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 when working with key mathematical issues. I will use the data and results from the developmental research to design another study on long-term learning.

Introduction

Changing mathematics teaching is a complex process that requires the improved alignment of theory and practice [START_REF] Sowder | The mathematical education and development of teachers[END_REF]. To that end research has failed to focus on answering questions about how mathematics teaching can change as a result of collaborative teacher learning projects [START_REF] Sowder | The mathematical education and development of teachers[END_REF]. In this paper, I present an earlier study [START_REF] Sterner | Problematisera görandet, Lärares lärande om kommunikation och resonemang i matematikundervisningen i en organiserad praktikgemenskap[END_REF] as a background for a discussion of potential ways of conducting further research on understanding what a developmental research project can achieve in three years after its completion. The previous study addressed a school developmental project in mathematics in a middle sized community in Sweden. Figure 1 illustrates the background of the study and a possible direction for further research. The first section of this paper focusses on the learning process and results of a working group (i.e. the reflection group) that formed part of the developmental research study (Fig. 1). The second section comprises questions about possible ways to conduct further research three years after the study's completion. The bulk of research in the field of teacher learning and development has indicated the A community mapping of mathematics teaching failure of teachers to learn how to promote and support teaching and student learning (e.g. [START_REF] Borko | Professional development and teacher learning: Mapping the terrain[END_REF][START_REF] Opfer | Conceptualizing teacher professional learning[END_REF][START_REF] Sowder | The mathematical education and development of teachers[END_REF]. New issues emerged during and after the previous study, including ones addressing what happened in mathematics teaching after the completion of collaboration in the reflection group and how research on mathematics teaching can integrate the significance of context. Among other questions, whether we can listen to teachers' voices (Potari, Figeiras, Mosvold, Sakonidis & Skott 2015, p. 2972-2973), and what comes to mind when teachers listen to their own narratives three years after the completion of work in a reflection group are of particular importance (Fig. 1).

Background

As Figure 1 illustrates, results from a pilot study (November 2012 -February 2013) revealed teachers' difficulties with describing the concepts of mathematical communication and reasoning, as well as with applying those concepts in their teaching. Based on the results, the main study [START_REF] Sterner | Problematisera görandet, Lärares lärande om kommunikation och resonemang i matematikundervisningen i en organiserad praktikgemenskap[END_REF] was designed as a collaborative development initiative in a working group called reflection group. The author and five mathematics teachers in grades 1-6 collaborated on the key issue of mathematical communication and reasoning in relation to their teaching of algebra. Since the reflection group met monthly for a year the study can be characterised as developmental research, which [START_REF] Jaworski | Inquiry community in an activity theory frame[END_REF] have defined as:

Research which both studies the developmental process and, simultaneously, promotes development through engagement and questioning (p. 353).

The developmental work in this study addressed change achieved in an ongoing investigative process which occurred in parallel with the active creation of the participants' meaning making related to the key issue. However, as [START_REF] Goodchild | A quest of `good´ research[END_REF] pointed out, transformations through such dialectic cyclical processes of research and development are complex. In a literature review, Sowder (2007, p. 158) outlined 10 important issues facing mathematics teachers' development. Three of those issues were of specific importance to the study at hand and constituted the underlying questions addressed in the developmental research study:

1. How do teachers learn from their professional communities about teaching mathematics? 2. What can teachers learn from investigating their own teaching of mathematics?

3. What can be learned from research on teacher change?

In this paper, I discuss theoretical frameworks for understanding mathematics teachers' sustainable and long-term learning by describing what teachers can learn in an organised community of practice [START_REF] Wenger | Communities of Practice: Learning, Meaning and Identity[END_REF]) addressing a key mathematical issue. The teachers in the reflection group wanted to develop their understanding of communication in mathematics teaching in order to stimulate mathematical reasoning in their own teaching of algebra.

Methodology

The study derived from a developmental project that adopted the perspective of collaborative learning among mathematics teachers and a researcher when designing tasks and environments to investigate students' learning of mathematical reasoning related to algebra. A socio-cultural approach was adopted and the focus of the study was the learning process of the reflection group.

