Sarah Leakey 
email: sarah.leakey@nottingham.ac.uk
  
Understanding the influence of lesson study design on teacher learning in the context of primary school mathematics: A theoretical view

Keywords: Lesson study, professional development, learning, communities of practice, discourse analysis

This paper offers a theoretical view outlining the intended design of an upcoming study. This qualitative multiple case study, conducted over a three-year period with two lesson study planning teams, aims to understand how lesson study design features influence teacher learning. The first year of the study also aims to understand whether certain design features used to introduce lesson study to newcomers support the formation of a community of practice; an often assumed outcome of lesson study, despite being under-researched. Recorded lesson study meetings will be analysed by networking communities of practice, a social learning theory, with an approach to discourse analysis which incorporates a theory of language-in-use. Gaining insights into how lesson study influences learning has implications for those designing and adapting lesson study in the future.

Introduction

Lesson study (LS) is a form of professional development (PD) that originated in Japan. It situates teachers as the agents of change and becomes part of the long-term culture of the school. In contrast, some other forms of PD are delivered to teachers, in a transmission style, and are often one-off or short term in nature. As part of LS, teachers collaboratively plan and examine lessons with the aim of gaining new knowledge for teaching and learning [START_REF] Takahashi | Collaborative lesson research: Maximizing the impact of lesson study[END_REF]. Its occurrence outside of Japan has increased since the late 1990s after international attention was drawn to it following the publication of The Teaching Gap [START_REF] Stigler | The Teaching Gap: Best Ideas from the World's Teachers for Improving Education in the Classroom[END_REF]. Inevitably, this has led to adaptations of its use and in some instances a misinterpretation or loss of what some consider to be fundamental features of LS [START_REF] Fujii | Implementing Japanese lesson study in foreign countries: Misconceptions revealed[END_REF][START_REF] Takahashi | Collaborative lesson research: Maximizing the impact of lesson study[END_REF]. In response to this, [START_REF] Takahashi | Collaborative lesson research: Maximizing the impact of lesson study[END_REF] developed Collaborative Lesson Research (CLR), to highlight structures and practices that they hypothesised would maximise its impact when LS is implemented outside of Japan. These include a clear research purpose; kyouzai kenkyuu (study of materials for teaching), a written research proposal, a live research lesson and discussion, knowledgeable others (to support the team during kyouzai kenkyuu and provide the final comments in the post-lesson discussion), and sharing of results.

Scotland-the location of this research-is currently in a period of education reform and raising attainment in numeracy and mathematics has been a long-term feature of the National Improvement Framework (Scottish Government, 2016). To that end, investments have been made at local, regional and national levels to support teacher PD. Improving student outcomes in mathematics through curriculum reforms and PD has been a goal-albeit an often elusive one-for many countries. Despite the vast sums of money channelled into these initiatives, they frequently fail (e.g. [START_REF] Fullan | The New Meaning of Educational Change[END_REF]. When teachers engage in LS, research does support the potential for teacher learning (e.g. [START_REF] Lewis | Lesson Study with Mathematical Resources: A Sustainable Model for Locally-Led Teacher Professional Learning[END_REF]; however, research addressing processes related to how teacher learning is achieved is more sparse [START_REF] Xu | Lesson Study: An international review of the research[END_REF]. For those involved in LS, it would be useful to better understand how LS components, and conditions within a cycle, influence learning. Addressing this question is the main aim of this research, and such findings may have the potential to support more informed design choices and, as a result, maximise teacher learning opportunities.

A further issue in relation to implementing LS outside of Japan is establishing it in areas where it does not currently exist or is not widely used. This is the situation in Highland-the region of Scotland in which this research will take place. In Japan, novice teachers gain experiences of LS in a variety of ways before participating as more involved members of a planning team [START_REF] Takahashi | Two major pathways to getting started in Collaborative Lesson Research; learn by designing research lessons and learn by observing research lessons[END_REF]. They are, as Lave and Wenger (1991) describe it, legitimate peripheral participants. In contrast, where LS is not commonplace, it is often established by small groups of interested teachers before school-wide expansion (e.g. [START_REF] Stepanek | Leading lesson study: A practical guide for teachers and facilitators[END_REF]) and these early adopters may base their use on written documentation rather than on practical experiences of LS [START_REF] Takahashi | Collaborative lesson research: Maximizing the impact of lesson study[END_REF]. Initiatives such as the Project IMPULS immersion programme (http://www.impuls-tgu.org/en/), which provides opportunities to learn about LS in Japan, may provide a way of addressing this issue. During the COVID-19 pandemic, Project IMPULS established week-long immersion courses online which provided an alternative means of accessing LS. Participants engaged in the typical components of a CLR cycle using a pre-existing research proposal and pre-recorded research lesson. [START_REF] Leakey | Learning to analyse teaching in terms of student learning[END_REF] provides a reflection on how engagement with LS in this way might be used to facilitate teacher learning. This type of experience may support access to and understanding of LS and provide a stimulus for the potential formation of a community of practice (CoP). It is believed that, as yet, this has not been researched and will form the first phase of this study.

