Siún Nic Mhuirí 
email: siun.nicmhuiri@dcu.ie
  
Considering research frameworks as a tool for reflection on practices: Grain-size and levels of change

Keywords: Reflection, research framework, classroom practice(s), grain size. Thematic Working Group 19

Reflection is widely recognized as essential to teachers' learning but questions remain about what exactly teachers should reflect on and how effective reflection might be facilitated. This paper considers how research frameworks might be used as a tool to facilitate reflection on mathematics classroom practices. It will be argued that frameworks which facilitate planning and analysis of classroom practices at different levels of specificity may also target reflection at different levels. This will be illustrated with reference to frameworks which relate to talk in the mathematics classroom. It will also be argued that for research frameworks to be effective in facilitating reflection on mathematics classroom practices, they must target different levels of reflection.

Introduction

A growing body of literature recognizes the importance and complexity of the practices involved in effective mathematics teaching (e.g., [START_REF] Ball | Combining the development of practice and the practice of development in teacher education[END_REF][START_REF] Potari | Introduction to the papers of TWG19: Mathematics teacher and classroom practices[END_REF]. Classroom practices have been described as "the repeated actions in which students and teachers engage as they learn" (Boaler, 2002, p. 114). [START_REF] Dooley | Mathematics in early childhood and primary education (3-8 years)[END_REF] identify five overarching practices as essential in promoting mathematical thinking and understanding. These meta-practices are the development of a productive disposition; emphasis on mathematical modelling; the use of cognitively challenging tasks, formative assessment, and the promotion of mathematical talk. In each of these areas, research frameworks exist which may hold potential for teacher development. By 'research framework', I mean either a theoretical framework or methodological tool which 'frames' or structures a coherent set of understandings about a particular theme. For example, consider how the Math Talk Learning Community (MTLC) framework [START_REF] Hufferd-Ackles | Describing levels and components of a math-talk learning community[END_REF]) might offer a coherent set of understandings about the nature of talk in classrooms or how the Mathematical Tasks Framework [START_REF] Stein | Building student capacity for mathematical thinking and reasoning: An analysis of mathematical tasks used in reform classrooms[END_REF] offers a similar set of understandings for the use of cognitively demanding tasks. Such frameworks illustrate teacher actions that contribute to desirable metapractices for mathematics teaching and learning.

The growing emphasis on mathematics classroom practices is occurring at a time when reflection has been widely established as a guiding principle within teacher education [START_REF] Hatton | Reflection in teacher education: Towards definition and implementation[END_REF][START_REF] Zeichner | A critical analysis of reflection as a goal for teacher education[END_REF]. Mathematics education research frameworks have been used to facilitate teachers' reflection (e.g., [START_REF] Stein | Mathematical tasks as a framework for reflection: From research to practice[END_REF]. However, there is little literature to offer guidance on how frameworks might be used as a tool for reflection on mathematics classroom practices, or to guide researchers investigating this area. This paper offers a consideration of this theme. First, I will outline some key issues from the literature on reflection and will discuss the theoretical perspective from which teachers' use of research frameworks is understood. Then I will outline [START_REF] Korthagen | In search of the essence of a good teacher: Towards a more holistic approach in teacher education[END_REF] model of levels of reflection and change. Finally, I will argue that grain-size, or level of specificity, is of key importance when research frameworks are used to facilitate teachers' reflection on practices. I will illustrate this with reference to two frameworks relevant to the practices involved the promotion of mathematical talk. I will argue that for frameworks to be effective in facilitating reflection on classroom practices, they must target different levels of reflection.

Reflection and research frameworks

It is generally accepted that experience alone may not result in learning and reflection is considered to be integral to learning from practice [START_REF] Loughran | Effective reflective practice in search of meaning in learning about teaching[END_REF][START_REF] Schön | The reflective practitioner: How professionals think in action[END_REF][START_REF] Zeichner | A critical analysis of reflection as a goal for teacher education[END_REF]. The widespread adoption of reflection in teacher education programs has resulted in conflicting conceptualizations and many efforts to develop reflective practitioners are often underpinned by different ideological stances [START_REF] Hatton | Reflection in teacher education: Towards definition and implementation[END_REF][START_REF] Zeichner | A critical analysis of reflection as a goal for teacher education[END_REF]. Despite the multiplicity of interpretations, there is some agreement that reflection should involve finding solutions to real problems of practice [START_REF] Hatton | Reflection in teacher education: Towards definition and implementation[END_REF] with some authors suggesting that the initial stimulus should be a problem arising from practice (e.g., Jaworski, 1998). [START_REF] Loughran | Effective reflective practice in search of meaning in learning about teaching[END_REF] maintains that learning arises from framing and reframing the initial problem. Research frameworks may be helpful in the reframing process and towards the goal of problematizing teaching, a key component of reflective practice (Jaworski, 1998). This problematizing of teaching may arise from considering a situation from another point of view [START_REF] Loughran | Effective reflective practice in search of meaning in learning about teaching[END_REF]. Research frameworks can facilitate consideration of alternate or multiple viewpoints. For example, the MTLC framework [START_REF] Hufferd-Ackles | Describing levels and components of a math-talk learning community[END_REF] addresses both the student and teacher experience.

