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Abstract

This research explored a professional development intervention intended to reduce mathematics anxiety felt by teachers. The research took place in in the academic year 2018-9 in a primary school in South Wales and involved two newly qualified teachers. The mixed methods design used the theoretical ideas of The Knowledge Quartet; a framework intended to focus teachers on subject-specific aspects of teaching primary mathematics. Teachers filmed their teaching and reflected upon critical incidents individually and with a mentor. Findings suggest that teacher learning may be promoted and mathematics anxiety reduced. The role of framework, mentor and video are discussed and proposals for future research are discussed. Questionnaires, summary data and selections from transcriptions are appended.
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Chapter 1: Introduction


Context

The research took place in an inner-city primary school. Roughly 60% of pupils came from the 40% most deprived areas of the city. There were 23 teachers, including the teacher-researcher. Teachers were generalists, teaching the breadth of the curriculum. Mathematics was taught for an hour daily in single-year group, mixed ability classes of 30-34 pupils, often with the support of a teaching assistant. 

Education policy in Wales was moving towards classroom practitioners determining effective practice (Welsh Government, 2016). The head teacher promoted professional development and classroom research.   Participants were accustomed to collaborative ‘triad’ working; this involved non-judgemental projects between peers described by Estyn (2015) as providing dialogue fundamental to teacher development. 

I write as the teacher-researcher. A teacher with 14 years’ experience, I was also a member of the senior management team, mathematics co-ordinator and mentor to student teachers in the school and newly qualified teachers (NQTs) in the city.  My external roles included sitting on Welsh Government numeracy panels, mentoring other mathematics co-ordinators and being a facilitator for a regional outstanding teacher programme. As a psychology graduate, the relationship between educational research and the psychology of learning is of interest to me. I had previously completed a bursary funded research project for the Welsh National Network for Excellence in Mathematics, reflecting on classroom teaching in mathematics. 

Rationale 

This research was prompted by a finding in the study school that the most able male pupils attained better standards than their female counterparts in mathematics at the end of Key Stage 2. According to the Programme for International Student Assessment (PISA) data, published by the Organisation for Economic Co-operation and Development (OECD, 2015), pupils in the UK performed below the international average in mathematics. Boys outperformed girls in most countries but in the UK, the difference between genders was greater than average. This was of concern given the importance of promoting science, technology, engineering and mathematics (STEM) careers to girls. Published literature (Beilock et al, 2009) suggested that female teachers who feel anxious about mathematics could be impacting the performance of their female pupils. 

The majority of new primary teachers complete a one year Post Graduate Certificate in Education (Rowland et al, 2005). During that year they must develop:
· an understanding of a range of pedagogies and principles
· their subject knowledge to become proficient in approximately a dozen different areas of learning
· management of pupil behaviour
· an engaging classroom environment and more. 
Teaching is a complex endeavour and it would be foolish to think it can be mastered in one academic year (Jaworski & Watson, 1994; Rowland et al, 2009; Hyde & Edwards, 2014). Beginning teachers need high-quality support to develop their practice fully.

Aims

The purpose of the research was to explore whether structured, mentored reflection on the teaching of mathematics could change teacher attitudes towards mathematics. The research used a framework, The Knowledge Quartet (KQ, Rowland et al, 2009), to focus reflection on subject-specific elements of teaching. It was hoped that this might improve teacher attitudes.

Summary

This ethnographic, action research aimed to answer the question, “How might mentored reflection on teaching, structured by the KQ, change teacher attitudes to mathematics?” It involved two beginning teachers who filmed their teaching as stimulus for focused, mentored reflection. Their attitudes were explored using mixed methods before and after the period of intervention.


Chapter 2: Literature Review



Mathematics Anxiety

Anxiety caused by doing or considering doing mathematics has long been known as Mathematics Anxiety (MA). Previously called Number Anxiety (Dreger & Aiken, 1957), MA was first reported by Tobias (1978) and MA has since been well researched (Beilock et al, 2009; Punaro and Reeve, 2012; Hill et al, 2016) indicating widespread acceptance of MA as a discrete form of anxiety not correlated with general anxiety and separate from performance or test anxiety. MA is defined as, “feelings of tension and anxiety that interfere with the manipulation of numbers and the solving of mathematical problems in ordinary and academic situations” (Richardson and Suinn, 1972, p.551). It is much more than a dislike of mathematics. Individuals with high MA are not necessarily poor at mathematics, rather are prevented from demonstrating their mathematics abilities (Beilock, 2008, National Mathematics Advisory Panel, 2008). Mathematics-anxious people often avoid doing mathematics (Maloney et al, 2013). Suggested triggers for MA include an emphasis on correct answers, a fear of making mistakes, the taking of timed tests, and low confidence levels combined with a lack of group work, concrete manipulatives and applications to the real world (Harper & Daane, 1998).

Gunderson et al (2012) stated that mathematics-related attitudes were important in determining future behaviour including mathematics course and career selection and that girls tended to have a less positive approach than did boys. They claimed attitudes towards mathematics begin to form in preschool as awareness of gender stereotypes develops, with girls expressing lower mathematics self-concept than boys. They evidenced no gender attainment gap, though girls’ greater inclination to negative attitudes prevented them from performing at their best. Gunderson et al’s comments were derived from American data and contrast with OECD’s international conclusions. OECD (2015) stated, “Boys outperform girls in mathematics in most [PISA-participating] countries.” It is of interest that even when girls perform well, they may not be performing at their best and that they may not show a corresponding level of interest in continuing with mathematics.

Dowker et al (2016) concurred with Gunderson, postulating that in countries where equal levels of education are available to both genders, they record no difference in mathematics performance but more instances of girls rating themselves lower in mathematics ability than boys and of girls expressing more MA than boys. Dowker et al (2016) differed from Gunderson et al (2012), asserting that the gender-related pattern of anxiety developed during adolescence, though primary school boys generally rated themselves better at mathematics than girls. Discussed reasons included girls’ greater inclination to report worry, social transmission and gender stereotype threat. Their evidence of boys’ higher self-concept raises the question whether feeling positively about mathematics contributes to preventing MA or results from low MA. Determining causality may illuminate why boys feel differently to girls though doing so may be prohibitively complex.

MA can be conceptualised as state anxiety or trait anxiety (Ebieg et al, 2015). State anxiety is transient, induced by real life encounters and measured soon after the encounter since it does not rely on generalised memories. Trait anxiety is generalised from a lifetime’s mathematics-related encounters, dependent on memory and associated with academic self-image. Since MA is usually reported using a trait questionnaire, one possible explanation for Gunderson et al’s finding is that societal influences have led girls to express more worry than boys, particularly self-doubt. State MA research is in its infancy (Ebieg et al, 2015).  In my opinion, the continued development and adoption of state anxiety measures may lead to a more accurate indication of MA, less influenced by society. 

Ebieg et al (2015) found that despite girls reporting more trait anxiety, there was little gender difference in state anxiety. Perhaps girls are more likely to transfer state anxiety into trait anxiety than boys. Again, societal influences may lead girls to feel negatively towards mathematics, especially once aware of stereotypes. Thinking you should feel negatively may lead to actually feeling negatively. If, as suggested by Ebieg et al, it is trait anxiety that impacts performance more than state anxiety, girls are disadvantaged by their possible tendency to transfer state anxiety into trait anxiety. More research with younger girls may bring clarity to the role of the stereotype.  It is also possible that girls’ generally higher trait anxiety is enough to distract girls from mathematics, increasing task difficulty and MA. High trait anxiety may inform expectations about doing mathematics which may then inform feelings of MA. That anxious experience of doing mathematics is then transferred to trait anxiety which forms an intensifying cycle. It is of interest whether educating pupils with high MA about the difference between trait and state anxiety could lessen potential transfer and improve MA.

Dowker et al (2016) also discussed the difference between trait and state anxiety. They concluded, 
“One possible conclusion [is] that girls do not in fact experience so much more mathematics anxiety than boys, but that due to gender stereotypes they expect to experience more mathematics anxiety, and this in itself may discourage them from pursuing mathematics.” (Dowker et al, 2016, p.8)

This idea of expectations raises the issue of beliefs. In an influential work, Askew et al (1997) examined types of teacher beliefs about mathematics. They established that the most effective approach was a connectionist orientation in which methods that are both effective and efficient, links between aspects of mathematics and application of skills are valued and promoted. Furthermore, they found that teacher beliefs have a greater impact on pupils than a range of other factors including amount of formal subject knowledge. If teacher orientation influences pupil performance, it follows that teacher MA would also influence pupil performance. Additionally, if teacher beliefs matter to pupil performance, then pupil beliefs must also matter. If the pupil is expecting anxiety, whether due to teacher anxiety or self-image, the chance of high levels of MA is increased.

One possible reason that MA interferes with performance is that MA consumes working memory (WM). Yucedag-Ozcan & Brewer (2011) reported that people with high MA have reduced WM in mathematics-related contexts compared with non-mathematics contexts, resulting in increased response time and errors. This effect on WM is supported by Shi & Liu (2016) and Ramirez et al (2016) who noted that the effect is most pronounced in high MA pupils with the greatest WM capacity; they, “underperform in mathematics compared with their lower working memory peers” (Ramirez et al, 2016, p. 83). Mattarella-Micke et al (2011) support this finding. They examined levels of cortisol (a stress hormone) before and after completing mathematical problems. They found that people with a combination of high capacity WM and high levels of cortisol showed the most negative relationship between MA and performance. In contrast, for people with less WM, some cortisol was beneficial to performance. This suggests that anxiety can play the role of motivator in some individuals, but in others, arguably those best equipped to perform, anxiety impairs performance. Pletzer et al (2010) also examined cortisol levels. They found that change in cortisol in combination with MA predicted performance; that cortisol facilitated the influence of MA. This raises questions about individuals who experienced a rise in cortisol but did not experience significant MA. This might be similar to changes in adrenaline experienced by people riding a roller-coaster; some experience the adrenaline as excitement and others, as fear. If it is possible to interpret increased cortisol in a more positive way, it may be possible to avoid the negative effects of MA. It then follows to ask if interpretation of cortisol changes follow any gender-related pattern.

Wang et al (2015) evidenced a relationship between intrinsic motivation in mathematics and the impact of MA. For individuals with a high degree of intrinsic motivation, some anxiety promotes cognition but only to a point, after which continued increase in anxiety impairs performance. However in less motivated individuals, there was a simple, modest, negative association between MA and mathematics cognition. Further, they found that highly motivated, highly mathematics-anxious individuals’ performance was not reduced on all types of mathematics task; MA impacted computation but not estimation. They concluded that for some, a moderate amount of MA can be beneficial and that MA may not impair mathematics abilities universally. This finding raises questions about the content of MA questionnaires: if questions ask about both computation and estimation, findings may be diluted or confused by the varying effect of MA.

Foley et al (2017) noted that a one-unit increase in the PISA MA index corresponded to a 29-point decrease in mathematics score and that in 56 out of 64 participating countries, female pupils reported higher MA than male pupils. Furthermore, as a pupil’s ability ranking within a country increases, the detrimental effect of MA is magnified even when other factors are controlled. In their opinion, the relationship between MA and mathematics attainment is likely to be bidirectional; MA can reduce mathematics performance by depleting WM resources but difficulty with mathematics concepts can also contribute to MA. They concluded, “Given the wide array of countries and cultures surveyed by PISA, the robustness of math anxiety’s negative relation to math performance is striking” (Foley et al, 2017, p. 56).

In summary, it seems girls are most at risk of experiencing, or at least reporting, high MA. In addition, if we accept MA’s increased impact on those with the greatest WM capacity, highest intrinsic motivation and highest ability ranking, it seems likely that the mathematically most able will be most disadvantaged by high MA. The combination of these factors may have contributed to the underperformance of more able girls. 

Hill et al (2016) found that girls exhibit more MA than boys in both primary and secondary school. However, they found that there was a reliable negative correlation between mathematics attainment and MA in their sample of secondary pupils but not in their sample of primary pupils. They concluded that whilst primary pupils experience MA, MA does not correlate with attainment until secondary school. The delay in performance deterioration may be due to cumulative weakened competency resulting from the avoidance evidenced by Maloney et al (2013). It seems likely that missed opportunities for consolidation contribute to deterioration in performance.

Considering that the full effect of MA doesn’t manifest until secondary age, and that the study school is a primary school, I did not focus on pupils directly. Beilock et al (2009) offer an avenue of exploration focused on teachers rather than pupils. They found that MA felt by female teachers predicts outcomes for female pupils to a statistically significant degree. There was no correlation at the start of the year but by the end there was a negative correlation between female pupils’ mathematics achievement and female teacher MA: when female teacher MA was high, the achievement of female pupils was lower than when female teacher MA was low. Assessment of mathematics ability was not reliant on teacher assessment, avoiding the effects of teacher expectation bias (Rosenthal & Jacobson, 1968). The trend was especially true for any girls who subscribe to the ‘boys are good at maths’ stereotype. There was no correlation between female teacher MA and male pupils’ achievement, suggesting that teachers must have taught mathematics to at least an adequate standard (otherwise boys’ performance would also deteriorate) and that it is not simply a problem of quality of teaching. 

The reasons for this correlation have been debated inconclusively. Plante et al (2010) discussed stereotype threat as a possible explanation: when female participants are reminded of the stereotype that males are better at mathematics, their performance in mathematics was impaired. They also argued that the predominance of female teachers in schools puts girls at risk of cumulative transmission. If a girl is taught by a succession of mathematics-anxious female teachers, a small effect could build up. Boys are less likely to be taught by a succession of mathematics-anxious male teachers (partly due to the low proportion of male teachers in schools and partly due to the lower incidence of reported MA in men) and so are protected from the accumulation. They also discuss same-gender role modelling whereby female teachers feeling high MA subconsciously model mathematics-anxious behaviour. The findings of Beilock et al suggest that female teacher MA is linked, whatever the mechanism, to female pupil MA. It stands to reason therefore that improving teacher MA might have a positive effect on pupil performance in mathematics.

Kirkland (2017) pointed out that there is no agreed level at which MA is considered ‘high’ because there are no agreed severity criteria on which to judge someone highly mathematics-anxious. Criteria, by necessity, depend on the population sampled and the motivation for the research. Dowker et al (2016) stated that, “Estimates of the prevalence of mathematics anxiety vary quite widely.” They synthesised a range of sources and provided a few examples of varying prevalence estimates:
11% of university students show high enough levels of MA to need counselling
Approximately 68% of students enrolled in mathematics classes experience high MA
17% of the population have high levels of MA
2–6% of secondary school pupils in England have high MA (though Dowker et al noted that this may simply indicate the use of an unusually strict criterion).
None of the examples above sample teachers. As Kirkland (2017) noted, MA research in British primary schools is sparse; I have been unable to discover the levels of MA in the UK teacher population though Stoehr (2017) provided evidence that many adults pursue teaching careers despite repeated experience of MA.

Furthermore, Kirkland (2017) noted that data is gathered using varying measures, further complicating estimates of the prevalence of MA. It is, again, by necessity that different researchers use different tools depending on their participants. Questions must be appropriate to the participant’s age, culture and level of education. While many measures employed are adaptations of the Mathematics Anxiety Rating Scale (MARS, Suinn, 1972), the great variety of adaptations means that few scales have associated normative, reliability or factor analysis data.

There is another dimension specific to teachers’ feelings about mathematics: teachers may feel competent in one area of mathematics or when working with a particular type of pupil but feel less able in other areas or with other types of learners. This is conceptualised as teacher efficacy and has been defined as both context- and subject-matter specific. It is your estimate of your own effectiveness as a teacher in a given situation and is negatively correlated with pupil attainment (Gresham, 2009). Gresham (2009) stated that teachers with high efficacy beliefs have the confidence to vary pedagogy and methods. They are happy to strive for continual improvement and try new resources. She argued that a teacher with high MA is unlikely to attempt these strategies and so rate their own effectiveness lower than teachers who experience less MA. Gresham gives reason to hope that if teacher MA can be reduced, teacher efficacy can be increased. It necessarily follows that outcomes for pupils might be improved. 

Dowker et al (2016) believed that, though the literature records much about the nature of mathematics-related attitudes, it reveals less about how attitudes can be changed or how MA may be prevented. This research aimed to explore how attitudes can be changed.

Teacher Professional Learning

High quality learning is not possible without high quality teaching (Stronge et al, 2011). Teachers may have deep understanding of mathematics pedagogy but without thorough mathematical content knowledge learning cannot be maximised (Williams, 2008). Askew et al (1997) and Rowland et al (2000) demonstrate a relationship between the quality of teacher’s mathematical content knowledge and quality of pupil learning. In a well-cited study, Ma (1999) found that teachers with profound understanding of fundamental mathematics were best equipped to teach primary mathematics; it was more important to develop a deep understanding of the level of mathematics being taught than to have knowledge of advanced mathematics. Thus professional learning opportunities must develop both teachers’ mathematical content knowledge and their understanding of pedagogy. One possible strategy for such professional learning is reflection. This research aimed to explore how a period of structured, mentored reflection supported by video, affected in-service teachers’ mathematics-related attitudes. It was hoped that MA would be reduced and teacher efficacy beliefs for teaching mathematics would be improved.

Whilst I was unable to identify more recent studies, Hendel and Davis (1978) documented the use of counselling in conjunction with mathematics classes as modestly effective in reducing female university student MA. Tooke and Lindstrom (1998) suggested that extra tuition addressing both subject content knowledge and pedagogy can be effective in reducing pre-service teacher MA. Though the former study’s participants were not teachers and neither used reflection, these studies show it is worth exploring reflection for reducing teacher MA.

It was Schon who first developed the notion of ‘the reflective practitioner’ (Jaworski & Watson, 1994). According to Jaworski and Huang (2014, p.5), “…reflective practice has come to be seen as a central plank in the development process [of a teacher’s professional growth]”. Impedovo & Cheneval-Armand (2016) agree, observing that learning to think reflectively is increasingly important for teachers. Though there is acceptance that high-quality reflection has a positive effect on teaching, the effects of reflection on MA have gone unexamined.  If reflecting improves teaching, perhaps it could also change mathematics-related attitudes, provided the increase in self-scrutiny doesn’t also lead to increased MA. 