Research aims and questions

The aim of this study is to gain insights into how the components of LS work to influence teacher learning. This seems imperative given teacher learning is the focus of LS. As local adaptions to LS are often required, the findings of this research may be of particular interest to those designing and/or using it.

As LS will be introduced in an area where its use is limited or non-existent, the first question (RQ1) will address a design choice aimed at facilitating the formation of a CoP engaged in LS for the first time. Due to the long-term nature of this study, there will be two overarching research questions (RQ2 and RQ3) that will span the 3-year project.

 RQ1: How does engagement with a pre-existing lesson study research proposal and recorded research lesson support teachers who are unfamiliar with this form of professional development to establish a community of practice?

 RQ2: How do the components of LS support teacher learning through the provision of opportunities for the negotiation of meaning?

 RQ3: How does the negotiation of meaning change as the LS community is sustained over time?

Theoretical framing

Communities of Practice

Communities of practice, as outlined by [START_REF] Wenger | Communities of practice: Learning, meaning, and identity[END_REF], is a social theory of learning. It provides a conceptual framework through which to analyse complex systems such as those involved in education. According to [START_REF] Wenger | Communities of practice: Learning, meaning, and identity[END_REF] theory, learning-characterised by the integration of the key components of meaning, practice, community and identity-occurs as a result of social participation. Its emphasis on learning through social participation makes it a suitable tool to address my research questions (RQs).

In this theory, the concept of practice is understood in relation to the negotiation of meaning and Wenger describes three dimensions of the relation by which practice is a source of community coherence (Wenger,p. 73):

 mutual engagement: ways of doing things together and establishing relationships;

 a joint enterprise: defining and negotiating what the community is about and sharing accountability for this;

 a shared repertoire: developing and negotiating communal resources such as artefacts, tools, representations, and language.

This part of the framework, connecting practice and community, will provide a tool with which to analyse data connected to my first RQ in relation to the formation of a CoP.

Contrary to transmission approaches to teaching and learning, which may imply a cause-and-effect relationship, [START_REF] Wenger | Communities of practice: Learning, meaning, and identity[END_REF] states that learning cannot be designed; however, social infrastructures can be designed that foster learning. He refers to this as a conceptual architecture for learning, which is formulated by applying his CoP theory, and includes four dimensions that represent the challenge of designing for learning. These dimensions exist as dualities: their influence results from an interplay between each pair rather than the pairs existing as a dichotomy or on a spectrum.

 participation and reification: the social experience of living in the world as part of a community and the form given to these experiences which subsequently become a focus for the negotiation of meaning.

 designed and emergent: an intended design for learning and the response to it including balancing levels of prescriptiveness with possibilities for improvisation and innovation.

 local and global: common patterns make the global practice recognisable while local needs may necessitate adaptations. Neither subsumes the other and both can influence one another.

 identification and negotiability: design can shape the identity of communities and individuals in a mutually constitutive manner, but power distribution needs to be such that it allows for the negotiation of meaning (Wenger, 1998, pp. 231-235).

These four dimensions are addressed through three modes of belonging:

 engagement: "active involvement in mutual processes of negotiation of meaning,"

 imagination: "creating images of the world and seeing connections through time and space by extrapolating from our own experience,"

 alignment: "coordinating our energy and activities in order to fit within broader structures and contribute to broader enterprises" (Wenger, 1998, pp. 173-174).

The combination of these three modes is required for the formation of learning communities and their articulation with the four dimensions forms a conceptual architecture for learning (see Table 1). If participation in LS provides the social infrastructure, then Wenger's architecture for learning may provide an analytical lens through which to ask questions about how a specific LS design fosters learning. If the LS design features analysed are made transparent, others can establish the applicability of the findings to their own context and, if appropriate, use these to make design choices of their own. 

