Frida Harvey 
email: frida.harvey@oru.se
  
The process of creating a useful mediating artefact in a professional learning community

Keywords: Conceptual knowledge, mediating artefacts, practice-near research, professional learning communities

In professional learning communities (PLCs) artefacts are important to mediate discussions of teaching development. Previous research has, however, shown that mediating artefacts for inquiry can act as obstacles in the joint work if the participants are unaccustomed to these artefacts. The mediating artefacts used to mediate the work in PLCs are typically pre-existing and seldom developed by the participants of the PLC. Contrary to this, in the study presented in this paper, teachers and researchers jointly developed a mediating artefact aimed to be useable in the planning, carrying out, and analysis of teaching for conceptual knowledge. The results indicate three characteristics of the process of developing this mediating artefact: a close connection to the practice, a precise mathematical content focus, and interaction between theoretical input and experience of teaching for conceptual knowledge.

Introduction

There is a highlighted challenge for educational research to impact teaching practice. Researchers have argued for the need for long-lasting collaborations between teachers and researchers to overcome the gap between practice and research in school settings [START_REF] Magnusson | Practice-near school research in Sweden: tendencies and teachers' roles[END_REF]. Professional learning communities (PLCs) is a form of long-lasting collaboration where teachers, and often researchers, work jointly to develop teaching and learning strategies by inquiring into the teachers' practice [START_REF] Harvey | Characteristics of professional learning communities in mathematics: A systematic review[END_REF]. Previous research has shown that teacher-researcher collaboration is challenging, due to, for example, unbalanced relationship between teachers and researchers [START_REF] Sjölund | Mapping roles in research-practice partnerships -A systematic literature review[END_REF]. Given the long tradition of teacher professional development where researchers are expected to present solutions to teaching issues or instruct teachers how and what to teach [START_REF] Harvey | Contradictions and their manifestations in professional learning communities in mathematics[END_REF], and given that teachers are uncustomed to inquire into their own practice [START_REF] Slavit | Support for professional collaboration in middle school mathematics: A complex web[END_REF], challenges are common in the teacher-researcher collaboration [START_REF] Harvey | Contradictions and their manifestations in professional learning communities in mathematics[END_REF]. Challenges include identifying issues related to one's practice, getting deeper into mathematical discussions, and using theories and scientific methods in the inquiry process [START_REF] Campbell | Examining secondary mathematics teachers' opportunities to develop mathematically in professional learning communities[END_REF][START_REF] Deluca | Systemic professional learning through collaborative inquiry: Examining teachers' perspective[END_REF][START_REF] Slavit | Support for professional collaboration in middle school mathematics: A complex web[END_REF]. Methods for inquiry, which often require teachers to use new and unfamiliar mediating artefacts, have previously been shown to be challenging for teachers [START_REF] Deluca | Systemic professional learning through collaborative inquiry: Examining teachers' perspective[END_REF][START_REF] Harvey | Contradictions and their manifestations in professional learning communities in mathematics[END_REF][START_REF] Slavit | Support for professional collaboration in middle school mathematics: A complex web[END_REF]. Mediating artefacts used in PLCs in mathematics are often pre-existing and introduced by the leader of the PLC, which is often the researcher [START_REF] Harvey | Characteristics of professional learning communities in mathematics: A systematic review[END_REF]. Few studies have examined mediating artefacts developed by the participants of a PLC, particularly the process of developing such mediating artefacts. The fact that mediating artefacts are implemented rather than developed by the participants themselves may contribute to the challenge of using and mastering such artefacts. Therefore, the aim of this study is to investigate the process in which teachers and researchers in a PLC in mathematics, jointly developed a mediating artefact that they later used for planning, carrying out and analysing teaching for conceptual knowledge. The study aims to characterise this process. The following research question guided the study:

 What characterises the process of developing a new mediating artefact in a PLC in mathematics?

Relevant research

Our perception, memory, and actions depend on our access to different mediating artefacts.