Aubusson et al (2009) discussed common forms of teacher learning and advised caution when designing professional learning programmes. They concluded that many programmes are too passive to achieve their goals. For example, in-service training delivered to groups of listening teachers by an external expert on a topic chosen by school management may serve to reinforce practice already in place but rarely results in change. They stated, 
“Because teaching is so complex, efforts to change something so multidimensional need to be accompanied by a professional learning framework, with embedded teacher learning processes and conducive conditions” (Aubusson et al, 2009, p.20).
Effective reflection is not passive but encompasses the complex nature of teaching. The individual can take ownership of the learning by selecting the focus for reflection. The involvement of a mentor provides a conducive environment for rigorous self-examination. 

In his huge meta-analysis, John Hattie (2012) stated that almost all possible interventions will have some positive effect and that it is the role of teachers and schools to evaluate which will have the most impact for the least cost. For him, the most important thing was that teachers think critically about their practice and are empowered to make changes to enhance learning. This is supported by Hargreaves (2008) who recognised that it takes many years to become an expert in the classroom and that only those developments which authentically respect teachers’ agency, values and experience are likely to lead to long-term learner advantage. This suggests that teacher learning initiatives must not be passive, must empower teachers to think critically and must respect teachers’ agency and experience. I would add that for any professional learning to be truly active, participants must be convinced of, and enthusiastic about, its merits and commit themselves to thorough participation.

Pollard et al (2014) said teachers should be reflective, enquiring and transformative. They describe the characteristics of extended professionals as having open-minded, up to date subject and pedagogical knowledge and an understanding of teaching developed from analysing practical experience which is shared between colleagues. If we accept the argument that reflective practice is active and empowering and that it respects teachers’ professional experience and agency, then it follows that it should be promoted. 

As a note of caution, McIntosh (2010) recognised that modern education systems often require practitioners to create evidence that they reflect but rarely do these systems prepare practitioners to understand reflection or do it effectively. In his opinion, reflection by those ill-equipped is superficial and fails in its purpose, “Reflecting becomes real and works when it is understood, not when it is required as an outcome” McIntosh (2010, p. 44). Critical self-reflection does not come naturally; without sufficient preparation, it may seem that reflection has been ineffective in changing attitudes to mathematics when, in fact, true reflection had not taken place. We must be careful not to dismiss reflection as ineffective when more truly it was less than thorough.

Aubusson et al (2009) stated that, “The quality of student learning in schools is dependent on the quality of teacher learning” (Aubusson et al, 2009, p. 4). In the same year, William (2009) asserted that, “There is a four-fold difference between the best and the worst teachers in the speed of student learning created” (William, 2009, p.3). One possible method to assist teachers in effective professional learning is video-supported reflection. This approach has become widely accepted as beneficial (Gelfuso, 2016, Goldsmith & Seago, 2014, etc). Coffey described video as, “a means by which a teaching episode can be captured more permanently to be used as a point of reference for reflection” (Coffey, 2014, p.86). Video enriched the learning opportunity and encouraged participants to focus on the more profound aspects of their teaching. Her cohort reported that video was most effective when combined with written feedback from mentors. Again, there must be a note of caution when investigating MA. If being recorded elicits an increase in anxiety, it could be difficult to separate this increase from any positive effects of reflecting.

Impedovo & Cheneval-Armand (2016) agreed that video is important for enhancing skills and ‘negotiating meaning’. Teachers were able to become analysts of their own activity. Likewise, Hollingsworth & Clarke (2017) approved of video to aid analysis of practice, commenting that it supports and provokes teacher learning. Baecher et al (2014) saw video as a tool to allow teachers to examine their own teaching and focus on teacher and pupil behaviours that might otherwise go unnoticed. Tripp & Rich (2012) break down the benefits of video aided reflection still further, 
“Teachers reported that video encouraged change because it helped them: (a) focus their analysis, (b) see their teaching from a new perspective, (c) trust the feedback they received, (d) feel accountable to change their practice, (e) remember to implement changes, and (f) see their progress” (Tripp & Rich, 2012, p. 728). 
Kourieos (2016) reported that video-stimulated reflection was beneficial in forming links between theory and practice. The greatest benefit was when the use of video supported guided reflection and peer dialogue. It is unlikely that simply recording teachers will improve their teaching or reduce their MA. However, video used for dialogue and reflection with a mentor may yield gains.

The benefits of video assisted reflection do not come without cost. Many adults dislike seeing themselves on screen. McCullough (2012), for example, describes a science teacher who is initially a little apprehensive about seeing and hearing himself teach. As with the studies above, the positive effects of video assisted reflection soon outweighed the temporary discomfort and the participant was glad to have taken part.  

Prouty (2009) reported that online mentoring increased preparedness for teaching and enhanced content knowledge. He suggested that, “private, paired discussion facilitates a strong bond that links mentees, their mentors, and the classrooms in which they teach” (Prouty, 2009, p.41). I would be inclined to go further and suggest that an environment of positive professional regard is needed for sufficient trust to be established. Genuine reflection requires a degree of vulnerability; something participants will only share if they feel supported. Turner (2012) reported that beginning mathematics teachers benefit from discussion with a more knowledgeable other while reflecting on their teaching of mathematics. According to Turner, the mentor is important in helping to develop mathematical knowledge for teaching, particularly, “specialised content knowledge; knowledge that is not necessary for doing mathematics, but which is useful for teachers of mathematics to have” (Turner, 2012, p.257). In the case of MA, it is possible that the presence of a more knowledgeable other could induce an increase in anxiety if the other is seen as judgemental or threatening. It is important that the rapport discussed above is established between mentor and mentee in order to avoid this possible contaminating influence.

Holland (2018) suggested that it is not only mentees who benefit from the mentor-mentee relationship; the mentor also benefits. Hyde & Edwards (2014) agreed that mentoring is an interdependent relationship, saying that interdependence is a prerequisite for the highest levels of learning between teachers. Anderson et al (2015) conceptualise some mentor-mentee relationships as ‘near peer’ thus reducing the authority of the mentor over the mentee and opening discussion for mutual benefit. The idea of interdependence in mentored reflection may help to establish the positive professional regard needed to ensure participants’ MA is not increased. Tonna et al (2017) analysed a teacher mentor’s ability to promote high quality reflection in their students and found three requirements for successful mentoring; mentoring must be based on a developmental approach, must challenge traditional hierarchical relationships and involve a commitment to collaborative, inquiry-oriented discussion. When combined with Hyde & Edward’s (2014) concept of interdependence and mutual learning, non-hierarchical, collaborative discussion becomes constructive for both parties.

Selection of Framework

During the intervention, participants were asked to record themselves teaching mathematics and reflect on their strengths and opportunities to improve. ‘Reflection’ here refers to reflection ‘on’ practice (conducted after the act of teaching has ceased) rather than reflection ‘in’ practice (conducted while still in the act of teaching), though the latter may be recalled during the former. Participants were asked to reflect individually, noting critical incidents in the videos to discuss later with the mentor.

Feedback to teachers is often generalised and fails to include subject-specific aspects. In ‘What Makes Great Teaching’ (Coe et al, 2014), published by the Sutton Trust, they state it is beneficial to include feedback on subject content knowledge as well as pedagogy, behaviour management, etc. Coe et al (2014) state that, 
“The evidence to support the inclusion of content knowledge in a model of teaching effectiveness is strong, at least in curriculum areas such as maths, literacy and science. Different forms of content knowledge are required.” (Coe et al, 2014, p. 44)
Therefore, it follows that teachers can benefit from ensuring at least some of their reflection is subject-specific. In his seminal work, Hattie (2012) lists four examples of elements of professional learning that have a known impact on pupil achievement one of which is, “subject matter content,” (Hattie, 2012, p. 154). Strong & Baron (2004) sampled 64 conversations between mentors and beginning teachers in which just 2% of the feedback given was on subject matter. 

Thus a mathematics-specific framework was chosen to focus reflection on mathematics content knowledge. The Knowledge Quartet (KQ) (Rowland et al, 2009) analysed, “… how different kinds of primary mathematics teachers’ content-related knowledge ‘played out’ in the classroom, that is, how this knowledge was made evident” (Rowland et al, 2009, p.26). Through induction, elements were grouped into four dimensions; Foundation, Transformation, Connection, and Contingency. 
· Foundation - the teacher’s knowledge and beliefs about mathematics and pedagogy whether or not they are being put to use. This underpins the other three dimensions of the KQ.
· Transformation - the ability of the teacher to allow someone else to know what the teacher knows including selection of examples and representations. 
· Connection - coherence within teaching including sequencing learning and anticipating misconceptions. 
· Contingency - the teacher’s response to unexpected events and use of children’s responses to address misconceptions or capitalise on spontaneous observations made by pupils.

[image: Image result for knowledge quartet]
Figure 1: The 4 Dimensions of the KQ (Weston, 2017)

The KQ was written with non-specialists in mind making it ideal for use in primary schools where almost all teachers are generalists. It provides, “a process of structured reflection whereby teachers – at any stage of their career – can take control of the development of their expertise in teaching mathematics” (Rowland et al, 2009, p. xv). In order to help generalists focus on subject-specific elements, the KQ is supported by Tracey Weston’s KQ website (Weston, 2017) which illustrates the 21 codes with videos of critical incidents. 

Abdulhamid & Venkat (2014) described a follow-up case study of a primary teacher with whom they used the KQ. They noted development of the participant’s Foundation and Connection skills and anticipated future gains in her Transformation skills. They stated, “Our sense is that researchers and mathematics teacher educators can benefit from [the KQ] for researching and developing primary mathematics teaching” (Abdulhamid & Venkat, 2014, p.149). Whilst noting that this is only a single case study this paper provides grounds on which to explore the reflections of in-service teachers. 

Summary

We have seen that MA is negatively related to performance in mathematics and that girls tend to report more MA than boys.  It would also appear that there may be some mechanism whereby MA can be communicated from a female teacher to a female pupil. Since MA may not develop in full until after primary school, this research focuses on reducing teacher MA. Good quality reflection is widely accepted as beneficial to teaching so it is of interest to discover if reflection can reduce MA. In order to focus reflection on mathematics-specific elements of teaching, the KQ framework was selected. 



Chapter 3: Methodology


Research Methods

This study involved the use of questionnaires and semi-structured interview supported by a drawing task. 
It also collected audio-visual recordings and written notes. Both quantitative and qualitative methods were employed leading to a mixed methods design allowing triangulation of data. The researcher was the mentor.

Subject Position

To be as reflexive as possible (Bolton, 2014), I began by considering my subject position. I started from a constructivist ontology in which reality is the product of social processes rather than existing independently of people (Cohen et al, 2009). As Tuli (2011, p.99) puts it, “Reality is subjective, multiple and socially constructed by its participants.” This led me to an interpretivist epistemology (Denzin & Lincoln, 2011) in which all meaning in the world is constructed by people’s interpretations. Within a constructivist, interpretivist paradigm, it is logical to employ qualitative research methods, “This [approach] assumes that meaning is embedded in the participants’ experiences and that this meaning is mediated through the researcher’s own perceptions” (Tuli, 2011, p. 102). 

Dana and Yendol-Hoppey (2009) criticised qualitative approaches on the grounds that they limit the teacher’s role and voice in research. This was countered in two ways; my teacher voice as researcher/mentor will be heard clearly in the design of the research, the analysis and discussion of the data collected. In addition, this enquiry is into how teacher attitudes might be changed. For this, I must listen to, and convey to the reader, the voices of other teachers.

According to Maréchal (2010), the reflexive accounting of a group to which the researcher belongs can be considered ethnography (Maréchal, 2010). Yin (2014) points out a key difference between the case study approach and ethnographic methods: the lack of predetermined theoretical propositions in ethnography. My research question is of the ‘how’ type; I am seeking to explore the effects of a certain intervention. For these reasons, I chose to frame my enquiry as ethnography. This research could also be considered action research since it looks at the impact of an intervention. According to Basit (2010), action research is a process of self-critical enquiry focused on small-scale change to help practitioners reform their practice. This research is intended to help me reform an element of my practice; my wider role as mathematics co-ordinator.

The intervention is designed to be heuristic in approach since, like Aubusson et al (2009), my belief is that all teachers have the capacity to self-improve assuming a conducive environment. 

Pilot study

The materials and intervention cycle were piloted by non-participating colleagues in the months preceding this research. It was noted from the pilot study that participants should be reminded that the phrasing of some questionnaire items was negative and to take care to read each and answer accordingly. Otherwise, the materials remain unchanged. The practical arrangements around setting up and positioning a camera to record teaching episodes were fine-tuned.

Sample

In a previous, unpublished study (Cosgrove, 2017) I trialled a questionnaire to identify teachers who were more worried about teaching mathematics than literacy. This identified two female teachers who agreed to participate in the current study forming a small convenience sample which has the advantage of requiring only, “limited resources, time and workforce” (Etikan et al, 2016, p. 1). Such samples have drawbacks, not least of which is decreased usefulness for generalisation. Since this research does not claim to be generalisable, the advantages of this type of sample outweigh the disadvantages.

Research Schedule and Intervention

Participants attended a seminar to introduce them to the origins and concepts of the KQ. Applications of the framework were considered and its codes outlined, many accompanied by video clips and group discussion tasks. Weston’s website (2017) was promoted and an abridged paper version was provided. Following a baseline session, each participant completed two cycles of record, reflect, and discuss concluding with a summative session which repeated the measures used in the baseline session. 

Participants filmed themselves teaching a lesson introduction on two separate occasions. They used the KQ to reflect on each episode individually and selected what they considered critical incidents. They were given a simple, one-page shell table (Yin, 2014) (included as Appendix C) to facilitate recording timecodes of critical incidents. These incidents could demonstrate strengths or opportunities for improvement and were matched to KQ codes. The timecodes were used to help navigate efficiently to critical incidents during mentor reflections when they were discussed and written comments were amended or augmented. Therefore, participants were able to choose their own focus for reflection in keeping with a heuristic approach.

The short duration of the research was appropriate to its scope and helped to reduce any burden on participants but also reduced the likelihood of large measurable changes in MA. Askew et al (1997), stated as a ‘well-known fact’ that shorter professional learning interventions have less effect on teachers’ beliefs and practises than longer projects.

Quantitative Data Collection

As discussed, Ebieg et al (2015) found that it was trait MA that correlated with reduced attainment. For this reason, and because the most published scales focus on trait anxiety, this research also focused on trait MA. Participants completed online questionnaires to measure baseline MA and teaching efficacy beliefs (both general and mathematics specific). 

The MA tool (included as Appendix D) was based heavily on Suinn & Winston’s (2003) 30-item Mathematics Anxiety Rating Scale (MARS), one of many scales published since the original 98-item MARS developed by Richardson & Suinn (1972). Questions asked about anxiety while completing everyday tasks unrelated to teaching but involving mathematics, for example, “Totalling up a dinner bill in which you think you were overcharged.” Some items were excluded to reduce completion time and some adaptations were made to increase its applicability to UK participants. For example, “Figuring the sales tax on a purchase that costs more than $1.00,” is not relevant to British participants since sales tax is not applied at the point of sale. It was therefore replaced with, “Calculating how many pounds to exchange for foreign currency when going on holiday.” Items referring to events not regularly experienced by teachers were removed, for example, “Studying for a mathematics test”. Reference to Hopko et al (2003) who published a nine-item questionnaire was helpful in making changes. The resulting questionnaire included nine scaled items which were answered using a four-point Likert scale (Likert, 1932) in which the first radio button indicated no worry while the fourth indicated the respondent felt very worried. It was assumed that respondents would interpret the psychological distance between items as equal (Wakita et al, 2012). A tenth open-ended item was created asking respondents to, “Describe [their] experiences, feelings or memories from studying mathematics before you became a teacher.” In view of the findings of Wang et al (2015) and in an effort not to dilute indicators of MA, no items involving estimation were used. Seven out of nine items involved or implied calculation (for example, “Figuring out your monthly budget”). The two remaining items implied the involvement of place value skills, which underpin calculation (for example, “Reading a cash register receipt”). 

A measure of general teaching efficacy was used since it is negatively correlated with teacher efficacy (Gresham, 2009). This may facilitate triangulation of results and, though it is not necessarily implied that changes to MA will lead to changes in teacher efficacy, it presents a possibility interesting enough to explore. Renowned psychologist, Albert Bandura published a 30-item teaching efficacy questionnaire (reproduced by Ohio State University, 2017). Questions concern change, for example, “How much can you do to get the instructional materials and equipment you need?” Bandura’s scale was shortened to 15 items by removing the most general questions and retaining those most lesson-focused (included as Appendix E). For example, “How much can you express your views freely on important school matters?” was considered a general item and was removed while, “How much can you do to challenge and extend the most able learners?” was considered more lesson-focused and retained . These questions were answered using a four-point Likert scale where the first radio button indicated ‘nothing’ and the fourth button indicated ‘a great deal’. 

In addition, a scale of mathematics-specific teaching efficacy was given to participants (included as Appendix F). It was answered using radio buttons where the first indicated strong disagreement and the fourth button indicated strong agreement. Statements concerned issues such as, “I continually find better ways to teach mathematics.” Based on the 21-item Mathematics Teaching Efficacy Beliefs Instrument (adapted by Rushton et al 2016, from Enochs et al, 2000), two items were added to increase relevance to participants,
· I struggle to know how to provide challenge and extension for my most able learners.
· I am confident when answering questions from the most able learners.
These items concern areas of practice which have been the focus of recent attention within the study school.
It could be argued that by making amendments to the above scales, some reliability and validity was lost. It was felt worthwhile in order to ask participants relevant questions. These measures were repeated after the intervention to facilitate within-participant analysis.

What is not included in the baseline quantitative measures was an audit of mathematics ability. This was excluded as being inappropriate in this professional context and because it is likely to induce considerable anxiety in some participants, biasing the view of the issue that this research intends to examine.  Askew et al (1997) made a similar determination noting that asking subject knowledge questions (for example, ‘Convert 1/7 into a decimal’) put teachers of younger year groups at a disadvantage and, in some cases, set off a panic response. Ball (1990) reported that some pre-service teachers had difficulty with division and fractions. Evidently, there are some aspect of mathematics that elicit more anxiety than others (Wang et al, 2015). A direct examination of these areas might induce MA that would bias or confuse the data. The purpose of this research is not to examine ways to induce MA but to evaluate a possible method for reducing MA.

