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Group One participants 
Lars Jansson (CDN), Kurt Kreith (USA), Herbert Moller (D), Hirokazu Okamori 
(J), Medbat Rahim (CDN), Sigrid Schubert (D), Tomoko Yanagimoto (J) 

Chair: Eric Bruillard (F) 
Rapporteurs: Jeremy Kilpatrick (USA), Ichiro Kobayashi (J) 

Questions and Observations: 
• How do we address the mismatch between the different rates of change of 

mathematical concepts (very slow); the secondary mathematics curriculum 
(slow); and ICT (very rapid)? Education is not separated from societal 
change, and the educational system has tremendous inertia in the face of 
competing forces (including economic forces) that can limit efforts to use ICT 
in education. 

• What part of the functionality of standard software is really needed? If no 
one needs the function, why is it there? And can teachers and students decide 
what functions will be available to them? 

• ICT muddies (perhaps in a good way) the mathematics to be taught. It can be 
a valuable cognitive tool in teaching classical models of linear algebra, 
analysis, and other fields of mathematics. 

• Many teachers feel that they must operate within a curriculum that they 
cannot change. They tend to use ICT to help attain curriculum goals that are 
difficult to reach otherwise, which should be recognised as a positive 
accomplishment. But it also means that they may not be using ICT to create 
a new curriculum, pedagogy, or assessment system. 

• What is gained and what is lost when old (and new) topics are addressed with 
new pedagogy (using ICT}? Major issues are which concepts and algorithms 
to keep, which to teach differently, and which to discard. 

• ICT helps change children's modes of thinking, partly by allowing static 
properties of mathematical concepts to be encountered dynam:ically, but we 
are fin" from understanding this change. 

• In the age ofiCT, we learn not only by doing but by interacting with persons, 
objects, and systems that resist our explorations. The teacher's role is to help 
synthesise and organise this experience. 
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~onunendations: 
• Curriculum developers should not attempt to replace the traditional culture of 

mathematics by a culture of experimental mathematics. They should respect 
the values of deductive mathematics. understand the new issues and problems 
(e.g., can we trust the machine?), and recognise the dangers of an easy 
didactics in which the machine takes over. ICI' is not a magic wand for the 
curriculum. 

• Software producers should be encouraged to develop school versions of 
standard programs that would permit teachers to make certain functions 
available initially and to reveal others later. 

• Software producers should explore ways of preserving cultural traditions and 
values by connecting them with new models and techniques; for example, the 
abacus can be used to help students understand some aspects of number 
systems, and the computer can help with others. 

• IFIP should aH>rdinate an effort, in conjunction with associations concerned 
with mathematics and mathematics education, to construct a global 
framewoik for a mathematics curriculum dealing with informatics that 
different countries might use in their curriculum development efforts. This 
framewoik might be constructed at an IFIP meeting at which people would 
examine sample curricula (successful and otherwise) from different countries 
that have dealt with issues of school mathematics in the age of ICI'. 

Group Two participants 
Ivan Cnop (B), Jacqueline Klasa (CDN), Walter Oberschelp (D), Carles Romero i 
Chesa (E), Hans Schupp (D), Robert Smith (USA), Andrzej Walat (P) 

Chair: Claude Gaulin (CDN) 
Rapporteurs: Charles DucMteau (B), David Miller (GB) 

Main issues 
It is our conviction that in the long term the mathematics curriculum for all pupils 
at all grades should have Information and Communication Technology (ICf) fully 
integrated within it This fully integrated curriculum will allow teachers to teach 
mathematics in more appropriate and diversified ways for all pupils
mathematics concepts and understandings will still be developed alongside ICI' 
knowledge and skills. 

A mathematics curriculum for the 21"' Century: content, pedagogy, ICT 
and assessment 
The revision of the mathematics curriculum must effect content, pedagogy and 
modes of assessment It must be realised by taking into account recent 
developments in ICI' and mathematics education. 
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Such a revised curriculum will have considerable implications for teachers and 
teacher education. It is essential that implementation of the new curriculum is 
managed carefully so that both pre- and in-service teacher education, and the 
development of resources, are co-ordinated and run hand-in-hand with the 
transition to the new curriculum. 

