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Set within a study looking to understand influences on early career primary teachers' teaching of mathematics through analysis of the personal perspectives of eight participants, this paper discusses the use of a 'visual data' approach. Participants were asked at the end of the two-year research period to create maps showing the relative and overlapping influences on their development over the previous two years as teachers of mathematics, describing their thinking to the interviewer as they did so. Deeper and broader responses have resulted, giving richer data than using verbal data alone, whilst this approach has proved to be a very interesting and motivating experience for the participants. New insights have emerged as to how early career teachers see the influences on their development as teachers of mathematics.

Introduction

This paper outlines how a participant generated visual technique contributed to a study that seeks to gain insights into the influences on early career primary teachers' teaching of mathematics.

Whilst there is a minimum required mathematical qualification for all those entering the teaching profession in England, early career teachers have varied mathematical backgrounds, attitudes and beliefs about the subject. They enter a complex and changeable educational landscape where schools have considerable freedom in the organisation of their mathematics teaching and offer varied opportunities for professional development (Advisory Committee on Mathematics Education, 2013). The study followed eight primary school teachers through their first two years of teaching and sought to answer the research question: How do factors related to the teacher themselves and factors related to the school context combine to influence the development of early career primary teachers' teaching of mathematics? The participants entered the teaching profession with a range of mathematical backgrounds and all studied for their teaching qualification at the University of Leicester.

The aim of the tool outlined in this paper was to support participants to articulate their views on the influences on them as early career teachers of mathematics, and the connections between these influences. Participant-generated visual data had been successfully used in previous interviews and similarly this new tool was developed to achieve greater depth and breadth in interview responses than from purely verbal techniques, enabling participants to have more control over their responses whilst providing some structure. In addition, the tool was designed to be interesting and motivating, both as an ethical end in itself and to encourage participants to give the fullest responses possible.

Theoretical backgroundinfluences on teacher development

The literature identifies a number of potential influences on teachers as they develop their teaching of mathematics, relating both to the teachers themselves and their school context. These include a teacher's beliefs, their background, including the interrelated aspects of subject knowledge, attitudes to mathematics and emotions, and their proactivity in response to reflection on their practice within their school community. A teacher's beliefs about what makes a good mathematician can influence their practice [START_REF] Ernest | Mathematics teaching[END_REF]. Ernest considers, for example, that those who believe mathematics to be about accumulating skills and rules see themselves as "instructors, aiming to develop skills mastery in their pupils, while those who see mathematics as a unified body of knowledge to be understood, see themselves as "explainers", aiming to develop conceptual understanding of this knowledge in their pupils. Recent discussions in the UK about a mastery approach in the teaching of mathematics are in line with the relational understanding described by [START_REF] Skemp | Relational understanding and instrumental understanding[END_REF] and have focused on securing "a deep, long-term, secure and adaptable understanding of the subject" (NCETM, 2015), but it cannot be assumed that all teachers seek to teach for this type of understanding.

Building on Shulman's seminal papers (1986,1987), researchers have acknowledged that a teacher's subject knowledge in various forms influences their practice. [START_REF] Askew | Effective teachers of numeracy: Report of a study carried out for the Teacher Training Agency 1995-96[END_REF] found that the connectedness of teachers' subject knowledge "in terms of the depth and multi-faceted nature" of the meanings and uses of concepts in mathematics (p. 69) is particularly influential. [START_REF] Ball | Content knowledge for teaching what makes it special[END_REF], for example, emphasise the importance of Specialised Content Knowledge (SCK), knowledge that is specific to teachers of mathematics, enabling them to explain procedures, analyse errors and consider appropriate examples. Additional background elements that teachers bring to their classroom practice are their own emotional disposition towards mathematics and perceived competence in the subject (Di [START_REF] Martino | Me and maths': Towards a definition of attitude grounded on students' narratives[END_REF].

A teacher's practice can change over time, influenced by their personal reflection on practice and proactivity to make changes within the context of their teaching community [START_REF] Turner | Growth in teacher knowledge; individual reflection and community participation[END_REF]. Although the influence of their school context is likely to have a significant impact on an individual teachers' professional development opportunities, the community within the school might have a range of different foci and agendas [START_REF] Levine | Tools for the study and design of collaborative teacher learning: The affordances of different conceptions of teacher community and activity theory[END_REF] and the current provision for Continuing Professional Development (CPD) for teachers in England is fragmented and inconsistent between schools (ACME, 2013).

My study seeks to extend the existing literature, particularly exploring the relative importance and interconnected nature of these factors through highlighting teachers' own perspectives.

Visual Data

There is agreement in the literature that participant-generated visual data, i.e., that "generated through the data collection process" (Wall, Higgins, Hall, & Woolner, 2013, p. 3), can provide additional and complementary data to verbally answered interview questions (e.g., [START_REF] Prosser | Visual methods and the visual culture of schools[END_REF][START_REF] O'kane | Research with children: Perspectives and practices[END_REF]. It can add breadth and depth, facilitate deeper thinking and assist participants to reveal additional information, views and emotions that may not have been revealed though verbal questioning alone. It is also empowering, giving participants a greater voice in the research process and allowing them more control over the content of the discussions (O' Kane, 2000), and it can be motivating and fun for the participants [START_REF] Wall | That's not quite the way we see it': The epistemological challenge of visual data[END_REF].