Qualitative Data Collection

A priori, it was not known what differences, if any, would be captured by the quantitative measures. In order to triangulate any changes, detect fine-grained changes not measurable by questionnaire, or explore reasons for no change, qualitative measures were also employed. This mixed methods approach is in keeping with a constructivist, interpretivist standpoint. 

Direct questions asking how participants felt about mathematics were avoided because addressing the issue head-on could evoke MA and bias results. Instead, participants completed an open-ended task drawing themselves doing mathematics to allow participants to choose how to reveal their feelings in a less threatening way. Occasional unstructured questions were asked to elicit explanations. This activity was filmed. This task was repeated at the end of the intervention during the exit interview.

Selection of the Framework

The KQ (Rowland et al, 2009) was selected for the following reasons. First, it was written specifically to aid reflection on mathematics teaching. Second, it resonates with my own ideas about teaching mathematics and I have found it effective in helping me to reflect on my own teaching (Cosgrove, 2017). The inclusion of the Foundation dimension (addressing subject content knowledge) and the Connection dimension (supporting Askew et al’s (1997) connectionist approach) are also relevant strengths'. Liston (2015) observed secondary pre-service teachers and found KQ inter-rater reliability was high and Rowland et al (2014) found it had a positive effect on their development as teacher educators. Whilst most KQ evidence was established with trainee teachers, it might also be of benefit to newly in-service teachers.

Analysis, Multiple Methods and Triangulation

Data from quantitative measures were scored numerically, taking care to ensure that negatively phrased items were reverse scored. Within-participant comparisons were made for each scale and differences were stated as percentage changes. Quantitative data were triangulated using qualitative data.
Qualitative data were reviewed in some depth. All footage was watched multiple times making much use of pause and rewind. Critical incidents were watched repeatedly, paying attention to both the teacher and the pupils. Codes were kept in easy view to encourage consideration of the whole set, rather than just those most familiar. Through critical incident analysis (Bassot, 2016), examples were identified of how a code had been positively demonstrated or represented an opportunity for improvement. Notes were made using a shell-table (Yin, 2014) (included as Appendix C) including a short description of the context, KQ-coded strengths and opportunities, and video timecode for each critical incident. The combination of my observations and participant observations created a research journal to which I could refer when analysing data. An iterative approach was taken; I adapted the shell-table to my needs as the research progressed and encouraged the participants to do the same. Reflections were not restricted to equal numbers of strengths and opportunities, though some of each were included in every reflection. We did not always attempt to consider all 21 codes; on the contrary, notes were limited to one side of A4 per reflection. I drew comparisons between my notes and participant observations taking into account discussions from the mentor reflection sessions. 

In making selections for transcription, I sought evidence for or against several themes; attitudinal changes to mathematics or to the teaching of mathematics; attitudes to reflection and to the use of the KQ framework; and attitudes to filming. Working within an interpretivist stance, and borrowing from exponents of grounded theory, particularly Corbin & Strauss (2008), I wrote memos as I reviewed the data. Using this open-ended method, I noted repeated findings. The memos formed an inductive strategy, recording preliminary interpretations and conceptualisations of the data. Bearing in mind that the KQ’s own grounded theory origins, my memo making seemed an appropriate choice of strategy.

Whilst completing this analysis, I was aware of the ethnographic quality of this research and of my role as insider researcher. I attempted to, “stand outside [myself] and [my] culture in order to critique it” (Bolton, 2014, p. 51). 

Ethical Considerations

The British Educational Research Association (BERA) recommends that, “Researchers should do everything they can to ensure that all potential participants understand, as well as they can, what is involved in a study” (BERA, 2018, p. 9). Thus, following the seminar, the research was outlined and written informed consent (included as Appendix G) was obtained from those who wished to continue. Participants were told that they could withdraw their consent, “for any reason and at any time,” (BERA, 2018, p. 9) by speaking to or emailing me. 

The pupils were not the subjects of the research; however, they took part in lessons taught by the participants and appeared incidentally in video recordings. Therefore, the research was explained to the children in an age appropriate way and assent was obtained. Informed consent from parents was obtained by letter (included as Appendix H). Children and parents were able to withdraw assent/consent at any time during the research in which case the child was excluded from recordings but not from lessons. Findings were made available on request to pupils, parents and participants at the close of the research.

All data gathering took place over six weeks on school premises. Intangible data (video, etc.) was stored in an encrypted, password-protected cloud storage system. Tangible material (written data, etc.) was stored securely. Data was protected in accordance with General Data Protection Regulation (GDPR) (Information Commissioner’s Office, 2018) and destroyed at the end of the research.

Since the bulk of the research concerned normal classroom teaching, the risks to the project were considered relatively low, mainly concerning interruptions to filming (for example, from unexpected visitors) and difficulty in timetabling reflections. 

Potential risks to participants were identified and minimised or ameliorated in several ways. Beginning teachers lead busy lives and the research could have potentially added to their workload. Preparation and delivery of lessons was part of a teacher’s usual working day and teachers were expected to, “Maintain an up-to-date understanding of their subjects/curriculum areas and related pedagogy in order to inform practice” (Welsh Government, 2011, p.9). They must also ensure that, “Areas of concern are accurately identified and examined in their own and others’ practice. Support [should be] sought and offered readily and a plan enacted to secure improved performance” (Welsh Government, 2017, p.46). Thus teachers were (at least in part) responsible for their own professional development. Consequently, participants were asked to reflect independently as part of ongoing professional development. The short duration of the research also helped to reduce any additional pressure on workload. Meeting to review and reflect on teaching was not part of a usual working day; therefore these sessions were scheduled into Planning, Preparation and Assessment/ Newly Qualified Teacher time.

All teachers in Wales were expected to, “Value the improvement of practice through reflection and taking responsibility for continuing professional development,” (Welsh Government, 2011, p.8) though it is possible that beginning teachers could potentially feel exposed and unduly scrutinised during this research. In order to minimise this, participants were asked to use a static camera, obviating the need for a camera operator. Participants could discard a recording (without declaring its existence) if they did not want it considered. Additionally, participants were asked to reflect individually to identify the critical incidents to be discussed. In this way, the participant was empowered to focus their own reflection. It was considered that these measures would reduce the potential for any unwelcome scrutiny to an acceptable degree.

Whilst there was a risk that the intervention would not improve participants’ attitudes, it was not thought likely that it would worsen their teaching, except in the special case that reflecting in more detail than usual could lead to an increase in MA. Baseline measures focusing on attitudes to and experiences of mathematics could reactivate old negative feelings and contribute to increased anxiety. Video reflections revealing gaps in knowledge or pedagogy could also contribute to worsening anxiety. These factors were minimised by ensuring confidentiality and by establishing positive professional regard with the mentor. BERA terms this an ‘ethic of respect’ (BERA, 2011, p.5). The period of data gathering was sufficiently long that the research should not have felt overly intensive and such that each participant would have time to address their chosen opportunities for improvement between recordings. Each individual selected their own focus within the framework, meaning that should an element cause distress or anxiety, the participant could  choose to address it directly with the mentor, or focus on some other, less worrisome element. In short, the intervention was not something that was done to the participants but something which they did for themselves. Overall it was felt that the benefits offered by the research outweighed the small risk that MA could increase.

Bridges (2009) suggests six ethical considerations, one of which is of particular relevance. He advises, “Caution [should be exercised] about importing external frameworks of understanding which might be oppressive rather than emancipator [sic]” (Bridges 2009, p. 120). Whilst the KQ was selected by me and was therefore imported, the KQ was designed so that the professional can have a voice and select own focus. Used in this way, it was thought that the KQ would be more emancipatory than oppressive. 

With certain exceptions (Egbert et al, 2009, Joubert, 2014, Kukliansky et al, 2016), teachers often seem to be excluded from designing and reporting research or are written about rather than constructing the research. As Joubert states, 
“There is some criticism in the mathematics education professional development literature that the majority of studies are designed and run by teacher educators and … that the voice of the teacher is not well represented” (Joubert & Larson, 2017, p.1). 
The current research goes some way to redress this balance: it was designed and implemented by a classroom teacher working with other classroom teachers. It directly reports the words, attitudes and opinions of classroom teachers to the potential benefit of other classroom teachers and their pupils. 

The risks to the researcher were considered to be relatively minor; the potential for loss of reputation or breakdown of relationships was recognised but not thought likely. Due to the dual nature of the insider researcher role, careful consideration of power relationships was needed. My role within the school and the city arguably endow me with some authority and these factors could contribute to participants feeling pressured to participate or respond in a certain way or feel reluctant to withdraw. On the other hand, my role gave me the opportunity to deepen my thinking about primary mathematics, from which participants would stand to benefit. 

Hanson said that an insider researcher who can, “participate, observe and blend into situations is less likely to alter the research setting and more likely to win the trust of respondents” (Hanson, 2013, p.4). She argued that insider researchers understand the setting and the participants better than an outsider leading to a greater intensity and a, “greater veracity of findings” (Hanson, 2013, p.4). Likewise, Humphrey (2012) argued that, “insider research can excavate rich data from the deep strata of our consciousness and communities,” (Humphrey, 2012, p.11) but that such researchers must be cognisant of the possible complications. My role allowed me a greater understanding of participants and their contexts than an outsider. Mercer (2007) discussed informant bias and noted that participants’ responses are determined by their perception of the interviewer though that it is difficult to establish whether it is the insider or the outsider who is most affected by this. 

Holian & Coghlan (2012) pointed out that,
“When insiders augment their normal organisational membership roles with the research enterprise, they are likely to encounter role conflict and find themselves caught between loyalty tugs, behavioural claims and identification dilemmas” (Holian & Coghlan, 2012, p.401). 
In reviewing recordings, I sometimes noticed flaws or gaps in knowledge. In contrast to Holian & Coghlan’s concerns, my research/mentor role and mathematics co-ordinator role complimented each other. The mentor role gave me an avenue through which to improve the teaching of mathematics in the school.

Conduct of the Research

Many initiatives may be in place in schools at any given time. The most difficult aspects of the research were scheduling issues. Unexpected events sometimes prevented lesson recordings and protecting time for participant and mentor to meet was not straight forward. Postponed meetings were always rescheduled. Finally, uploading video using cloud storage was problematic when the wifi internet connection was in demand. Patience was required.

It should be noted that teachers at the study school were not used to participating in academic research, increasing the risk that any improvements could be due to the Hawthorne Effect: Researchers (for example Cook, 1968) have long borrowed from a famous study on work psychology which found positive effects on productivity whatever change the researchers implemented, even when the change was clearly detrimental to productivity. The participants felt that there ‘should’ be some improvement so they ensured that there was improvement regardless of conditions. In combination with possible informant bias, the current participants could have felt (consciously or unconsciously) that they must report improvements. This could have led to improvements being reported inaccurately. The mixed methods design and triangulation of quantitative and qualitative data may have helped to some degree to reveal this if it occurred.


Chapter 4: Findings & Analysis


The sample of two beginning teachers came from one primary school in South Wales, UK. Participant 1 was teaching in Year 5 (9 and 10 year olds) while Participant 2 was teaching in Year 2 (6 and 7 year olds). Each participant recorded their teaching of a lesson introduction on two separate occasions. Each participant undertook two individual reflections using the video stimulus, noting critical incidents against the framework. Each participant was involved in two, half-hour mentored reflection sessions in which the critical incidents were viewed and reflections were discussed. These mentored reflections were filmed. Each participant took part in a baseline and exit session both of which were filmed.

Knowledge Quartet Usage

All observations were coded according to the KQ. Tables 1-3 (Appendix I) show the distribution of strengths and opportunities across the four sections of the KQ.

There are 20 codes in the Knowledge Quartet (Rowland et al, 2014). Tables 1-3 (Appendix I) show that the teachers referenced 14 of them while reflecting. The teachers made 26 comments: 14 strengths (54%) and 12 opportunities (46%). UT (Use of Mathematical Terminology) was referenced most often (23%), four times as a strength and twice as an opportunity. The second most referenced (12%) was UIM (Use of Instructional Materials), used twice as a strength and once as an opportunity.

Participant 1 noted 7 strengths and 8 opportunities compared with 7 strengths and 4 opportunities for Participant 2. Participant 1 used codes from the Foundation dimension most often while Participant 2 spread her reflections more evenly across all four dimensions.

Table 4 (Appendix I) shows that, of the 20 codes, the mentor referenced 18. The mentor made 40 comments: 24 strengths (60%) and 16 opportunities (40%). UT (Use of Mathematical Terminology) was referenced most often (20%); four times as a strength and four times as an opportunity. Three codes were jointly used second most often (10% each); AP (Awareness of Purpose), MCC (Making Connections between Concepts), and SC (Anticipation of Complexity). They were used more often for strengths than for opportunities.

One code, Concentration on Procedures (COP) was not used by teachers or mentor. This does not imply anything other than it was not relevant to the four lessons participants chose.

Table 5 (Appendix I) shows the variety of codes used by participants compared with the mentor. As well as using a greater number of codes (the mentor used 18 codes while teachers used 14), the mentor also made more observations in total. This may be a result of the mentor’s greater subject or pedagogical knowledge or a result of greater familiarity with or understanding of the KQ framework. Whilst a seminar and handbook were provided, there is no substitute for experience in using a tool such as the KQ. It is likely that this research was of such short duration that participants did not have time to become fully familiar with the framework. In a longer project, participants may have the chance to use a greater variety of codes and come to a deeper understanding of them especially given Askew et al’s (1997) statement about the relationship between length of intervention and the size of the impact.
Both teachers and mentor commented on strengths more often than opportunities, considerably more often in the case of the mentor. Whilst I have been unable to find published research looking at frequency of strengths or opportunities in reflections, it goes some way toward indicating that the positive professional regard indicated as desirable by Prouty (2009) was established.

Mentor opportunity comments were lengthier than teacher opportunity comments. This appears to be because teachers were reminding themselves to apply something they already knew while the mentor often needed to explain a concept as well as apply it. For example, a teacher opportunity comment read, “Leading children’s responses rather than waiting for child to elaborate on answer. Lack of pupil talk.” The teacher appears to already understand the idea of leading a child’s responses and the importance of allowing learners to fully explain their thoughts and was attempting to remind herself of the issue in future.  Extract 1 (Appendix J) records the much lengthier mentor comment from the same lesson. It was necessary for the mentor to explain a point of content knowledge, clarifying the (understandable) confusion over UK/US definitions as well as relate it to the lesson. Even if the child was given longer to explain themselves, it remains unclear whether the teacher’s knowledge was sufficient to address the possible misconception. Though they do not analyse length of comment, a cursory examination of transcribed exchanges published in Strong & Baron (2004) appear to show a similar pattern, with mentor comments being generally lengthier than teacher comments. 

In both teachers’ (combined) and mentor’s reflections, the Foundation dimension of the KQ was referenced most often. This section was prominent in both strength and opportunity comments. This was caused, mainly, by reference to Use of Terminology. As the Graph of Code Use (Appendix I) shows, Use of Terminology was referenced most often by both participants and mentor. This finding may be a result of the study school’s focus on vocabulary at the time of the research. Alternatively, it may indicate the centrality of the Foundation dimension so named to indicate its role in supporting and informing the other three dimensions. It is difficult to imagine a teacher with well-developed Transformation, Connection and Contingency practice who does not also have a well-developed understanding of the Foundation dimension. 
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Figure 2: Word Cloud representing the most used words in teachers’ reflection notes
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Figure 3: Word Cloud representing the most used words in mentor’s reflection notes

Examination of the word clouds (figures 2 & 3 above) indicates that the KQ was successful in focusing both mentor and participants on mathematics-specific elements of teaching, as recommended by Coe et al (2014). More general factors involved in teaching (for example, behaviour management, pace, teacher volume) were almost entirely absent while subject-specific vocabulary (number, trapezium, digit, equal, odd, etc) and pedagogy (purpose, responses, example, modelled, etc) were abundant. This appears to be in stark contrast to the findings of Strong & Baron (2004). Hattie (2012) stated that when professional learning includes consideration of subject matter there is a known and positive impact on pupil achievement. These word clouds are a good indication that, while this research didn’t aim to measure impact on pupils, there may have been some benefit to pupils.

Reflections

Working within an interpretivist stance, and borrowing from exponents of grounded theory, particularly Corbin & Strauss (2008), I wrote memos as I reviewed various forms of data. This open-ended method allowed me to respond to ideas and observations as they arose. I noted repeated findings. The memos formed an inductive strategy, recording preliminary interpretations and conceptualisations of the data. In making selections for transcription, I focused on a few predetermined themes; attitudinal changes to mathematics, participant views on the framework, on the experience of being mentored and on filming themselves teaching. I let other themes emerge by looking for common features or repeated findings; incidents of contingency, incidents of missed opportunities to reflect resulting from a lack of knowledge (not knowing that you don’t know), and use of KQ codes. 

It was important to represent teachers’ voices accurately and fully. However, it was impossible to be entirely objective. Despite my attempts to, “stand outside [my] culture in order to critique it” (Bolton, 2016, p. 51), inevitably something of my own perspective was entangled with participants’. Like Gelfuso (2016), not only do I teach at the study school but I was also mentor and so my own voice has inevitably become intertwined with theirs. 

KQ Codes

On occasion, participants and mentor identified the same critical incident but used a different KQ code to record it (Extract 2, Appendix J). It could be argued that this illustrates a lack of understanding of the framework. This ambiguity may have resulted from insufficient training and familiarity with the codes. If this research focused on the validity of the framework this might be significant. However, the KQ’s role here was to focus reflections on mathematics-specific elements of teaching. In this sense, the framework achieved its purpose. Moreover, the uncertainty regarding code selection promoted a more profound dialogue. The example in Extract 3 (Appendix J), shows that using two codes for the same incident developed a deeper conversation that unpicked how children’s use of terminology allows them to explain why certain choices are better than others and to demonstrate that they are aware of the need for both accuracy and efficiency when calculating. Teaching is a rich and complex activity. A single incident can be analysed from several perspectives. The variance in code selection does not imply one is right and the other wrong. Rowland et al (2009) acknowledged this stating, “We appreciate that these categories are all fuzzy at the edges” (Rowland et al, 2009, p.12). 

Rowland et al (2009) gave an example that they categorised as Choice of Representation (CUR): ‘Linda’ used a kangaroo to add ten on a hundred square that began with the number one in the top left corner, so to add ten the kangaroo moved down one row. Moving down to add could be seen as misleading since adding a positive number results in an increase, more usually thought of as up. They coded this incident CUR but it also characterises Use of Terminology; ‘down’, ‘add’, ‘increase’ etc. In both Linda’s incident and Participant 1’s incident, multiple codes are arguably equally appropriate. In both cases, the framework encapsulated at least some of the complexity of teaching and allowed space for participants to select their own perspective for reflection. 

