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Abstract. Pre-service mathematics teacher education has been an important issue since the 70s at the Université du Québec à Montréal (UQÀM). A team of ‘mathematics didacticians’
, situated in the mathematics department, have gradually established a 4-year mathematics teacher education program at the secondary level specifically focusing on the learning of mathematics teaching-in-action. This program’s structure moves away from the dominant model that is centered on a training in the specific discipline (here, mathematics) followed by a training in psycho-pedagogy and then a practicum. We will briefly characterize this program in an attempt to present the principles that are guiding the didacticians, and to get a grasp of the potentiality of the teacher education model brought forth in regard to the learning and construed knowledge of future teachers. We conclude by reporting on a recently conducted case study on the future teachers’ classroom practices and the rationales underpinning their actions. We draw on this case study in order to elaborate on the outcomes, contributions and limits of the UQÀM mathematics teacher education program – and the questions that are to be asked within it.
Research on the professional development of mathematics teachers is a relatively new field of investigation. How do future teachers construe their professional competencies? What do we know about the “action knowledge” (Schön, 1983) they enact in a classroom context? How does this knowledge evolve? Which “structuring resources” (Lave, 1988) do they draw from in the real-time action? How do future teachers appropriate and make sense of their mathematics teacher education program? Our questioning is situated in a particular educational context initiated by a team of didacticians thirty years ago. In the context of educating teachers, this team came to reflect on the ways that student teachers can be better prepared to teach mathematics and act as professionals. This teacher education program gave rise to the creation of activities that took into account the complexity of teaching situations and the act of teaching (see Bednarz, Gattuso, & Mary, 1995; Bednarz, 2001; Bednarz & Perrin-Glorian, in press). We highlight the general characteristics of this high school teacher education program and the principles orienting the educators. Returning to the real classroom practices of future teachers helps us re-conceptualize the program by focusing on the professional actions and discourse of future teachers in class. We use Confrey’s (1994) notion of “voice and perspective” to conduct this analysis.

1. Mathematics Teacher Education: Some Characteristics/Educator’ s perspective


- A long term professional development process: Over the 4 years of the mathematics teacher education program, the focus is on the practice of teaching mathematics rather than learning to teach mathematics – a matter of learning-in-action, rather than learning-about-action. The activities are organized into 4 strands: 1) a study of mathematics contents specific to mathematics teaching, aimed at a deeper understanding of the mathematical contents in relation to teaching
; 2) a mathematics teaching methods course (in French, formation didactique) articulated around the practice of mathematics teaching-in-action; 3) practica (700 hours in total, distributed across all 4 years); and 4) an integration of new technologies. These components are integrated in each year, aiming at an enrichment of the professional competencies that will be enacted by the future teacher in a real classroom context.

- An integrated teacher education program: There is a coordination and linkage between the different courses, between courses and practicum, and between the courses and actual professional conditions in which future teachers will work. This integration is realized on many levels: the didacticians of mathematics simultaneously teach the mathematical courses and the didactics courses. They are also supervising future teachers in their practica. In this way, the diverse professional competencies are worked and re-worked within the different activities offered.

- A program grounded in the practices: This involvement in practica enables the creation of a pool of diverse observations drawn from classroom contexts and re-invested in the courses (through student work, lesson plans, homework, classroom videos, etc.). The emphasis is on actual learning and teaching situations using these experiences and material. There is also coordination between certain courses and the practicum, and an explicit concern to link the program with school realities by the inclusion, for example, of practicing teachers in activities of the program as advisors and evaluators (for homework, lesson plans, teaching laboratories, etc.), or as instructors in specific course settings.

- Contextualized knowledge construing: The emphasis is placed on learning situations in actual contexts (by working on students’ work). The core idea is for future teachers to develop analytical skills necessary to easily and rapidly ‘read’ and understand students’ work, to prepare future teachers for possible events they could encounter in classrooms and to understand and analyze the outcomes of learning situations (for example, problem-solving situations). The emphasis is also placed on teaching situations in a cycle of planning based on a conceptual analysis of a mathematical notion, a prior analysis of curricula and usual teaching approaches, the construction of a repertoire of chosen problems, and a classroom experimentation. We find this in the first courses of didactics, in which students have to build 3 consecutive lessons, one of them being presented to and critiqued by students’ colleagues and an experienced practicing teacher (and re-adjusted afterwards). This cycle will be invested back in classroom contexts (2nd and 4th practicum).

Finally, many activities focus on the development of reflective analyses by student teachers in regards to their teaching practices. For example, during the practicum, student teachers have to conduct two reflective analyses on their practices. These will then be compared to the observations of the associate teachers and the supervisor, and then re-invested in the collective meeting occurring after their practicum. This reflective posture will be established as early as the first didactic course, where each student is presented with multiple lessons and reactions of their colleagues, experienced teachers and educators. This provides opportunities for the future teacher to progressively construe a personal conceptual reference framework (Bednarz, 2001; Proulx, 2003).

