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Abstract

In this paper we focus on one issue that we argue has been critical to the development of the structure and content of teacher education in Sweden, i.e. a didactic divide between disciplinary and pedagogical knowledge. For mathematics, disciplinary knowledge comprises substantive know​ledge and knowledge of mathematics as a discipline, while pedagogical knowledge includes pedagogical content knowledge and general educational knowledge. In a study on the evolution of teacher education in Sweden, we identified three critical issues for edu​cational change: views on what should constitute teacher knowledge, back-up research, and the creation of communities of learning. The didactic divide was seen to be at the core of all these domains. For analysing the scope and influence of this divide, we use a theoretical model from the anthropo​logical theory of didactics, viewing teaching and learning as an activity situated in an institutional setting, with a focus on the knowledge itself as an organisation system, i.e. a ‘praxeology’ including a ‘practical block’ of types of tasks and techniques to work on these tasks, and a ‘theo​retical block’ explaining, struc​turing and giving validity to work in the practical block. Applied on disciplinary and pedagogical knowledge in mathematics, this model highlights different aspects of the didactic divide, and allows an outline of an evolution of a praxeology of ‘educational knowledge in mathematics’ as one aim for further research.
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Introduction

Reforms of national educational systems are extremely complex enterprises. In this paper we focus on one issue that we argue has been critical to the development of the structure and content of teacher education in Sweden, i.e. a didactic divide between disciplinary and pedagogical knowledge (Bergsten and Grevholm, 2004), and offer an analysis of its scope and influence. Mathema​tics is one major school subject where such a divide stands out clearly, not only in Sweden but also as an internationally observed phenome​non (cf. Boero et al, 1996; Ball & Bass, 2000).

In many countries educational change by curriculum reforms have followed major “trends” in psychological and educa​tional research (e.g. Sierpinska, 1996). We can observe a tension between a long term educational change and a short term resistance to change of teaching practice. The view of the relation between subject matter content and pedagogy has, during this evolution, changed considerably. That ideas of a new kind of integration between discipli​nary and pedagogical knowledge have developed in teacher education program​mes, is seen by the use of terms such as ”teacher knowledge” and ”didactical knowledge”. In line with the develop​ment in general education there is an inherent conflict deeply embedded also in the education of teachers: tradition versus renewal. Even though the deve​lopment has been towards a more uniform concep​tion of what kind of compe​tencies future teachers will need, efforts to bridge the divide cannot be isolated from struggles to find appropriate forms for the practice of teacher education.

Mathematical knowledge of teachers

In the literature different “kinds” of teacher knowledge have been widely discus​sed, such as knowledge of subject matter, of the learners and of learning theory, of teaching strategies, and of the social context of schooling (Mewborn, 2000). The term subject matter knowledge covers sub​categories such as substantive knowledge (facts, procedures, concepts, etc.; Brown, 1992), knowledge of mathematics as a discipline, and ‘pedagogical content knowledge’ (Schulman, 1986). We include the first two subcategories in the term disciplinary knowledge. The third subcategory encompasses for example ‘ways of represen​ting and formulating the subject that make it compre​hensible to others’ and ‘under​standing of what makes the learning of topics easy or difficult’ (Shulman, 1986, p. 9). In the wider term pedagogical knowledge that we will use here, we include Schulman’s categories pedagogical content knowledge and curri​culum knowledge, as well as knowledge of general issues in education such as learning, developmental psychology, socialisation, etc.

Studies have shown that a teacher’s level of disciplinary knowledge has no direct correlation to results of teaching measured by student achievement, but may matter for student understanding (Mewborn, 2000; Kilpatrick et al, 2002). These results point to the key issues of what kind and level of knowledge teachers need and how this knowledge is fostered in their education. According to Boero et al. (1996), there are three “extreme orientations” in common views of mathematics teacher education: if you know mathematics you know how to teach; a good mathematics teacher must master mathematics and be acquainted with the art of teaching; teaching is a professional competence grounded in different scientific domains (mathematics, education, didactics). Different inte​rest groups stress the weight of these orien​tations differently, though both research and new teacher education programmes seem to favour the develop​ment of the professional competence paradigm. However, this also invites to problems of integration between different scientific disciplines.

In the Danish KOM project (Niss & Højgaard Jensen, 2002) such professio​nal competencies are structured in the two categories of language and tools. Kilpatrick et al (2002) identify five intertwined components of mathematical teaching profi​ciency, one of which being “conceptual under​standing of the core knowledge required in the practice of teaching” (p. 380). To develop this compo​nent, teacher education need to provide opportunities for student teachers to connect the different kinds of knowledge required, something that often meets problems of course integration (p. 381). When such connection is lacking we say that there is a didactic divide between these different kinds of knowledge, such as disciplinary and pedagogical knowledge. Such a divide may exist at a cognitive level, as well as at an organisational level in for example a teacher education prac​tice. According to Ball & Bass (2000), “teacher education across the 20th century has consistently been severed by a persistent divide between subject matter know​ledge and peda​gogy”, a gap that “fragments teacher edu​cation by fragmenting teaching” (p. 85). 

