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This paper examines the sociocultural influences described by one primary school teacher after her implementation of TouchTimes (hereafter, TT) in her grade 3-4 classroom in British Columbia, Canada. The multi-touch iPad application TT enables users to engage kinaesthetically with multiplication directly through their fingertips. The aim of this research is to identify and highlight the sociocultural influences that impacted this teacher's integration of a specific digital technology into her mathematics teaching. Using the notions of double instrumental genesis, instrumental distance and didactical landmarks, I examine the influence of other teachers and the researchers who were part of a larger TT research project, as well as the impact of this teacher's students' experiences when using TT, on her process of double instrumental genesis.

Introduction

The increasing availability of touchscreen devices and educational applications that are free of charge to use with them, are providing opportunities for digital technology that is more easily accessible for primary school children. Consequently, there has been increasing research internationally on the use of mobile (and touchscreen) technologies in mathematics teaching and learning (e.g., [START_REF] Bakos | Mathematics, TouchTimes and the primary school teacher: Generating opportunities for transitions within, across and beyond[END_REF][START_REF] Sinclair | Digital technologies in the early primary school classroom[END_REF]. Although there are many digital technologies designed to offer high quality mathematics experiences, as [START_REF] Ruthven | Frameworks for analysing the expertise that underpins successful integration of digital technologies into everyday teaching practice[END_REF] points out, successful technology integration is determined by the relevant expertise of the mathematics teacher. The process of technology integration in itself is challenging for many teachers, and it is even more complex to leverage the affordances offered by digital technology skillfully to teach mathematics [START_REF] Trigueros | Integrating technology in the primary school mathematics classroom[END_REF]. According to [START_REF] Guin | The complex process of converting tools into mathematical instruments. The case of calculators[END_REF], teachers must draw attention to and assist students in making relevant connections between their experiences with the digital technology and the intended mathematical knowledge evoked through these learning experiences. This paper reports on a case study of a single teacher, Rachel (a pseudonym), and her integration of a specific technological tool, TouchTimes [START_REF] Jackiw | TouchTimes [iPad application software[END_REF], which was used to teach primary school mathematics. Rachel described the influence of others-teachers, researchers and studentsthroughout her implementation and use of TT as a pedagogical tool for teaching multiplication. Helpful for better understanding the sociocultural influences on a primary school teacher engaged in learning and implementing a new digital technology into their mathematics teaching practice, are the theoretical constructs of instrumental distance [START_REF] Haspekian | An "instrumental approach" to study the integration of a computer tool into mathematics teaching: The case of spreadsheets[END_REF], double instrumental genesis [START_REF] Haspekian | Evolution des usages du tableur[END_REF] and didactical landmarks [START_REF] Haspekian | Computer science in mathematics' new curricula at primary school: New tools, new teaching practices[END_REF], which will now be described in more detail.

Theoretical framing

Adapted from Rabardel's (1995[START_REF] Rabardel | People and technology: A cognitive approach to contemporary instruments[END_REF] theory of instrumentation on human tool-use, the instrumental approach was developed for analysing technology-mediated learning in mathematics education [START_REF] Guin | The complex process of converting tools into mathematical instruments. The case of calculators[END_REF]. [START_REF] Haspekian | Evolution des usages du tableur[END_REF] observed that mathematics teachers, prior to implementing digital technology for pedagogical purposes, undergo a process she has termed double instrumental genesis (see Figure 1), which involves dual experiences of personal and professional instrumental geneses. During personal instrumental genesis, the artefact (a material object) becomes a personal, working instrument that can consciously be used for mathematical activity; a process which may be similar for teachers and students. Additionally, in order for teachers to appropriate and utilise the artefact effectively as a didactical instrument, they must also undergo a professional instrumental genesis. It is necessary for the teacher to understand, predict and plan in advance for the process of instrumental genesis that students will experience while engaging with the digital technology, which creates an additional layer of complexity in the teacher's professional genesis. Furthermore, [START_REF] Haspekian | An "instrumental approach" to study the integration of a computer tool into mathematics teaching: The case of spreadsheets[END_REF] has noted gaps, referred to as instrumental distance, between teachers' ways of teaching mathematics with and without digital technology. The instrumental distance must be large enough that the advantages of using the technology are apparent, yet small enough not to discourage the teacher from incorporating something new into their pedagogical practice. Extending this idea further, [START_REF] Haspekian | Computer science in mathematics' new curricula at primary school: New tools, new teaching practices[END_REF] describes how teachers refer to their previous didactical landmarks1 during the development of their teaching practice using digital technology. The creation of new reference markers may be necessary if the instrumental distance between a teacher's new and former practices is too large. However, teachers may move away from former practices more easily if they already possess a variety of reference markers, enabling an increased ability to adapt and adjust while creating new didactical reference points [START_REF] Haspekian | Informatique, Scratch et robots: De Nouvelles pratiques enseignantes en mathématiques? [Computers, Scratch and robots: New teaching practices in mathematics?[END_REF].

