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Final Report

Summary

There is considerable evidence that many primary teacher trainees come to their PGCE year with significant levels of anxiety about mathematics. Unless these anxieties are addressed, trainees may fail to remedy gaps in their subject knowledge, may fail to learn the required pedagogical skills and may pass their anxieties on to the children they teach. This suggests that these people are a significant link in the chain that perpetuates mathematical anxiety. The fact that trainees’ attitudes to mathematics change considerably during their PGCE year represents an opportunity for training providers to reduce anxiety levels. 

The following report documents a longitudinal project that has been running at Bath Spa University. The project has sought to track the changing attitudes towards mathematics of our cohorts of trainee teachers and to explore the reasons for any changes through interviews with groups of them. The findings presented here provide a glimpse into the mathematical world of trainee teachers and reveals some interesting (and often surprising) factors which may help other providers of initial teacher education to reduce trainees’ anxiety about mathematics in the future. We have tried to pull together some of the key findings into a list of suggestions, which we hope that other providers of primary ITE may find useful. 
Rationale and Literature Review

There is considerable research evidence to suggest that people entering the teaching profession come with strong feelings about mathematics (Hogden and Askew, 2007) often as a result of their experiences as learners of mathematics (Unglaub, 1997). For primary teacher trainees, anxiety about mathematics is especially important as there is evidence to suggest that teachers pass their anxiety on to the children they teach (Burnett and Wichmann, 1997; Fiore, 1999). There is a weight of evidence to suggest that anxiety about mathematics disrupts cognition (e.g. Ashcraft, 2002; Miller and Bichsel, 2003), thus hampering trainees’ ability to learn the associated mathematical pedagogical skills. Trainees with less secure subject knowledge, a possible consequence of high anxiety levels, have been shown to plan and teach mathematics lessons less effectively (Goulding, Rowland & Barber 2002; Rowland, Martyn, Barber & Heal, 2000). Recently, Rowland, Turner, Thwaites & Huckstep (2009) have explored in great depth the link between trainees’ subject knowledge and their ability to make appropriate pedagogic choices. They argue that the depth of understanding that a trainee teacher has will have an impact on his/her ability to see connections within and beyond mathematics, the appropriateness of the examples chosen and the models and representations used to illustrate a particular mathematical concept.  High levels of anxiety about mathematics and the consequent lack of subject knowledge can only lead trainees to poorer classroom practice. 
Despite this rather gloomy picture, a number of studies have shown that trainee teachers’ anxieties about mathematics can and do change during the period of training. Gresham (2007) suggests that trainees (like the majority of the population) have a poorer understanding of concepts than they do of procedures and that this reliance on learned procedures without a clear conceptual understanding exacerbates anxiety. She designed a mathematics course that provided trainees with concrete experiences specifically intended to improve their conceptual knowledge and found marked reductions in trainees’ levels of anxiety. Hawera (2004) also found marked reductions in trainee teachers’ anxiety about mathematics after an intensive 12 week course (48 hours) of mathematics. This course focused on trainees working together to in what she termed an ‘emotionally safe’ environment. However, trainees undertaking one-year PGCE courses do not have time to attend such provision, even if it were available.

Brown, McNamara, Hanley & Jones (1999) also report significant changes in trainee teachers’ conceptions of and attitudes towards mathematics over the four years of their teacher training, without the issue being explicitly addressed in the training course. The study suggested that the change was gradual and related to the stages of their training. Trainee teachers began with highly affective accounts of their mathematical experiences at school. These were replaced as the trainees engaged with mathematics in a pedagogical context. A further shaping of the trainees’ attitudes occurred as they entered school and began were more influenced by the organisational concerns of their placement schools. 

All the above accounts concern trainees on extended courses. Less is known about the attitudes of trainee teachers on one-year PGCE courses, such as ours. These trainees spend time in schools from the beginning of the course and are concurrently receiving mathematical training in the university. The evidence reviewed above suggests that the PGCE year represents an opportunity for providers of initial teacher training to alleviate anxiety and address trainees’ negative attitudes about mathematics. However, time for these trainees is very limited and little is known at present about the factors during initial teacher training that might help alleviate anxiety levels in trainees and therefore the ways in which providers can make their provision more effective for such trainees.
The Project – Data Collection
In the light of the relative lack of information about ways of addressing the problem of trainee anxiety in mathematics, the project aimed to address two main questions:

· Did the trainees in our university change their attitude towards mathematics during the course of their PGCE year?