We strongly recommend that the new curriculum should be designed through 
consultation with all those who have an interest in mathematics education-with 
a leading role taken by mathematics teachers and educators and mathematicians. 
However, in order that the needs of society are better served, the views of national 
and local bodies, parents and pupils must also be taken into account. 

Guidelines on the integrated curriculum from appropriate international bodies 
are desired. These guidelines could be used to help inform the development of 
national, local and school curricula, which would take into account local 
circumstances including specific educational goals, resources and constraints. 
This could still allow schools and teachers freedom in the implementation of the 
new integrated mathematics curriculum. 

The integrated curriculum will require a variety of modes of assessment, both 
inside and outside the classroom, including examinations, individual and group 
projects, course work and oral assessments. 

We recommend the following areas, amongst others, as being naturally suited 
to ICf developments: data handling, dynamic geometry, algebra, and functions 
and graphs. In addition we expect to see more work involving mathematical 
modelling and pupils working experimentally in mathematics. 

It is essential that activities arising from the integration of ICf into the 
mathematics curriculum provide opportunities for pupils to work co-operatively. 
Significant and meaningful experiences for pupils, some of which will be of a 
cross-curricular and multi-disciplinaiy nature, should be designed. 

Conclusion 
Change will not come overnight: teachers will need to acquire the additional skills 
required to deliver the integrated curriculum. Much research evidence and 
practical advice is already available-it should be used to help ease the transition. 

Further developments are expected as educational research, innovative 
teachers and technological developments provide new poSSibilities-some 
anticipated, others unexpected. These are exciting times. 
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Teachers 

Group One participants 
Michele Artigue (F), Krystyna Dalek (P), Frederic Gowdeau (CDN), Thomas 
Lingefjard (S), Herbert Loethe (D), Izumi Nishitani (J) 

Chair: Barty Blakeley (GB) 
Rapporteurs: Nicolas Balacheff (F), Rosamund Sutherland (GB) 

Introduction 
The members of the group were all concerned with supporting mathematics 
teachers to use new technologies more effectively in the classroom. Seven 
countries were represented, with considerable diversity of models of teacher 
training. We agreed that the issues involved in pre-service and in-service teacher 
training are very different but nevertheless focused on four main issues which we 
believe to be crucial whatever the form of teacher education. 

Confidence and competence 
Teachers need to be supported to become, firstly, confident and competent in 
using new technologies and, secondly, resourceful enough to be able to embrace 
new technologies as they change in the future. It is important to provide teachers 
with experience of using new technologies for themselves which gives them a 
framework for understanding evolving computational environments as opposed to 
focusing on specificities which will ultimately change. Teachers need to be 
empowered so that they know that they can learn for themselves without expecting 
to master everything about an environment which is never static. It is also 
crucial to influence producers and designers so that they make a real effort to 
produce software and machines which are easier to use, with the design of the 
interface being a crucial factor. It is important to remember that we may be in an 
interim period in terms of the accessibility and use of software environments and 
in the future these technologies may become easier to use. 

Learning and classroom management 
Teachers should be supported to identifY the professional problems which 
technology helps them to solve and the problems (both old and new) which 
technology makes it more difficult for them to solve. This includes a focus on 
learning and management issues. For example work with computational 
environments can help teachers organise their lessons so that the algebra 
language and syntax are introduced in a more natural way-for example, the work 
of Artigue (Ch.l5) on Computer Algebra Systems and that of Neuwirth (Ch.IO) 
and Sutherland (Ch.l8) on spreadsheets. Another example is the use of video 
conferencing between Japan and Germany, the work of Graf & Yok:ochi (Ch.32), 
which has enabled teachers to appreciate that there are different ways of 
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classroom management However when students engage with computer-based 
environments the richness and diversity of their solutions often makes it very 
difficult for teachers to manage and this presents a new problem for teachers. 

Assessment 
Assessment is one of the factors which new technologies have made more difficult 
for teachers. In traditional classrooms assessment was mostly a routine practice. 
Teachers may be aware that standard practices are no longer viable in this new 
situation but we urgently need more resean:h and development to suggest new 
ways forward-for example, the work of Lingefjllrd & Kilpatrick (Ch.28). The 
group believes that teachers may be rejecting new technologies because of a lack 
of emphasis on the role of assessment. 

