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This paper presents a categorization of PCK that we have specifically developed to study the impact of a teachers training program (TP) on teachers’ practices. We present both our theoretical and methodological frame, based on the concept of PCK (Shulman, 1986) and the activity theory as developed by Engeström (2001) and some first results. The TP was videotaped and transcribed. PCK episodes were selected in the transcription and coded according to keywords derived from our theoretical framework. A cluster analysis based on the Multiple Correspondence Analysis of these keywords shows that two categories of PCK are at stake in the TP: what we have identified as specific PCK vs. general PCK. We show that this categorization is heuristic and allows some assumptions about the effects of the TP on teachers’ practices. 
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This research is part of a broader project which aims at studying the impact on students learning of a teacher training program (TP) for in service primary teachers in order to develop inquiry based science teaching (IBST). One step of this project is to identify the impact of the TP on teachers’ knowledge, as we assume that the changes that can occur in a teacher’s practice is at least partly associated to changes in his/her knowledge. Pedagogical Content Knowledge (Shulman, 1986) is referred to as a type of knowledge that is an important determinant in teachers’ efficacy. According to van Driel et al. (1998), even if PCK develops in the actual teaching practice of teachers, specific courses or workshops also have the potential to influence the development of PCK. In this paper we present a way of categorizing PCK specifically developed to study the impact of a given TP on teachers’ practices and some first results.
THEORETICAL FRAMEWORK
Shulman (1986) states that Pedagogical Content Knowledge (PCK) is a category of knowledge considered as central for teaching. This category of knowledge is defined as “going beyond knowledge of subject matter per se to the dimension of subject matter knowledge for teaching” (Shulman, 1986, p. 9). In science education different PCK models have been developed. We have chosen the model proposed by Magnusson et al. (1999) which has been used by many researchers (Friedrichsen et al., 2011). In this model different components of PCK are described: Orientations towards science teaching, knowledge and beliefs about science curriculum, knowledge and beliefs about student’s understanding of specific science topics,  knowledge and beliefs about assessment in science and knowledge and beliefs about instructional strategies for teaching science. The Orientation component is central and shapes the other components. Friedrichsen et al. (2011) argue that the orientation component should be conceptualized as comprising three different knowledge and beliefs: goals and purposes of science teaching (Goals); science teaching (Teaching/learning); and nature of science (NOS). One way of conceptualizing the development of PCK is to take into account the potential linkage between the different components (Park & Chen, 2012).
The question of the specificity of PCK has been discussed in the literature (van Driel 1998; Veal & McKinster, 1999). Indeed it is not clear if PCK is subject specific (i.e., Specific to science) or topic specific (i.e., Specific to electricity, mechanics…). 
As pointed by van Dijk & Kattmann (2006), there is confusion if PCK refers to what we could call “reference PCK” or “personal PCK”. We consider that reference PCK can be made explicit and shared within a community; what’s more it can be used in teacher education and can be listed in textbooks. Personal PCK is a personal construction which is context dependant.
As the focus of our project is the impact of a TP on students learning, we are interested in studying teachers’ personal PCK. We assume that the TP aims, amongst other finalities, at developing personal PCK either by the teachers being in activity (as it could be done with pupils working on science problems), either by making explicit some “reference PCK”. In a first step we focus on the analysis of the reference PCK made explicit. 
To model the development of personal PCK we use the activity theory as developed by Engenström (2001). In this theory human activity is modeled by an activity system (AS) defined by the interrelation between different elements: a subject, an object, tools, rule of actions, division of labour, and a community. The activity theory stresses the importance of interconnected AS. For this communication we will focus on two AS: (1) the first one corresponds to the activity of teaching science in the classroom. In this system the subject is the teacher, the community is the teacher and the students, the object is to teach science, and the tools comprises reference PCK. Personal PCK can be seen as the capacity of the teacher to link the different elements of the AS in order to reach its goal. (2) The second AS models is a part of the activity in TP. In this system the subject is the teacher, the object is to develop some reference PCK in order to design an IBST sequence and the community corresponds to the group of teachers following the program and the trainer.
According to the activity theory, development occurs with contradiction between the different AS. Therefore, we can consider that one way to develop teachers personal PCK, is to elicit contradictions between some elements of the AS “to teach science in the classroom’ with elements of the AS “to develop some reference PCK”.
RESEARCH QUESTIONS
The aim of our study is to characterize the reference PCK at stake in the TP in order to understand the impact of this program on teachers’ practice. This categorization is rooted on two assumptions derived from our theoretical framework. First that reference PCK which are not related to an AS will not favor contradictions between the different AS at play, hence will not favor professional development. Second that subject specific reference PCK need to be adapted to topic specific situations. Indeed if this adaptation is under the responsibility of the teacher it therefore can lead to various effects in terms of practice. We also take into account the linkage between PCK components as a feature of PCK development (Park and Chen 2012).