The reflective practice literature includes much attention to the process of reflection. [START_REF] Eraut | Schön shock: A case for reframing reflection-in-action? Teachers and Teaching: Theory and Practice[END_REF] critiques and extends [START_REF] Schön | The reflective practitioner: How professionals think in action[END_REF][START_REF] Schön | Educating the reflective practitioner[END_REF] stages of reflection-in-action and reflection-on-action to also include reflection-for-action. The extent to which research frameworks might inform teachers' reflections-in-action is limited due to the many pressures of real-time teaching but frameworks can be used to support reflection at both the planning and post-teaching phase either as a tool for formal analysis, or as a means of troubling accepted understandings of practice. The literature also highlights links between reflective practice and action research. Jaworski (1998) describes a mathematics teacher research project where the theory of the teachers' research activity aligned with a view of action research being connected to critical reflective practice. Critical reflective practice has also been conceptualized in different ways [START_REF] Hatton | Reflection in teacher education: Towards definition and implementation[END_REF]. [START_REF] Larrivee | Transforming teaching practice: Becoming the critically reflective teacher[END_REF] maintains that critical reflection is an essential part of becoming a reflective practitioner and defines it as encompassing critical inquiry and self-reflection. Critical inquiry is described as "the conscious consideration of the ethical implications and consequences of teaching practice" (p. 293). [START_REF] Zeichner | A critical analysis of reflection as a goal for teacher education[END_REF] suggests that often the obligatory content of reflection is around how well practice conforms to what is expected. This issue might arise when using research frameworks for the purposes of teacher reflection. If a research framework is considered to be an example of what has been sanctioned as 'acceptable,' then teachers' interactions with frameworks might actually serve to undermine their agency. This is not the stance that I adopt. Instead, I understand reflective practice as "the making explicit of teaching approaches and processes so that they can become the objects of critical scrutiny" (Jaworski, 1998, p. 7). I view the teacher as knower and agent for educational and social change [START_REF] Cochran-Smith | Inquiry as stance: Practitioner research for the next generation[END_REF]. The research framework is understood as a tool for teacher inquiry and reflection rather than a prescription for action. Inquiry is taken to be "a critical habit of mind that informs professional work in all its aspects" where the data arising from practice is continually interrogated (Cochran-Smith, Lytle 2009, p.121). It is from this perspective that a teacher's use of research frameworks is understood.

Theoretical perspective

Levels of reflection

Models of reflection often emphasize process or chronological phases, e.g., Gibbs (1988). In contrast, [START_REF] Korthagen | In search of the essence of a good teacher: Towards a more holistic approach in teacher education[END_REF] model (Figure 1) emphasizes the teacher as person. Korthagen describes the levels as "different perspectives from which we can look at how teachers function" (p. 80). This model should be of interest to researchers seeking to investigate the nature of teacher reflection and teacher-educators seeking to support the same process. For teacher-researchers, it may offer an overview of the landscape of reflection and serve to frame and contextualize the inquiry process. The umbrella-nature of the model is powerful because the individual levels commonly exist as distinct research domains within mathematics education. This scope is challenging to address and only key issues and contradictions are highlighted here. Korthagen explicates his model largely with reference to the literature of psychology. Some concepts may not align with sociocultural approaches present in much current mathematics education literature. Korthagen maintains that the inner levels influence the outer levels just as the outer levels can influence the inner levels, e.g., behavior can be influenced by external environmental factors as well as personal competencies, beliefs, identity and mission. A teacher's competencies will determine the behavior he/she is able to show but Korthagen suggests that competencies contain also the potential for behavior though this may not be enacted. He maintains that competencies are determined by beliefs. The mathematics education literature has also explored links and discontinuities between teacher beliefs, competencies and classroom practices (e.g., [START_REF] Stipek | Teachers' beliefs and practices related to mathematics instruction[END_REF]. Korthagen suggests that compete alignment between the levels may take a lifetime to achieve and is unlikely to occur without careful reflection on practice and self. Recently, the mathematics education literature has questioned the value of research on beliefs without due attention to teachers' participation in social practices [START_REF] Skott | Understanding the role of the teacher in emerging classroom practices: searching for patterns of participation[END_REF]. Though Korthagen's model does not address this directly, he does situate teachers' beliefs within a complex framework, with the levels of environment and mission in particular premised on the individual's engagement in a social world.