The theoretical perspective employed was that of communities of practice [START_REF] Wenger | Communities of Practice: Learning, Meaning and Identity[END_REF], in which learning is an aspect of participation in a social practice, whose participants engage in the negotiation of meaning [START_REF] Wenger | Communities of Practice: Learning, Meaning and Identity[END_REF]. The theory of communities of practice [START_REF] Wenger | Communities of Practice: Learning, Meaning and Identity[END_REF] focusses on meaning making, participants' learning, and their reification of the key issue in a social context. Negotiating meaning is a central and dynamic process when teachers participate and reify. In that sense the reflection group's joint enterprise [START_REF] Wenger | Communities of Practice: Learning, Meaning and Identity[END_REF] was its members to understand more about communication and reasoning in their own mathematics teaching.

The process in the reflection group concentrated on two interacting parts: participation and reification [START_REF] Wenger | Communities of Practice: Learning, Meaning and Identity[END_REF]. Framing the case as a community of practice shed light on the teachers' negotiation of meaning. At the same time the negotiation of their experience with teaching and learning related the key issue of mathematical communication and reasoning to their teaching of algebra.

The developmental research cycle method [START_REF] Goodchild | A quest of `good´ research[END_REF]) and the theory of communities of practice [START_REF] Wenger | Communities of Practice: Learning, Meaning and Identity[END_REF] together shaped the methodology of the study (Fig. 2). Developmental research and choice of methodology were intended to provide duality between a developmental and a research process over time and to enable a participant's perspective. Figure 2 illustrates my interpretation of Goodchild's (2008, p. 8) This study draws upon the idea that mathematics teachers' professional development should be based on their own classroom practice and students' learning (e.g., Broodie 2014; Goodchild 2014; [START_REF] Goodchild | Critical alignment in inquiry-based practice in developing mathematics teaching[END_REF][START_REF] Kazemi | Teacher Learning in Mathematics: Using Student Work to Promote Collective Inquiry[END_REF][START_REF] Matos | Mathematics teachers' professional development: Process of learning in and from practice[END_REF]. The reflection group constituted a learning community that reflected on their teaching practices as well as on their students' mathematical communication and reasoning related to algebra. Working collaboratively, the mathematics teachers developed a shared repertoire [START_REF] Wenger | Communities of Practice: Learning, Meaning and Identity[END_REF]) of the key issue, mathematical communication and reasoning in relation to their teaching of algebra. Developmental research represents a methodology based on interacting cycles of research and development [START_REF] Goodchild | A quest of `good´ research[END_REF]. As illustrated in Figure 2, the developmental research cycle constitutes the largest ellipse that spans the entire study since a cyclical process clearly exists between development and research. The ellipse on the left, representing the developmental cycle (A-E), illustrates the work performed in and organisation of the reflection group [START_REF] Sterner | Problematisera görandet, Lärares lärande om kommunikation och resonemang i matematikundervisningen i en organiserad praktikgemenskap[END_REF]. The developmental process appears as a cycle between a practical experiment and a thought experiment (Fig. 2). Every meeting of the reflection group were started at phase C (i.e. common reflections, challenges and questions and activities completed by the students when working on mathematical reasoning in algebra). This meetings were recorded. The ellipse on the furthest left, representing mathematics teaching (Fig. 2), illustrates the teachers' own practice in which they attempt to align and adjust common mathematical tasks and make individual reflections. Figure 3 illustrates systematic reflections in the process and the three levels of reflection in the reflection group. The discussions in the reflection group provided empirical data that nurtured the research cycle. In Figure 2 the research process appears as a cyclical process between global and local theories. My interpretation of global theories [START_REF] Goodchild | A quest of `good´ research[END_REF]) is comparable to a theory-guided design research approach [START_REF] Gravemeijer | Educational development and developmental research in mathematics education[END_REF][START_REF] Gravemeijer | Design research from the learning design perspective[END_REF] that in turn produces new theories [START_REF] Gravemeijer | Educational development and developmental research in mathematics education[END_REF][START_REF] Goodchild | A quest of `good´ research[END_REF]). The research process guides the developmental cycle by means of local theories, which nurture the research cycle in the form of thought experiments and new questions. Reflecting together in the reflection group (phase C, Fig. 2) and the challenges of group members' own teaching resulted in problematizing questions.