Mediating artefacts are conceptualized in several sociocultural theories, for example in Cultural Historical Activity Theory (CHAT), as culturally developed conceptual or physical tools, such as pencils, literature, signs, and language that mediate human thoughts or actions. According to CHAT, the access to, and use of, mediating artefacts together with rules and division of labour affect the object and outcome of human interactions [START_REF] Engeström | Learning by Expanding: An activity theoretical approach to developmental research[END_REF].

The use of mediating artefacts in PLCs in mathematics is proven to be challenging, but important in enriching inquiry processes [START_REF] Deluca | Systemic professional learning through collaborative inquiry: Examining teachers' perspective[END_REF][START_REF] Harvey | Contradictions and their manifestations in professional learning communities in mathematics[END_REF][START_REF] Slavit | Support for professional collaboration in middle school mathematics: A complex web[END_REF]. In PLCs the inquiry of one's own practice is central [START_REF] Deluca | Systemic professional learning through collaborative inquiry: Examining teachers' perspective[END_REF]. Questions and challenges found in the teaching practice act as the optimal starting point, but identifying developmental needs in one's practice has been shown to be challenging in PLCs in mathematics [START_REF] Slavit | Support for professional collaboration in middle school mathematics: A complex web[END_REF]. In PLCs in mathematics, video clips, classroom data, and scientific articles (e.g. Gamoran [START_REF] Gamoran Sherin | Effects of video club participation on teachers' professional vision[END_REF][START_REF] Slavit | Support for professional collaboration in middle school mathematics: A complex web[END_REF] are examples of artefacts used to mediate inquiry discussions. The findings of [START_REF] Slavit | Support for professional collaboration in middle school mathematics: A complex web[END_REF] indicate that even if material collected from teachers' teaching practices acts as an important base for analysis and discussions in PLCs, it is still a challenging task for participants to examine such data. Facilitators, which are often the researcher, are crucial for determining how the data should be analysed and for doing the practical analysis, as teachers are often novices when it comes to analysing classroom data. Further, teachers often have problems understanding and transferring the results of scientific articles into their practice [START_REF] Deluca | Systemic professional learning through collaborative inquiry: Examining teachers' perspective[END_REF]. [START_REF] Campbell | Examining secondary mathematics teachers' opportunities to develop mathematically in professional learning communities[END_REF] also highlight the challenge of getting deeper into mathematical discussions. Without a mathematical focus, discussions are at risk of staying at a general or superficial level, with discussions being concerned with practical or general pedagogical issues or with telling anecdotal stories [START_REF] Makopoulou | Possibilities and challenges in teachers' collegial learning[END_REF].

Prominent for the mediating artefacts investigated in a literature review by [START_REF] Harvey | Characteristics of professional learning communities in mathematics: A systematic review[END_REF] is that they are all pre-existing and implemented into PLCs, often by facilitators. None of the studies included in the literature review used or presented artefacts for inquiry developed by participants, which is a possible explanation for the described challenges of using mediating artefacts for inquiry. An obvious risk when PLC participants do not master the mediating artefacts is that the artefacts' potential is not utilized or relevant for the work and that the element of inquiry obstructs the work in the PLC [START_REF] Harvey | Contradictions and their manifestations in professional learning communities in mathematics[END_REF].

The overarching mathematical focus in the study is conceptual knowledge in mathematics.

According to the Swedish curriculum for compulsory school, teachers in mathematics should offer students the opportunity to develop the ability to use, describe and connect mathematical concepts (SNAE, 2022), but there is limited support available for designing teaching for conceptual knowledge. Richland and colleagues (2012) identified that teaching for conceptual knowledge is often reduced to the learning of definitions of concepts and formulas rather than how concepts are used or what the connections between them are. Research, they argue, therefore need to focus on opportunities for teachers to develop their ability to design effective teaching for conceptual knowledge.