Participant 1’s comments regarding the effectiveness and efficiency of algorithms, echoes Askew et al’s (1997) conceptualisation of a connectionist approach. Within this approach, part of what makes a pupil numerate is the ability to choose from a range of calculation strategies as appropriate to the numbers in the calculation. According to Askew et al (1997), Participant 1 is demonstrating a feature of highly effective teaching, despite her high MA. This supports my interpretation of Beilock et al’s (2009) finding in which I suggested that even highly anxious female teachers were teaching maths well for at least some of the time.

Participant 2’s understanding of the codes is less clear: in Extract 4 (Appendix J), two possible codes for a single incident are discussed, one suggested by the mentor and one by the participant. It is uncertain whether Participant 2 preferred to frame the incident from the perspective of Anticipation of Complexity (SC), or failed to see the relevance of Making Connections between Procedures. It remains unclear whether Participant 2 saw the connection pupils need to make between the quantity of coins (the cardinality), the value they each have and the effect on the overall value as opposed to the overall cardinality of coins. This participant noted that she found some codes difficult to understand and this may be a case in point. Notwithstanding the reasons for the ambiguity, it was the ambiguity which led to a deeper conversation. Participant 2 settled on an SC perspective when she realised that she had not grasped the inherent complexity until the joint reflection. Had Participant 2 been more familiar with the codes and their exemplars, she may have had further revelation from the critical incident. 

Rowland et al (2009) use SC for a similar incident with a teacher called ‘Colin’. He had just congratulated a reception child for showing one to one correspondence in counting toy elephants, each elephant having been touched once. He moves on to a task in which children must consider various ways to pay 5p for a toy dog. He places two large 2ps and one large 1p on the board making three coins with a value of five pence. He models counting, this time for value rather than for cardinality, by touching to each 2p twice and the 1p once. With no further comment, he expects the children to be able to total the value of a range of low value coins. Like Participant 2, Colin’s critical incident involved SC within the skills needed for counting but could also be coded Making Connections between Concepts; the connection between counting for cardinality and for value.

In discussions, Participant 2 tended to focus on opportunities more naturally than on strengths which affected the nature of the mentored reflections. The question in Extract 4, “Should I have made it easier to start?” indicates a level of self-doubt and seeking of reassurance. This is supported by her comments in interviews about anxiety and wanting someone more experienced to advise her. Turner (2008) recommended the involvement of a ‘more knowledgeable other’. In Methodology, it was noted that this could potentially induce anxiety if the mentor was seen as authoritarian. This does not seem to have happened, on the contrary Participant 2’s reflection was deepened and anxiety was reduced due to the mentor.

Not Knowing That You Don’t Know

Earlier, I stated my belief that all teachers can self-improve given conducive circumstances.  It was therefore anticipated that individual reflection would trigger self-checking prior to mentor reflections. Extract 5 (Appendix J) calls into question whether this happened. It may be that the participant self-checked but did not feel confident in the outcome or it may be that they waited until the joint reflection to check their understanding. Again, this participant welcomes direct advice from a more experienced practitioner in support of Turner (2008).

The contingency incident mentioned in Extract 6 (Appendix J) suggests that Participant 1 also valued direct advice on content knowledge. Participant 1 is not alone in her reticence regarding areas in which she is aware that her knowledge is insufficient. Maloney et al (2013) stated that MA leads to avoidance and it follows that the most anxiety-inducing areas are the areas that would be most avoided. Rowland et al (2009) gave a Contingency incident involving ‘Jason’ (Extract 7, Appendix J). Jason’s own knowledge appeared insufficient either to know if they were true quarters or to explain it to the class and so the matter is (perhaps unintentionally) allowed to be forgotten. Deviation from Agenda is a complex decision-making skill and sometimes it is right to maintain the intended focus to correctly sequence learning. However Jason’s lack of subject knowledge limited his range of options. 

These episodes highlight the importance of the mentor. Participant 1’s flawed understanding of Order of Operations may never have been discovered or resolved without the involvement of the mentor. Jason needed a mentor to help him prove that the unexpected response did represent true quarters. Reflecting alone may yield some improvements but reflecting jointly offers greater gains.

A further problem with reflection in isolation was characterised by Participant 1 when she remarked that she would always check content knowledge, “if I knew I needed to but things like trapezium/trapezoid, I wouldn’t have known I needed to look up if we hadn’t had that discussion”. This gap in subject content knowledge would not have been detected in individual reflection. In other contexts this participant is a self-improving teacher, yet an individual can only self-improve once they become aware of an issue. Access to a mentor, allows greater gain from reflection compared with reflecting alone.

One of Participant 2’s recordings included testing for parity (whether an integer is even, Extract 8, Appendix J). The participant did not select this incident as a focus for reflection and, in this case, the time allowed for mentored reflection did not allow the mentor to raise the subject for consideration. The brevity of this research highlights a tension frequently experienced by teaching profession: time pressures sometimes hinder self-improvement. This is further support of Askew et al’s (1997), position that longer interventions result in greater change. 

Incidents of Contingency

Despite the finding that Foundation aspects of the KQ were commented upon most frequently, Participant 1 seemed to especially value discussion of Contingency. She stated that she felt anxious about responses from a particularly able child but was able to select such an incident as a focus for reflection (Extract 9, Appendix J). There was a feeling of relief because the participant exceeded her expectations of herself in being able to Deviate from Agenda and respond to the pupil appropriately and helpfully. Reflection provided an opportunity to consolidate the experience in her mind. Discussing it with a mentor further enhanced the benefits of reflection and her ability to deal with future moments of Contingency. She commented, “[Our discussion of the incident] made me feel that actually I do know what I’m doing.”

It could be that the relief felt by Participant 1 and her valuing of Contingency discussion indicate that well-developed Contingency skills represent a sort of pinnacle of professional development in the teaching of mathematics. Arguments could be made for any one of the dimensions being the most important but it seems to me that Contingency skills are at the top in terms of hierarchical development. Figure 1 showed that Contingency is the only dimension which draws on all of the others, suggesting that without well-developed Foundation, Transformation and Connection skills, it is impossible to have a well-developed ability in Contingency. Thus it is understandable that confirmation of a strength in Contingency should feel like a great achievement, especially for someone with high levels of MA such as Participant 1. This idea is supported by Abdulhamid & Venkat (2014) who found that their participant showed improvements in Foundation and Connection before Transformation or Contingency.

Exit Interviews 

During the exit sessions, semi-structured interviews were conducted to elicit participants’ views on filming their teaching, on the mentoring experience and on the KQ framework.

Views on Filming

Participants expressed mixed views about filming and watching themselves teach. In a similar way to McCullough (2012), they described initial apprehension as to what they would see but were also able to identify benefits to the process once the initial discomfort was overcome. As with McCullough’s participants, the current teachers were glad to have the opportunity to view themselves from the point of view of their class.

During a mentored reflection, Participant 1 observed, “If I had rephrased the question [there would have been] greater clarity. That’s the beauty of videoing your lessons. It makes you more aware of things you are saying”. The same participant noted that viewing the video helped powerfully consolidate a Connections between Concepts incident (Extract 10, Appendix J). Likewise Participant 2 states that viewing the video has helped her become more self-aware (Extract 11, Appendix J). It seemed that the benefits of the process did not come without some personal cost; Participant 1 described being uncomfortable with the process before it began but feeling encouraged following both individual and joint reflections (Extract 12, Appendix J).

Views on Mentoring

As already noted, insider research is prone to informant bias (Mercer, 2007). The participants knew the researcher (and in this case, mentor) before the research began and knew that the relationship would continue after the conclusion of the research. This may have benefitted the research as a result of pre-existing trust between researcher and participants making participants more open and honest. Conversely, participants may have felt the need to give the answer they thought was expected for the sake of the ongoing working relationship. It is impossible to know which influence was greater but it is especially important to consider this bias now since the interview question essentially asks, ‘Did you enjoy working with me?’

Both participants expressed positive feelings about having collaborated with a mentor, with Participant 2 being unreservedly positive, saying, “I got ideas from you and I felt like, ‘Oh actually, I could do that’.” Participant 1 is more mixed in her view of the mentoring aspect of the research (Extract 13, Appendix J) but on balance she seems to be in favour of mentoring (Extract 14, Appendix J). Her observations that video alone is useful but that written comments against a framework increase the value which is then increased further by the involvement of a mentor support the efficacy of the intervention. Her comments are to be expected given the findings of Impedovo & Cheneval-Armand (2016) who state that video makes you a better self-analyst; Coe et al (2014) who support subject-specificity in feedback; and Coffey (2014) who is in favour of maximising the gains of reflection by the involvement of a mentor.  Again, these observations may have been made artificially positive by the effect of insider research and so should be considered cautiously.

Views on the Framework

Both participants felt that the quantity of codes in the KQ made the framework harder to get to know (Extract 15, Appendix J). When asked how she found using the KQ, Participant 2’s answers included it being overly wordy and using ‘posh words’ just to ‘sound clever’. SC (Anticipation of Complexity), OSK (Overt Display of Subject Knowledge) and RCA (Recognition of Conceptual Appropriateness) were cited as difficult to understand. She stated that more training would have been helpful but when asked if she has used the handbook or website she said, “Yes, I looked at it the first time. And again, it’s a time thing”. This may be the crux of it all; that it is only with time that all 20 codes can be appreciated and understood. This brings us back, once again, to what Askew et al (1997) claim is a ‘well known fact’; longer professional development interventions yield greater gains. 

Quantitative Changes

Questionnaire responses for both participants indicated changes in their attitudes (Table 6, Appendix I). Reported MA decreased for both teachers. The reduction in MA was greater for Participant 1 who had the higher MA at the beginning. Teaching efficacy, both general and for teaching mathematics, increased for both participants though for Participant 2 improvements were negligible.

There is no normative data with which to compare these scores so it is not possible to judge the significance of the changes noted here, statistically or otherwise; nor is it known whether these changes will persist over time. These scales have no test-retest reliability data and have not been factor analysed. Therefore, it is important to consider them in the light of qualitative findings in order to provide context to these changes and attempt to triangulate the findings.

As Kirkland (2017) and Dowker et al (2016) commented, MA research in Britain is sparse and we have no stable estimates of MA prevalence against which to compare the current quantitative findings. However, when triangulated against the qualitative data, the quantitative data indicate both participants experienced and continue to experience considerable levels of MA. This supports Stoehr’s (2017) assertion that people with high MA pursue teaching careers despite their MA.

These data may also support Gresham’s (2009) correlation between teacher MA and teacher efficacy. She suggested that if MA can be reduced, teacher efficacy can be increased and that is indeed what appears to have happened with the current participants, if to a modest extent.

Foley et al (2017) reported that a one point increase on the PISA MA index corresponded with a 29 point decrease in mathematics score. Whilst there is no way to judge how significant the current participants’ 6 point and 2 point MA decreases are in terms of mathematics performance, the changes should not be dismissed as inconsequential simply on the basis of being low single digits.

Qualitative changes

Participant 1
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Figure 4: P1’s Drawings Before (left) and After (right) the Intervention

Participant 1 described her experience with mathematics as somewhat stressful. Her drawing of herself doing mathematics showed a worried person with a haze of question marks around the face. The figure was sitting at a desk with pencil, paper and a calculator. The first annotation read, “Help! I need to write it down.” She went on to relate instances of stress during primary school (Extract 16, Appendix J). She also talked about secondary mathematics concepts that seemed pointless and detached from the real world, “There are still aspects of maths at secondary level that I have no idea why I was taught them, what context they were for”. Even in a more relaxed setting, at home with family, Participant 1 recounted tension related to aspects of mathematics (Extract 17, Appendix J). These extracts appear to lend some support to Harper & Daane’s (1998) list of MA triggers, notably the stressful influence of taking of timed tests and vagueness that comes from a lack of application to the real world. It may also relate to Gunderson et al’s (2012) comments that even when girls perform well it may not be their best because of interference by MA. Participant 1’s comment that her ‘shutters have already gone down’ may imply that she is aware that she is being prevented from doing her best.

While there were elements of mathematics that she liked or loved (data handling, shape, column addition or subtraction) other elements elicit more negative feelings. She said, “I hate long division, absolutely with a passion. It really frightens me.”  And, “I quite like problem solving but it scares me at the same time.” Participant 1 is not alone; these comments are in line with expectations given Ball’s (1990) data concerning teachers struggling with division and Wang et al’s (2015) findings that calculations are more affected by MA than other types of mathematical tasks.
Since beginning to teach, she reported transformation in certain areas of her maths-related feelings (Extract 18, Appendix J). During the exit interview, Participant 1’s drawing of herself doing mathematics was notably different. She drew a large hand with its thumb up and a smiling face. She added examples of decimals, fractions and shapes, exemplifying topics that were discussed in mentored reflections (Extract 19, Appendix J). After recounting the discussed Contingency incident, she said, “I am better at maths than I think I am. I don’t give myself enough credit,” and went on to recall the baseline drawing (Extract 20, Appendix J). Likewise, she described surprise and relief regarding what she saw on video (Extract 21, Appendix J). Towards the end of the interview she added, “I’ve taken a lot away from it in a very positive way. I don’t think I’ve felt like that about maths for a long time. I found it really enjoyable and I didn’t think I would.”

These qualitative findings support the quantitative findings above. Participant 1’s MA score was reduced by over a third. Her interview responses describe feelings of high anxiety, giving historical reasons for it. Her later answers describe a decrease in anxiety. Her questionnaire scores show an increase in both teaching efficacy for mathematics and for teaching in general. This is triangulated by, among others, her comments about being happier to respond to unexpected pupil contributions and being formally observed. As noted already, it is not known for how long the improvement in MA would persist though the triangulation between data is encouraging. As stated earlier, Gresham (2009) gave reason to think that lowering MA might have a positive effect on teacher efficacy which seems to be supported by Participant 1’s data. 

Participant 2
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Figure 5: P2’s Drawings Before (left) and After (right) the Intervention

Like Participant 1, Participant 2 also described historic anxious feelings about mathematics (Extract 22, Appendix J). The baseline drawing created by Participant 2 shows an individual sitting at a desk and the annotation, “I’m feeling worried that the answer is not quite right. Sometimes I feel that I do not quite know the best or correct method to answer a problem”. She recalled working in a shop and needing to quickly calculate 17% for discounts. Despite developing an efficient method with which she was confident and was able to explain (based on finding 10% and multiples of 1%), she stated that it’s a ‘silly way’ and said, “In my head, that’s not the right way to do it.” Further description of anxious experiences of mathematics can be found in Extract 23 (Appendix J). Participant 2 could be considered to have pursued a career in teaching despite her feelings of MA, not an uncommon occurrence according to Stoehr (2017). In this case, it would seem that time spent as a teaching assistant mediated the MA to a degree though the use of the present tense in, “if someone asks me a question, I panic,” indicates some MA remains.
When questioned about how the worry could be reduced, she describes seeking the support of a more knowledgeable other (Extract 24, Appendix J) in support of Turner (2008). She also recounted instances when she had asked a year group colleague for advice and then felt little worry about teaching. Similarly, when following specific guidance in a teacher manual, she experienced less anxiety.

There was a marked difference between Participant 2’s drawing before the intervention compared with after. In the before drawing, the participant was alone while in the after drawing a class of children were present. In the after drawing, the participant was speaking unlike the before drawing in which the participant was silent. There was a noticeable difference in tone and body language across the two iterations once she began to narrate the drawings (Extract 25, Appendix J) which supports her reduction in reported MA. However, the experience of mentoring Participant 2 was different from Participant 1 who was more positive. Despite written notes including more strengths than opportunities, verbally Participant 2 was more inclined to wait to have the strengths pointed out rather than suggest them herself. She stated plainly that her feelings about mathematics haven’t changed. Regarding MA, qualitative and quantitative data do not support each other. It is possible that a longer research project, and thus more mentoring, would have had a greater, more effectively measured, effect for Participant 2. This is not unexpected given Askew et al’s (1997) position regarding long term initiatives.

Questionnaire answers show only very slight increases in either type of teaching efficacy. However, interview responses state that she feels considerably better and more confident about her teaching of mathematics. It could be that the intervention did have had an impact on Participant 2’s efficacy though it seems not to have been captured by questionnaire. Again, a longer period of intervention may clarify the changes to Participant 2’s attitudes.
There are many factors which must be considered in assessing the reliability of the results. For example, close, detailed collaboration on teaching is not often available to teachers and so there may be some influence of novelty akin to the Hawthorne Effect (Cook, 1968) in operation. If participants felt that there should be an improvement in their attitudes they may have (consciously or unconsciously) ensured that they reported an improvement regardless of the true impact of the intervention. Additionally, positive feelings about involvement in the research, about protected time to reflect or about support from the mentor may have led to more positive feelings about mathematics simply by association with an enjoyable activity rather than because attitudes to mathematics were actually altered. Triangulation of quantitative and qualitative data contributes to unpicking the true impact of the intervention though the full extent of these distracting effects may never be fully known. Regardless, it is unlikely that false positive findings would persist for any considerable length of time. Therefore, a longer study may be able to assess whether the changes recorded here were real.


Chapter 5: Conclusions and Recommendations


Evaluation of Aims 

This research aimed to explore structured, mentored reflection on teacher attitudes to mathematics. Structured, mentored reflection appears to have improved attitudes, decreased MA and increased teacher efficacy for mathematics for the two teachers who took part, though assessing to what degree they were changed is problematic. The involvement of only two participants precludes any generalising of results. A similar intervention may improve attitudes for other participants but we cannot be sure that it would. The apparent effect of the intervention may be due to unmeasurable factors such as informant bias or due to unidentified concurrent events.
The use of the KQ was intended to focus reflections on mathematics-specific elements of teaching and it appears that it served this purpose well. It may be that the framework provoked reflections that were more subject-specific without a framework. Alternatively, it may be the influence of the mentor which created this focus; participants may have interpreted some codes in a more generalist way. For example, Theoretical Underpinning of Pedagogy (TUP) and Responding to Students' Ideas (RSI); teachers respond to pupils in all areas of learning and all lessons have theory underpinning appropriate pedagogy. What is certain is that the combination of mentor and framework successfully focused attention onto mathematics-specific elements of teaching for the two current participants.

