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This paper sets out the theoretical foundations and design of a future study planned for early 2022. The study focuses on the use of concept maps as the object of collaborative knowledge creation. The aim of the research is to explore the potential role concept maps have in supporting in-service primary teachers in developing their subject knowledge for teaching through collaboratively constructing a concept map mediated by an online tool developed by Cambridge Mathematics.

Introduction

In the pursuit of supporting teachers to develop richer more connected conceptualisations of mathematics this study will explore an example of a technology-mediated knowledge creation activity. The activity will involve multiple steps. Initially, I will invite teachers to explicitly describe their own image of an area of mathematics, detailing the structure and content of their subject knowledge. During the second stage participants will develop a representation of this by sketching and refining a concept map in an online environment. Third, an online community will be created in which teachers will have the opportunity to reflect on their own and others' concept maps through sharing, analysing and questioning each other. Finally, the participants will collaborate to build a single concept map using the online tool. It is hypothesised that the outcome of this collaboration will not only be an accumulation of knowledge, which for participants will include the accommodation of new or alternative perspectives and connections, but also enable new knowledge to be created. This paper discusses the theoretical background to the study and details the phases in the current design.

What do we mean by teachers' subject knowledge?

What teachers need to know to be successful has received a significant amount of attention [START_REF] Remillard | Knowledge of curriculum embedded mathematics: Exploring a critical domain of teaching[END_REF]. International comparative studies persistently search for reasons for and methods to avoid poor outcomes for learners of mathematics. Policy makers and mathematics educators have placed their focus on the identification, development and improvement of teacher mathematical content knowledge. Understanding what is to be learned enables teaching to commence and in this role a teacher "must understand the structures of subject matter, the principles of conceptual organization" (Shulman, 1987, p. 9).

In considering teacher knowledge, [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF] identifies (amongst other types) content knowledge that extends beyond recognition of assumptions, facts and concepts and necessitates familiarity with the structure of the subject, including how truth is established, why knowledge is worth knowing and the relationships within and beyond the subject. Pedagogical content knowledge is described as the range and power of representations, analogies, illustrations, examples, explanations and demonstrations. Also included is understanding pupils' preconceptions, many of which may be misconceptions, and their effect on future learning. Within curricular knowledge Shulman highlights the importance of teachers' lateral curriculum knowledge, in other words how the content being taught in mathematics relates to that being taught in other subjects. Vertical curriculum knowledge, being familiar with the mathematics being taught in preceding and future years, is identified as essential. Throughout Shulman's work, the organisation of mathematical content is identified as an important feature of teaching.

In the study of teachers in China and the United States [START_REF] Ma | Knowing and teaching elementary mathematics: Techers' understanding of fundamental mathematics in China and the United States[END_REF] describes how successful teachers exhibited profound understanding of fundamental mathematics; connected, curricula-structured, longitudinal knowledge of core mathematical ideas. Such teachers had a breadth and depth of connected knowledge that enabled flexibility in their approaches and an awareness of the implications of what and how things are taught on later learning.

The mental organisation of a teacher's knowledge plays an important role in developing a positive relationship between content knowledge and classroom instruction (Fenneman & Franke, 1992), implying that the deeper, more connected knowledge a teacher holds the more successful they will be in developing learning with understanding. What is deemed to be a valuable measure of a teacher's potential, in these studies and others [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF][START_REF] Mason | Beyond mere knowledge of mathematics: The importance of knowing-to act in the moment[END_REF], is not just their declarative knowledge but what they understand this knowledge to mean, its place in school mathematics, the representations used, and misconceptions held.

A flexible connected schema of mathematical content knowledge offers a structure into which pedagogical content knowledge can be embedded, explored, connected and also developed. This may be knowledge of content and students (KCS): typical misconceptions, areas of confusion and challenges, learners' interests and motivations, knowledge of content and teaching (KCT): how to teach, worthy examples, representations, or knowledge of content and curriculum (Lowenberg Ball et al., 2008). In turn this knowledge enriches the original schema and supports teachers' understanding of why specific tasks, manipulatives, representations, misconceptions, and learning sequences arise and relate. What representation can be used productively to enable the development, of this schema? What professional activities enable teachers to construct and work flexibly with these schemas, allowing them to represent and develop their subject knowledge for teaching?

Why are concept maps a suitable vehicle to represent mathematical ideas?