Method

In this study, four experienced elementary school mathematics teachers and two researchers participated in a PLC, with the aim of developing understanding of, and teaching for, conceptual knowledge in mathematics. The PLC lasted for one year, with a total of 14 PLC meetings. Each meeting lasted for four hours. During the meetings, the teachers and researchers jointly discussed the concept of conceptual knowledge and different aspects of how teaching aiming to develop students' conceptual knowledge could be planned, carried out and analysed. The first researcher led the meetings, and the second researcher (the author of this paper) videotaped the meetings, took field notes, and participated in the discussions. These dual roles must be critically examined in relation to their impact on different parts of the study. For a comprehensive discussion of roles in teacher-researcher collaborations, see for instance [START_REF] Sjölund | Mapping roles in research-practice partnerships -A systematic literature review[END_REF]. Between meetings, the participants read literature, completed jointly decided exercises in their classes, or analysed student-produced material. Data in this study consists of video recordings from six PLC meetings. The project and its methods have been approved in an ethical review.

In the PLC, the participants jointly developed a framework for conceptual knowledge (Table 1). In the study, a CHAT perspective is taken, and the framework is understood as an artefact mediating the thoughts and actions of the PLC participants. The focus of the analysis was strictly focused on the process of developing this mediating artefact, focusing on the participants actions when the artefact was discussed, used, and developed. The data was analysed by the author of this article using thematic analysis, following [START_REF] Braun | Thematic Analysis[END_REF] six phases. In the analysis, activities and actions in the video material where the framework was discussed, used, or developed, were transcribed, coded, and thematised. An example of such an activity is translating aspects of the framework into practical examples, where the participants tried to use the framework to plan lesson activities. The themes that emerged in this phase were revised several times before they were finally named and described as close connection to practice, mathematical focus and interaction between theoretical input, and teaching experience. The results section presents excerpts from the PLC participants to clarify and exemplify interpretations. These excerpts are translated from Swedish into English by the author and have been rewritten from spoken to written language for the reader's convenience.

Findings

This study focuses on the process through which the PLC participants jointly developed a new mediating artefact, which consisted of a framework for conceptual knowledge (Table 1). Three characteristics of the process are presented in the following.

Close connection to practice

The purpose of developing the framework of conceptual knowledge (Table 1) was to yield a useable tool for the planning, carrying out, and analysing of teaching for conceptual knowledge.

The PLC participants lacked such a tool, making teaching for conceptual knowledge challenging. The orientation of the work was thus founded in a practical problem regarding teaching for conceptual knowledge, identified through discussions on the meaning of conceptual knowledge. Early in the process, it was obvious that the participants' perception of conceptual knowledge differed as well, visible in the following excerpt where participants discuss their perception of conceptual knowledge:

Participant 1: Word knowledge. I give them vocabularies and run this glossary version.

Participant 2: I think it's about understanding and application, how it should be used.

Participant 3: It's not that vocabulary isn't included, but there's more than that, right?

Participant 4: Words that I connect to this are reason, explain and argue.

Through this discussion, the need for a compilation of what conceptual knowledge may entail was identified, which ended in the first version of the framework. This version of the framework consisted of a list of aspects of conceptual knowledge: Knowledge of vocabulary, symbols and representations, Understanding, Application (how to use something), Connections between concepts, Procedures, Transfer (transferring knowledge to a new situation), Reason, explain and justify, Knowledge about features, and Metaphors for learning. The framework was thereafter recurringly tested in a practical context when the participants planned, carried out, and analysed teaching for conceptual knowledge, which affected the design of the framework. For instance, using the framework to analyse students' conceptual knowledge highlighted the importance of writing the aspects of conceptual knowledge as observable actions rather than skills, to make the framework useable. The close connection to practice was important to make the framework useable as a tool for planning teaching tasks for conceptual knowledge, expressed by one of the participants as:

Participant: The work with the framework has been close to where it is to be applied, which has implied that the transfer to practice was easy.

The closeness to practice characterised the process since the inquiry question was founded in practice and the framework was recurringly tested, and developed in relation to the practice where it was to be applied.