Analysis and results

The analysis of the reflection group's discussions involved three steps. The first two continued throughout the developmental research process and constituted tools used for reflection in the reflection group (Fig. 3). The third step of analysis occurred following the completion of work in the reflection group. All three analyses were based on Wenger's (1998) concepts of participants' meaning making, reification and shared repertoire related to the key issue. The first two analyses and the preliminary results motivated the reflection group to negotiate their meanings of the key issue and wielded questions about what the group needs to discuss in terms of mathematical communication and reasoning. The reflection group returned to the preliminary results of analyses in order to identify further opportunities for development [START_REF] Goodchild | Critical alignment in inquiry-based practice in developing mathematics teaching[END_REF]). As a participant researcher, I provided reflection to the group members with "findings of the research" and problematizing questions based on their own thoughts and questions.

During the ongoing data analysis from the reflection group discussions, new questions emerged when participants problematized daily mathematics teaching practices and became aware of new questions and challenges in their practice. The key principle in that process was reflection on three levels, as illustrated in Figure 3 alignment and imagination) served as the participants' means for aligning and changing the discussions and activities of the reflection group. Those alignments and changes derived from participants' negotiation of meaning and reification of the key issue. The following dialogue from the initial analysis reveals that participants' shared repertoire concerns their frustration with failing to understand the meaning of reasoning in mathematics teaching.

Majken: There is, generally speaking, no resistance among the students to conducting mathematical reasoning, but when we tell them to do so, they have no idea what it means.

Irma: We need to provide them with tools that enable them to practise mathematical reasoning.

Majken: But how can we do it, when we don't know the meaning of mathematical reasoning ourselves?

The dialogue led to consider textual content of mathematics as a science and in teaching from Lampert ' (1990; 2001) and the National Council of Teachers of Mathematics ( 2008). [START_REF] Lampert | When the problem is not the question and the solution is not the answer: Mathematical knowing and teaching[END_REF][START_REF] Lampert | Teaching problems and the Problems of Teaching[END_REF] described the science of mathematics as the formulation of assumptions followed by investigations to verify or refute them. When it comes to learning from a participant perspective, [START_REF] Lampert | Teaching problems and the Problems of Teaching[END_REF] has outlined how she stimulated students' mathematical reasoning by encouraging them to make a mathematical assumption (conjecture) about, for example, a strategy or a solution. She also stressed the importance of advancing a plausible mathematical justification for the assumption that can be explored and verified. This dynamics exemplifies how reflection group members returned to the analysis and its results.

The textual content of strategies for mathematical reasoning in teaching suggested by from [START_REF] Lampert | When the problem is not the question and the solution is not the answer: Mathematical knowing and teaching[END_REF][START_REF] Lampert | Teaching problems and the Problems of Teaching[END_REF] and the National Council of Teachers of Mathematics ( 2008) can be global theories transformed into local ones (Fig. 2). During discussions and activities participants aligned and developed local theories into a practical experiment (Fig. 2), which they sought to align for implementation in their own mathematics teaching. The teachers attempted to support their students in using the strategies for mathematical reasoning and to conceptualise mathematical reasoning as a cyclic process of exploration, conjecture and justification. The quote bellow is from the reflection group. The students have worked with equations and to concretize that 𝑥 can have different values, the students used boxes with different amounts of beans.

Irma: […] the strategies for "the reasoning cycle" (conjecture, justification and exploration) helped both me (in grade 4) to understand the students' mathematical thinking. The students worked with the equation 3𝑥 + 3 = 2𝑥 + 5 and the students had to determine the value of 𝑥. I saw differences between students who made a wild guess and students who argued for their assumptions e.g. [… if we imagine that 𝑥 represent the boxes with beans. In each box there is same number of beans, we don´t know the amount yet. We need to balance the left and right side… if we reduce the same amount of boxes (2𝑥) from the both side of the equal sign, what will happen then?] Irma gives a student example of an initial mathematical reasoning. Later on the reflection group discussed situations from their own mathematical teaching in terms of how and when mathematical reasoning occurred and interpreted why. In the reflection group the negotiation of meaning centered on teachers' awareness of stimulating students to "become involved in the reasoning cycle of" exploration, conjecture and justification [START_REF] Lampert | Teaching problems and the Problems of Teaching[END_REF]the National Council of Teachers of Mathematics 2008). The teachers reflected on and interpreted their own teaching and used a thought experiment as a form of individual experience and reflection (Fig. 3). Ongoing analysis revealed how participants' discussions and shared repertoire about the key issue changed over time. As a participant researcher, my strategy was to focus on questions that arose in the reflection group and search for mathematical education theories that problematized the teachers' challenges and questions [START_REF] Goodchild | A quest of `good´ research[END_REF] in thought experiments (Fig. 2).