Each individual holds their own visualisation or personal mapping of their mathematical knowledge the schema by which they organise their mathematical ideas [START_REF] Asiala | A framework for research and curriculum development in undergraduate mathematics education[END_REF][START_REF] Skemp | Relational understanding and instrumental understanding[END_REF]. This structure is not stable, but dynamic, reflecting the developing knowledge and experiences of each of us. An individual's schema is not possible to study, compare or discuss directly. An instance of it must be elicited into some explicit form that can then be interpreted. A variety of artefacts could support this through being the focus of a discussion, including schemes of work, resources, worked solutions or questions. Alternatively, teachers could be interviewed about or observed in their classroom practice. Such verbal discussions, written solutions and texts tend to represent ideas in a linear manner, offering little insight into the conceptual structure someone holds [START_REF] Grevholm | Concept maps as research tools in mathematics education[END_REF].

Graphic organisers show relationships between concepts and processes, employing spatial position, connecting lines and overlapping structures [START_REF] Nesbit | Learning with concept and knowledge maps: A meta-analysis[END_REF], and therefore offer a tool through which a non-linear structure can be represented. Concept maps are a type of graphic organiser, "a diagram representing the conceptual structure of a subject discipline as a graph in which modes represent concepts and connections represent cognitive links between them" (McGowen & Tall, 1999, p. 2). These links that may be directed or undirected, labelled or unlabelled [START_REF] Nesbit | Learning with concept and knowledge maps: A meta-analysis[END_REF]. Crosslinks identify relationships between concepts in different segments or domains of the map, showing relations between domains [START_REF] Novak | The theory underlying concept maps and how to construct them[END_REF]). An individual's concept map is a visual representation of their concepts [START_REF] Novak | Conceptual mapping for meaningful learning[END_REF] and a tool for analysing expression of current concept structure [START_REF] Grevholm | Concept maps as research tools in mathematics education[END_REF]. Any map will be constructed from a personal mental representation of knowledge although, how accurate the representation is, is impossible to know [START_REF] Williams | Using concept maps to assess conceptual knowledge of function[END_REF]. A concept map's structure depends on the context in which knowledge is being applied or considered [START_REF] Novak | The theory underlying concept maps and how to construct them[END_REF]. Not only will this adapt and change as the context varies; it will also be altered, refined and elaborated as the creator's own maths develops. Concept maps are not "inert and finished, but interactive and expandable" (Eppler, 2004, p. 200).

The software chosen for this study to represent concept maps is based on an off-the-shelf network graphing tool; Neo4J (n.d.). This has a bespoke visual interface designed by Cambridge Mathematics (n.d.) a curriculum research and design project based at the University of Cambridge. The interface consists of nodes and edges. Nodes can include a title, free text description, images and be tagged to implement colour coding. Edges can be directed or undirected, include free text and be tagged to implement colour coding. As a member of the Cambridge Mathematics writing team, the author was instrumental in the design of this software. 

What is collaborative knowledge creation?

In their discussion of socio-cultural perspectives on collaborative learning, [START_REF] Hakkarainen | Socio-cultural perspectives on collaborative learning: Towards collaborative knowledge creation[END_REF] describe three significant metaphors of learning: knowledge-acquisition, participation and knowledge-creation.

In the knowledge acquisition metaphor for learning knowledge is viewed as a personal characteristic that is developed by individuals. Interactions that occur may provoke cognitive conflict enabling learning but not as a product of any collaboration but because of an internal dialogue (monological). From the perspective of the participation metaphor knowledge is viewed as the objects and practices (including rules and beliefs) of communities. It has been influenced by the history and culture of the community. Learning is seen as gradually becoming aware of this knowledge, joining the community through learning how to function according to its rules. Through participating in collaborative activities learners become aware of their own and others knowledge (dialogical) and develop shared meaning.

In describing their third metaphor, collaborative knowledge creation, [START_REF] Hakkarainen | Socio-cultural perspectives on collaborative learning: Towards collaborative knowledge creation[END_REF] reference ideas of knowledge building (Bereiter, 2002), expansive learning [START_REF] Engeström | Learning by expanding[END_REF] and organisational knowledge creation [START_REF] Nonaka | The knowledge-creating company: How Japanese companies create the dynamics of innovation[END_REF]. Rather than acquainting themselves with a community, as in the participation metaphor, collaborative knowledge creation focuses on the deliberate pursuit of advancing shared objects for future development and use [START_REF] Hakkarainen | Socio-cultural perspectives on collaborative learning: Towards collaborative knowledge creation[END_REF]. These knowledge artefacts are to be created and mediate activity [START_REF] Paavola | The trialogical approach as a new form of mediation[END_REF]. Often with the help of technology, learners take collective responsibility to design, construct, modify and manage versions of knowledge artefacts that partly pre-existed. and have the "capacity to unfold indefinitely" (Cetina, 2001, p. 181 as cited in Paavola et al., 2012, p. 2).