Sociocultural considerations

Although instrumental orchestration may appear to be a one-way, teacher-directed process, Hoyles and colleagues (2004) contend that a sociocultural aspect is present throughout, where, ''instrumentation could be regarded as part of the process of developing participation within a community of practice, a process by which individual understanding and behaviour develops from and contributes to the collective activity" (p. 317). When describing the possible co-construction of knowledge using a technological tool, the influence of the tool is, "not only a cognitive tool but also a genuine mediator of social interaction through which shared expressions can be constructed" (p. 318). Additionally, they argued that the tool itself plays an important role in shaping the user's evolving (instrumented) mathematical knowledge, and that the mathematical ideas being developed and expressed are influenced by user interactions with the tool and interactions with the community.

When examining the influence of others, I do so from a sociocultural viewpoint that acknowledges the critical role of the social context in cognition and social development [START_REF] Vygotsky | Mind in society: The development of higher psychological processes[END_REF]. From the perspective of mathematics education, the term 'sociocultural' often refers to a view of thought, learning and knowledge-creation as inherently social, cultural and situated (made rather than given). [START_REF] Schleppegrell | Language in mathematics teaching and learning[END_REF] explains that, "Sociocultural perspectives focus on discursive practices and the social engagement of students. They draw on Vygotskyan frameworks that stress the interaction between language and cognition and highlight the social dimension of learning and the role of communication and participation" (p. 76). Though this quotation refers to the social engagement of 'students', I see the role of communication and participation in the TT teacher-researcher project as being significant in teachers' process of double instrumental genesis. Additionally, the students themselves were described as an influential factor in the evolution of the teachers' personal and professional instrumental geneses. Therefore, the research questions that are the focus of this paper are: (1) What sociocultural factors were identified by Rachel as being influential to her process of double instrumental genesis? (2) How did these personal interactions affect the evolution of her professional instrumental genesis of TT?

Method

This qualitative study involved teacher interviews that were conducted from June to August 2021. This paper will focus on Rachel (pseudonym), one of four teachers interviewed who was also a voluntary participant in a larger, multi-year project, in which the author was part of, that involved introducing TT to primary school children in grades 3 or 3-4 classrooms. Rachel is a primary school generalist teacher with a master's degree in numeracy (which is not a requirement to teach in British Columbia), who had nine years of teaching experience at the time of being interviewed.

The data shared here has been taken from 60-80-minute semi-structured interviews which were conducted via Zoom. Each teacher was first interviewed individually and was then paired up for a second interview. As part of the multi-phase research project, the research team (comprised of two university professors and two doctoral students) held large group meetings with a number of participating teachers who had volunteered to implement TT. Rachel was part of this larger research project and when interviewed, she sometimes referred to the comments made during the group meetings by other teachers or the researchers. It was observed that the participating teachers often added more to, or extended the ideas being shared by their colleagues during the large group meetings, therefore it was hoped that this would also occur if the teachers were interviewed in pairs. Consequently, additional interviews were conducted where each teacher was paired with another teacher and the two were interviewed together. During the interviews, the teachers were asked to share their initial experiences when learning to use TT themselves, their own reactions to how multiplication is presented by the digital technology, how they implemented TT as an instructional tool, as well as any observations about student learning in relation to the touchscreen technology or about its mathematical representations.

Data analysis

Due to space constraints, I have chosen to focus on Rachel's interviews in this paper. However, I began by studying all six interview transcripts, which were transcribed in their entirety. My research was initially focused on how TT and its way of materialising the mathematics affected the teachers and how the teachers accommodated TT into their previous ways of thinking about, and teaching, multiplication. However, each teacher interviewed also described the significance of other people to their adoption and integration of TT into their professional practice. Although [START_REF] Haspekian | Computer science in mathematics' new curricula at primary school: New tools, new teaching practices[END_REF] has identified the influence of students on the teachers' process of double instrumental genesis, the influence of other teachers, however, has not previously been addressed in research using the theory of double instrumental genesis. Given that the influence of others teachers was a factor that emerged in the data from multiple teachers that I interviewed, I wanted to study more closely how this sociocultural aspect influenced the teachers' processes of double instrumental genesis.