Networking theories: The plug-and-play principle

In work that has aimed to address the limitations of Wenger's CoP theory and move beyond it, three themes are highlighted: the importance of incorporating a model of language-in-use; attention to issues of power and conflict; and the need to incorporate the broader social context (Barton & Tusting, 2005). [START_REF] Wenger-Trayner | The practice of theory: Confessions of a social learning theorist[END_REF] acknowledges these limitations but justifies the resistance to expansion by arguing that different social theories are created for different purposes and offer different perspectives. As a means of addressing the limitations, he suggests that his own theory can, instead, be enriched by carefully selecting another theory to run through it in what he calls the plugand-play principle. This notion of networking theoretical approaches has been explored in mathematics education research using the term "networking strategies" [START_REF] Prediger | Networking strategies and methods for connecting theoretical approaches: First steps towards a conceptual framework[END_REF] and has also been used in LS; for example, Wake (2022) theorised the networking of Cultural Historical Activity Theory (CHAT) and CoP in the context of designing for learning.

Within the scope of this research project, including time and available resources, I will network two theories by applying the strategy of coordinating. I aim to utilise the strengths of Wenger's CoP theory, in relation to what it can offer as an analytical lens through which to approach my RQs, while addressing its limitations and enriching the analysis by using Gee's (2014) approach to discourse analysis. This is outlined in more detail in the methods section.

Discourse analysis

According to Gee (2014), discourse analysis is the study of language-in-use, which is about saying, doing and being. He suggests that "defining learning as changing patterns of participation in specific social practices" is the most compatible approach with discourse analysis. These social practices in turn set up socially-situated identities which change as a result of changes in participation leading him to conclude that learning is a change in socially-situated identity (Gee, 2011, p. 33). We can therefore see how closely connected [START_REF] Wenger | Communities of practice: Learning, meaning, and identity[END_REF] theory of social learning is to Gee's (2014) model of discourse analysis lending further support to coordinating the two theories. Through its focus on language, which Wenger's theory lacks [START_REF] Wenger-Trayner | The practice of theory: Confessions of a social learning theorist[END_REF], it may enhance the data analysis providing a more robust response to the RQs under investigation. Gee (2014) views his approach as a type of "applied discourse analysis"-in that it addresses issues important to people, society and the world-that allows us to uncover the workings of how language is used to influence our cultures, institutions and the world. These issues, broadly speaking, are what we are seeking to understand as part of this research as we make sense of how components of LS influence teacher learning. Gee's ( 2014) model provides twenty-eight tools that can be used to ask questions about the research data with the aim of understanding the speakers meaning, what they hope to accomplish and the listeners' interpretations. The tools are intended to be "thinking devices", rather than applied rigidly; therefore, allowing them to be adapted to the specific data, issues, and questions at hand.

Methods

Eight teachers from 4 small (1-3 class) primary schools in Highland, who will be part of a wider 3year project introducing, establishing and sustaining LS, have consented to participate in this research. Two planning teams-each considered a case-will be formed by bringing together teachers from across the schools to enable a lower/middle and a middle/upper stage planning team to be created. Due to the small size, remote location, and distance between these schools, LS will be conducted exclusively online to provide opportunities for teacher collaboration that might otherwise not be possible. All participants have access to Microsoft Teams which can be used for collaborative planning and meetings online. The research lesson-which will take place as part of the wider project but not form part of the analysis-will be recorded for others to watch asynchronously. Microsoft Teams and a conference speaker will be used for the recording to ensure pupil contributions are audible. Planning teams will use the CLR model [START_REF] Takahashi | Collaborative lesson research: Maximizing the impact of lesson study[END_REF]. Participants will determine their school-wide research theme and research topic; therefore, the precise nature of this is unknown at present. Each planning team will then take part in a LS cycle consisting of four 90-minute planning meetings, a research lesson and a 90-minute post-lesson discussion. Due to the novice status of most participants in relation to LS, certain design choices have been made within the scope of the wider 3-year project with the aim of maximising learning and minimising the likelihood that important components of LS are omitted. These include:

 The use of a pre-existing research proposal and recorded research lesson to introduce LS in the first year. The pre-existing research lesson was conducted in a P3-P5 class (age 7-9) in Highland. The unit plan and research lesson, which were adapted from the textbook New Mathematics for Elementary School (an English translation of a Japanese textbook), focuses on the use of calculation strategies for solving subtraction problems.

 A suggested structure for each of the four planning sessions will be provided. The loose structure includes: (session 1) engaging in kyouzai kenkyuu using curriculum materials and research papers; (session 2) continuing engagement in kyouzai kenkyuu and using this to support the structure of a broad unit plan; (session 3) using knowledge gained from kyouzai kenkyuu to construct a detailed plan for the live research lesson including documenting the rationale for the choices made; (session 4) revise the detailed lesson plan following feedback from a knowledgeable other and consider engaging in a mock lesson.