Results and conclusions

I investigated how the reflection group developed their meaning making and shared repertoire related to mathematical communication and reasoning, which promoted a change in the members' ways of communicating about mathematics teaching in relation to students' mathematical communication and mathematical reasoning. Four relevant changes in the mathematics teaching were identified in the reflection group's discussions and learning. The changes ranged from understanding communication and reasoning to identifying, interpreting, applying and practising that reasoning. Teachers in the reflection group also changed their approach to discussion. In the initial stage, they achieved consensus, but gradually adopted a positive yet critical approach in which they problematized the process of learning in and from daily practice [START_REF] Sterner | Problematisera görandet, Lärares lärande om kommunikation och resonemang i matematikundervisningen i en organiserad praktikgemenskap[END_REF]. The three levels of reflection (individual and shared reflections and the researcher's reflection on the preliminary outcome in the reflection group) resulted in discussions that promoted new and meaningful ways to communicate mathematically and stimulate mathematical reasoning in algebra. This methodology could be a way of linking the activities of students and teachers.

Ultimately, in response to Potari et al.'s (2015, p. 2,972) 'How can we link students' activity to teachers' activity', the present study demonstrates the importance of linking research and development in order to enable teachers to learn about their own mathematics teaching and students' learning. Moreover it provides a response to Sowder's (2007, p.158) questions; 'How do teachers learn from their professional communities about teaching mathematics' and 'What can teachers learn from investigating their own teaching of mathematics' by indicating the combined method of the developmental research cycle [START_REF] Goodchild | A quest of `good´ research[END_REF]) and the theory of communities of practice [START_REF] Wenger | Communities of Practice: Learning, Meaning and Identity[END_REF], along with reflection on three levels (Fig. 3) allowed using the results and questions that emerged in the reflection group.

Implications and further research

The main study, between March 2013 and January 2014 (Fig. 1) focused on a group's learning process, the group's meaning making of the key issue. The third question from Sowder (2007) 'What can be learned from research on teacher change' found a partial answer. Results of the study demonstrate what can happen in the change process when a reflection group begins to work actively. On that note, other questions are whether mathematics teachers' activities and shifts in collaborative learning change their mathematics teaching and whether teachers' meaning making and their shared repertoire about communication and reasoning in mathematics teaching influence their teaching and persisted three years later. Since I am curious about teachers' learning from a long-term, sustainable perspective, one question I will continue to carry with me comes from the last meeting in the reflection group, when one of the teachers, Clara said:

Clara: I'm worried about myself. It's very easy to sit back and fall into old habits when we no longer meet for reflection. What will my teaching be like now?

As Clara suggests, a question not answered in this study is whether teachers' activities and the shift in their approach in the discussion can change their mathematical teaching shortly after and also three years later.

Possible new routes and issues three years after the completion of the reflection group

The research in the reflection group involved the group's process of learning about the key issue of communication and reasoning. The teachers' meaning making and shared repertoire [START_REF] Wenger | Communities of Practice: Learning, Meaning and Identity[END_REF] about that issue shifted from understanding to identifying, interpreting, applying and practising mathematical reasoning. The present study does not provide answers about what happened in the light of the grey ellipse representing mathematics teaching in Figure 2 or what happened to the teachers' thoughts and their mathematical teaching three years later. What questions will arise when the five teachers listen to the interviews they gave in 2014, after the completion of work in the reflection group and what thoughts will they have on hearing their own narratives? Will it be possible to use the same theory of communities of practice [START_REF] Wenger | Communities of Practice: Learning, Meaning and Identity[END_REF] to analyse the teachers' individual reflections when they listen to their own voices from those interviews? Further research is necessary to understand sustainable, long-term learning in this case whether the mathematics teachers' activities and shifts in their collaborative learning actually changed their mathematics teaching over time. What roles, if any, do teachers' discussions changed meaning making and changed shared repertoire about mathematical communication and reasoning play in their teaching in a long-term sustainable perspective?
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