Recommendations & Suggestions for Further Research

The findings indicate further exploring interventions to reduce MA in teachers is worthwhile. The literature indicates that MA exerts sufficient influence on attainment in mathematics and that its reduction would be of benefit to the education sector and society more widely. 

The research could have been made more rigorous. Through the involvement of a greater number of participants, the effects on MA could be examined more thoroughly. A larger more varied sample of teachers would give a more reliable indication of any anxiety-reducing effect. With the involvement of more mentors, it may become possible to judge the stability of the combined influence of framework and mentor in focusing reflection. The variety of educational contexts would necessarily be increased aiding a determination of the applicability of the intervention. 
Larger scale research looking at the effect of the intervention on teacher MA might facilitate the determination of effect size which would be of benefit in catching the attention of the education profession. Hattie (2012) made the argument that interventions which are worth time and attention are those with an effect size of 0.4 or greater. His benchmark came from a sample of interventions impacting pupil learning, from which 0.4 was the mean average effect size. A comparable meta-analysis for teacher learning is not available but Hattie’s benchmark could be used as an approximate indicator of worth. 

If the duration of the research could be extended, for example in a phased approach, the likely benefits to participants would be increased (Askew et al, 1997). In phase one (one academic year) participants might meet their mentor for joint reflection two or three times per term. In phase two, participant and mentor might meet only once per term but the teacher might reflect independently at other times. Phase three might include only independent reflection now that the cognitive process of reflecting with a mentor would have become introjected such that the participant would now ask themselves the questions that the mentor would have asked. If data regarding MA and teacher efficacy were collected at intervals throughout, an indication of the stability of any change in attitudes would become possible.

It would be helpful to know the prevalence of MA in the UK though estimating it would not be straightforward. The establishment of a UK-applicable measure of MA and normative data for pupils and for teachers would enable agreement of a level at which MA should be considered ‘high’. Then estimates of prevalence could be determined. Reliable and consistent estimates of prevalence are more likely to attract political attention which would help the education profession to improve the situation. 

It would also be of interest to explore the characteristics of MA in educational settings in the UK: for example, whether Beilock et al’s (2009) correlation between female teacher MA and female pupil MA is replicable here. If it is, there is even more need to address MA in the teacher population.
Greater recognition of MA in primary education may be beneficial. Detecting high MA in pre-service teachers and prospective pre-service teachers might help to reduce the prevalence of MA in the teacher population, especially if a method of alleviating the negative effect of MA can be established. Persuading individuals to reveal their anxiety may be difficult and would need to be attempted in an environment of support and trust. Offering effective ways to reduce MA may entice some individuals to engage with the issue.

Finally, it seems that research on mentoring and reflection is mostly conducted with pre-service teachers, presumably due to convenience. The paucity of research with in-service teachers means that the effectiveness of mentoring and reflection is more difficult to ascertain. While recruiting teachers can be time-consuming, more research into the potential impact would possibly open a more constructivist and empowering approach to professional learning as espoused by Aubusson et al (2009) and Hargreaves (2008).

Professional & Personal Development 

In support of Holland (2018), I found that I benefitted from my involvement as mentor. Just as teaching a class about fractions, deepens my own understanding of fractions so discussion with mentees consolidated my understanding of quadrilaterals and Order of Operations. Likewise, opportunities to discuss Anticipation of Complexity, Use of Terminology and Responding to Students’ Ideas helped me to develop and extend my thoughts about the KQ. I feel that continued mentoring will bring continued benefits.

In previous research (Cosgrove, 2018), I used the KQ to reflect upon my own teaching but did not reflect with a colleague. Anderson et al’s (2015) idea of ‘near peer’ mentoring and Hyde & Edward’s (2014) conceptualisation of interdependence within mentoring are appealing. I would embrace the opportunity to collaborate to reflect interdependently.

Goodwin & Slotnik (2019) discussed a range of sources examining teacher improvement over time, in particular Bloom (1985) who looked at those who had become experts in their field across a variety of disciplines. They debunk the myth that teachers improve during the first few years of their career and then plateau. They show that more sophisticated and longitudinal studies provide evidence that many teachers continue to improve throughout their career. They go on to synthesise characteristics of systems which encourage continued development. According to them, education professional development systems must; ensure that new teachers have a passion for teaching; provide new teachers with mentors; develop the expertise of more experienced teachers through reflection and peer coaching and create opportunities for teachers to participate in self-directed learning. If I can contribute towards the first two objectives through continued mentoring and benefit from the second pair of objectives through near peer mentoring then there is every reason to think that I will avoid the mythical performance plateau and continue to develop my teaching practice.

During this research I have seen first-hand two examples of teachers who want to improve their practice. If an atmosphere of trust is established and the mentee believes that the mentor is truly there to help, then even quite direct input is often welcomed, especially by mathematics anxious teachers. I have learned that this is especially true in the situation of ‘not knowing that you don’t know’. Believing that these two participants are representative of a significant proportion of the teaching profession, especially those at the start of their career, will inform my future mentoring.

In conducting and analysing this research, I have become more convinced that Aubusson et al (2009) are correct in their assertion that all teachers have the capacity to self-improve, given a conducive environment. I am also more convinced that any conducive environment must include the protection of time for prioritised initiatives which must, depending on intensity and frequency, be allowed to continue beyond a single school year if they continue to bear fruit. The annual cycle of school development plans and performance management cycles encourages rapid change (though not necessarily the implied rapid improvement) which goes against Askew et al’s (1997) promotion of longer-term initiatives. 

During the course of conducting this research, I have learned that cultivating an inquiry-based approach to my extended role has given me a deeper sense of what works and what does not. It has connected me with sources of information from experts in their fields and has enabled me to consider them critically and apply them to my own context. It has helped me to develop my professional learning and sense of self-efficacy within my wider job role. It has developed my ability to see both sides of an issue and stand outside myself and my culture in order to critique it (Bolton, 2014).

Dissemination 

Some dissemination opportunities have associated ethical implications. Consider sharing the procedure and summary findings at a staff meeting. Since this staff meeting would take place at the study school, this method of dissemination should be viewed as highly relevant to those attending since the research was conducted by their colleagues in their school. However, since it is likely that most attending the meeting would be aware of who took part in the research, care must be taken to protect the confidentiality promised to participants. Since those participants would be easily available, one option is to invite the participants to share their experiences rather than have the researcher make a presentation. This way, participants are in control of exactly what is and is not shared. It should be noted that they may still feel some pressure to be positive about their involvement due to the presence of the researcher and the influence of informant bias (Mercer, 2007). Nevertheless, this kind of dissemination affords the opportunity to issue an invitation to others to participate in the same intervention in future. Depending on school priorities, this could form the third performance management objective (at this school this is traditionally chosen by teachers in dialogue with their performance manager). In this case, there may be scope for participants to be given some release time or to align non-teaching periods to facilitate the meeting of mentor and mentee and reduce the burden on already busy teachers.

Another option, slightly more removed, is to offer the intervention city-wide through my work as Lead Practitioner for Numeracy or at Mathematics Co-ordinators’ meetings. The greater (psychological and physical) distance from the study school would help to protect confidentiality since many people would likely have awareness of who participated, though participant consent should still be obtained for anonymised findings to be shared. The onus would then be on me to provide a balanced account of the impact of the intervention. Respondents would then need to persuade their own Head Teacher to allow their participation, even if it was in their own time, which may be a disincentive to participate.

In either case, there is benefit in sharing summary findings for awareness raising purposes. In my own experience of teacher training and professional development since qualifying, the issue of MA and its impact on attainment in mathematics has never been addressed. It is likely that large proportions of the teacher population are unaware of MA and it may be constructive to simply raise awareness.
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Appendix A – Dissertation Research Proposal


THE  DISSERTATION RESEARCH PROPOSAL (Use extension pages if necessary)
PROPOSED TITLE OF THE RESEARCH PROJECT
Reducing Mathematics Anxiety in primary school teachers through collaborative reflection using The Knowledge Quartet
MAIN ISSUES FOR INVESTIGATION
Maths Anxiety (MA)
Mentored, structured reflection
The Knowledge Quartet (Rowland 2009) (KQ)
MAIN RESEARCH QUESTION OR SERIES OF LINKED QUESTIONS
· Do teachers at my school experience MA? To what extent?
· Can it be reduced by reflection upon teaching in collaboration with another teacher?
· Is the reduction measurable?
· Does qualitative data support the measured reduction/lack of reduction?
· To what extent is the reduction lasting?
· Do teachers perceive a benefit in structured reflection? What do they think of the KQ?
· Do teachers perceive a benefit to videoing their own teaching as an aid to reflection?
· Do teachers perceive a benefit in collaborating with another teacher?

POSSIBLE HYPOTHESIS / HYPOTHESES
MA experienced by teachers can be reduced by structured, collaborative reflection with another teacher 
THEORETICAL BACKGROUND / KEY CONCEPTS/ RELATED PRINCIPLES
1. MA has a detrimental effect on your ability to show your capacity for maths (for example, Beilock, 2008).
2. MA leads to avoiding maths (Maloney et al, 2013) which also affects career choice.
3. MA is experienced by both children and adults and can be transmitted from teachers to pupils, particularly when the pupil is of the same gender as the adult (Beilock et al, 2009).
4. Female pupils in primary school are at a greater risk of developing MA since the majority of the teachers are female leading to greater risk of transmission of MA from a same-gender teacher.
5. MA in teachers can be reduced when it is, the effects of MA are reduced (Hendel and Davis, 1978 and Tooke and Lindstrom, 1998)
6. It follows that if we want to see more girls in STEM subjects then reducing MA in female primary teachers is an objective worth exploring.
7. It is thought that reducing teacher MA will also reduce overall job-related stress, likely improving retention of teachers over time.

FOCUS: SUMMARY OF AIMS OF THE PROPOSED INVESTIGATION: (these should reflect the information you want to collect and should consist of 4-5 key aims: they should reflect appropriate cognitive levels of research, e.g. to analyse, evaluate, synthesise etc.)
I aim to develop a possible professional development intervention to reduce anxiety felt by teachers when teaching mathematics, in turn aiming to reduce the anxiety passed on by teachers to their pupils. The design of the professional development intervention will be based on the theoretical ideas of The Knowledge Quartet which focuses teachers on subject-specific skills for teaching mathematics. By using collaborative reflection, teachers are empowered to select their own focus for the development of their practice in a supportive rather than judgemental environment.
MAIN RESEARCH / SURVEY METHODS: (summary of qualitative or quantitative methods and any fieldwork/  survey techniques to be used. Include a summary of the sampling framework: who, where, when? Methods of analysis. Independent/ dependent/ intermediate variables to be investigated; ethical and other considerations. You MUST include a comment on any ethical issues anticipated)
SAMPLE
During a previous Master’s degree project, I created a tool to identify teachers in my school who felt more anxious about planning, teaching and assessing maths than English and who felt that working collaboratively would be of benefit to them. I will be asking for volunteers for the current project, hoping these teachers will participate. I will therefore be using a convenience sample.
BASELINE DATA
Quantitative measures: Questionnaire on MA, Self-Efficacy and Self-Efficacy for Teaching
Qualitative measures: ‘Draw yourself doing maths’ as an unstructured interview (video recorded)
INTRODUCTION to the KQ
Teachers to be made familiar with the theoretical grounding of the KQ as well as with its structure and use.
INTERVENTION
Each participant to record themselves teaching maths (for example a lesson introduction), watch it individually and use the KQ as a basis for reflection. They identify critical incidents and note the timestamp. They then meet with their partner and view the critical incidents for further discussion. This cycle to be repeated four times over a term and a half. Meetings to be video recorded. KQ comments to be submitted.
EXIT DATA
Quantitative measures: Questionnaire on MA, Self-Efficacy and Self-Efficacy for Teaching
Qualitative measures: ‘Draw yourself doing maths’ as an unstructured interview (video recorded) followed by a semi-structured exit interview.
DATA ANALYSIS
Are there any within participant changes? Has an individual’s responses changed since the baseline session?
Do interview responses/comments made in reflections support these changes? Does the qualitative data triangulate the quantitative data?
What do teachers think about the intervention and its parts?
ETHICS

No insurmountable ethical considerations are anticipated. 
Written, informed consent will be obtained. Video and written data will be stored securely. Risks to participants will be reduced through the use of pseudonyms and full confidentiality. Full ethics submission to follow.

RATIONALE: (in 400 words describe the project and justify it. Why is this investigation needed? Where will it fit in to the existing literature? What will it add to our knowledge and understanding?)
Much effort is currently being invested in promoting STEM careers to female pupils in order to increase the proportion of women in such fields. One barrier to this is girls’ enjoyment (or dislike) of the relevant subjects. In the case of maths, this may be in part due to MA, more commonly found in girls than boys. If MA can be reduced we may find more girls interested in STEM subjects.
As with points 3&4 above, MA is experienced by both children and adults and can be transmitted from teachers to pupils, particularly when the pupil is of the same gender as the adult (Beilock et al, 2009). It can be argued that female pupils in primary school are at a greater risk of developing MA since the majority of the teachers are female leading to greater risk of transmission of MA from a same-gender teacher. Thus one possible way to reduce MA in pupils is to reduce MA in teachers.
It has been a long time since reduction of MA in teachers was addressed in the published literature (Hendel and Davis, 1978 and Tooke and Lindstrom, 1998); therefore, this project would add to the body of evidence concerning how MA in teachers might be reduced. In addition, neither of these papers examined the use of collaborative reflection meaning this research has the potential to put the teacher in charge of their own development, making for a more scalable and affordable intervention than ‘sending teachers on courses’. It is noted that this research will use a small sample of self-selecting volunteers from a single school so larger scale research would be needed before recommendations could be made for a wider audience.
REFERENCES (indicate 5 - 10 important books; and 3 or 4 relevant journal articles)
Bassot, B. (2016). The reflective journal (2nd Ed.), London: Palgrave
Beilock, S., Gunderson, E., Ramirez, G., & Levine, S. (2010). Female teachers' math anxiety affects girls' math achievement. Proceedings of the National Academy of Sciences of The United States of America, 107(5), 1860-1863
Coffey, A.M. (2014). Using video to develop skills in reflection in teacher education students. Australian Journal of Teacher Education, 39(9), 86-97
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Rowland, T. (2009). Developing primary mathematics teaching: Reflecting on practice with the knowledge quartet (Vol. 1). Thousand Oaks: Sage
Suinn, R., & Winston, E. (2003). The mathematics anxiety rating scale, a brief version: Psychometric data. Psychological Reports, 92(1), 167-173
Tobias, S. (1978). Overcoming math anxiety. New York: WW Norton & Company
Turner, F. (2012). Using the Knowledge Quartet to develop mathematics content knowledge: The role of reflection on professional development. Research in Mathematics Education, 14(3), 253-271












PROGRAMME OF WORK

PROPOSED PROGRAMME OF WORK:	
(timetable: dates, activities)
 I aim to submit the completed dissertation by the end of the month of August 2019
PROPOSAL APPROVED:
PROGRAMME DIRECTOR  
………………………… (SIGNED)…………………… (DATE)

SUPERVISOR  
………………………… (SIGNED)…………………… (DATE)




Appendix B – Application for Ethical Approval


APPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. A researcher may not be covered by the University’s insurance if ethical approval has not been obtained prior to commencement.
The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.
The individual undertaking the research activity is known as the “principal researcher”.
Ethical approval is not required for routine audits, performance reviews, quality assurance studies, testing within normal educational requirements, and literary or artistic criticism.
Please read the notes for guidance before completing ALL sections of the form.
This form must be completed and approved prior to undertaking any research activity. Please see Checklist for details of process for different categories of application.  
SECTION A: About You (Principal Researcher)
	Full Name:
	Fay Cosgrove

	Tick all boxes which apply:

	Member of staff:
	☐	Student:
	x	Honorary research fellow:
	☐


	Faculty/School/Centre:
	Faculty of Education and Communities – School of Continuing Professional Learning and Development

	Campus:
	Swansea - Townhill

	E-mail address:
	cosgrovef@hwbmail.net

	Contact Telephone Number:
	01792 539980

	For students:

	Student Number:
	P069692
	Undergraduate
	☐
	Programme of Study:
	Masters in Education
	Taught Postgraduate
	x
	Director of Studies/Supervisor:
	Rachel Wallis
	Research
	☐


SECTION B: Approval for Research Activity

	Has the research activity received approval in principle?
(please check the Guidance Notes as to the appropriate approval process for different levels of research by different categories of individual)
	YES
	x	NO
	☐
	Head Teacher (Angela Heald) 
	16.10.17

	If Yes, please indicate source of approval (and date where known):
	Research Degrees Committee
	☐	

	
	Faculty Research Committee
	☐	

	
	Other (write in) Rachel Wallis (Dissertation Supervisor)

	x	18.12.18


Approval in principle must be obtained from the relevant source prior to seeking ethical approval.
SECTION C:  External Ethical Guidance Materials
	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines.

	BERA Ethical guidelines
	x
	University Code of Ethics
Education Workforce Council
	X
x



SECTION D: External Collaborative Research Activity
	Does the research activity involve collaborators outside of the University?
	YES
	☐
	NO
	x

	
If Yes, please provide the name of the external organisation and name and contact details for the main contact person:

	Institution
	

	Contact person name
	

	Contact person e-mail address
	



Where research activity is carried out in collaboration with an external organisation
	Does this organisation have its own ethics approval system?
	YES
	☐
	NO
	☐

	If Yes, please attach a copy of any final approval (or interim approval) from the organisation



SECTION E: Details of Research Activity
	Indicative title:
	
Reducing Mathematics Anxiety in beginning primary school teachers using The Knowledge Quartet; how does collaborative reflection change feelings towards maths?