- Some key principles: At the heart of this work is the idea that professional practices and routines are gradually structured – this is, however, from the perspective of the educator. Importance is then placed on analyses of situated students’ work and a feedback on these analyses, on the choice of teaching situations that could be offered to students and the type of discourses to opt for in these, on the verbalization of key reasoning, and the management of errors and students’ conceptions. In addition to the emphasis on students’ work and teaching situations, there are several other key principles guiding the educators. Within the courses, there is a constant preoccupation with making the future teachers understand the relevance of contextualizing and representing the mathematics concepts and also of having their students ‘speak the mathematics’ – in all cases, in an intent to favour the student’s meaning construal in relation to the key reasoning and understandings to develop. 
These key principles will also be brought forth in the educators’ very practices (Bednarz, 2001). Educators will take special care to provide an educational setting that reflects they are encouraging for teaching. Future teachers will then experience the very educational situations the educators are promoting and teaching them about – to help them understand better the concepts at stake.

2. Mathematics Classroom Practices: voice of future teachers

In a recent case study (Proulx, 2003), an analysis of five future teachers’ practices was conducted in regards to their oral explanations. Those five future teachers were in their 2nd year (2nd practicum) of a 4-year program. Individual interviews were conducted with those future teachers to better understand the rationales underpinning their decisions and classroom practices. This study revealed that while many elements of the teacher education program are appropriated by these future teachers, some are less appropriated or not at all. We will report on some interesting data supporting this claim.

- Future teachers view of the program (from the interview analysis): Even though they followed the same program and mostly took the same courses, each of the five student teachers had a different view concerning their program (see table).
	Albert
	The program is seen as a source of potential teaching resources. It offered him, in his terms, some interesting and possible ‘tools’ (activities, problems, questions to ask, etc.) to use in his teaching.

	Bertrand
	The principles/content brought forth in the program are considered optimal and ultimate: he does not question them and takes them for granted. The educators have an authoritative status for him and he ‘blindly’ follows what was suggested.

	Carl
	He recognized himself, as a teacher, in the principles brought forth in the program – involved implicitly in his practice. This program confirmed his practice and helped him to explicate (give a name to) the very practices he was enacting.

	Donna
	The enunciated principles were seen as a philosophy of teaching, in which general ideas on education and mathematics teaching were the center. She does not focus on specifics for particular subjects, she aimed at themes like encouraging students to argue, working on diverse solutions, contextualizing mathematics, and so on.

	Enrich
	The program gave him a model-in-action of teaching – not by the concepts brought forth in the program, but from the way the educator was teaching. The educators were seen as teaching-in-action models. 


- Future teachers teaching practices: These views we identified were also reflected in their teaching practices on videos. Even though Albert worked on a pragmatic basis showing procedures to factorize polynomials, he was ‘pitching in’ activities, problems, and introduction settings that were worked on in his teacher education program. Bertrand, as a re-producer of what was asked from him in his courses, used ideas that were suggested in the program in a technical way – not knowing exactly why he was focusing on them. Carl, who said he implicitly knew everything already, used principles like ‘cognitive conflicts’ and ‘representations’; however he used them in a way that differed somewhat, in our view, from what educators previously meant. Donna worked on some kind of a meta-level where the principles she deemed important in the interview were highlighted and brought forth in her teaching. However, she was stuck between two principles concerning mathematics teaching: even though she believed in the approach of taking into account the strategies developed by students, she could not overcome her tendency to see ‘real’ mathematics as exclusively formal – and indeed she institutionalized the conclusions/synthesis of the course in a formal way after having introduced it in a contextualized way. As she said in the interview, this is the only way there is to conclude. She then explained having a contradicting stance concerning her teaching – she tried to mediate the program principles concerning mathematics teaching (in which she believed) and her own perception of what mathematics is really about. Finally, Enrico appropriated intuitively a model for teaching in-the-action from the educators actions (and not from the principles or notions brought forth) and brought them forth in his own practices – because of that in-action know-how, his answers to interview questions concerning his rationales behind his practices were very vague. A good example was when he was treating his students as mathematics didacticians by showing them common errors made by students and asking them to ‘make sense’ of those errors and ‘understand’ the what and the why of those students’ thinking – an activity often done in his teacher education program.