A range of tool designs have been used in educational research to support visual data collection. Qsorting involves the sorting of statements into a defined template alongside or in addition to a verbal interview. Data can be analysed quantitatively and thus statistical comparisons can be made between participants, offering an in-depth and systematic approach to analysing subjectivity [START_REF] Thomas | Q-sorting and MIS research: A primer[END_REF]. Diamond ranking, similarly, is a technique that can be used within interviews to explore the participant's perceptions or ideas, as they rank images or statements within a nine-section diamond-shaped structure [START_REF] Wall | That's not quite the way we see it': The epistemological challenge of visual data[END_REF]. Usually, the activity of ranking these is accompanied by the participant talking through their rationale for how they placed the items within the diamond structure and the sorting exercise acts as a stimulus for discussion.

Although the literature reviewed suggests visual techniques can be valuable to the researcher, the quality of data is dependent on the quality of the facilitation and how the data relates to other data being collected [START_REF] Wall | That's not quite the way we see it': The epistemological challenge of visual data[END_REF]. A full rationale is therefore needed for the use of my approach and how verbal questioning was used alongside the visual strategy.

Methodology

An initial interview at the end of their one year postgraduate teaching course focused on each of the eight participants' relationship with, and attitude to, mathematics and their progress in teaching the subject as a student teacher. Twice yearly interviews over the following two years, including discussion of documentation related to their progress as early career teachers, provided evidence on their ongoing development as teachers of mathematics. Interview questions were designed to probe the participants' beliefs, attitudes and subject knowledge for teaching mathematics, what they perceived to be the characteristics of effective teachers of mathematics and their perspectives on their development as teachers of the subject. Within each interview they also talked about two particular lessons: their chosen best and most challenging lessons since the previous interview. Participant-generated visual data was a particular feature of the interviews, which combined verbal questioning with a range of visual tools, including participants graphing their relationship with mathematics [START_REF] Godfrey | Factors influencing the developing effectiveness of early career teachers' mathematics teachinginitial findings[END_REF], visually organising statements about subject knowledge and discussing points about secure learning in mathematics from concept cartoons [START_REF] Samková | Using concept cartoons to investigate future teachers' knowledge[END_REF]. Through these means evidence was collected of factors influencing their development as teachers of mathematics.

For the final interviews of the project, I developed a new visual tool to assist participants in talking in greater depth and breadth about the influences on them as a teacher of mathematics and in particular to discuss the relative importance of these factors and the way the factors combined. Given the longitudinal nature of the study, a secondary purpose was to ensure that the interview was interesting and motivational since visual techniques could provide variety and interest [START_REF] Wall | That's not quite the way we see it': The epistemological challenge of visual data[END_REF].

Rather than using an open question such as, "What has influenced you as a teacher of mathematics?", I decided to provide some prompts to ensure that participants discussed the likely influences the literature suggested would have an impact on their trajectory as teachers of mathematics, even if only to discount these, thus ensuring breadth in responses. Four prompts were provided: "My own background as a learner of mathematics and my feelings about the subject" (labelled background on the photographs below and aimed at participants considering their own subject knowledge, attitude to mathematics and emotions); "My beliefs about what makes a good mathematician" (labelled beliefs); "My school context and changes within the school contexti.e. the influences that I have had from being here in this particular school" (labelled school); "My own self-imposed changes/actions through my proactivity and reflection on practice" (labelled reflection).

In order to ensure that the participants considered the relative influence of these labels, and where they overlapped, circles of translucent plastic in different sizes and colours were provided. Each participant was asked to match the largest influence to the largest circle, the second largest influence to the second largest circle, and so on. They were then asked to arrange the circles to match the impact of these influences and the relationship between them, overlapping them if appropriate, and to verbalise their thinking as they did so (see Figure 1). Thus, an interactive approach was used, with some structure given for their thinking, but without the constraints of diamond ranking or q-sorting. Participants were free to create and adapt their mapping to fit their way of thinking. The design of the tool facilitated detailed narratives from individuals, gave them some control over the content of the discussion and allowed comparison between participants.

Findings

In considering the relative influences of the factors and how these overlapped, participants reflected on how, why and to what extent these influences were connected, thus giving a depth of response that might not have been communicated purely verbally. Rama, for example, explained:

The most important […] is my proactivity and reflection on my practice. […] I always like to reflect on my lessons and try to make it better. I always try and think, was it right for my children, was it not, let's change it a little bit. Participants varied the extent to which they overlapped circles to show the significance of connections. This can be seen on Rama's map (figure 1) where there is a larger overlap between reflection and beliefs than between school and beliefs. This second overlap was created as she discussed working alongside a colleague with similar beliefs: "We actually want the same thingwe've both thought let's change it and not try to use the workbooks".