A concept map: A flexible representation that can be created collaboratively

The knowledge-creation metaphor offers the study a theoretical background which accepts and capitalises on teachers' varied experiences, expertise, beliefs and theories whilst they collaborate to develop a deeper understanding of their subject, thus impacting on their teaching. Each participant holds their own image of any area in mathematics, including the different types of teacher knowledge described above. With the correct mediating object this can be shared, modified and extended through collaboration. A concept map provides an example of an epistemic object, its boundaries non-existent, as multiple connections link ideas across domains and into related subjects. In fact, a map could expand across multiple subject domains. The concept map is being defined as it is being designed, decisions are being made about how far to go in any direction and set its limits. It has no boundaries, whereas a curriculum, learning resource or learning trajectory tends to be a finite linear progression a concept map can expand indefinitely. It is proposed that both the process of collaboratively creating a shared concept map and the map itself emphasise eliciting, enriching and creating new teacher knowledge.

Theoretical framework

The foundations of the learning theory ascribed to in this study are that; mathematical knowledge is created and agreed to by a community because of a need to explain, interpret, communicate or explore [START_REF] Hersh | Some proposals for reviving the philosophy of mathematics[END_REF]; learning is continuous, evident in every aspect of our lives, there is no one final 'knowledge' in any domain [START_REF] Vollrath | Reflections on mathematical concepts as starting points for didactical thinking[END_REF]; and participating in activity, including a social activity or personal reflection, impacts on our knowledge, understanding and interpretation of the world, hence results in learning [START_REF] Engeström | Activity theory and individual and social transformation[END_REF][START_REF] Vygotsky | Mind in society: The development of higher psychological processes[END_REF].

Research Questions

The aim of this study is to explore if and how collaborative knowledge creation, concerning teacher subject knowledge, can be mediated using an online concept mapping tool (alongside conferencing software). The goal is to develop a practical model that elicits deliberate enrichment and creation of subject knowledge as well as transform the way in which those teachers perceive and reflect on the subject both abstractly and when carrying out the associated activities of teaching.

The research questions are:

1. What types of teacher knowledge do teachers use to create, populate and justify the content and design of a concept map? 2. Does an online concept mapping tool enable teachers to create, share and elaborate upon a representation of mathematical ideas? How? 3. Does an online concept mapping tool enable knowledge creation? How?

Study Design

The study design is detailed in table1. It reflects the aim of collaboratively creating a shared structural representation of mathematics, viewing knowledge as socially created yet considering individual perspectives, experiences, and reflections. An analytical framework has also been designed, details of which can be found in an extended version of this paper, available from the author.

Participants will be purposefully selected, the criteria for participation being that the teachers are in their first five years of teaching, have experience of holding online discussions about teaching mathematics and do not have existing professional relationships (such as being in the same school, co-teaching, training together). The choice of early career teachers was made so that each teacher has a similar number of years of classroom experience on which to draw. Participants with no existing relationships are being chosen in order to encourage them to be clear in their explanations, as no assumptions can be made about each other's experiences, including approaches during their training, specific teaching resources or activities or pupils. In order to promote some heterogeneity, the aim is for those selected to have experience of working with different age groups, to have entered the teaching professional from a variety of routes and have experiences of a variety of institutions (promoting cross-fertilisation). Another aim is for all participants to have had experience of online professional development and therefore, have familiarity with online meeting software and in participating in collaborative discussions with their peers. To give participants the opportunity to reflect on the impact taking part in the study has had on their conceptualisation of the chosen area of mathematics To give participants the opportunity to reflect on the impact taking part in the study has had on their own mathematical beliefs; and

To give the researcher a chance to explore any observed identified changes in the way that participants discuss mathematics.

Next steps

The data from a pilot study (to the main study detailed above) is currently under analysis. The pilot's aims are to:

• ascertain reasonable expectations for the number and length of interactions;

• assess the clarity and usefulness of the questionnaire, prompts, and other documentation;

• allow the researcher to develop their interview skills;

• verify that the data collection proceduresrecording, scanning, transcribing and savingare appropriate and useful; and • examine the planned analysis design and process, on a more compact data set.

The pilot provides the opportunity to revisit elements such as specific questions, prompts and planned use of technology, and use these to make adjustments. This iterative process may yet also result in changes to the design of the phases of the full study itself. Whereas there will be four participants in the main study, the pilot study involved two. Initial findings from the pilot are promising with significant commentary from participants on ideas that they had not considered before, ways in which the activity made them re-evaluate existing learning trajectories and their own subject knowledge as well as a request to use the mapping tool outside the study.
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