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This paper discusses the theoretical and methodical arguments for the design and implementation of a research based course for pre-service teachers. The course program was carried out five times matching the methodology of design experiment and the theory of communities of practice. Students' assignments in the course were designed to focus on planning teaching and to give the pre-service teachers experiences of how to use and connect didactical and mathematical theories to practical situations, and hence provide them with a tool for teaching in different classroom situations.

Introduction

The implantation of a new teacher-training program in Norway [START_REF] Kunnskapsdepartementet | Forskrift om rammeplan for grunnskolelaererutdanningen for 1.-7[END_REF] presented an opportunity to think about new ways of teaching a pre-service teacher course in mathematics within the program at a Norwegian university. Previous to this reform the corresponding course was organized more traditionally entailing plenary lectures, workshops and various student assignments in which the pre-service teacher students (PST) actively had to participate. However, feedback from the PSTs showed that they found it difficult to see the connection between the course work at the university and the in-school teaching practicing activities, especially with respect to the implementation of didactical theories in the everyday mathematics classroom practice [START_REF] Bulien | Matematikkopplevelser i laererutdanningen : en fenomenologisk orientert narrativ analyse av studenttekster[END_REF][START_REF] Solstad | Praksisnaer teori og teorinaer praksisden nødvendige relasjonen[END_REF]. Therefore, the design and implementation of a revised course focused on and included activities that aimed to enhance and make the connection between theories of teaching and learning and the actual practice of teaching clear and explicit for the students. This paper discusses the central idea used to realize this connection in the redesign of the course, namely, to focus on lesson planning by adapting and introducing the so-called Mathematics Didactic Planning tool (MDP).

Besides presenting the MDP, the aim of this paper is to describe the research design and the theoretical background for the educational design experiment in which the MDP was developed, implemented and evaluated.

Introducing the MDP, the setting and background

The course that was subjected for redesign is a 30 credit compulsory course in the teaching and learning of mathematics given within a full time teacher education program for grades 1-7 (6-12 years old). The students take multiple courses simultaneously and the course in teaching and learning mathematics spans over a period of 2 years (7,5 credits each semester). Even though the program is a full time program, most of the students are not at campus all the time. Rather, the students travel and are physically present at joint seminars at the university for three separate weeks each semester. In each week, the students studied mathematics for 7 hours spread out over two days. The rest of the semester, the PSTs and teachers communicate via different media over the Internet.

In the first two semesters (credits 1-15) of the course in teaching and learning mathematics, the students focus on theories and frameworks related to the role of a mathematics teacher, teaching and learning mathematics, numeracy and early training of algebra (pre-algebra). This experience of different theoretical approaches to teaching and learning mathematics provided an advantage when they was introduced to the MDP in the third and fourth semester of their teacher-training program. During the second year of the course (credits 16-30) the PSTs worked through three MDPs, each organized in three different parts or phases named A1, A2 and A3, see Figure 1 (left). Phase A1 is about analysing textbooks and making a brief plan for teaching mathematics covering a whole school year. In phase A2, a much more detailed plan for teaching a lesson given a particular content is worked out. The last phase, A3, time is spend on reflecting back on the previous phases. The assignment students are obliged in phases A1 and A2 are written assignments carried out as group work, whereas the assignment in phase A3 is individual reflecting text.

In this second part of the compulsory course (semester three and four), the structure of the MDP was used as a frame to organize of both lectures and students' assignments, and during the year the PSTs worked through three MDPs focusing on different mathematical topics as well as on different grades (1-7). The mathematical topics were geometry, measurement, statistics, probability and functions.

The introduction to the MDP model was given in the first seminar in the third semester at campus where the teacher and the PSTs together planned a fictitious lesson for teaching using the MDP framework. The following three MDPs were mainly supervised using Google Disk (GD) and through Internet seminars, but also in face-to-face seminars with the teacher when the students met at campus. Additionally didactical and mathematical theories were provided to the students through lectures, both at campus and in online video lessons made and hosted by the teacher. Having the PSTs iteratively working through three MDPs made it possible for the PSTs to familiarize themselves with the framework, and hence their need for support and guidance successively declined, aiming at the PSTs to be more and more independent. In other words, writing the assignments (A1,A2 and A3), the supervision in GD was more actively during the first MDP, less in the second and only by questions from the PSTs in the third [START_REF] Bulien | Oppgaveskriving med innovative veiledning i Google Disk[END_REF].