The structure of the influences map seemed to be effective in supporting participants' articulation of ideas, which they might not otherwise have discussed, thus giving additional breadth to the data collection. The use of the cards meant that participants had to mention aspects that for them had little or no influencedata which would probably not have been obtained from a straight verbal question.

Gina commented:

My own self-imposed changes are probably the least because there's been so many other things that have to be put in place that I've had to just go by the wayside with those.

Without prompting, Gina may not have mentioned this; her comments support the overwhelming influence of her school context (figure 2). For some participants, the influence map prompted their thinking beyond the structure I had proposed. Penny, for example, used the four cards as a starting point to consider additional elements in her personal situation. She was keen to stress that the impact of her school context was very small, other than being sent on courses, one specific course in particular. She described the impact that this one hour mathematics course had on her practice due to gaining both new ideas, which she implemented from the following day, and renewed enthusiasm for implementing changes in her teaching of mathematics: "The course was brilliantjust gave you that impetus to carry on, gave you ideas to do, spot on". We improvised to create a further map label for courses and also for research, referring to my project, which she considered of particular significance because it caused her to reflect, look back at her practice and consider changes she could make. Summing up how my previous interview had caused her to reflect and change her practice, she said, "I relooked at everything after your last visit." Penny's final map is shown in figure 3. Again, the overlapping here is interesting, with other influences strongly linking with the learning she gained from the course and a strong connection shown between the influence of being involved in my research and her reflection. The control that Penny and others took over the use of the map to express their opinions demonstrates that a benefit of using the tool was the ready engagement of participants who had already been interviewed several times. This aspect was further evidenced by specific comments made by Rahim, who clearly found the process stimulating:

That was a really good opportunity for me to reflect on what different things have influenced me and how I feel like I've progressed based on different elements, so that was a really helpful exercise.

As illustrated above, the analysis of the data from the influences tool is enhanced with the addition of the verbal data given alongside the visual. From this starting point, further analysis is being undertaken to explore other evidence of these influences from earlier interviews. Interview data has been summarized using a mind mapping technique to facilitate this process. Individual narratives are being developed and some comparisons made between cases, including those with different qualifications and interest in mathematics.

A brief example of how the visual and verbal data from the creation of the maps is being integrated with other data comes from one element of Gina, Penny and Rama's maps (Figure 4). These maps show a very contrasting picture of what they feel has influenced their development as teachers of primary mathematics, but for all the influence of their background as a learner of mathematics and their feelings about the subject ('BACKGROUND') was considered a relatively small influence. Gina, who has the weakest mathematical background of the three, overlapped the circles relating to her beliefs and background, giving the following commentary as she created her map: I think my own background always sticks in my mind because I know there were things that I feel like I didn't learn well enough that really impacted me later on, so I'm very hyper aware that when children don't get something that we can't just leave them there. Penny has her own mathematical background, which, in her case, includes a Master's degree in mathematics, as a separate and smaller influence than the other influences on her because, although she "loves maths", her teaching of the subject would "just happen regardless". Rama similarly stated that although her mathematical background was important, she "had grown as a person" since her days as a learner of mathematics. However, other evidence from across their series of interviews highlighted that both were keen to pass on their love of mathematics to children and that their strong subject knowledge was a foundation on which they proactively sought to develop their practice.

Conclusion

Initial analysis across all the participants in the study indicates the different perceptions early career primary teachers hold of the influences on them as teachers of mathematics. Supported by the use of the influence-mapping tool, participants were explicit about the relative impact of each of the suggested influences on their development and how these influences were inter-connected. The map supported depth and breadth of responses, whilst giving the participants some control over the content of their discussions and the motivational aspect of the tool was appreciated by the participants.

Whilst not directly comparable because of participants' different interpretations of the headings used, useful insights can be drawn from the range of influence maps. The influences of the school context and self-imposed changes through proactivity and reflection on practice were strong influences for most of the eight participants. Only two placed the four influences in the same order. Even then, their maps visually contrast with differences in the way the circles were overlapped, and this is reflected in contrasting verbal narratives. Further analysis of the broad data set is being undertaken to explore how factors related to the teacher themselves and factors related to the school context combine to influence the development of early career primary teachers' teaching of mathematics.
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 1 Figure 1: Rama's influence map Various follow-up questions were planned that could be used to further probe about the impact of these influences, for example: "How do you think having a strong maths background has impacted on your teaching of the subject? Has your attitude to teaching mathematics changed? What are your beliefs about what makes a good mathematician? Have you felt well supported by your school in these first two years of teaching? How do you feel about changes imposed by your school? What motivates you to develop your own practice?"

  […] This[reflection] goes with this [beliefs] because I have really strong thoughts of what makes a good mathematician and how it should be taught in a lesson and what I want to get out of the children […] that's helped me to reflect, if that makes sense.
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 2 Figure 2: Gina's influence map
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 3 Figure 3: Penny's influence map
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 4 Figure 4: Contrasting influence maps: Gina, Penny and Rama