New professional practices 
Finally in order to use new technologies productively teachers have to become 
aware of the different layers of their classroom work. This involves moving 
beyond training which just demonstrates 'good situations'. Teachers need 
knowledge and experiences in order to anticipate and solve problems in their 
classrooms. More resean:h is needed to support new professional practices and 
rationales for such practices. A valuable starting point in this respect are the 
works of Clarou (Ch.l7) and Bottino & Furinghetti (Ch.l6). 

Group Two participants 
Naseem Ahmad (CDN), Terry Cannings (USA), Giovanna Gazzaniga (1), Guy 
Harris (USA), Dirk Janssens (B), Seija Moriya (J), Kiyoshi Yokochi (J), Fulvia 
Furinghetti (I) 

Chair: Margaret Niess (USA) 
Rapporteurs: Rosa-Maria Bottino (1), Adrian Oldknow (GB) 

Preparation and support for teachers integrating ICT: problems and 
key questions 
Before considering the preparation of new teachers, and the reskilling of existing 
teachers, in the use of ICT in secondaty school mathematics in the world of 
communication technologies, it is necessary to place ICT use in a sound 
educational context. Key questions of concern include: 

• Are ICT tools seen as a real methodological change in mathematics teaching? 
• Does their use change teachers' ideas of; and attitudes towards, the educational 

setting? 
• Are teachers using ICT tools without questioning their ideas of mathematics 

teaching, or does the use of ICT tools put their previous ideas into question? 
• Can the use ofiCT be made integral to assessments? 
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Basis for Integration 
Integrating ICf usage requires the reconceptualisation of teaching and learning 
with particular attention given to defining: 

l the knowledge, skills and values necessary for effective participation in the 
society of the 21st Century; 

2 an epistemological basis for the subject/curriculum; 
3 the role ofiCf changes based on analyses in points l and 2; 
4 appropriate assessment aims and instruments, taking into account points 1, 2 

and 3; and 
5 new forms of professionalism. 

Recommendations 
The integration of aspects of ICf use into pre- and in-service programmes for 
teachers of secondary school mathematics will need to address the following 
issues: 

• How ICf tools (software) are changing methods of doing mathematics. 
• How ICf tools can change the teaching of mathematics beneficially. 
• How ICf tools enable more effective communication of mathematical results. 
• How the use of communication technologies can increase interactions between 

partners in learning (at home and at school). 
• How new approaches using ICf in teaching and learning can support a more 

holistic basis for the curriculum, and greater interactions between school 
subjects. 

• How access to new information sources through ICf can benefit both learner 
and teacher; 

• How developments in secondary school mathematics relate to pre- and post
secondary phases, and how the use of ICf tools can be integrated in a way 
which provides a continuous experience for the learner. 

ICf usage, as in the fourth, fifth and sixth points above, provides part of a 
framework which can now support the notion of life-long learning, particularly 
when applied to the continued professional development of teachers. 

Implementation: Selection of ICT tools 
The choice of appropriate ICf tools will vary with circumstances but, at least in 
the short term, teachers should be given access to, and experience in. the use of: 

• generic software packages , e.g. word processors, spreadsheets, databases; 
• software designed for mathematics, e.g., dynamic geometiy, computer algebra; 
• personal computer products such as graphics calculators; 
• the Internet, e-mail and tele-conferencing. 
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Implementation: Design of effedive programmes 
In order to enable the effective implementation of the principles above. each 
countiy (or district) will need to develop sets of questions, and examples of 
practice. which re1ate both to tbe development of new matbemarical, ICT and 
pedagogical skills for teachers. 

Pilot Experiments 
Cross national bodies, such as IFIP and UNESCO, need to promote, support and 
cfiFseminate pilot programmes, based on tbe recommendations above. to foster the 
integration ofiCT into mathematics teacher education programmes in tbe •global 
community'. 
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Learners 

Group One participants 
May Abboud (Lebanon), Morten BlomOOj (DK), Harriet Fell (USA), Ivan Kalas 
(CZ), Y oshiko Motoya (J), Philippe Claron (F) 

Chair: Tom Kieren (CDN) 
Rapporteurs: Georges-Louis Baron (F), Uri Leron (IL) 

How ICT can enhance the learning of mathematics 

The nature of the learning environment 
We have been focusing on a view of learning which involves free actions within 
constraints, drawn from experience in an environment. Three main ICT 
characteristics affecting learning and learners were central to our discussion: the 
a:ffordance of intermediate objects, the possibility of incremental learning, and the 
range of realistic phenomena that can be mathematically modelled. 