· What were the key points or events that triggered any changes in attitude
The study used questionnaires administered at three time points (September, December and April) to explore the changing attitudes towards mathematics of primary teacher trainees throughout their teacher training year. The questionnaires examined the trainees’ anxiety levels through a shortened version of the Maths Anxiety Rating Scale (MARS, Suinn and Richardson, 1972) and also contained measures of the trainees’ perceptions of themselves as mathematicians and as teachers of mathematics. Data about the trainees’ highest mathematical qualification and their prior experiences of working in primary classrooms were also collected in the initial questionnaire. 
The factors influencing attitudinal changes were explored through interviews with small groups of trainees. The same data were collected from a second cohort of trainees during the second year of the project. The collection of data across the two years allowed for a direct comparison of the two years. The interviews were semi-structured in nature. There was a loose ‘agenda’ and the interviewers came with pre-prepared questions. However, if the group began to discuss an interesting issue, the interviewers let the discussion proceed without intervening. 
During the two years of the data collection, a total of 254 trainees had full sets of data. A larger number than this had partially completed data sets and these data are used where appropriate. For example, all the data collected at the first entry point is used in the analysis concerning trainees’ attitudes on entry to the course. During the first year of the study, a total of 18 trainees were interviewed in three groups. In the second year of the study, thanks to the funding received, we were able to extend the interviewing process. A total of forty trainees were interviewed in eight groups of 5. 

The Data

A conscious decision was made to collect both quantitative and qualitative data. Quantitative data were needed in order to build up a comprehensive picture of the attitudes of whole cohorts of trainees and to indicate whether any change in attitude was actually taking place during the PGCE year. The use of quantitative data enabled us to explore the magnitude of any changes and to see how anxiety about mathematics interacted with other attitudes about the subject, particularly in the context of pedagogy. 

The use of the quantitative data was not enough in itself to offer us any real indication of why changes were occurring. For this reason, the decision was made to conduct the group interviews. These interviews took place in April. An initial analysis of the quantitative data informed the framing of some of the interview questions and enabled us to target questions at areas highlighted in the quantitative data. 

The Project – Data Analysis

The quantitative data was analysed using SPSS. Correlational analysis was used to explore the relationships between mathematical anxiety and the trainees’ ratings of themselves as mathematicians and as teachers of mathematics. The three data collection points allowed us to look at ways that these relationships changed over time. 
T-tests allowed us to compare different groups of trainees within the whole cohort. Specifically, we looked at the outcomes of those trainees who had reported very high levels of anxiety on entry to the course and compared them to the data for the rest of the cohort. Importantly, t-tests allowed us to look at the 2007/8 cohort and compare their scores with the 2008/9 cohort. 

The analysis of the qualitative interview data involved an initial coding of the conversations to identify common themes. This initial coding was done by the two named researchers independently. Although the interviews were semi-structured, we did not begin with specific codes. The initial codes were largely descriptive. A second phase of analysis took place once the initial codes had been discussed and developed; more abstract, inferential codes were identified from the initial coding and used to refer back to the literature. From these inferential codes initial findings and recommendations were independently formulated and then compared. The findings reported below are the result of this coding process. The words of the trainees are illustrative of the themes and feelings that the coding process revealed.  
We were keenly aware of the potential problem that the interviewers who were asking questions about the PGCE course were the same people who were responsible for the design and delivery of the course. We tried to be as open as possible, to carry out the interviews in an atmosphere of genuine trust and information gathering and to be open to negative or critical comments. We always asked specifically for suggestions and comments about how we could improve the course and encouraged those trainees who had been less happy with the provision to come to the interviews so that they were able to voice their feelings. Despite this, we were aware that there may have been feelings and critical comments that the trainees wished to voice, but felt that they couldn’t. 
Findings

The questionnaire data indicated that trainees come to their teacher training year with widely differing levels of anxiety about mathematics. The range of scores was between 12 and 108 out of a possible 150. About 16% (59 out of 358 trainees for whom initial data was available) of the cohort reported anxiety levels greater that 1 standard deviation above the mean. However, during the interviews, the majority of trainees indicated some level of anxiety about mathematics, almost always as a result of their own experiences as learners of mathematics. This was interesting, as all the trainees had a minimum of a GCSE Grade C, which would make them all relatively ‘successful’ learners of mathematics. However, a large number of them were aware that they had learned mathematics in a highly instrumental way, knowing ‘tricks and recipes’ to get to the right answer, without any real understanding of the mathematics involved. 
Correlational analysis showed that trainees’ anxiety levels on entry were moderately related to their views of themselves as a mathematician (r=0.525, p<0.001) and moderately related to their assessment of themselves as a teacher of mathematics (r=0.536, p<0.001). Initially, their views of themselves as a mathematics teacher also showed a weak correlation with their level of classroom experience (r=0.184, p<0.01). However, as expected, this relationship became non-significant by the end of their PGCE year (r=0.042, p>0.05). 
During the year there were significant reductions in trainees’ anxiety about mathematics (t=19.53, p<0.001), and increases in their assessments of themselves as mathematicians (t=17.86, p<0.001) and their assessments of themselves as teachers of mathematics (t=20.93, p<0.001). There were statistically significant reductions in anxiety levels between September and December and between December and April. This suggests that a longer course may have been able to reduce anxiety levels further. The fact that there were only three data collection points means that it was not clear whether the drop in anxiety levels was levelling off towards April, or whether anxiety levels could have been reduced further. 