With my research focus in mind, I further analysed the interview transcripts with two specific aims:

(1) to identify any sociocultural factors described by the teachers as influential to their processes of double instrumental genesis; (2) to capture specific instances of personal interactions that influenced the evolution of each teachers' professional instrumental genesis of TT. I hoped to understand better the effects of sociocultural influences experienced by each teacher throughout their processes of double instrumental genesis. When categorising instances of personal interactions described by the teachers as influential during their implementation of TT as a pedagogical tool, there were two themes that emerged. The first was the influence of the teacher-researcher group and, the second was the influence of the students themselves. MacLure (2010) describes a type of 'glow', or a potentiality that emanates from qualitative data that can be felt. An interview comment or an anecdote that "seems to reach out from the inert corpus (corpse) of the data, to grasp us" (2013, p. 228). The specific instances that follow were chosen for their 'glow' and with the belief that the richness of an incident or experience shared by a single teacher has much to convey.

Results

Overcoming challenges and rethinking teaching multiplication

The value of being involved in the TT teacher-researcher project, which provided an opportunity to interact with other primary teachers who were also implementing TT as part of their mathematics teaching, was described explicitly by Rachel. Having previously used TouchCounts [START_REF] Sinclair | TouchCounts [iPad application[END_REF], another touchscreen technology application designed by the same developers to teach mathematics, Rachel was surprised to find that TT was not intuitive for her to use in the way that TouchCounts had been. She described the initial difficulty she had with creating her own tasks for use with TT and her reliance on both the TT task ideas handout that was developed during the project and on the experiences and ideas that were shared by the other teachers. During the research group meetings, those who had used TT in their classrooms would share their experiences with the larger group, describing the tasks they had used, as well as how they had implemented them, what worked well, any challenges encountered while trying to teach using this digital application and what their students liked, had difficulty with or were learning while using TT. Being able to listen to what was shared by the other teachers in the project during small-and large-group discussions was beneficial for Rachel in overcoming her initial difficulty with how to implement TT: "Just understanding how The instrumental distance between Rachel's prior experiences using TouchCounts and her introduction to TT was large. To make this gap small enough for her to implement TT, Rachel relied on the shared experiences of other teachers in the group and required the support of pre-developed tasks for use with the technology. Since her previous reference marks and experiences with TouchCounts were not helpful, Rachel seemed to create and rely on 'shadows' of didactical reference markers based on the shared experiences of the other teachers until she could create her own didactical references for teaching with TT.

During the first teacher-researcher group meeting, it was shared that one of the project goals was for primary students to experience multiplicative, rather than additive representations of multiplication while using TT. Though this application is comprised of two microworlds, Grasplify and Zaplify, each of which presents a model of multiplication in complementary but different ways, at the time of interview, Rachel had only used Grasplify with her students. Grasplify's design, and the tasks that were developed for use with it, aim to expose students to ways of viewing, creating and thinking about multiplication that are more multiplicative. As a result, Grasplify's model for representing multiplication, which is visually different than those commonly found in mathematics textbooks used in British Columbia, and the importance of highlighting multiplicative ideas continued to emerge as a topic of discussion within the TT teacher-researcher group meetings.

Rachel also described how being part of the larger TT project helped her to develop a deeper understanding of the way that Grasplify presents multiplication and how this influenced her teaching of multiplication. She explained, "I think it was like coming to the sessions and listening and having the discussions [in response to questions prompted by the research team]" that impacted her thinking about the properties of multiplication and increased her awareness of the importance of developing her students' ability to reason multiplicatively. When members of the research team were in Rachel's classroom to observe her teaching with Grasplify, she described how their presence made her pause and think, "Oh, I should think really deeply about this [the properties of multiplication]", which she admitted to becoming much more conscious of. As a result of being part of the teacher-researcher group, Rachel was becoming more intentional in addressing these ideas in her own teaching, while becoming increasingly aware of wanting to encourage the development of multiplicative thinking in her students. She explained that, "If I were just using it [TT], not being part of a cohort of teachers who are meeting and talking about it and really thinking about it, would it affect me as much? Probably not, but it did". Rachel's process of double instrumental genesis, which included her willingness to think differently about multiplication and the ways that she was using TT to teach, was significantly impacted by her interactions with the teachers and researchers involved in the larger TT project.