Methodology

The methodology of the project to implement the revised course on teaching and learning mathematics based on this new tool for teaching (the MDP) was founded on experiences from previous teaching similar courses; research about PSTs' education experiences (e.g. [START_REF] Bulien | Matematikkopplevelser i laererutdanningen : en fenomenologisk orientert narrativ analyse av studenttekster[END_REF][START_REF] Solstad | Praksisnaer teori og teorinaer praksisden nødvendige relasjonen[END_REF]; and, students' feedback on the content in similar and previous courses. Based on these, special emphasis in the revised course became the application of theory in practical teaching situations. In short, the aim of the project was to present a more visible connection between the theoretical work at campus and the practice at schools.

During the four-year teacher education program, the PSTs experience rather short periods of actually practicing teaching in schools, and each time they must focus on three or four different subjects which makes it difficult to go into depth on each subject during their practice time in the classroom [START_REF] Solstad | Praksisnaer teori og teorinaer praksisden nødvendige relasjonen[END_REF]. [START_REF] Solstad | Praksisnaer teori og teorinaer praksisden nødvendige relasjonen[END_REF] found that PSTs' ability to connect theory with practice increase the longer they attended the education program, but the students still wanted more supervision in implementing theory into their teaching practice. This increasing theoretical understanding might be a result of engaging in multiple cycles of supervised practice at schools and evaluated written assignments at the university, which suggests that a similar iterative learning model would be the preferred teaching and learning environment for the new course. However, closer collaboration and involvement with the actual teaching practices done in schools by the students was not feasible. Instead, a more active collaboration between the PST and the teacher in the spirit of communities of practice [START_REF] Wenger | Communities of practice : learning, meaning, and identity[END_REF] was integrated in the design of the course.

To guide and structure the overall re-design, implementation and evaluation of the new course, something that can be considered to be a classroom design experiment [START_REF] Cobb | Design experiments in educational research[END_REF], a design experiment [START_REF] Cobb | Design experiments in educational research[END_REF] methodology was adapted.

Most classroom design experiments are conceptualized as cases of the process of supporting groups of students' learning in a particular content domain. The theoretical intent, therefore, is to identify and account for successive patterns in student thinking by relating these patterns to the means by which their development was supported an organized. However, different classroom design experiments may set their focus on different constellations of issues (Cobb et al., 2003, p.11) The theoretical intent of implementing the MDP was to focus on the PSTs' development in lesson planning using didactical theories and mathematical knowledge, which could be evaluated in the assignments of each MDP and the PSTs' reflection notes. The teaching and learning process involved in the implementation of the course was continually evaluated through out the five years based on the PSTs' work and reflection as well as the teachers reflections notes and written logs. The course was modified and adjustments were made both during the semester and when before starting a new course for a new group of PSTs.

In the design and development of the MDP and the new course, [START_REF] Cobb | Design experiments in educational research[END_REF] five crosscutting features of design experiments were used to structure and guide the work during the five-year period of this project.

First, design experiment involves both the goal and the process [START_REF] Cobb | Design experiments in educational research[END_REF]. The goal was to educate prospective mathematics teachers so they could give their students a grounded mathematical education based on mathematical knowledge and research about how to teach mathematics. The process, which should facilitate the goal, had two different parts. Initially the process was about developing a class of theories that supported the ideas of using the MDP as an artefact for the PSTs' studies, and to get an overview of the implementation of the new ideas in the course. Next it was the process of defining the roles of the PSTs and of the teacher, in which the theory of communities of practice [START_REF] Wenger | Communities of practice : learning, meaning, and identity[END_REF] was introduced.