	Proposed start date:
	December, 2017
	Proposed end date:
	February, 2017

	Purpose of research activity (including aims and objectives)
Outline the purpose, aims and objectives of the research activity, including key research questions. Show briefly how existing research has informed the proposed activity and explain what the research activity will add and how it addresses an area of importance. (Maximum 300 words)

	The purpose of this research activity is to consider the effect of using a structured reflection framework on trainee teachers’ feelings about the teaching of mathematics.
The Knowledge Quartet (Rowland et al, 2009) has been effective in improving the teaching of pre-service trainee teachers but its effects on feelings about teaching maths are less well established. I am interested in exploring its usefulness to primary trainee teachers (PGCE students).
The Knowledge Quartet has four parts; Foundation, Transformation, Connection and Contingency. The Foundation section is designed to facilitate reflection on the teacher’s own knowledge of maths and how it is made evident in a lesson. Transformation concerns the teacher’s ability to allow someone else to know what they know. Connection addresses both the ability to provide logical sequences of learning and the ability to help learners make connections between areas of maths. Contingency encourages teachers to reflect on the unplanned-for contributions from learners, be they illustrative of misconceptions or of insight.
I have previously used this reflection framework with teachers in my own school and the proposed research is to explore this with beginning teachers.
(this box should expand as you type)

	Proposed methods
Provide a brief summary of all the methods that may be used in the research activity, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed. (Maximum 600 words)

	The sample will be a convenience sample of student teachers enrolled on the UWTSD PGCE and placed at the school in which I teach. If this does not yield the required number of participants (probably two), students placed at other Swansea primaries will be invited.
Questionnaires and semi structured interviews will be used to gather data to capture feelings about maths. The baseline and summative data will be compared in order to find and examine any changes.
Participants will record themselves teaching a lesson introduction. They will use this to reflect upon their teaching (structured by the KQ), noting critical incidents and time codes using a simple one page proforma. I will also watch the recording and make similar notes. We will then meet to discuss our observations and reflections. The student teacher will nominate the critical incidents to be discussed, giving them control over the focus of the discussion and allowing them to construct their own focus for development. This meeting will be audio visually recorded for reference purposes.
In an effort to be as reflexive as possible I will work from a constructivist ontology which states that reality is the product of social processes rather than reality existing independently of people. This leads me to an interpretivist epistemology in which all meaning in the world is constructed by people interpreting events around them. Within a constructivist, interpretivist paradigm, it is logical to employ qualitative research methods.
The qualitative approach can be criticised on the grounds that it limits the teacher’s role and voice in the research process. This will be counteracted in two ways; the student teacher will select the critical incidents for reflection and discussion giving them the power to take the discussion into the areas they would like to develop. In addition, the focus of this enquiry is on how teachers feel about maths and how their feelings can be changed by reflecting in a structured collaborative way. For this, I must listen to and convey to the reader the voices of other teachers; the participants.

Both the reflexive accounting of a group to which the researcher belongs can be considered ethnography. Ethnography maintains a key difference from the case study approach: ethnography lacks a predetermined theoretical proposition. My research question is of the ‘how’ type. I am seeking to explore the effects of a certain intervention and therefore choose to frame my enquiry as ethnography.
My belief is that all teachers, including those at the beginning of their careers, have the capacity to self-improve assuming that they are motivated, open to change and able to create high-quality time in which to reflect. 
Data will be analysed in two main ways; the questionnaires will be scored and the totals compared. Any changes (or absence of change) will be triangulated using reflection notes, joint collaboration recordings and interview data. This qualitative data will also be examined for themes.
(this box should expand as you type)

	
Location of research activity
Identify all locations where research activity will take place.

	Students on UWTSD’s PGCE program will be invited to participate. They will be teaching in classrooms of their placement schools in Swansea.
(this box should expand as you type)

	Research activity outside of the UK
If research activity will take place overseas, you are responsible for ensuring that local ethical considerations are complied with and that the relevant permissions are sought. Specify any local guidelines (e.g. from local professional associations/learned societies/universities) that exist and whether these involve any ethical stipulations beyond those usual in the UK (provide details of any licenses or permissions required). Also specify whether there are any specific ethical issues raised by the local context in which the research activity is taking place, for example, particular cultural sensitivities or vulnerabilities of participants.

	N/A
(this box should expand as you type)



SECTION F: Scope of Research Activity
	Will the research activity include:
	
YES
	
NO

	Use of a questionnaire or similar research instrument?
	x
	     

	Use of interviews?
	x
	     

	Use of diaries?
	☐
	x

	Participant observation with their knowledge?
	x
	☐

	Participant observation without their knowledge?
	☐
	x

	Use of video or audio recording?
	x
	☐

	Access to personal or confidential information without the participants’ specific consent?
	☐
	x

	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	x

	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	x

	Investigation of participants involved in illegal activities?
	☐
	x

	Use of procedures that involve deception?
	☐
	x

	Administration of any substance, agent or placebo?
	☐
	x

	Working with live vertebrate animals?
	☐
	x

	Other primary data collection methods, please explain in this box
	     
	☐




If NO to every question, then the research activity is (ethically) low risk and may be exempt from some of the following sections (please refer to Guidance Notes).
If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 
SECTION G: Intended Participants
	Who are the intended participants:
	
YES
	
NO

	Students or staff at the University?
	x
	     

	Adults (over the age of 18 and competent to give consent)?           
	x
	☐

	Vulnerable adults?
	☐
	x

	Children under 18?
	     
	x

	Prisoners?
	☐
	x

	Young offenders?
	☐
	x

	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	x

	People engaged in illegal activities?
	☐
	x

	Others (please identify):

	☐

	☐




	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	The school in which I work is a UWTSD PGCE partnership school meaning I regularly support PGCE students during their placements. I will invite students currently placed with us to voluntarily take part in the research. Should it be necessary, students at other schools would also be invited.  

The children will participate in lessons taught by the student teachers, and therefore appear on the video recordings; however, they will not be participants in the sense that they will not be interviewed or given questionnaires to answer. They are not the subject of the research. However, since they will be included in the recordings, informed consent from their parents will be sought. Their education will not be changed by the research, though hopefully future maths lessons taught by the participants will be improved. It is not likely that the research will have any detrimental impact on the pupils. The research will be explained to the pupils using age-appropriate language and pupil assent will be obtained. 



	Information for participants:
	
YES
	NO
	
N/A

	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	x
	☐
	☐

	Will you tell participants that their participation is voluntary?
	x
	☐
	☐

	Will you obtain written consent for participation?
	x
	☐
	☐

	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	x
	☐
	☐

	If the research is observational, will you ask participants for their consent to being observed?
	x
	☐
	☐

	Will you tell participants that they may withdraw from the research at any time and for any reason?
	x
	☐
	☐

	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	x
	☐
	     

	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	x
	☐
	☐

	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	x
	☐
	☐

	If NO to any of above questions, please give an explanation 

	

(this box should expand as you type)



	
Information for participants:
	
YES
	NO
	
N/A

	Will participants be paid?
	☐
	x
	☐

	Is specialist electrical or other equipment to be used with participants?
	☐
	x
	☐

	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	x
	☐

	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	x
	☐

	If YES to any question, please provide full details 

	

(this box should expand as you type)



SECTION H: Anticipated Risks
	
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them. 

If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.

	Full risk assessment completed and appended? 

Yes ☐
 No x


	Risks to participants
For example: emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information

	Myself: it is unlikely that I will cause myself undue emotional distress. There is no danger of physical harm. I will be responsible for protection of data. The research concerns activities comprising my usual duties (supporting student teachers is part of my job) and will not reveal sensitive personal information of any kind. 
Participants: Student teachers will be teaching and reflecting on maths as part of their normal training placement so there will be minimal extra workload. Time to meet with me and reflect collaboratively can be worked into their school day during lessons in which they are not teaching so participation does not become onerous. Receiving support from qualified teachers is part of the expected input schools contribute. Should students agree to take part, their involvement in the research will augment the support the school provides. Though I will not be their class mentor nor senior mentor, there may be a risk they would feel obliged to take part, though this will be lessened by reinforcing the voluntary nature of the research and explaining that there will be no loss of support nor negative effects of declining to take part. There will be no coercion, no rewards and no implications should a participant wish to withdraw from the research. These precautions should also minimise bias in participant responses, though in any research where participant and researcher are also mentor and mentee, some bias will remain due to the close working relationship.
Pupils: The pupils are used to having student teachers and the class teacher ensures all usual safety and pastoral standards are met. Classrooms are safe environments where pupils’ confidence and self-esteem is protected and supported. If the KQ has a beneficial to students’ teaching, learning will be enhanced. There is the possibility that the KQ won’t benefit teaching but it is unlikely to worsen it.
(this box should expand as you type)

	

	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	No such disclosure is likely but should it occur I would respond appropriately, referring to the Police if necessary or following our school Child Protection Policy and referring to our designated Child Protection Officer (the Head).
(this box should expand as you type)

	

	Risks to investigator
For example: personal safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	Since my research will take place in my own school as part usual work life, no additional risks will be encountered. 
However it could be that perceived power dynamics, lead students to feel that they are under pressure to take part in the research. This will be reduced by reminding potential participants that I* am not their class mentor nor senior mentor, that neither participation nor non-participation will have a direct impact on their studies. There will be no coercion, no rewards and no implications should a participant wish to withdraw from the research. These precautions should also minimise bias in participant responses, though in any research where participant and researcher are also mentor and mentee, some bias will remain due to the close working relationship.
It is not expected that there will be undue conflict of interest, the main issue may be pressure on scheduling research time amid an already busy working life/study life. This will be reduced through liaison with the class mentor and participant to make use of mutually convenient times.
 (this box should expand as you type)

	

	University/institutional risks
For example: adverse publicity, financial loss, data protection

	There is a possible risk of loss of reputation for the university but this will be minimised by obtaining ethical approval and liaising with the course tutor. The university’s reputation could potentially be damaged by poorly designed or poorly executed research taking place under its name. This will be minimised through careful study of the published literature and close working with a university tutor to ensure rigorous research design. In the unlikely event that someone does not like an aspect of the research, their feelings toward the university may be negatively effected by association. Again, this will be minimised by careful design and close working with my tutor. In addition, strict adherence to BERA Ethical guidelines, university and school policy will further limit exposure to these risks.
(this box should expand as you type)

	

	Adverse outcomes
List measures put in place to limit any adverse effects or outcomes of research activity where appropriate. Include any emergency protocols.

	Strict adherence to BERA Ethical guidelines, university and school policy will further limit exposure to these risks.
Fire alarms could disrupt lessons being recorded. In this instance, a judgement would be made to abandon the recording, or to restart after the fire alarm/evacuation has ended.
It is possible that the students placed at my school do not wish to participate, in this instance students from other schools will be invited to take part allowing the research to continue.
It is possible that students will withdraw from the study, in which case other students will be invited to participate to allow the research to continue.
(this box should expand as you type)



	Disclosure and Barring Service

	If the research activity involves children or vulnerable adults, a Disclosure and Barring Service (DBS) certificate must be obtained before any contact with such participants.
	


YES
	


NO
	


N/A

	Has a DBS certificate been obtained?
	x
	☐
	☐



SECTION I: Feedback, Consent and Confidentiality
	Feedback
What feedback will be provided to participants, how will this be done and when? 

	Child-appropriate feedback will be provided to pupils on completion of the research. This will be done verbally by me, an adult familiar to them and with whom they are comfortable. A written summary will be available to parents on request.
Verbal feedback to student teacher participants will be available at the close of data analysis and they will have access to the full written report on its completion.
(this box should expand as you type)

	

	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded.

	As stated above, the children are not the direct participants of the research; however, since they will be present when the student teacher records their teaching, parental consent will be sought. Parents will be informed of the research aims and data collection methods by letter before the commencement of the research. They will be asked to provide written consent for their child to take part. Should any parent not give consent, that pupil will be excluded from any video footage but not from any lesson. Pupils will be informed about the purposes of the research verbally and at a level appropriate to their age.
Written consent will be obtained from student teacher participants and the right to withdraw will be explained. They can withdraw by speaking to me or their class mentor or by emailing me. It will be explained that neither participation, non-participation nor withdrawal will have any impact on their PGCE and that the research will not include any judgements about their teaching. University staff will not have access to the data with the exception of Rachel Wallis who will access anonymised data as my supervisor.
(this box should expand as you type)

	

	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	In the write up of the research, all identities (me, the participants, the pupils, the school) will be protected by the use of pseudonyms. It is not possible for the participants to be anonymous during the collaborative reflection but their identities will be protected and kept confidential in all written materials and conversations with my supervisor.
(this box should expand as you type)



SECTION J: Data Protection and Storage
In completing this section refer to the University’s Research Data Management Policy and the extensive resources on the University’s Research Data Management web pages (http://uwtsd.ac.uk/library/research-data-management/).
	
	YES
	NO

	Does the research activity involve personal data (as defined by the Data Protection Act)?
“personal data” means data which relate to a living individual who can be identified—
(a) from those data, or
(b) from those data and other information which is in the possession of, or is likely to come into the possession of, the data controller, and includes any expression of opinion about the individual and any indication of the intentions of the data controller or any other person in respect of the individual.
	x
	☐

	If YES, provide a description of the data and explain why this data needs to be collected:

	Recordings of teaching and of reflections will be collected; the teaching recordings are to facilitate reflection and the reflection recordings are to facilitate data analysis. Baseline and summative interviews and questionnaires are needed to examine within participant changes.
(this box should expand as you type)

	

	Does it involve sensitive personal data (as defined by the Data Protection Act)?
“Sensitive personal data” means personal data consisting of information as to –
(a) the racial or ethnic origin of the data subject,
(b) his political opinions,
(c ) his religious beliefs or other beliefs of a similar nature,
(d) whether he is a member of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) his physical or mental health or condition,
(f) his sexual life,
(g) the commission or alleged commission by him of any offence, or
(h) any proceedings for any offence committed or alleged to have been committed by him, the disposal of such proceedings or the sentence of any court in such proceedings.
	☐
	x

	If YES, provide a description of the data and explain why this data needs to be collected:

	
(this box should expand as you type)



	Will the research activity involve storing personal data on one of the following:
	YES
	NO

	Manual files (i.e. in paper form)?
	☐
	☐

	University computers?
	☐
	☐

	Private company computers?
	☐
	☐

	Home or other personal computers?
	☐
	☐

	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	x
	☐

	“Cloud” storage or websites?
	☐
	☐

	Other – specify:

	☐
	☐

	For all stored data, explain the measures in place to ensure data confidentiality, including details of password protection, encryption and anonymisation:

	A digital video camera will be used to capture teaching and discussions. The footage will be transferred to and stored on an encrypted memory stick. 

(this box should expand as you type)

	Will the research activity involve any of the following activities:
	YES
	NO

	Electronic transfer of data in any form?
	☐
	x

	Sharing of data with others at the University?
	☐
	x

	Sharing of data with other organisations?
	☐
	x

	Export of data outside the European Union or importing of data from outside the UK?
	☐
	x

	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	x

	Publication of data that might allow identification of individuals?
	☐
	x

	Use of data management system?
	☐
	x

	Data archiving?
	☐
	x

	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the Data Protection Act (and/or any international equivalent):

	

(this box should expand as you type)



	List all who will have access to the data generated by the research activity:

	Raw data will only be accessed by me and the participants (each individual will only access their own data). Feedback will be accessed by pupils (pupil friendly language), parents, participants, supervisor and Head Teacher (as described elsewhere). The full final report will be available to my supervisor, Head Teacher and participants.

(this box should expand as you type)

	

	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	I will act as custodian of the data.

(this box should expand as you type)

	

	Give details of data storage arrangements, including where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why not.  

	The data will be stored on an encrypted memory stick and data will be destroyed at the end of the project.

(this box should expand as you type)






SECTION K: Declaration

	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice

	Signature of applicant:
	[image: ]
	Date: 21.12.18
	



For students:
	Director of Studies/Supervisor:
	

	Signature:
	


	Date:
	



For staff:
	Head of School/Assistant Dean:
	

	Signature:
	


	Date:
	



Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:
	x
	I have read the guidance notes supplied before completing the form.

	x
	I have completed ALL RELEVANT sections of the form in full.

	x
	I confirm that the research activity has received approval in principle

	☐
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	☐
	
I have attached a full risk assessment (and have NOT completed Section H of this form) (where appropriate)


	x
	I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	x
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Head of School.



	RESEARCH STUDENTS AND STAFF ONLY
All communications relating to this application during its processing must be in writing and emailed to pgresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.
You will be informed of the outcome of your claim by email; thereforeit is important that you check your University and personal email accounts regularly.



STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit  this form (and receive the outcome) via systems explained to you by the supervisor/module leader.