Intermediate objects 
Many ICT environments offer intermediate objects for the learner to interact with 
more abstract than physical objects but more concrete than mathematical ones. 
Students can play with such objects and the transformations available on them. 
By watching computer feedback, they can gradually build their own mathematical 
objects and concepts, in response to the constraints that have been built into the 
particular ICT environment In many ICT settings there is a built-in parallel 
between mathematical actions of students, resulting screen images, and the 
language descnbing the students' thinking. Thus a student can retrieve a trace of 
her or his activities. These traces form an important source of re-consideration 
and reflection. 

Incremental learning 
Complex concepts are not learned in one shot, but through a long process of 
action, reflection and successive refinement of previous knowledge. Good ICT 
environments enable and encourage this process of incremental learning. 
Students engaged in a mathematical learning activity use their previously 
developed ideas as a critical part of the input or sphere of possibilities. Consistent 
and non-judgmental feedback given to students in response to their work enhances 
the learning. Both the work and the language re-presentations of one student can 
become part of the sphere of possibilities for others. This means that interaction 
with others and their work becomes an important source for the successive 
refinement of one's mathematical ideas. 'Errors' need not be seen as such by 
students or teachers or even examiners, but are best seen as expressing partial 
knowledge in intermediate stages of the process of constructing a new concept 
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Mathematical modelling 
ICf environments allow students to model and work with models of realistic and 
meaningful phenomena. Also, they allow them to pose and work on mathematical 
problems in ways that do not necessarily require sophisticated mathematical 
knowledge or techniques. ICf settings allow students to work with large amounts 
of real data and run as many experiments as they wish. Students can create, test, 
critique, use and interpret models which would be impossible without ICf. In 
such settings students often work on practical and mathematical problems for 
which even the teacher does not have a ready answer, thus offering the possibility 
for student and teacher to work together as a 'research team'. 

Implementation Constraints 
The above vision will be not automatically realised: we must address many 
obstacles that have hindered effective ICf use in the past. These problems stem 
from the demands ICf integration makes on the nature of the curriculum, teacher 
education, teaching methods, assessment and classroom organisation. Economic 
and social factors must also be taken into account. 

Group Two participants 
Herminia Azinian (AR), Jean Dionne (CDN), Garry Heinze (AUS), Santiago 
Manrique (E), Bernard Parisse (F) 

Chair: Gail Marshall (USA) 
Rapporteurs: sebastian Lagos (CHI), Alessandra Mariotti (l) 

Integrating ICT 
In Guidelines for Good Practice (van Weert, 1993) Dudley and Dudley (1990) 
are cited for defining integration as: 

'using the computer as a tool to teach material in a discipline, and also 
using the computer in existing curricula to promote problem solving and 
higher-level thinking skills ... [and] the process of applying the power and 
ability of the computer to learning in every subject area' (p. 22). 

Starting from this quotation our discussion focused on the need for seeing the 
teaching and learning relation as a dynamic system, thus our tentative description 
of integration in a general context is that: 

integration is the process of making the dynamic relations between the learner 
and the environment work. 
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We applied this general description to the case ofiCf: 

Integration of ICF is the process of making the dynamic relations between the 
learner and the environment work so that JCF is a part of this environment, a 
tool as well as content. 

New tools and modified environments do not change our view of the ideal role of 
the learner, since the process of learning itself will continue along the axes of: 
engagement, autonomy, reflection, criticism, creativity ... 

But it would be sad to say that within the ICf environment mathematical 
activity remains the same for the learner. Within the increasingly dynamic set of 
possibilities new tasks can be brought into the classroom as well as new types of 
co-operation. Moreover, exploration, experimentation, investigation can take on a 
new significance. 