Since the collaboration between the PSTs and the teacher was supposed to be less like the usual teaching situation and more like an ongoing working together process, communities of practice was a suitable framing since "… the property of a kind of community created over time by the sustained pursuit of a shared enterprise" (Wenger, 1998, p.45). Further, Wenger claims that in educational design "Learners must be able to invest themselves in communities of practice in the process of approaching a subject matter" (Wenger, 1998, p.270). In this project the subject matter was the MDP that could be seen as a reification of a teaching and learning situation in the sense of "… giving form to our experience by producing objects that congeal this experience into "thingness"" (Wenger, 1998, p.58). For the MDP, the process was to present a learning trajectory to the PSTs that realized the possibility to adapt theoretical perspectives of teaching to classroom situations. A corollary to this involved a change in the teacher's role from less lecturing to more supervising, which supports Wenger's idea of self-investment.

Second, design experiment is about being innovative, and there should be a discontinuity between tradition and new ideas to test [START_REF] Cobb | Design experiments in educational research[END_REF]. Expecting a more active contribution from the students and more supervision from the teacher changed the traditional lectures to seminars. In between seminars at campus, the supervision was implemented online using Google Disk (GD) and short video-films made by the university teacher. The focus for the supervision was to encourage the PSTs to evaluate didactical theories and mathematical knowledge and decide how to use them in teaching and learning situations.

Third, design experiment should involve both prospective and reflective situations [START_REF] Cobb | Design experiments in educational research[END_REF]. In this project, the prospective aspect was manifested in the hypothesis or conjectures developed in terms of lesson plans in the written assignments in phases A1 and A2 of the MDP. In Phase A3 provided the possibility for reflection based on reflective knowledge and building on experience and research. Here, the MDP and the change of teaching and learning situations, build on previous teaching courses in mathematics and new ideas about learning, especially focused on social constructivism and the community of practice.

Fourth, design experiments include an iterative design. In this project, there are two levels of iteration [START_REF] Cobb | Design experiments in educational research[END_REF]. A first is that the PSTs repeat the MDP three or four times during the course period, whereas the other is that the course itself was repeated five times with different students. The PSTs repeating the task hopefully provides better learning and the teacher had the possibility to adjust teaching according to the students' needs for supervision. The iteration of the course focused on the design of both the MDP and the teaching on a meta-level.

Fifth, design experiment involves analysing and evaluating the course to search for potential new theories [START_REF] Cobb | Design experiments in educational research[END_REF]. Each year the PSTs were asked to evaluate the course and their responses together with the exam results and logs written by the teachers during the year, were used to adjust the plan for the course for the following year. Although analyses took place during the five years, a retrospective analysis is yet to be fulfilled. Since then the designed course with the MDP has been repeated five times, and it has additionally been used in other courses, might give broader information about the ability of the use of MDPs. This adoption into other courses and continued use lead one to assume that the analyses made after each year have given positive results, but there is still need for more thorough analyses to quantify the effects of the implementation of the MDPs and the changes in teaching. A retrospective analysis of all available written material collected during the five years is necessary and is currently in progress.

Theoretical discussion of the MDP

The Danish textbook for teacher education, Delta [START_REF] Skott | Matematik for laererstuderende[END_REF], was part of the syllabus for the course and in this book there is a presentation of Gomez cycle of didactic analysis [START_REF] Gomez | Theory and practice in pre-service mathematics teacher education from a social perspective[END_REF]. Based on this work of Gomez an artefact for lesson planning named The Mathematics Didactic planning tool (MDP) was constructed by changing the original model to fit a Norwegian teaching and learning context informed by the work of [START_REF] Ball | Content Knowledge for Teaching: What Makes It Special[END_REF] and [START_REF] Niss | Competencies and Mathematical Learning: Ideas and inspiration for the development of mathematics teaching and learning in Denmark[END_REF]. Hence, the content of the MDP considered both mathematical, didactical and methodological theories that was based on the curriculum of the course, but focusing on different mathematical subjects for each assignment aiming at a (fictitious) classroom situation.