This form is available electronically from the Academic Office web pages: http://www.uwtsd.ac.uk/academic-office/

Application Process
All staff research projects and all research students must submit the Ethical Approval Form to the University Ethics Committee via the Academic Office (pgresearch@uwtsd.ac.uk).   Staff research directly in relation to personal study for taught undergraduate or Masters programmes should be submitted via the Faculty procedures explained below.
Taught masters and taught undergraduate research Ethical Approval Forms are considered within Faculties.  Faculties will provide details of the specific processes for this.  Where the Ethical issues within any single ethical application are of particular concern the Faculty will refer these to the University Ethics Committee.   Any student activity that involves the collection of primary data needs to undergo Ethical approval, this includes assignment work as well as dissertations.
Notes for guidance in completion of this form
Section A:  About You
Please complete all relevant sections
Section B:  Approval for research activity
Research proposals must be approved in principle before applying for Ethical Approval.  The proposal approval only becomes final when the ethical approval is received.  
The process for proposal approval varies according the individual and programme of study:
· Research students, by application on form PG1 to the Research Degrees Committee
· Taught students by review of research proposal within Faculties (Faculties provide specific details of these processes)
· Staff, by agreement by the Head of School/Assistant Dean

Section C:  External Ethical Guidance materials
Many discipline areas are required to operate with the discipline specific codes of research ethics (for example health, psychology, education etc.), any such codes must be listed and you must tick to confirm that you have consulted with these.
Section D:  External Collaborative Research Activity
Provide details of the external collaborative partners, where appropriate you might want to submit a copy of the external collaboration agreement with the Ethical Approval Form.  If the partner requires the research to be subject to its own internal Ethical approval process then please provide details of that process and a copy of any final (or interim) approvals received from the organisation.
Section E:  Details of Research Activity
Remember that the individuals reviewing this Ethical Approval Form may not have seen your research proposal, and also may not be experts in the specific area of your research.  The information provided should therefore be jargon free and clearly stated.
Indicative Title:  please use the same title as used on the research proposal.
Purpose:  the Ethical approval process will want to ensure that the methods you propose are adequate and appropriate to address the research aims and objectives.  Excessive additional data collection can be seen as unethical.
Proposed Methods:  the Ethical approval process seeks to ensure that you understand the methods that are intended, and that the implementation of those methods will be appropriate and without unnecessary impact on respondents.  Please be specific.
Location:  this needs to mention geographical location and also local situation (for example, within Local Authority Offices in Cardiff, using a private room but close to other individuals).  If you are collecting data within an organisational setting then you need to explain the permissions that you have obtained to do this.
Research Activity outside of the UK:  please complete this section in detail, and note any guidance you have received.  Also describe your own familiarity (or not) with the location that you will be utilising.
Section F:  Scope of Research Activity
Please tick ALL of the research activities that might be undertaken.   If any additional types of activity are intended then please add an extra box and describe these.
If you have answered no to all questions in F then sections G and J do not need to be completed.  Section H should be considered, and may be completed.  Signatures are still required in section K.
Section G:  Intended Participants
Please tick all categories that might apply.
Numbers& Source:  if you are using a series of different methods or research activities please list numbers for each stage/phase.  Be clear about how you will find respondents.   Will you use intermediaries, and if so how?  How will you ensure compliance with your sampling strategy?
Information for participants:  all participants should be appropriately informed about the research, what is expected of them and what will happen to the information that they provide.  The Ethical review process does not ask to see this documentation, but requires this to be reviewed and approved by the Director of Studies in the case of research students, the supervisor/module tutor in relation to students on taught programmes and the Head of School/Assistant Dean in relation to staff research.
Section H:  Anticipate Risks
All research carries some level of risk.  The answers you provide to questions in this section will be reviewed to ensure that you have an appropriate understanding of the type of risks involved and how you can mitigate against these risks.If you have completed a full risk assessment, as required for example for laboratory work, field work, clinical tests, diving operations, or by a collaborative partner, you may append that to this form.  In that case, please tick the box indicating this has been provided.  You will not then be required to complete Section H.
Risk to participants   Think very carefully about how your actions/questions/discussions might affect the people you are involving as participants.  You might identify the risk as small but it would still be a risk.  Many types of question have the potential to make respondents less content with their life / job; you need to recognise and try to ameliorate any such effects
If these are business owners, time with you may reduce profit.
In some locations physical risk is very real to both participants and yourself, please consider this.
Risk to you, the researcherThink about where you will meet people, if there are any dangers involved in the location.  If you are meeting people as individuals think about using a public place.  In general do not visit people in their own homes or remote locations.If you are talking to individuals about certain issues think about how their responses might affect you emotionally.  What about the risk of collecting insufficient data?
Risk to the University   When undertaking your research, you are acting as a member of the University (student or staff).  Professionalism is important, so it is important to be well organised and well prepared. Punctuality, clarity etc. are all part of this.  What will you do to ensure this?  You must ensure you do not harm the good name of the University in any way and do nothing to undermine the reputation of the research it conducts and sponsors.  Upholding high standards of conduct and integrity are vital in this regard. You must also conduct the research in such a way to minimise the potential for claims of negligence made against the University, its researchers and any collaborating individual or organisation. In this respect you should always comply with ethical, legal and professional frameworks, obligations and standards as required by statutory and regulatory authorities, as well as the university’s Research Integrity and Ethics Code of Practice.  Research misconduct in this respect can take many forms, including:
· fabrication: making up results or other outputs (eg, artefacts) and presenting them as if they were real
· falsification: manipulating research processes or changing or omitting data without good cause
· plagiarism: using other people’s material without giving proper credit
· failure to meet ethical, legal and professional obligations: for example failure to declare competing interests; misrepresentation of involvement or authorship; misrepresentation of interests; breach of confidentiality; lack of informed consent; misuse of personal data; and abuse of research subjects or material
· improper dealing with allegations of misconduct: failing to address possible infringements such as attempts to cover up misconduct and reprisals against whistle-blowers

Adverse Outcomes.  Think carefully about the possibilities, and cover here

Section I:  Feedback, Consent and Confidentiality
Feedback to participants:  outline your approach.   Will interview transcripts be shared with respondents to check accuracy?  Will summaries of questionnaire analysis be made available to respondents in some way?   Will an overview report be provided?  How and when?
Informed consent:   Draft letter / e-mail / or heading (or footer) section of questionnaire must be approved by DoS/supervisor (if research student), supervisor/module tutor if taught student, or Head of School / Assistant Dean if a member of staff.
Confidentiality/Anonymity.  Explain clearly how you will ensure confidentiality and anonymity.
Section J:  Data Protection and Storage
Before completing this section it is necessary to read the University’s Research Data Management information.   The questions that follow are designed to ensure compliance with the Data Protection Act as well as established research protocols.
Many research activities will involve electronic transfer of data and use of data management systems in the summarisation and analysis of data.  You will need to explain these in relation to compliance with the Data Protection Act.
Think carefully about who will have access to your data, this will include supervisors and examiners. Also that a thesis will be made available via the University library and the British Library system. If you are seeking an access bar for a period of time after completion then mention it here.  If you will provide a copy of your findings, or intend to give a presentation, to a facilitating/supporting/accessing organisation then explain that in this section.  But also think about the general principle of data sharing, as explained in the Research Data Management information.
In terms of storage of data please ensure security, and also mitigate against loss of data.
Section K:  Declaration
Ensure the appropriate countersignatures have been provided
Look carefully at the checklist and ensure that you comply with and tick all that are relevant to your research.



Appendix C – Shell Table for Recording Critical Incidents

[image: ]

Appendix D – My Adapted Mathematics Anxiety Rating Scale




My Adapted Mathematics Anxiety Rating Scale


	
1. Dividing a five-digit number by a two-digit number in private with pencil and paper?

	2. Adding 976 + 777 on paper?

	3. Reading a cash register receipt?

	4. Calculating how many pounds to exchange for foreign currency when going on holiday?

	5. Figuring out your monthly budget?

	6. Totalling up a dinner bill in which you think you were overcharged?

	7. Being responsible for collecting dues for an organisation and keeping track of the amount?

	8. Studying for a driver's license test and memorising the figures involved, such as the distances it takes to stop a car going at different speeds?

	9. Totalling up the dues received and the expenses of a club you belong to?

	10. Describe your experiences, feelings or memories from studying maths before you became a teacher.



The nine scaled items were answered using a four-point Likert scale (Likert, 1932) in which the first radio button indicated no worry while the fourth indicated the respondent felt very worried.
The tenth item allowed open ended responses.



Appendix E - My Selections from Bandura’s Instrument: Teacher Self-Efficacy Scale





My Selections from Bandura’s Instrument: Teacher Self-Efficacy Scale


	1. How much can you do to get the instructional materials and equipment you need?

	2. How much can you do to get through to the most difficult students?

	3. How much can you do to promote learning when there is lack of support from the home?

	4. How much can you do to keep students on task on difficult assignments?

	5. How much can you do to increase students’ memory of what they have been taught in previous lessons?

	6. How much can you do to motivate students who show low interest in schoolwork?

	7. How much can you do to get students to work together?

	8. How much can you do to overcome the influence of adverse community conditions on students’ learning?

	9. How much can you do to get children to do their homework?

	10. How much can you do to get children to follow classroom rules?

	11. How much can you do to control disruptive behaviour in the classroom?

	12. How much can you assist parents in helping their children do well in school?

	13. How much can you help other teachers with their teaching skills?

	14. How much can you do to get students to believe they can do well in schoolwork?

	15. How much can you do to challenge and extend the most able learners?

	Is there anything else you want to tell me?



These questions were answered using a four-point Likert scale (Likert, 1932) where the first radio button indicated ‘nothing’ and the fourth button indicated ‘a great deal’. 


Appendix F - My Mathematics Teaching Efficacy Beliefs Instrument




My Mathematics Teaching Efficacy Beliefs Instrument
	1. When one of my students does better than usual in mathematics, it is often because I exerted a little extra effort. 

	2. I continually find better ways to teach mathematics.

	3. Even if I try very hard, I do not teach mathematics as well as I teach most subjects.

	4. When the mathematics grades of students improve, it is often due to my having found a more effective teaching approach. 

	5. I know how to teach mathematics concepts effectively. 

	6. I am not very effective in monitoring mathematics activities. 

	7. If students are underachieving in mathematics, it is most likely due to ineffective mathematics teaching. 

	8. I generally teach mathematics ineffectively. 

	9. The inadequacy of a student's mathematics background can be overcome by good teaching. 

	10. When a low-achieving student progresses in mathematics, it is usually due to extra attention given by me. 

	11. I understand mathematics concepts well enough to be effective in teaching primary mathematics up to and including year 6. 

	12. I am generally responsible for the achievement of my students in mathematics. 

	13. Students' achievement in mathematics is directly related to my effectiveness in mathematics teaching. 

	14. If parents comment that their child is showing more interest in mathematics at school, it is probably due to my performance. 

	15. I find it difficult to use manipulatives to explain to students why mathematics works. 

	16. I am typically able to answer students' questions. 

	17. I wonder if I have the necessary skills to teach mathematics. 

	18. Given a choice, I do not invite the principal to evaluate my mathematics teaching. 

	19. When a student has difficulty understanding a mathematics concept, I am usually at a loss as to how to help the student understand it better. 

	20. When teaching mathematics, I usually welcome student questions.

	21. I do not know how to turn students on to mathematics. 

	22. I struggle to know how to provide challenge and extension for my most able learners.

	23. I am typically able to answer questions from other teachers.

	24. I am confident when answering questions from the most able learners.

	Is there anything else you want to tell me?



These questions were answered using a four-point Likert scale (Likert, 1932) where the first radio button indicated strong disagreement and the fourth button indicated strong agreement.



Appendix G – Participant Letter & Consent




Participant Letter & Consent


Dear Participant,

Thank you for agreeing to take part in research for my Masters in Education dissertation over the next few weeks. As discussed, the research is designed to help improve the quality of teaching, particularly in mathematics, through structured teacher reflection. The project will look at your feelings about teaching mathematics and will use The Knowledge Quartet to help structure reflections on your teaching. 
The project will involve audio-visual recordings, questionnaires, interviews and reflections. We will also meet to discuss our reflections and record that discussion. These recordings will only be watched by you and me for the purpose of the research. The recordings will be stored securely and will be destroyed at the end of the research. 
You may withdraw from the research at any point either by speaking to me in person or contacting me by email.
At the end of the research, an anonymised summary of findings will be available on request. Please sign below to give your consent.

Yours faithfully,

Mrs F Cosgrove


Please indicate your willingness to take part in the research.

	First name
	

	Surname
	



	I am aware of the nature and purpose of the research.
	Yes
	
	No
	

	
	
	
	
	

	I agree to participate in the research.
	Yes
	
	No
	

	
	
	
	
	

	I understand that I have the right to withdraw from the research at any stage.
	Yes
	
	No
	







Appendix H – Parent Letter & Consent



Parent Letter & Consent
[image: ]

Appendix I - Tables and Graphs


 Table 1: Frequency of Code Use by Participant 1
	 
	Strengths
	Opportunities
	 
	Strengths
	Opportunities
	 
	Strengths
	Opportunities
	 
	Strengths
	Opportunities

	Foundation
	Total 4
	Total 4
	Transformation
	Total 1
	Total 3
	Connection
	Total 1
	Total 1
	Contingency
	Total 1
	Total 0

	Theoretical underpinning of pedagogy (TUP)
	0
	0
	Teacher demonstration (DT)
	0
	1
	Making connections between procedures (MCP)
	0
	0
	Responding to students' ideas (RSI)
	1
	0

	Awareness of purpose (AP)
	2
	0
	Use of instructional materials (UIM)
	1
	1
	Making connections between concepts (MCC)
	1
	0
	Deviation from lesson agenda (DA)
	0
	0

	Identifying pupil errors (IPE)
	0
	1
	Choice of representations (CUR)
	0
	1
	Anticipation of complexity (SC)
	0
	1
	Teacher insight (TI)
	0
	0

	Overt display of subject knowledge (OSK)
	0
	1
	Choice of examples (CUE)
	0
	0
	Decisions about sequencing (DS)
	0
	0
	Responding to the (un)availability of tools and resources (RAT)
	0
	0

	Use of mathematical terminology (UT)
	2
	2
	 
	 
	 
	Recognition of conceptual appropriateness (RCA)
	0
	0
	 
	 
	 

	Adherence to textbook (ATB)
	0
	0
	 
	 
	 
	 
	 
	 
	
	
	

	Concentration on procedures (COP)
	0
	0
	 
	 
	 
	
	
	
	
	
	



Table 2: Frequency of Code Use by Participant 2
	 
	Strengths
	Opportunities
	 
	Strengths
	Opportunities
	 
	Strengths
	Opportunities
	 
	Strengths
	Opportunities

	Foundation
	Total 3
	Total 0
	Transformation
	Total 2
	Total 1
	Connection
	Total 1
	Total 1
	Contingency
	Total 1
	Total 2

	Theoretical underpinning of pedagogy (TUP)
	0
	0
	Teacher demonstration (DT)
	0
	0
	Making connections between procedures (MCP)
	1
	1
	Responding to students' ideas (RSI)
	1
	0

	Awareness of purpose (AP)
	0
	0
	Use of instructional materials (UIM)
	1
	0
	Making connections between concepts (MCC)
	0
	0
	Deviation from lesson agenda (DA)
	0
	0

	Identifying pupil errors (IPE)
	1
	0
	Choice of representations (CUR)
	1
	0
	Anticipation of complexity (SC)
	0
	0
	Teacher insight (TI)
	0
	1

	Overt display of subject knowledge (OSK)
	0
	0
	Choice of examples (CUE)
	0
	1
	Decisions about sequencing (DS)
	0
	0
	Responding to the (un)availability of tools and resources (RAT)
	0
	1

	Use of mathematical terminology (UT)
	2
	0
	 
	 
	 
	Recognition of conceptual appropriateness (RCA)
	0
	0
	 
	 
	 

	Adherence to textbook (ATB)
	0
	0
	 
	 
	 
	 
	 
	 
	
	
	

	Concentration on procedures (COP)
	0
	0
	 
	 
	 
	
	
	
	
	
	



Table 3: Frequency of Code Use by Participants 1 & 2 Combined
	 
	Strengths
	Opportunities
	 
	Strengths
	Opportunities
	 
	Strengths
	Opportunities
	 
	Strengths
	Opportunities

	Foundation
	Total 7
	Total 4
	Transformation
	Total 3
	Total 4
	Connection
	Total 2
	Total 2
	Contingency
	Total 2
	Total 2

	Theoretical underpinning of pedagogy (TUP)
	0
	0
	Teacher demonstration (DT)
	0
	1
	Making connections between procedures (MCP)
	1
	1
	Responding to students' ideas (RSI)
	2
	0

	Awareness of purpose (AP)
	2
	0
	Use of instructional materials (UIM)
	2
	1
	Making connections between concepts (MCC)
	1
	0
	Deviation from lesson agenda (DA)
	0
	0

	Identifying pupil errors (IPE)
	1
	1
	Choice of representations (CUR)
	1
	1
	Anticipation of complexity (SC)
	0
	1
	Teacher insight (TI)
	0
	1

	Overt display of subject knowledge (OSK)
	0
	1
	Choice of examples (CUE)
	0
	1
	Decisions about sequencing (DS)
	0
	0
	Responding to the (un)availability of tools and resources (RAT)
	0
	1

	Use of mathematical terminology (UT)
	4
	2
	 
	 
	 
	Recognition of conceptual appropriateness (RCA)
	0
	0
	 
	 
	 

	Adherence to textbook (ATB)
	0
	0
	 
	 
	 
	 
	 
	 
	
	
	

	Concentration on procedures (COP)
	0
	0
	 
	 
	 
	
	
	
	
	
	



Table 4: Frequency of Code Use by Mentor
	 
	Strengths
	Opportunities
	 
	Strengths
	Opportunities
	 
	Strengths
	Opportunities
	 
	Strengths
	Opportunities

	Foundation
	Total 9
	Total 8
	Transformation
	Total 6
	Total 1
	Connection
	Total 6
	Total 5
	Contingency
	Total 3
	Total 2

	Theoretical underpinning of pedagogy (TUP)
	0
	1
	Teacher demonstration (DT)
	3
	0
	Making connections between procedures (MCP)
	1
	0
	Responding to students' ideas (RSI)
	2
	1

	Awareness of purpose (AP)
	3
	1
	Use of instructional materials (UIM)
	2
	0
	Making connections between concepts (MCC)
	3
	1
	Deviation from lesson agenda (DA)
	1
	0

	Identifying pupil errors (IPE)
	1
	0
	Choice of representations (CUR)
	0
	1
	Anticipation of complexity (SC)
	2
	2
	Teacher insight (TI)
	0
	1

	Overt display of subject knowledge (OSK)
	1
	1
	Choice of examples (CUE)
	1
	0
	Decisions about sequencing (DS)
	0
	1
	Responding to the (un)availability of tools and resources (RAT)
	0
	0

	Use of mathematical terminology (UT)
	4
	4
	 
	 
	 
	Recognition of conceptual appropriateness (RCA)
	0
	1
	 
	 
	 

	Adherence to textbook (ATB)
	0
	1
	 
	 
	 
	 
	 
	 
	
	
	

	Concentration on procedures (COP)
	0
	0
	 
	 
	 
	
	
	
	
	
	



Table 5: Variety of Codes Used
	
	Teacher
	Mentor

	
	Strength
	Opportunity
	Strength
	Opportunity

	Number of Observations
	14
	12
	24
	16





Table 6: Quantitative Changes in Attitudes to Mathematics
	Participant
	Maths Anxiety
	General Teaching Efficacy
	Maths Teaching Efficacy

	
1

2
	
Decreased by 35% (17 to 11)

Decreased by 20% (15 to 12)

	
Increased by 18%

Increased by 4%
	
Increased by 25%

Increased by 6%




Appendix J - Selected Transcription Extracts



Key
P1 	Participant 1
P2 	Participant 2
M 	Mentor
R 	Researcher
Please note that the researcher was also the mentor as appropriate to the session.