METHODS
We analyze a training program dedicated to teachers to develop IBST. It is organized around several nonconsecutive workshops over two years. Different topics are addressed (mechanics, plant classification…) and the last workshop is an overview of IBST in accordance to the topics studied during the two past years. 
Our data consists of 20 hours of video recording of the teacher TP. Our analyzing method should therefore be suited for large video corpus and to different topics. The whole videos were transcribed and PCK episodes selected in the transcription. A PCK episode corresponds to a moment where the trainer or the teachers talk about a reference PCK. Then these PCK episodes were coded according to different categories. The first one corresponds to the PCK components (Magnusson et al.1999; Friedrichsen et al. 2011). We also coded if these episodes contain only one PCK component or if several PCK components are linked. Reference PCK at stake was coded according to its subject or topic specific nature (Veal & McKinster 1999). Finally, we coded whereas the reference PCK was related to elements of an AS, and if so to which AS. The whole coding was undertaken with the Transana software by assigning keywords to the PCK episodes. A statistical analysis using Multiple Correspondence Analysis (MCA) enables to identify some typologies of PCK episodes.
RESULTS
From a quantitative point of view a total of 113 reference PCK episodes were coded amongst which the “Strategy” component was coded for 64% and the “Student Difficulty” component for 33%. 66% of the episodes comprise only one PCK component. 45% of the episodes are linked to an AS and 46% are topic specific. No episodes contain an Assessment PCK component.
A cluster analysis based on MCA shows that our data can be described following four clusters: (1) topic specific reference PCK which is related to an AS and comprise for most of them a Student difficulty component but no Curriculum or Teaching/Learning component. (2) Subject specific reference PCK which is not related to an AS, only one PCK component being at stake at the time, which can be either Strategy, Teaching/Learning, NOS or Goals. (3) Reference PCK which comprises a Curriculum component. (4) Subject specific reference PCK with several PCK components, principally Goals, NOS and Teaching/Learning (all part of the Orientation towards science teaching). Most of the PCK at stake in the TP can be distinguished in two main types: (1) Specific reference PCK which are related to an AS and are topic specific but are not linked to an orientation (Cluster 1). (2) More general reference PCK which are not related to an AS, are subject specific and do not articulate several PCK components (Cluster 2). Let’s note that our work is still in progress, as we need to study not only the moments where reference PCK was elicited, but also the moments of activity in the TP to infer the Personal PCK potentially developed by teachers. 
According to our framework, we can make some assumptions: first that a part of the TP which was implemented as general reference PCK (cluster 2) will have different effects following the teachers as they are not related to an AS, are subject specific and do not articulate several PCK components. Some more specific reference PCK might have a greater influence in the teachers’ practice, specifically those that are related to an AS, are topic specific and concern the Students’ difficulties component. However, this influence could be limited as this component is not systematically related to an Orientation PCK component. 
Our study aims at putting to the test the Magnusson et al. (1999) model of PCK articulated with the activity theory as a heuristic way of analyzing a development program, but also, in fine, teachers’ practice. The codding scheme derived from the theoretical framework produces some interesting results in regards to our research questions. For example the specificity of the curriculum component (cluster 3) which invites to further investigations towards the nature of this type of knowledge. 
REFERENCES
Engeström, Y. (2001). Expansive learning at work: toward an activity theoretical reconceptualization. Journal of Education and Work, 14(1), 133-156. 
Friedrichsen, P., Driel, J. H. V. & Abell, S. K. (2011). Taking a closer look at science teaching orientations. Science Education, 95(2), 358–376.
Magnusson, S., Krajcik, J., & Borko, H. (1999). Nature, Sources and Development of Pedagogical Content Knowledge for Science Teaching. In J. Gess-Newsome & N. G. Lederman (Eds.), Examining pedagogical content knowledge: The construct and its implications for science education (pp. 95-132). Dordrecht, the Netherlands: Kluwer Academic Publishers.
Park, S. & Chen, Y-C C. (2012). Mapping out the integration of the components of pedagogical content knowledge (PCK): Examples from high school biology classrooms. Journal of research in science teaching, 49(7). 
Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational Researcher, 15(4), 4-14.
van Dijk, E., & Kattmann, U. (2006). A research model for the study of science teachers’ PCK and improving teacher education. Teacher and Teacher Education, 23(6), 885-897.
van Driel, J.H., Verloop, N., & De Vos, W. (1998). Developing science teachers’pedagogical content knowledge. Journal of Research in Science Teaching, 35(6), 673-695.
Veal, W. R., & MaKinster, J. G. (1999). Pedagogical Content Knowledge taxonomies. Electronic Journal of Science Education, 3(4). 
image1.png
euRorean ¢
znu:mon
e

DUBLIN

ESERA 2017 Conference
Dublin City University, Dublin, Ireland.
21st - 25th August 2017