Mathematical content focus

The PLC had an initial focus on conceptual knowledge, which turned out not to be specific enough to develop the framework further. The aspects listed in the first version of the framework, identified early in the process, were general and unspecific in character, and thus interpretable. The participants, therefore, wanted to specify these aspects by using a specific mathematical content, which is visible in the following excerpt:

Participant: I don't think we're done here. We still don't know exactly what we mean by conceptual knowledge. Another idea is to pick one concept, for example area, and investigate the concept. What aspects from our list are included in area? For example, procedures are part of knowing area.

Rational numbers were chosen as the mathematical content focus. After defining rational numbers, the participants used rational numbers to exemplify the aspects in the first version of the framework. Examples given of the aspect "Understanding" were "Understand that an illustration of 1/3 represents 1/3 written with symbols", "Understand that the size of the illustration is irrelevant. It still represents 1/3" and "1/3 could be illustrated with different geometric figures". This work resulted in further defining, combining, and separating aspects in the list. "Understanding" was divided into "vary representations of rational numbers", "vary size of illustrations of fractions" and "vary shape of illustrations of fractions".

A precise focus on mathematical content characterised the process since it focused and deepened the discussions throughout the process and made it possible to concretise, specify and refine the aspects of conceptual knowledge in the framework.

Interaction between teaching experience and theoretical input

The participants' previous teaching experience of conceptual knowledge and theoretical input were used together to develop the framework. During the process of developing the framework, literature, scientific articles, and curriculum materials on conceptual knowledge, rational numbers, and learning theories were read and discussed. A scientific article on rational numbers [START_REF] Ahl | A framework for analyzing progress in conceptual knowledge in mathematics textbooks[END_REF] highlighted teaching challenges of progression in the teaching of rational numbers and questioned established teaching ideas of this mathematical content, which resulted in the addition of the aspect of creation in the framework. A scientific article about learning theories [START_REF] Wernberg | Lärandes objekt. Vad elever förväntas lära sig, vad görs möjligt för dem att lära och vad de faktiskt lär sig under lektionerna[END_REF] described variation theory and the importance of making the learning object possible to discern. This affected the group's talk about conceptual skills, moving from "vary size of illustrations", "vary shape of illustrations" and "vary representations of rational numbers" to "discern these variations". With inspiration from the literature about conceptual knowledge, these aspects were synthesised into the more general aspect "discern connection between concepts".

In the process of interpreting theoretical input, the participants used their teaching experience to make sense of the content and transfer it into a practical context, which is illustrated in the following excerpt where one of the participants transfers and interprets aspects of conceptual knowledge (naming, defining, representing, and using), which was described in the literature [START_REF] Jahnke | Skolans och förskolans matematik. Kunskapssyn och praktik[END_REF]:

Participant: Yes if we take the authors' aspects. If we get naming, defining, representing, and using. If we think about many lessons and lectures, isn't it the case that in the lecture they get names, definitions, and representations. Then they are expected to work, to apply. But they don't really get the chance to use concepts, representations, or definitions.

Previous teaching experience was helpful to understand how the theory of the four aspects was relevant and could be converted into their practices, and thus relevant to include into the framework. The literature also broadened the view of conceptual knowledge, which was expressed at the end of the same discussion:

Participant: This is transferable to teaching. I think it's easy for students to repeat. They practice and repeat. This [inclusion of and connection between the four aspects] makes visible a greater mathematical thinking rather than doing.

It's useful for how we think about teaching in general. It's important that the aspects relate to each other.

In summary, the interaction between theoretical input and teaching experience characterised the process since they broadened the perspectives and understanding of conceptual knowledge and its teaching and changed the way the aspects of conceptual knowledge were verbalised and categorised in the framework. The teaching experience made it possible to interpret, transfer, and understand the relevance of the theoretical input. 