 As part of the wider 3-year project, teachers will be supported to explore ways of promoting mathematical discussion in the classroom, including an introduction to Teaching Through Problem-Solving (a pedagogical approach to teaching mathematics used in Japan and commonly associated with LS). The textbook New Mathematics for Elementary School will be used as part of kyouzai kenkyuu.

 At least one teacher from each team will have additional LS experiences with the aim of accelerating their LS knowledge allowing them to support the planning team they are part of.

For each of the two planning teams, the four online planning meetings and the post-lesson discussion will be recorded, and these will form the object of analysis for this research.

The unit of analysis will be the social space for learning rather than the individual or the collective due to the complex interplay between these and the inherent challenge of identifying where one stops and the other begins [START_REF] Wenger | Communities of practice: Learning, meaning, and identity[END_REF]. As a result of the long-term nature of the project, it is expected that the members comprising each planning team (or CoP) will change as individuals leave and join and while this may change the dynamic and learning of the team, the social space for learning of each team can continue to be the unit of analysis.

To address RQ1, data will be analysed to determine whether a CoP has been formed and develop an understanding of the design features that facilitated this. Transcriptions of the recorded meetings will initially be analysed deductively looking for instances connected to the three dimensions of CoP and supplemented by a set of fourteen indicators that Wenger (1998, pp. 125-126) outlines to judge whether a CoP has formed.

To address RQ2 and 3, an initial broad sweep of the transcribed planning meetings and post-lesson discussions will focus on instances where negotiation of meaning has been perceived to take place. These sections of data will be extracted and analysed in greater depth using Gee's (2014) model of discourse analysis in order to go beyond surface features of the language. Information about teachers' experiences related to teaching, mathematics and PD-gathered using questionnaires and semistructured interviews-will support this analysis. With this more in-depth understanding of the data, it will then be analysed deductively by considering the components and dimensions in Table 1. This plug-and-play approach may help to transcend what may have been found by using Wenger's (1998) CoP theory alone. It is acknowledged that while particular sections of the transcript may have been isolated, it is unlikely that learning will have taken place within this one section. To account for this, I will "zoom out" to track the related discussion within and across the meetings and consider potential contributors such as artefacts, discussion, or participants' prior experiences.

Conclusion

While the online nature of LS is the context rather than the focus of this research, its influence needs to be considered as part of the analysis. Challenges, such as the potential impact on the discourse compared to face-to-face meetings, are recognised. Additionally, recording a research lesson, in a manageable and sustainable way that provides the window into student thinking that LS requires, can be problematic. However, if the audio-visual quality is sufficient, recorded research lessons offer affordances over live research lessons such as replaying critical incidents in the lesson to analyse learning in greater detail. The overall complexity and scope of this research is also acknowledged. Complexity is inherent within various systems-classrooms, schools, regions or countries-due to the many factors at play. This research is no different: partly because it is taking place within these already complex systems but also because within the LS cycles being analysed, multiple design choices are being made. These include, among other things, the particular model of PD being used; pedagogical approaches and resources which may be privileged over others and may also be new to participants; and the frequency and duration of meetings. Rather than shy away from this complexity or try to isolate individual components, which may prove to be a fruitless task, it is hoped that the choice of analytical tools is such that some light can be shed on the task in hand. The intention is not to suggest causality or generalise more widely but instead to add insights to those already gained by other researchers to build the growing body of knowledge that aims to better understand LS.

Table 1 : A matrix illustrating how the three components of a learning architecture articulate with the four dimensions of design for learning (Wenger, 1998, p. 240)

 1 

		engagement	imagination	alignment
		combining them	stories, playing with	styles and discourses
		meaningfully in actions,	forms, recombinations,	
	participation/reification	interactions and the	assumptions	
		creation of shared		
		histories		
		situated improvisation	scenarios, possible	communication,
	designed/emergent	within a regime of accountability	worlds, simulations, perceiving new broad	feedback, coordination, renegotiation,
			patterns	realignment
		multimembership,	models, maps,	standards, shared
	local/global	brokering, peripherality,	representations, visits,	infrastructures, centers of
		conversations	tours	authority
		mutuality through shared	new trajectories,	inspiration, fields of
	identification/negotiation	action, situated negotiation,	empathy, stereotypes, explanations	influence, reciprocity of power relations
		marginalization