The didactic divide 

For the discussion to follow we refer to the content of the paper by Bergsten and Grevholm (2004) on the development of teacher education in Sweden, where the discussion was restricted to the three most recent national reforms, taking place in 1968, 1988, and 2000. From tensions observed to influence the practice and deve​lopment of the formal education of teachers, i.e. between tradition and re​newal, experience-based and research-based knowledge
, and practical and theore​tical components of teacher education, we identified three critical issues for edu​cational change: views on what should constitute teacher knowledge, back-up research, and the creation of communities of learning. The didactic divide was seen to be at the core of all these critical domains.

A key issue in the evolution of teacher education thus concerned the content and organisation of the target knowledge. For a further analysis of the character of the didactic divide observed, we will use a theoretical model from the anthropo​logical theory of didactics, viewing teaching and learning as an activity situated in an institutional setting (see e.g. Barbé et al., in press). By engaging in this activity, the participants elaborate a target piece of knowledge for which the activity was designed. This perspective sets a focus to the knowledge itself as an organisation system (a praxeology), including a practical block of types of tasks and techniques to work on these tasks, and a theo​retical block explaining, struc​turing and giving validity to work in the practical block (ibid.). This praxeo​logical organisation of knowledge can be used to describe very systematic and structured fields of know​ledge (such as mathematics or any experimental or human science) and its related activities, with explicit theories, a fine delimi​tation of the kind of problems that can be approached and the techniques to do so. Considering the mathematics teaching and learning process, we can find two different (even if intimately related) kinds of praxeologies: mathema​tical ones, corresponding to the “disciplinary knowledge” that is taught, and didactical ones, corresponding to the “pedagogical knowledge” used by teachers to per​form their practice. In figure 1 disciplinary knowledge and pedagogi​cal know​ledge are set up in relation to each other and their practical and theoretical blocks. This is an “ideal” diagram, since there are no well defined praxeologies for the very diverse field of “pedagogical knowledge”. 
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Figure 1. Organisations of knowledge in mathematics teacher education.

In this matrix we can identify two possible “divides”, one horizontal between PB and TB, and one vertical between DK and PK. At a general level, the horizontal (bold) line in figure 1 can be seen as the divide between the seminar tradition and university tradition in teacher education. What we have referred to as the didactic divide is indicated in figure 1 by the vertical double marked line. The diagram shows that this divide can occur at two levels – a practical and a theoretical level. The seminar tradition, by its experience-based mode of reference, is both oriented and constrained to PB, in the disciplinary as well as in the pedago​gical realm. As a consequence, the didactical situations with student teachers will focus on examples of problems in/for classroom situa​tions and give tools for how to handle them (for example on work with multiplication tables), with no further connections explicitly made to a (theo​retical) knowledge base, to indi​cate a rationale for the activity. At this level, student teachers will in most cases not experience a “didactic divide” between the discipli​nary knowledge of mathematics and the related pedagogical knowledge. At the theo​retical level, however, the validation for computational rules in arithmetic and pedagogical knowledge of children’s conceptions and under​standing of arith​metic, are not being addressed in the didactical situation described. Because of this divide between the TBs of disciplinary and pedagogical knowledge, the teachers are trained to stay at the “punctual level” (i.e. limited to particular problems and techniques only) at their future work in classrooms, giving way for an instrumental way of communicating knowledge with their pupils.

It is normally only within mathematics and pedagogy as university disciplines that the theoretical levels of its knowledge are discussed, i.e. for teacher education mostly within the university tradition. These disciplines live in different depart​ments at the university with normally no or very little interaction. This means that it is up to the teacher educators to bridge the divide also at this level, for their student teachers. The extent to which the “normal” university discipli​nary approach to mathematics/pedagogy is deliberately connecting the PB and TB across the hori​zontal divide in figure 1 is a matter of tradition and views of aims with the studies. For student teachers in particular, such an address seems vital.

To design a teacher education for the professional competence paradigm, the different entries in figure 1 need to be interconnected across the marked hori​zontal and vertical lines. Due to university organisation, this puts high demands on collaboration between different parts of the organisation, and that these parts must each develop appropriate know​ledge as “learning systems” through these collabo​rations (see Krainer, 2004). The lack of these interconnections through​out the recent history of teacher education in Sweden may explain the repeating efforts to come to grips with the didactic divide and the problems it causes. As another possible cause to the diversity and constant change in teacher education practice and programmes, we note that by the lack of a unified scholarly based organisation of pedagogical know​ledge, the process of didactic transposition from scholarly knowledge to taught knowledge can only be partially realised with an elemen​tarisation of didactical theory as a result, giving bigger influence to other institutio​nal constraints such as organisation, tradition, and range of competence of the actors involved in teacher education. Didactical research is needed to develop a relevant TB to merge the didactic divide. 

To develop viable didactical organisations for mathematics teacher educa​tion, a merge of the didactic divide to create an organisation (praxeology) for educational knowledge in mathematics (EKM) would give a diagram where the two columns of DK and PK in figure 1 would be replaced by only one of EKM, with no horizontal divide. One of the major goals for research in mathematics education is seen to be, by this perspective, the development of a body of educational know​ledge in mathematics, to make teacher education an institution able to work in line with the professional competence paradigm for what it means to be a mathematics teacher in school. 
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� Corresponding to what in Sweden is called the ’seminar tradition’ and the ’university tradition’, respec�tively,within teacher education.
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