Gomez' ( 2002) model for didactical analysis was inspired by the teaching trajectory of [START_REF] Simon | Reconstructing mathematics pedagogy from a constructivist perspective[END_REF], which is a cyclic planning tool for mathematics teaching, and [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF] work on pedagogical content knowledge which later informed the development of Mathematical content Knowledge for Teaching (MKT) [START_REF] Ball | Content Knowledge for Teaching: What Makes It Special[END_REF]. MKT is divided into different theoretical issues like areas of knowledge of content and curriculum, content and students, content and teaching, common content knowledge, specialized content knowledge, and horizon content knowledge (Ball et al., 2008, p.403). In the various parts of the MDP (Figure 1) these areas was conceptualized in terms of the mathematical tasks for teaching from Ball et al. (2008, p.400), such as for instance using mathematical notation and language, asking productive mathematical questions, and finding an example to make a specific mathematical point. Another theoretical framework used were the didactical and pedagogical competencies with specific regards to mathematics from the KOM-project [START_REF] Niss | Competencies and Mathematical Learning: Ideas and inspiration for the development of mathematics teaching and learning in Denmark[END_REF]. These are the eight mathematical competencies concerning mathematics as a discipline (chapter 4 and 5), and the six forms of specific competencies which a mathematics teacher should possess (chapter 6 and 7). The areas of knowledge concerns the students' competences of representing, symbol and formalism, communicating, aids and tools, mathematical thinking, problem-tackling, modelling, and reasoning , and the teachers' competences of curriculum, teaching, revealing learning, and assessment [START_REF] Niss | Competencies and Mathematical Learning: Ideas and inspiration for the development of mathematics teaching and learning in Denmark[END_REF]. In the following text these theoretical notions will briefly be discussed how to be used in the design of the different phases of the MDP; see Figure 1 for the presentation of the model. A1 introduces and presents topic, grade and focus points from the National curriculum's perspective. This provides the background for the PST choosing two or three textbooks, which the PST should analyse according to the mathematics topic and the focus points in the national curriculum. After which, they should make a short plan for teaching mathematics over a school year focusing on how to structure and organize given topics and argue for their choices. For instance, it would be wise to have worked with fractions and multiplication before an introduction to probability. A1 focus mainly on theoretical aspects from knowledge of content and curriculum [START_REF] Ball | Content Knowledge for Teaching: What Makes It Special[END_REF] and the teacher competency of curriculum [START_REF] Niss | Competencies and Mathematical Learning: Ideas and inspiration for the development of mathematics teaching and learning in Denmark[END_REF].

A2 is the main part of the MDP where the PSTs works with their understanding of both knowledge about mathematics and didactical theories. It is important for the student to notice that the different parts of the plan (again see Figure 1) are meant to be understood and worked through in a hierarchical way. The theoretical aspects mainly focus on the MKT [START_REF] Ball | Content Knowledge for Teaching: What Makes It Special[END_REF] and the competencies of teaching and learning [START_REF] Niss | Competencies and Mathematical Learning: Ideas and inspiration for the development of mathematics teaching and learning in Denmark[END_REF], but of course additional theory is added when relevant.

The aim for this part is to formulate a plan for teaching the subject given, e.g. geometry, over a period of two to five lessons. In the first part (A2a), they present focus points and quality frameworks from the national curriculum to illustrate the frames and goals for the teaching and learning. Since the PSTs had no real class to teach, they had to make assumptions based on the information given in the national plans and other relevant sources such as e.g. textbooks. Analysis of mathematical content (A2b) illustrates "all" the mathematics that the PSTs knew about the subject given, including symbols, algorithms, different representations, modelling, etc. The goal of this part is to provoke the students to go deep into their own mathematical knowledge and analyse different aspects of mathematics without thinking about teaching or learning. In these analyses of mathematical content, the PSTs theoretical framework is knowledge about representing competency, symbol and formalism competency, communicating competency and aids and tools competency [START_REF] Niss | Competencies and Mathematical Learning: Ideas and inspiration for the development of mathematics teaching and learning in Denmark[END_REF], which also illustrates general and special subject matter knowledge and horizon content knowledge [START_REF] Ball | Content Knowledge for Teaching: What Makes It Special[END_REF].