- What can we make out of this?: It is interesting to see how differently the future teachers made sense of the mathematics teacher education practices. It is also interesting to trace a tentative analysis of the appropriation of these practices by student teachers – how did they make their mathematics teacher education theirs? In one category, there is Enrico, Donna and Carl who appropriated principles on a general level and were not stuck on particular ways of presenting specific mathematics content. Whereas Enrico focused on teaching-in-action, Donna grasped a philosophy of teaching and Carl appropriated general principles. They created their own way of being a teacher (with no regards to content). It is a way of being rather than a way of doing
. In another category we have Albert who worked mostly on a pragmatic level using ideas from the program only in a technical way and at specific moments. Finally, in another category, there is Bertrand who reproduced what he was taught in the program without really knowing why (the interview shows this concretely) – his words were mostly “because we had to”. The appropriation is minimal, almost non-existent. His actions were guided by authority.

3. Future teachers’ classroom practices and rationales: A new look toward the mathematics teacher education program
A coherent appropriation of some professional competencies and resources is highlighted by these data. It shows a coherence that is taking place quite early in the program, since those future teachers were only in the beginning of their 2nd year. A lot of research underlines this characteristic and it seems to be a consistent feature of the profession (De Montmollin, 1984; Robert, Rogalski, 2002). Moreover, these results can prompt us to question our mathematics teacher education practices. Enrico's example shows us, as educators, that we must ‘practice what we preach!’ because we act as role models. Bertrand’s example warns us against the authoritarian attitude that we can have as educators; what we offer should not be ‘blindly’ accepted but rather understood by the future teachers. Donna’s example shows us also that with a subject like mathematics, the transition from contextualization to decontextualization (from activities of the students to the institutionalization) is not an easy issue. This could be worked on more thoroughly in mathematics teacher education programs. This also represents something that all teachers have to struggle with (Bednarz & Perrin-Glorian, in press). 
One thing clearly stands out in this study: we are facing future teachers who have different visions and backgrounds and are interpreting things in different ways. This needs to be acknowledged in our teaching as educators; it may help us to move away from an intention of control and of the project of achieving the “perfect image” of a mathematics teacher enacting the assumed ‘good practices’ – a project that is critiqued by Breen (1999). Since different outcomes and interpretations are possible, meaning that we cannot control or predict them, it is now time to educate teachers and not train them; it is for this reason that our programs are called ‘Mathematics Teacher Education Programs’ and not ‘Mathematics Teacher Training Programs’.
References

Bednarz, N., Gattuso, L., Mary, C. (1995). Formation à l’intervention d’un futur enseignant en mathématiques au secondaire. Bulletin de l’Association Mathématique du Québec (AMQ), 35(1), 17-30.

Bednarz, N. (2001). Didactique des mathématiques et formation des enseignants : le cas de l’université du Québec à Montréal. Revue canadienne de l’enseignement des sciences, des mathématiques et de la technologie, 1(1), 61-80.

Bednarz, N., Perrin-Glorian, M.J. (in press) Formation à l’enseignement des mathématiques : articulation entre formation mathématique, didactique et pratique. Proceedings of the Espace Mathématique Francophone conference, Tozeur, Tunisie, December 19-23, 2003.

Breen, C. (1999). Circling the square: Issues and dilemmas Concerning Teacher Transformation. In B. Jaworski, T. Wood, S. Dawson (Eds.), Mathematics Teacher Education: Critical International Perspectives, (pp. 113-122). London: Falmer Press.  

Confrey, J. (1994). « Voix et perspective » : à l’écoute des innovations épistémologiques des étudiants et étudiantes. Revue des Sciences de l’Éducation, vol 20 (1), 115-133.

De Montmollin, M. (1984). L’intelligence de la tâche. Berne : Peter Lang.

Lave, J. (1988) Cognition in practice: Mind, mathematics, and culture in
everyday life. Cambridge: Cambridge University Press
Proulx, J. (2003). Pratiques des futurs enseignants de mathématiques au secondaire sous l’angle des explications orales: Intentions sous-jacentes et influences. Université du Québec à Montréal : Montreal. Unpublished masters’ thesis in mathematics (didactics).

Robert, A., Rogalski, J. (2002). Le système complexe et cohérent des pratiques des enseignants de mathématiques : une double approche. Canadian Journal of science, mathematics and technology education, 2(4), 505-528.

Schön, D. (1983). The reflective practitioner. How prefessionals think in
action. New York: Basic Books.
� Consistent with the francophone usage, the term ‘didactics’ refers to a field of study that concentrates on the analysis of educational contexts and situations in relation to the learning of mathematics, to better understand them and make them explicit; it does not refer to a science of teaching.


� Specific mathematics courses were designed and tailored by mathematics didacticians especially for future mathematics teachers.


� It is important to create a nuance here with Carl because as much as he worked on a general level, he made sense of some principles in a way that differed from what the educators previously meant.