Extract 1: Transcription of Mentor Notes
“Teacher incorrectly offers trapezium and trapezoid as synonyms. In the UK; Trapezium: A concave quadrilateral with at least one pair of opposite parallel sides (called bases). Isosceles Trapezium: A concave quadrilateral with at least one pair of opposite parallel sides (called bases) in which the other two sides are of equal length (called legs). Trapezoid: a concave quadrilateral with no parallel sides. Confusion with US definitions. Possibly the learner was going to say isosceles trapezium (even though the resource shows a non-isosceles trapezium)?”
Extract 2: Mentored Reflection
P1: I put UIM on this one, Use of Instructional Materials using the interactive whiteboard.
M: Having [an example] that has an error in it, I think I put it in [my strength comments] somewhere. Yeah, I used SC [Anticipation of Complexity]. We have picked up the same thing but gone for different codes.
P1: I like that though. 
M: I don’t think that is a problem.
P1:  No, to be honest on some [incidents] I was thinking, ‘Which one is it?’, because it is actually more than one code.

Extract 3: Mentored Reflection
Context: Pupils viewed a repeated addition calculation (1+1+1+1+1+….=25) and were asked what they thought about it.

M: They got the first answer quickly [it’s inefficient] but the second answer [it could be inaccurate]…
P1: I put this down as UT [Use of Terminology] because I wanted them to understand the term ‘repeated addition’ and AP which is Awareness of Purpose as to why we write calculations in a certain way… for accuracy and efficiency.
M: I wrote a similar phrase, ‘Questioning leads to answers about inaccuracy and inefficiency’.
P1: Oh, that’s quite good [both laugh].

Extract 4: Exit Interview

Context: Pupils were considering the value of an unknown quantity of 2p coins. 

M: We could think of it as making connections between procedures…
P2: (interrupts) I thought that as well
M: … because it’s going to involve counting something which itself has a numerical value. It’s making those connections; something they already know but can use in a slightly different context. It’s also Use of Terminology because you are talking about multiples supported by the coins. 
P2: I wonder if this is Anticipation of Complexity. You know, I’ve given the difficult thing first. I didn’t say, ‘Oh we can count in twos’ so it was a challenge for them. And then I made the connection to what do you know already that will help us to work this out.
M: As a strength or an improvement?
P2: Should I have made it easier to start? 
M: Did you see the complexity in advance and want to challenge them or did you not realise until it was too late?
P2: I’m only seeing it now (laughs).

Extract 5: Mentored Reflection

P2:  There was one thing I’m not sure of: When we were doing inverse, I said it was the opposite. I’m not sure if that is really the right terminology. They seemed to understand it. ‘Oh, working backwards means undoing it.’

Extract 6: Mentored Reflection

Context: A learner had unexpectedly raised the issue of Order of Operations in a calculation (Brackets, Orders or Indices, Division, Multiplication, Addition, and Subtraction often abbreviated to BODMAS or BIDMAS).

P1: I had to talk about BODMAS but it wasn’t a planned lesson on BODMAS. Again, I wasn’t sure how many of them knew it and it wasn’t my main focus. However, I do think I skirted over it a bit because of my own confidence. I didn’t want to teach them something I wasn’t 100% sure of. I asked them what it stands for and I was happy enough with their answers at that point so I didn’t go into it any further. It was enough but I just felt [that I had avoided the problem].
M: One of the children said the O stands for order. So he has heard something and half remembered it or not understood it. It’s not ‘order’ it is ‘orders’ as in exponents, powers, indices or roots. Squares and cubes and stuff. BODMAS does tell you the order in which to calculate but that isn’t what the O stands for…
P1: I knew that I was sort of on sticky ground because I hadn’t read up properly on it myself.
M: The other option is that O stands for ‘other’. If they aren’t going to cope with what indices are and they aren’t ready for exponents and things, if you say ‘other’ that catches all squares, cubes and roots.
P1: I like that. That’s good. I knew that my own confidence and expertise, I was thinking I’m not 100% sure here and I don’t want to teach something and then have to go back and re-teach it.

Extract 7: Rowland et al’s (2009) Contingency example involving ‘Jason’

Jason and his class were considering splitting an oblong (a non-square rectangle) into quarters. It had been established that one whole, split into four equal parts is a quarter and that an oblong split into quarters using the lines of symmetry represents acceptable quarters. The next child claimed to have created quarters by drawing two diagonal lines joining opposite corners. Jason tells the class that is it their challenge to demonstrate whether these are true quarters. However, the matter is never returned to.

N.B. In the diagonal dissection, the pieces were not congruent making it difficult to establish equivalence but the pieces could each be halved once more producing congruent eighths thus proving the child had created true quarters.

Extract 8: Participant 2’s parity critical incident

The children had been established that the test for whether a number was even came down to divisibility by two. A child had said that three doesn’t ‘have a partner’ meaning that within three there is a pair and a singleton. Participant 2 asks, “What does G really mean when she says 3 hasn’t got a partner?” The child had noticed that even numbers can be broken down into complete pairs of two while odd numbers are broken down into pairs of two with one ‘partner-less one’. 

This is based on the grouping construct of division: a number is divisible by two if it can be separated into groups of two with no singletons left over. Participant 2 wanted to hear about splitting the number into two equal groups (the sharing construct within division) and wasn’t valuing the pairing idea even though this is a valid test for divisibility by two. In fact, both are important concepts.

Extract 9: Mentored Reflection

Context: The teacher had asked an open ended question, “If the answer is 25, what could the question be?” A learner gives the answer 8 x 3.125 which is unexpected. Presumably he had used understanding of the distributive law which allows you (amongst other things) to halve the multiplier and double the multiplicand. Thus if 1 x 25 = 25, then 2 x 12.5 = 25, 4 x 6.25 = 25 and 8 x 3.125 = 25.

P1: I don’t know whether I actually, I didn’t think anyone was going to come up with anything like this. It made me step back and think. At that point when he said 8 x 3.125, I had no idea whether it was right, it seemed like he’d just given some random numbers.
M: He gets a round of applause [both laugh].
P1: He gets a round of applause and everyone is looking sort of stunned. And I just thought, ok…
M: I liked your response because then you gave them something similar but not as complicated so that they could appreciate the strategy without having to cope with the decimals. 
P1: I was very aware when I first heard what he had done, I thought, ‘Oh my goodness, what have you done’… My student [teacher] was at the back filming and she was looking at me as if to say, ‘What are you going to do with this?’, and I was thinking, ‘I don’t really know!’ Then I thought they aren’t going to be able to understand it with the decimals. I just kept thinking, ‘What number can I use that I can easily halve and halve again?’ so I used 100. I have got to say that I was quite pleased with myself!
M: I think it was brilliant.
P1: That is one of my things that we have discussed [my fear of able learners giving unexpected answers].

Extract 10: Exit Interview

P1: It’s a shocking thing to admit but I had never ever thought of these shapes [squares, oblongs and rectangles] as parallelograms. But they are and I learned something. In all the resources I have used, it was never apparent. So that’s the power of the tool it gives you a luxury to look back and contemplate. That was a real thing for me; ‘Oh, I hadn’t really realised that’. It was a bit of a mind blowing moment.

Extract 11: Exit Interview

P2: I’m more aware of how I say things. I’ve been really slowing my speech. I feel like the video has done a lot for me. It’s showed me ways I need to improve and showed me good things as well.

Extract 12: Exit Interview

P1: Our discussions, when we watched the videos, I felt quite encouraged by them. I hated watching them and every time and I thought, ‘Oh my gosh, what am I going to find?’ There was that threat to it but I was always quite pleasantly surprised so it has been nothing but a positive experience. It was a lot about my self-confidence as a mathematician.

Extract 13: Exit Interview

P1: It made me feel anxious. It made me think, ‘Oh my gosh, what might you have picked up from my lesson’… In the end, we often picked almost identical sections of the lesson … I felt relieved... There was some anxiety and stress but that doesn’t mean it was a completely negative experience because I think it was good to look at myself.

Extract 14: Exit Interview

P1: I liked the dialogue between us and I liked the opportunity to have time to reflect… I don’t think that often in staff meetings or on INSET days we really have those gritty conversations. I think the video had a really strong purpose. On a normal training session, you don’t expose as much of yourself and I think it’s the exposure and the analysis of it is what brings improvement. If you are open to it and willing to do it, it is probably one of the best methods that you can use as long as there is dialogue after it. I think the collaborative talk is essential. The videoing is one thing, analysing yourself will tell you an awful lot. The fact that you write it down and you document it is another thing; it makes it more concrete and visual so you have it as a record. But the collaboration and the talk is probably the thing that moves it on the most.

Extract 15: Exit Interview

P1: I liked [the KQ]. I think longer on the project would have made it easier to maybe use different codes. Sometimes a snippet addressed lots of codes and it depended on which aspect, which angle you were going to focus on. It shows it’s quite multi-layered, it’s not always as easy as saying it’s this code. Learning is a much more complex process. I liked how they were organised into sections; that made it easier to analyse. But there were a lot and I felt I wasn’t completely familiar with enough to use them in a more confident way.

Extract 16: Baseline Interview

P1: When I think about the teaching I had in school it’s not a comfortable thing for me at all. I remember being in Y6 and doing [rapid fire mental maths] and I remember my friend being quicker than me and being very conscious of it and not liking it. I remember copying some of her answers sometimes because I didn’t want to get left behind.

Extract 17: Baseline Interview

P1: When I watch Countdown with [my husband], we always pause it. We don’t ever do it in those thirty seconds. If I had to do it in those thirty seconds, my shutters have already gone down. I don’t even attempt it usually because I feel panicked. If it’s on pause I’m happy to try it.
R: Does the feeling of panic go away when the time limit goes away?
P1: I wouldn’t say it disappears but it is much reduced. I’m still not in my comfort zone because I’m doing it mentally. I’d still prefer a paper and pen. The calculator is just there usually to check.

Extract 18: Baseline Interview

P1: The first time I had to teach fractions is the first time that I actually understood what fractions are really all about. I remember reading teacher notes on it and thinking, ‘Oh my gosh’. Like a light bulb moment, now I understand it. From that point on I felt more comfortable with it. 

Extract 19: Exit Interview

P1: Because I was never very confident in school or through university in maths I probably am never going to be completely confident in myself or think it’s my best subject. However, I did feel that when I looked back, I was quite happy with my explanation and I felt like I had good subject knowledge on those subjects at least.

Extract 20: Exit Interview

P1: I think when I did this [drawing activity] the first time, there was a picture of me here and I felt a bit frazzled and not very confident in what I was doing. Now I’ve got two smiley faces, I feel more confident now and a thumbs up. It really did allow me to reflect on the maths teaching I do in my classroom… It gave me a really good chance to reflect on how I approached things, the resources I used, how I interacted, whether I gave my children opportunities to really explain what they thought or how they felt.

Extract 21: Exit Interview

P1: Yes... when I watched myself I thought I was a better maths teacher than I thought I was at the beginning. I was pleasantly surprised. I had this horrific notion that I would watch myself and think, ‘Oh my gosh, that’s awful’, or I could do so much better. But it did inspire me and give me confidence to think, yes, I am ok and I don’t think I would feel as threatened [doing a maths lesson for an observation]. I’ve watched myself, you have watched me and we’ve had a discussion, I think I would feel much more comfortable now.

Extract 22: Baseline Interview

P2: All the way through school my maths skills were not the strongest and I never really developed a joy or love for maths and at times did fear maths especially more complex topics. This was until I became a TA at [a comprehensive school before teacher training]. Being taught by another teacher and being of an older more mature age I came to understand simply concepts that I perhaps missed whilst in school and started to develop an enjoyment for the subject.

Extract 23: Baseline Interview

P2: In my first PGCE teaching practice, I used to go to school feeling sick every day because I was teaching Year 6 maths. All the teacher would say to me was, ‘teach fractions next week’. Once it was done, I would feel wonderful until I got home but then I had to start thinking about the next day. It was a bit of a vicious circle, it was horrible. I hated it.
R: Did you feel equal amounts of worry teaching other subjects on that placement?
P2: No. I felt less anxious about other subjects. I’ve always had an issue with maths. I never felt good at maths at school. I think I missed simple concepts at the start. When I was a TA, the teacher was brilliant. It was a less able class so he was going over simple stuff and I learned so much that one year. This maths thing isn’t that bad. Since then I’ve begun to enjoy maths. I still don’t think I’m amazing at maths and if someone asks me a question, I panic because I think I’m going to get it wrong. But I do really like teaching maths now; there’s no grey area. It’s right or it’s wrong but you can get there in different ways. 
R: When you are describing other people using a variety of methods you are being whole heartedly accepting of that variety but when you discuss yourself doing maths you feel that you have to use the one ‘correct’ method.
P2: Yeah, it’s because I have a fear of being criticised. I don’t know why. I don’t like people saying I’m wrong or judging me. It was just always like that in school.

Extract 24: Baseline Interview 

P2: If someone was with me, say for example you, and you told me what method to use and you were there in case I needed to ask you a question; that would make me feel less worried. Say I was doing mixed numbers in fractions, I would know in my head a way to work it out but I wouldn’t know if that was the right way; the way to teach a child. Often doing the maths is easy, it’s knowing how to do the maths, knowing the right method [that is the problem]. I’ve never been that confident in my ability. I kind of second guess myself. I think I take the long way around and double check everything.

Extract 25: Exit Interview

P2: I was like a facilitator; I just asked ‘what is this?’ They were throwing answers out and I was asking, ok, what else is it then? What else could it be? What does it mean? I felt quite confident doing it. I knew what they were going to say because I knew what we had covered… Generally I felt quite confident, I wasn’t worried about what questions would come but perhaps if I was in Year 6 with a top set class they would throw things at me that would make me nervous perhaps. But with my Year 2 class I was never uncomfortable.
She went on to say, 
P2: My feelings towards maths haven’t changed at all but my feelings towards how I teach it have changed since I’ve been reflecting on it a lot more, especially after watching the video clips. Even though I do now enjoy maths and do not fear it, I do still at times worry that my subject knowledge and skill level in some areas is not strong enough. When it comes to differentiating for more able pupils there have been times when I have felt that my subject knowledge is not sufficient to push these pupils enough, particularly if I was [teaching] in years 5 or 6.

KQ Code Useage
Teacher Strength	Theoretical underpinning of pedagogy (TUP)	Awareness of purpose (AP)	Identifying pupil errors (IPE)	Overt display of subject knowledge (OSK)	Use of mathematical terminology (UT)	Adherence to textbook (ATB)	Teacher demonstration (DT)	Use of instructional materials (UIM)	Choice of representations (CUR)	Choice of examples (CUE)	Making connections between procedures (MCP)	Making connections between concepts (MCC)	Anticipation of complexity (SC)	Decisions about sequencing (DS)	Recognition of conceptual appropriateness (RCA)	Responding to students' ideas (RSI)	Deviation from lesson agenda (DA)	Teacher insight (TI)	Responding to the (un)availability of tools and resources (RAT)	Concentration on Procedures (COP)	0	2	1	0	4	0	0	2	1	0	1	1	0	0	0	2	0	0	0	0	Teacher Opportunity	Theoretical underpinning of pedagogy (TUP)	Awareness of purpose (AP)	Identifying pupil errors (IPE)	Overt display of subject knowledge (OSK)	Use of mathematical terminology (UT)	Adherence to textbook (ATB)	Teacher demonstration (DT)	Use of instructional materials (UIM)	Choice of representations (CUR)	Choice of examples (CUE)	Making connections between procedures (MCP)	Making connections between concepts (MCC)	Anticipation of complexity (SC)	Decisions about sequencing (DS)	Recognition of conceptual appropriateness (RCA)	Responding to students' ideas (RSI)	Deviation from lesson agenda (DA)	Teacher insight (TI)	Responding to the (un)availability of tools and resources (RAT)	Concentration on Procedures (COP)	0	0	1	1	2	0	1	1	1	1	1	0	1	0	0	0	0	1	1	0	Mentor Strength	Theoretical underpinning of pedagogy (TUP)	Awareness of purpose (AP)	Identifying pupil errors (IPE)	Overt display of subject knowledge (OSK)	Use of mathematical terminology (UT)	Adherence to textbook (ATB)	Teacher demonstration (DT)	Use of instructional materials (UIM)	Choice of representations (CUR)	Choice of examples (CUE)	Making connections between procedures (MCP)	Making connections between concepts (MCC)	Anticipation of complexity (SC)	Decisions about sequencing (DS)	Recognition of conceptual appropriateness (RCA)	Responding to students' ideas (RSI)	Deviation from lesson agenda (DA)	Teacher insight (TI)	Responding to the (un)availability of tools and resources (RAT)	Concentration on Procedures (COP)	0	3	1	1	4	0	3	2	0	1	1	3	2	0	0	2	1	0	0	0	Mentor Opportunity	Theoretical underpinning of pedagogy (TUP)	Awareness of purpose (AP)	Identifying pupil errors (IPE)	Overt display of subject knowledge (OSK)	Use of mathematical terminology (UT)	Adherence to textbook (ATB)	Teacher demonstration (DT)	Use of instructional materials (UIM)	Choice of representations (CUR)	Choice of examples (CUE)	Making connections between procedures (MCP)	Making connections between concepts (MCC)	Anticipation of complexity (SC)	Decisions about sequencing (DS)	Recognition of conceptual appropriateness (RCA)	Responding to students' ideas (RSI)	Deviation from lesson agenda (DA)	Teacher insight (TI)	Responding to the (un)availability of tools and resources (RAT)	Concentration on Procedures (COP)	1	1	0	1	4	1	0	0	1	0	0	1	2	1	1	1	0	1	0	0	KQ Code
Times Used
2
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Dear Parent/Guardian,

1 am conducting researchfor my Masters in Education dissertationand the
teacherinyour child's class has agreed to take part during the next few weeks.
The research i designed to help improve the quality of teaching, particularly in
maths, through structured teacher reflection. The project involves audio-
visually recording the teacher while they teach introductions to maths lessons.
These recordings will only be watched by the teacher and me for the purpose
of the research. The recordings will be stored securely and will be destroyed at
the end of the research.

‘While the children are not the focus of the research, it is possible your child
may appear incidentally in one of the recordings. Please sign below to give
Your consent for your child to appear incidentally. If you prefer not to give
‘consent, your child will be excluded from the recordings but will notbe
excluded from any lessons.

At the end of the researchan anonymised summary of the findings will be
available on request.

Yours sincerely,

MrsF Cosgrove

PARENTAL CONSENT FORM

Name of Pupit Cass

Activiy Visit: Mrs Cosgrove’s Disserttion Research.
daress gl Post Codel:

Havingreceived nformaton of th proposed research heraby agree o my hidaking part.

Signea Date:
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