Constraints 
Constraints which can affect the process of integration include those which: 

• are related to the tool itself; for instance, access, human-machine interface or 
technical problems; 

• come from the image of the computer, both in relation to the learner and to the 
teacher, since the computer might be seen as playing an authoritative role; 

• might arise from inadequate teacher training-it could happen that they use 
new tools according to inappropriate pedagogical models or even avoid using 
the new tools at all; 

• are related to curriculum design, and to evaluation and assessment; 
• come from cultural factors related for instance to gender roles or to conflicts 

among expectations of stakeholders-parents, government officials, business 
and industry. 

Most of these constraints are classic within the teaching and learning system, but 
the introduction ICf exacerbates old and persisting problems. 

Recommendations 
• Teachers' professional development must be conducted in such a way as to 

equip teachers to deal with the complexity ofiCf integration; 
• Curriculum must be redesigned with particular emphasis on ICf integration; 
• Attention must be paid to creating learning environments fostering 

collaboration, independent thinking and creativity; 
• Evaluation and assessment must measure the full range of skills, content, and 

mental processes acquired in the ICf environment 

Because of the complexity of the system, if we want a sustainable change it must 
come as an evolution rather than an revolution. 
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Group Three participants 
Andrej Blaho (SK), Abdullah Embong (MAL), Dominique Guin (F), Celia Hoyles 
(GB), Enrica Lemut (I), Ida Mok: (HK) 

Chair: Anna Krisg3nsd6ttir (IS), 
Rapporteurs: Richard Allen (USA), Jenny Sendova (BG) 

Note: participants decided to limit discussion to the teacher as learner, especially 
as a life-long learner. This decision and the discussion that ensued, led to the 
recommendations (pilot projects) given below. 

Design principles 
When designing pilot experiments, one should encourage teachers as learners to: 

• accept and initiate change due to ICf; 
• act as facilitator by designing strategies and learning environments; 
• be reflective and critical as to the effects of using ICf in the study of 

mathematics; 
• encourage diversity and facilitate construction of a synthesis; 
• communicate mathematical ideas through problem-solving enhanced by ICf; 
• be sensitive to how the tools shape the mathematical environment 

Examples 
We suggest that initial efforts might focus on the following: 

1 An international project for designing tasks aiming at identifying strategies 
and activities in secondaiy school mathematics that are applicable for different 
participants on the basis of evaluation. 

2 A survey of methodologies of teacher education and their evaluation in 
different countries-what works? where? when? how?-that is, research on 
what training they receive and how they make use of this in school. 

3 Dynamic design of educational scenarios: development based on the reflection 
and feed-back from the teachers. 

Cautions 
When designing pilot projects, such as those given above, the group suggests that 
the following constraints on teachers as learners need to be kept in mind: 

• their fear of making mistakes; 
• a fear of losing their freedom; 
• the lack of an appropriate infrastructure for on-going support; 
• the conflict between the general goals of ICf use on one hand and the official 

curriculum evaluation and society's stereotypes of what mathematics is about 
on the other. 
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Human and social issues 

Group participants 
Claudi Aguade Bruix (E), Ron Anderson (USA), Mariko Giga (J), Orit Hazzan 
(ll..), Shoichiro Machida (J), Richard Noss (GB) 

Chair: Tom van Weert (NL) 
Rapporteurs: Alan Bishop (AUS), Yvonne Buettner (CH) 

Students in today's society-the complexity of the system 
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While the diagram above places the individual students in society, depicted by the 
circle, as the central focus, this is embedded in a much more complex structure. 
Students have roles in society, e.g., as family members and as workers, as well as 
in school. Their experiences in these roles outside of school contrast with those in 
school (see arrow 1) linking the school and classroom to the society. 
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Arrow 2 indicates the contrast between what teachers are practising in the 
classroom and what the learning demands are from the point of view of the 
student-in-society. This is the second focal point, asking how the teaching 
processes can be modified to meet this challenge, particularly in the face of a 
rapidly changing society with respect to mathematical and ICf needs. 

A third focal point (arrow 3) addresses the transition from the 'old ways' to 
'new ways' in society and takes up the question of how society is changing, and 
which changes are relevant to mathematics education. 