Recent research emphasizes the importance of understanding mathematics teacher competencies as personally, situationally and socially determined [START_REF] Blӧmeke | Understanding mathematics teachers' competencies as personally, situationally and socially determined[END_REF]. Where 'situational' might be connected with the environment, 'personal' and 'social' suggest links with the identity and mission levels respectively. The identity level is concerned with the personal singularity of the individual, and the mission level (or spirituality level in earlier versions of the model) is intended to acknowledge the individual's participation in both local and global communities. [START_REF] Korthagen | In search of the essence of a good teacher: Towards a more holistic approach in teacher education[END_REF] describes mission as being "about becoming aware of the meaning of one's own existence within a larger whole, and the role we see for ourselves in relation to our fellow man" (p. 85). Reflection at this level necessarily encompasses consideration of the short and long term influence of teaching on students and the larger goals of mathematics education or education more generally. This level must be considered to be important in relation to critical reflection (Larrivee, 2001). Some commonalities also exist with critical mathematics education or values education (e.g., [START_REF] Bishop | Mathematics teaching and values education-an intersection in need of research[END_REF].

While noting the importance of identity, Korthagen admits to a certain 'vagueness' around the definition of professional identity as the concept has been informed by many different research traditions. The concept has also been understood in different ways in the mathematics education literature though [START_REF] Boaler | The development of disciplinary relationships: Knowledge, practice and identity in mathematics classrooms[END_REF] and others contend that the identities students develop are strongly related to the classroom practices they have opportunities to participate in. In relation to teacher identity, it is likely that a more complete understanding of teachers' engagement with research frameworks might arise from a perspective which foregrounds the social and situated nature of identity, and acknowledges that teachers engaged in such work may be working at, or across, the boundaries of various communities of practice [START_REF] Lave | Situated learning: Legitimate peripheral participation[END_REF].

Korthagen positions his model as particularly useful to the teacher-educator. He suggests that a teacher's behavior may imply reflection is needed on a particular level and the teacher-educator can orchestrate his/her interactions with the teacher accordingly. It is likely that relevant research frameworks could be introduced to focus a teacher's reflection on a particular level. It has long been accepted that research frameworks may provide an impetus to question taken-for-granted assumptions and a language to describe, analyze, and interpret practice (e.g., Erikson, 1986). The novel element here is that the grain size, or level of specificity of a research framework, becomes important as this may determine which of Korthagen's levels the framework will relate to. Existing mathematics education research frameworks range from broad general theories about (mathematics) learning to very finely grained, highly structured frameworks concerned with the teaching and learning of particular mathematical content. Korthagen's model provides a structure for considering how such differing frameworks might be used to facilitate effective reflection.

The model is particularly useful in the specific case where research frameworks are being used to facilitate reflection on and development of mathematics classroom practices. Despite classroom practices being enacted at the outer level of behavior, they are connected to both inner and outer levels and arise from a complicated interaction between mission, identity, beliefs, competencies and environment. Larrivee contends that a "deliberative code of conduct" (2000, p. 293), or conscious adoption of particular practices, results from the infusion of personal beliefs and values into a professional identity. If research frameworks, or teachers' interactions with research frameworks, confine reflection to the outer levels of Korthagen's model, there is a danger that rationalization of practice [START_REF] Loughran | Effective reflective practice in search of meaning in learning about teaching[END_REF] may occur rather than inquiry and development. While an appropriate research framework may provoke reflection across and between levels, frameworks which focus attention only on the outer levels are likely to have limited effectiveness. Teachers should have opportunities to question the relationship between inner and outer levels and reflect on how their practices align (or not) with inner levels such as beliefs, identity and mission.

A researcher interested in investigating teacher reflection who adopts the perspective outlined by Korthagen is likely to be interested in the relationships between the different levels of reflection and change. For example, if reflection appears to be occurring as a result of a perplexing situation arising from practice, then the researcher may be interested in attempting to track this to a particular level or a possible conflict between levels (e.g., a teacher is perplexed because she is struggling to implement in practice (behavior) what she believes (beliefs) to be true about 'good' mathematics teaching or in line with her mission. Similarly, a researcher investigating the extent to which research frameworks facilitate reflection may be interested in considering the extent to which a teacher's interaction with the framework(s) aligns with the various levels of Korthagen's model.

