasks that begin with the following
question:
(C) designates the graphical representation of a function f chosen amongst common functions
(such as “square”, “cubic”, “inverse” , “square root” , “polynomial” , “homographic” , “rational”)
and T0 the tangent to (C) at point M0 of x-coordinate x0.
1. What conjecture can you give for the position of (C) with regard to T0?
2. Clarify the methods you have chosen in order to answer the previous question. What
technological tools have you utilized?
Tasks addressed to teachers included naming the different environments and methods they
think students would use to make conjectures and compare each of the environments. For
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present first results at the Portsmouth Conference.) using the TI-Nspire – in which students
created their own representations – have shown that, as expected, most students preferred
graphical representations for globally comparing the two types of growth, since it gives a
more global view of the depicted growth sequences, especially – visually – giving a good
impression of the exponential prize model. While value table and graph do not yield any
additional information that cannot be read from the other representation as well, the
representations’ global or local views on the growth sequence support global or local
approaches that complement and support each other (see Ainsworth 2006). For example,
students switched in their argumentation to the spreadsheet view when a clear decision on
the number of questions they considered themselves to be capable of answering correctly,
giving arguments such as “winning type 2 is preferable over type 1, since I think I can
probably answer at least six questions correctly and its winnings are higher with 640 € instead
of 600 €”. Experimenting with different starting values of the sequences in the task’s part c)
emphasized the link between the two representations, with ICT automatically translating
changes in the spreadsheet view to the graph.
The idea of the project is that teachers, after trialing an activity in their own class, have the
possibility to discuss their experiences with other participants of the EdUmatics course.
Especially, they should reflect on the use of ICT of their students, the advantages and
disadvantages they see and also on how to change the teaching units. To support this
reflective process, methodical reflections at the end of the module give hints in advance and
for the follow-up of the lesson. Moreover, the teachers are to discuss their results of the trials
in relation with relevant research results, comparing them to pre-recorded, exemplary
classroom episodes.

Conclusion
The study of a mathematical problem can often be enriched by investigating it from different
points of views (e. g. Weigand & Bichler 2010). Multiple representations promote the
emergence of conjectures at the same time it enriches them, assuring flowing links between
them. However, using multiple representations requires teachers to work with their students in
order to help them interpret information from different representations – see the comments on
students' difficulties encountered in the "Limits of method" activity. The interrelation between
representations is not self-evident, but takes a significant effort by the students. The use of
interrelated software is a great way to help them with this task, but it is not sufficient if it does
not come with competent guidance and instruction. The EdUmatics project provides training
for teachers to qualify for this task, offering teacher activities to sensitise for important issues
of using ICT, classroom activities that provide an easier access to new technologies in their
own classrooms, underpinned by the current research in this area and with the possibility for
reflection on their progress by communicating with other teachers participating in the course.
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