Analysis of learning process (A2c) is about the students learning process in the specific subject given, e.g. geometry, not about general pedagogical learning theories. This part focuses on knowledge of content and students [START_REF] Ball | Content Knowledge for Teaching: What Makes It Special[END_REF] for instance illustrated by knowledge about misconceptions, what could be difficult to understand and why, or how to support the learners that needed an extra challenge building on the mathematical issues discussed in A2b. Some of the same issues were the basis for the analysis of teaching (A2d), but this time the focus is teaching and to predicate how they can meet different situations that probably occur in teaching the mathematics subject given were, such as asking productive mathematical questions [START_REF] Ball | Content Knowledge for Teaching: What Makes It Special[END_REF]. This part is illustrating knowledge of content and teaching [START_REF] Ball | Content Knowledge for Teaching: What Makes It Special[END_REF], and the teacher competencies about teaching, revealing learning, and assessment [START_REF] Niss | Competencies and Mathematical Learning: Ideas and inspiration for the development of mathematics teaching and learning in Denmark[END_REF]. Since the A2 is hierarchical built, the three analyses should be written in the way they are presented, the next building on the information given in the previous. A final and important task in A2 is to construct an open mathematics problem (A2e) with different levels of cognitive demands [START_REF] Stein | Implementing standards-based mathematics instruction : a casebook for professional development[END_REF] which is based on knowledge gained from the three analyses. All the work is summed up in a schedule for the lesson(s) (A2f).

A3 is an individual written reflection assignment where the PSTs reflects on the decisions and analysis made in A1 and A2. Since A1 and A2 are carried out as group work, the final reflection gives each student the possibility to add his or her own perspectives on the process and the result of phases A1 and A2. The last phase, A3, has been a valuable resource for the on-going and continuing development and implementation of the MDP in the new course.

Final comments

Using different theoretical perspectives from previous research about teaching [START_REF] Ball | Content Knowledge for Teaching: What Makes It Special[END_REF][START_REF] Niss | Competencies and Mathematical Learning: Ideas and inspiration for the development of mathematics teaching and learning in Denmark[END_REF][START_REF] Stein | Implementing standards-based mathematics instruction : a casebook for professional development[END_REF], the research design method for planning new teaching models [START_REF] Cobb | Design experiments in educational research[END_REF], and research-based models of lesson planning [START_REF] Gomez | Theory and practice in pre-service mathematics teacher education from a social perspective[END_REF], have been useful in in designing and developing the new course in which the MDP serves as a backbone.

Although the PSTs' practice in schools could not be integrated within the course, it could be argued that focusing on lesson planning by working with the MDP had a close connection to the practice of teaching mathematics, which was one intention of using lesson planning as a focal idea. Another was to elucidate the importance of theoretical argumentation when planning (and teaching) mathematics lessons and the intention of repeating the MDP several times became an important choice of performance since especially the complexity of A2 needed to be exercised several times. A profit of all the work was that all the MDPs together with the teachers' comments were shared on a learning management system to be available for all the PSTs attending the course. When the PSTs finished the course, the students thus had a number of lesson plans ready to use (with adjustments) in their future career.

The empirical material available for analysing different aspects of the project is teachers' logs, planning documents, students' reflective papers from the course, students' papers on didactical and mathematical analysis, and electronic records showing supervising dialogue during the writing of papers. The preliminary analysis of all the empirical material available, five years of teaching experience, and reading some of the PSTs' final reflection notes indicates that the majority found the MDP challenging but educational, and that they experienced writing MDPs' assignments to be valuable. Many argued that it would be too much work for planning lessons when working as a teacher, but that the experience of having done so during their education will influence their work as teachers.

There were a couple of practical changes made during the five years of study, such as to change the number of group members from groups up to 6, to working in pairs, and lowering the number of MDPs the students should work through from four in the first year to three the years following. Since the students only were on campus for a short time, much of the contact had to be via the Internet and became the common form of communication. Supervising the process of writing papers in this way had clear implications on the process. This is documented in several reflection notes where the PSTs explicitly wrote that they would not have gone so deep into the material if they had not been pushed by the supervisor.

In summing up, it seems like the MDP can be a good mediator for MKT and competencies. Further and more rigorous analysis of the empirical material will be valuable in documenting the proof of this indicative claim, and it should additionally provide more information and suggestions on how to enhance the MDP and the role of the supervisor.
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 1 Figure 1: MDP model (left) and the course cycle of PST implementing MDP (right)
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