Relevant trends in society can be observed that are so important, and perhaps 
inevitable, that education must explore how to adjust in order to prepare students 
for daily life. Simultaneously many educational leaders are advocating similar 
changes--these include more project-based student work, collaborative teamwork, 
more open schools, experience in using and creating complex models, a 
constructivist emphasis upon student choice and self-direction, visualisation and 
multiple representations, and assessment using 'real world' tasks. 

However several outstanding problem areas remain, and the most important of 
these are presented below, grouped in terms of the three focal points. 

Inside school-outside school: 'Bridging the gap' 
Educators have identified three important modes of education which can help us 
in our task of bridging the gap between school and society. Formal mathematics 
education is that which takes place within the compulsory system of schooling; 
non-formal mathematics education takes place in, for example, after-school 
courses and j~ schools; and informal mathematics education occurs through 
engagement with such media as the Web, TV, films and newspapers. However we 
need to be clearer about these different modes and their interactions. 

There are some important questions raised by these distinctions: 

• What does informal mathematics education really provide? We need to 
research the potential of the various media for developing mathematical 
knowledge, and to learn more about their educational impact. 

• What should formal mathematics education provide? This is the key 
educational question of course, but the purpose of stating it here is to highlight 
the fact that it cannot be considered independently from the other two sectors 
of education. 

• What is the potential of non-formal mathematics education? It is clear that 
formal education cannot cope with all the demands being placed on it, and 
therefore an increase in the amount and influence of the other two sectors can 
be seen. It is necessary to understand better the role, potential, and drawbacks 
of non-formal mathematics education provision. 

• In relation to the teacher's role in bridging the school-society gap, it is 
necessary to consider for example, how the teacher should model or represent 
the technological society. Why is there a gap between teachers' use of ICf 
inside and outside of the classroom and how can that gap be reduced? 
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• Of course, the students are also members of society and they learn mu 
non-formal and informal mathematics education. So, how should 
legitimise their students 'outside-school' computer knowledge insi 
classroom? How can teachers be helped to involve and use the individu 
therefore different, outside school experiences of the students? 

Demands of society-demands in classrooms 
Learning facilitated by ICf outside school poses an important challenge to 
education. It has become more obvious that such factors as the Web, which 
facilitates access to information and the emergence of learning communities, and 
the widespread availability of powerful tools (e.g., word processors and data 
handling software) offer potential for improving instruction within classrooms as 
well as for life-long learning. 

Some questions which warrant further discussion are: 

• How is education going to exploit new elements of culture in mathematics and 
related teaching? These elements include evolving social values as well as the 
factors mentioned above. 

• How can the effort and expertise required to use ICf tools in the classroom be 
reduced? Improved usability of software and increased technological usability 
are two possible solutions. 

• How can the gaps between the ICf culture and the mathematics culture be 
reduced? Attention to a common terminology and further dialogue are 
possible facilitations. 

• How do different cultures facilitate or impede specific processes of learning 
and teaching? This applies both within and between national boundaries. 

• How can the curriculum and teaching practices be changed to allow for an 
increase in the 'real world' relevance or meaningfulness of mathematics on an 
ongoing basis, especially for young children? 

• New opportunities for creating and manipulating objects using ICf tools offer 
potential for improved understanding of basic mathematical principles. How 
can innovations of this type be encouraged, evaluated, and institutionalised? 

Old ways--new ways 
The changes from a mechanical and static society to the information society, with 
its dynamic potential, bring with them problems which have important 
implications for mathematics education. 

• In the 'mechanical' society of the past, causes and effects were closely tied 
together both perceptually and conceptually. In the new information society 
the relationships between causes and effects are becoming increasingly more 
invisible. 

• In the past, the technological 'black boxes' could be relatively easily opened 
and explored, whereas in the future, large software systems will be used whose 
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internal workings will be closed to most users. We will need considerable 
mathematical and didactical effort to allow people to 'open' and understand 
such systems. 

In the past, the mathematics of reality could be modelled effectively with 
functions. Increasingly, society is using the mathematics of inference and 
stochastic (probabilistic) modelling. This and the new expressive ICf 
environments are also providing a means for modelling the new and more 
complex structures to be found in society itself. 
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