An illustration

Two research frameworks that might be used to develop the practices involved in the promotion of math talk are discussed below. This topic has been chosen as classroom interaction emerged as a strong theme in TWG19 at CERME9 [START_REF] Potari | Introduction to the papers of TWG19: Mathematics teacher and classroom practices[END_REF]. The MTLC framework arises from research which tracked a classroom community transitioning from a traditional model to one in which students helped each other learn by engaging in meaningful talk about mathematics [START_REF] Hufferd-Ackles | Describing levels and components of a math-talk learning community[END_REF]. The framework describes four levels of mathematical talk and the overall community trajectory is described as growing "to support students acting in central or leading roles and shifts from a focus on answers to a focus on mathematical thinking" (p. 88). Associated with the levels are developmental trajectories for teacher and student actions across the areas of questioning, explaining mathematical thinking, source of mathematical ideas, and responsibility for learning. Table 1 shows teacher actions at the highest level of the framework.

The MTLC framework may facilitate reflection at all levels but it raises particular challenges at the levels of beliefs, identity and mission because it presents an alternative to traditional teaching. It may challenge the idea of teacher as sole-mathematical authority and it disrupts traditional conceptualizations of teacher and student roles by emphasizing student agency. In doing so, it may provoke reflection on personal beliefs about mathematics and the teaching of mathematics. It may also foreground issues of teacher identity and mission. I used this framework in previous research and while I never formally stated my 'mission', it did help me clarify what I wished to achieve as a teacher of mathematics: students who could think mathematically, and who valued their own thinking and their responsibilities within the classroom community. The framework details teacher actions and gives some direction as to how this mission might be achieved. However, used on its own, it is unlikely to provide sufficient support for developing the complex network of teacher competencies and behavior necessary for the promotion of productive math talk. The second framework I will discuss is [START_REF] Boaler | The importance nature and impact of teacher questions[END_REF] teacher question categories (Table 2). This framework arises from analyses of practice and was developed to allow researchers investigate multiple lessons at a relatively fine grain-size. The framework directs attention to the level of behavior, specifically the questioning practices of the teacher, with scope for consideration of the learning opportunities that arise for the student. It may allow for consideration of the emphasis on relational (type 3 questions) and instrumental understanding (type 1 questions) or the opportunities created for student discussion (type 5 questions). This framework might be used as a tool for reflection, either to support planning of effective questions or to support analysis or reflection on practice. However, it is unlikely that this framework alone will hold meaning for the teacher unless its use is mediated by consideration of the 'bigger picture'. Teacher questions can only be considered effective or ineffective with reference to the overall goal for learning. This refers both to the specific mathematical goals for a lesson or unit of work, as well as goals that might be considered part of mission, such as the development of student agency and mathematical authority.

Description of Teacher Actions

Questioning: Teacher expects students to ask one another questions about their work. The teacher's questions may still guide the discourse.

Explaining Mathematical Thinking: Teacher follows along closely to student descriptions of their thinking, encouraging students to make their answers more complete. Teacher stimulates students to think more clearly about strategies.

Source of Mathematical Ideas: Teacher lets students explain and "own" new strategies. (Teacher is still engaged and deciding what is important to continue exploring.) Teacher uses student ideas as the basis for lessons or mini-extensions Responsibility for Learning: Teacher expects students to be responsible for co-evaluation of everyone's thinking. She supports students as they help one another sort out misconceptions. She helps and/or follows up when needed Teacher Question Categories 1. Gathering information, leading students through a method 4. Probing, getting students to explain their thinking 7. Extending thinking: 2. Inserting terminology 5. Generating discussion 8. Orientating and focusing:

3. Exploring mathematical meanings and/or relationships 6. Linking and applying 9. Establishing context:

The frameworks described above are of different levels of specificity. The MTLC framework attempts to describe teacher and student interactions at a broad level while Boaler and Brodie's framework facilitates fine-grained analysis of teacher questions. For this reason, they offer different affordances and constraints when considered in relation to Korthagen's levels of reflection. It is argued, that for the purposes of facilitating teacher reflection, the use of either of the frameworks alone has limitations. Potential for reflection is maximized when such frameworks are combined. It is in the interplay between reflection at the inner levels and reflection at the outer levels that more profound development may occur.

Conclusion

Many national curricula have begun to emphasize the practices, as well as the content, of mathematics education (e.g., [START_REF] Dooley | Mathematics in early childhood and primary education (3-8 years)[END_REF]. In this context, it is worth considering to what extent research frameworks might be used to support and develop teachers' reflection on practices. I have argued that any such work must strive to take into account the level(s) of reflection that a research framework might target. I also contend that the perspective outlined is of relevance to both teacher-educators and researchers. Further consideration of the methodological implications of a researcher adopting such a stance on teacher reflection is necessary. Theoretical and empirical work is also needed on teachers' use of broad and finely grained research frameworks. Such work should seek to identify the characteristics of research frameworks, and teachers' interactions with frameworks, that enable their use as tools for effective reflection.
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