Discussion

Mediating artefacts have been shown to be important, but challenging to use, to inquire into one's own mathematics teaching in PLCs [START_REF] Deluca | Systemic professional learning through collaborative inquiry: Examining teachers' perspective[END_REF][START_REF] Harvey | Contradictions and their manifestations in professional learning communities in mathematics[END_REF][START_REF] Slavit | Support for professional collaboration in middle school mathematics: A complex web[END_REF]. One reason might be that these artefacts are often pre-existing and implemented by the researcher [START_REF] Harvey | Characteristics of professional learning communities in mathematics: A systematic review[END_REF]. In this study, characteristics of the process of jointly developing a mediating artefact were investigated, and the result contributes with [START_REF] Magnusson | Practice-near school research in Sweden: tendencies and teachers' roles[END_REF].

In this study the previously suggested challenge for teachers to identify developmental needs in their practice [START_REF] Slavit | Support for professional collaboration in middle school mathematics: A complex web[END_REF] is overcome. The need for a tool for planning, carrying out, and analysing teaching for conceptual knowledge was in this study participant-identified, and thus genuinely relevant for practice. The framework was developed in close connection to the practice, where it was to be applied through the recurrent testing of it. It is, therefore, reasonable to assume that this framework (Table 1) will have an actual impact on the teaching practice of the participating teachers. Theoretical input and teaching experience were used intertwiningly throughout the process. Previous research has shown the importance of theoretical input in PLCs, as well as several challenges in using theoretical input [START_REF] Deluca | Systemic professional learning through collaborative inquiry: Examining teachers' perspective[END_REF][START_REF] Slavit | Support for professional collaboration in middle school mathematics: A complex web[END_REF]. This study illustrates that teaching experience is important to understand and transfer the content of, for example, scientific articles into practice, and interaction is necessary to make theoretical input relevant and reduce the gap between research and practice.

A prominent challenge of mathematics PLCs is to create and keep a mathematical content focus [START_REF] Campbell | Examining secondary mathematics teachers' opportunities to develop mathematically in professional learning communities[END_REF]. In this study, a specific mathematical content was crucial to develop the framework and make it useable for the participants. The development of the framework thus acted as a mediating artefact in creating a need for mathematical content focus and to deepen mathematical discussions. A possible conclusion is that mathematical content focus is helpful in creative mathematical discussions when there is a real need for this specific mathematical content. A risk shown in previous research is that the discussions otherwise return to a general, practical, or superficial level [START_REF] Makopoulou | Possibilities and challenges in teachers' collegial learning[END_REF].

Finally, the teachers' work experience and access to the practice is significant in the process investigated in the study. The result can be seen as an example of why it is important to equalize the historically unbalanced relationship in teacher-researcher collaborations [START_REF] Sjölund | Mapping roles in research-practice partnerships -A systematic literature review[END_REF] to overcome challenges in such collaborations and in inquiry processes.

Table 1 : Framework of conceptual knowledge

 1 

  be important in future design of teacher-researcher collaboration and PLCs in mathematics. Educational research has highlighted the challenge of research impacting and being relevant to the teaching practice and teacher-researcher collaboration is proposed as a way to overcome the gap between research and practice

	knowledge that might	
	Action	Action	Examples
	pattern		
	Identify	Discern features	Discern the dark part as a third of the whole
		Discern principles	Discern all parts of the whole as equal in size
		Discern connections between	Discern the connection between 1/3 and
		different representations	
		Discern connections between	Discern the connection between a fraction and a division
		concepts	
		Distinguish objects, being able to	Naming objects and distinguishing them using terminology
		identify symbols and name concepts	and symbols
	Use	Interpret, use and switch between	Use and switch word problems to illustrations, make
		representations	assumptions that 2l is equal to 1/3.
		Interpret relations between objects to	Create the whole from a part,
		create new enteties	Compute 1/5 + 2/3
	Reason	Explain	With words, actions, and/or gestures describe and/or define
			what one half is
		Justify	Justify why only one of the figures illustrate
			halves