Convinced by student success

Rachel's processes of personal and professional instrumental geneses were both notably influenced through her use of TT with students. She recalled how her students had clearly enjoyed using the digital technology and were engaged for much longer than she had expected them to be. Noting that it was only part-way through the school year during her implementation of TT and, although her fourth-grade students could engage in learning for longer periods of time, her third-grade students' attention span was still developing.

Committed to the research project, Rachel continued with her implementation of TT in her mathematics teaching. Although she herself had not found Grasplify intuitive to use initially, this was not the case for her students:

A lot of them got it kind of faster than I thought they would too because I, you know, I'd been to the meetings and was thinking like this app isn't like quite as intuitive as TouchCounts. Let's see how this goes and their understanding, I think, was better than I thought it was going to be, kind of right away. And a lot of them had a lot of success with the tasks we gave them. […] They got there quicker than I thought they would.

As she noticed the success that students were having with Grasplify and its accompanying tasks, it motivated her to continue using the application to draw student attention to the multiplicative ideas of covarying and spreading (for examples of this, see [START_REF] Bakos | Making sense(s) of multiplication[END_REF]. In so doing, Rachel was further developing her professional instrumental genesis, while also learning more about Grasplify from her students during their use of it. Her personal process of instrumental genesis developed in a deeper way as a result of using TT as a teaching tool with her students.

Discussion and conclusion

Throughout this paper, I have tried to draw attention to various sociocultural factors that were influential in further developing Rachel's process of double instrumental genesis. Other members of the TT teacher-researcher group and/or the success of her own students both influenced Rachel's ability to utilise TT as a tool for teaching mathematics, as well as increased her willingness to accept this digital application as a viable pedagogical resource.

Rachel described the benefits of being able to engage with others (both teachers and researchers) who were part of the TT project and how influential this was to her implementation of the technology. Although it was the mathematical model presented by Grasplify that created opportunities for conversation in the larger research group, it was the influence of the conversations within the group that caused Rachel to begin thinking more intentionally about how she was teaching multiplication. Both her personal and professional instrumental geneses were significantly impacted by the opportunity to engage with the group. Although Grasplify was not initially an intuitive tool for teaching mathematics, Rachel was able to overcome this difficulty through participation with the project and the shared experiences and ideas of the other teachers who were also implementing TT in their primary classrooms.

The discussions and interactions with others during the group meetings also influenced her own thinking about multiplication and, as a result, Rachel's approach to teaching multiplication using Grasplify was also changing. Her personal instrumental genesis and understanding of Grasplify and its way of representing the mathematics were becoming deeper, which could be seen in the way that Rachel was beginning to leverage this understanding into her teaching. Her thinking about what students needed to learn about and understand regarding multiplication was also shifting as she learned more about what was important for students to understand about multiplication and how TT could be used as a pedagogical tool to achieve those aims. The sociocultural influence of the group was a significant part of Rachel's ability to initially construct 'shadow' didactical reference markers, which enabled her to bridge the instrumental distance between her prior ways of teaching multiplication and new ways of teaching using TT. Once this distance was bridged, Rachel was able to build didactical reference markers based on her own teaching experiences using the digital technology, which effectively helped narrow her instrumental gap.

The task ideas shared by the researchers and the discussion amongst the group about TT and the way it materialises multiplication drew Rachel's attention to the mathematical affordances of the tool influenced how Rachel implemented Grasplify with her students and also drew her attention to the mathematical affordances of the tool. She was becoming more intentional in her teaching about different ways of representing multiplication and was working to provide her students with opportunities to think multiplicatively through the tasks she implemented with Grasplify. All of which are a reflection of her growing professional instrumental genesis.

The processes of personal and professional instrumental geneses engaged in by Rachel were far from linear though. Rather, the two processes were very much intertwined. Her personal comfort with, understanding of and confidence in using the application improved because of her interactions with other teachers in the project and, as a result of her students' successful use of the technology. The instrumental distance continued to narrow for Rachel, as she witnessed the mathematical understanding that her students were demonstrating after using TT. The impact of these sociocultural influences was significant for Rachel in coming to recognise and appreciate the opportunities for interacting with multiplication that this specific digital tool could offer for student learning. The influence of the students' successful engagement with the embodied and relational models of multiplication provided by TT was meaningful in contributing to the progression of her professional and personal processes of instrumental genesis.
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  it worked and seeing what other people were doing […] it was just nice to get a sense of what people were doing in their classrooms and what I might be able to try".

I will refer to didactical landmarks as teacher reference points or reference markers here, as landmarks to me represent physical objects or features of land. I feel that the prior experiences or background knowledge that teachers are accessing in Haspekian's didactical landmarks are better referred to as reference points or reference markers.