The group of trainees who had levels of anxiety on entry more than one standard deviation greater than the mean were compared with the rest of the cohort. The analysis showed that their levels of anxiety fell significantly more than those of the rest of the cohort (t=2.15, p<0.05). However, this group of trainees were still significantly more anxious than their peers by the end of the course (t=5.83, p<0.001). This particularly anxious group also rated themselves more poorly as mathematicians and as teachers of mathematics than their less anxious peers at the beginning of the course. By the end of the course, there was still a statistically significant difference in terms of their rating of themselves as a mathematician (t=4.68, p<0.001), but no significant difference in terms of their ratings of themselves as teachers of mathematics (t=1.59, p>0.05). This suggests that these two concepts are very closely related at the beginning of the course, but become increasingly dissociated as the course progresses.
The group interviews provided some interesting illumination of the statistical data. The quantitative data showed a wide range of anxiety on entry. We specifically asked the interview groups about their feelings when they entered the course and the reasons for those feelings. For those interviewed who reported high levels of anxiety on entry the cause was directly attributable to individual teachers, or even specific incidents at school. There was a group who had been positive about mathematics in primary school, but who had had negative experience once secondary school began. For a small number, their anxiety could be traced back to negative experiences in primary school. A small minority cited problems with homework and family attempts to ‘help’ as exacerbating the school situation. The fact that their own schooling was so influential in shaping the trainees’ initial views about mathematics is highly important as they are entering the educational world, but now on the other side of the pupil/teacher divide. Trainees come to their PGCE year with ideas about mathematics and mathematics teaching. While some trainees who have had a negative experience as learners of mathematics are determined not to repeat the mistakes of their own mathematics teachers, many reported finding it difficult envisage teaching mathematics in ways that are not very similar to those they ‘suffered’ themselves. 
It would seem to be important for ITE providers to be aware of the fact, particularly with mathematics, they are working with people who already have opinions and possibly emotionally laden experiences that will affect their future learning. The notion of individual learning would seem to be particularly relevant here given the powerful nature of the experiences that these trainees bring to their PGCE. 
The provision of sessions dedicated to improving the trainees’ mathematical subject knowledge was cited by a large number of interviewees as highly important in reducing anxiety levels. During the 2007/8 course, these sessions were offered at three levels depending on the trainees’ own mathematical confidence and competence. Highly mathematically competent trainees were not compelled to attend these sessions. Those who were reasonably confident about their mathematics were able to attend ‘refresher’ sessions where existing subject knowledge was re-activated. Those trainees who were less sure about their mathematics were invited to attend more intensive support sessions called ‘Refresher plus’. The refresher plus sessions covered the same mathematical ground as the ‘Refresher’ sessions, but over a longer time enabling the trainees to practice some of the mathematical skills taught. 

Less anxious trainees were content to be ‘taught’ some subject knowledge and simply to refresh mathematics that they had not used for some time. The more anxious trainees saw the opportunity to do some mathematics as extremely valuable. They needed more than simply to be reminded how to do something. Many made comments suggesting that they felt they understood a concept when it was explained, but that it was only by trying something out that they were able to see what they had genuinely understood. 

This suggests that providers of initial teacher training need to do more than offer a ‘one-size-fits-all’ subject knowledge provision. The element of choice as to the level of subject knowledge provision offered seemed to be particularly important to the most anxious trainees. Their being grouped with other trainees who were anxious about and less confident with mathematics enabled them to engage more with the teaching, to ask questions and to ‘have a go’ without the feeling that their more confident peers were judging them.

There was a complex relationship between the trainees’ level of anxiety, their subject knowledge and their understanding of pedagogy. Pedagogy sessions, although not designed specifically to address subject knowledge, were places where trainees made significant advances in their mathematical understanding. For many trainees, being shown ways of explaining a particular mathematical concept to primary school children acted as a trigger for making leaps in their own conceptual understanding, which in turn led to much greater confidence with their own mathematics. It was unclear as to how much these incidents affected trainees’ global mathematical confidence. Brown (2005) suggests that trainees’ growing confidence might be confined to a fairly tightly specific pedagogical situation rather than be symptomatic of a more general growing confidence. Our statistical data, which appears to show a growing dissociation between the trainees’ concepts of themselves as mathematicians and as teachers of mathematics, would suggest that this is happening here. 
During the interviews, many trainees made reference to their university tutors as having a role in changing their attitude towards mathematics and reducing anxiety levels. On a simple level, tutors’ approachability and patience allowed trainees to have a go at problems and ask questions without the feeling that tutors would be dismissive or uninterested. More subtly, there was an emerging sense that the tutors themselves were acting as ambassadors for mathematics. Trainees’ views of mathematics seemed to be bound up in the personalities of the tutors. The fact that tutors were seen to have a sense of humour and were approachable meant that the trainees’ perception of mathematics itself was changed. For example, the final lecture before Christmas, which was done as a pantomime and included a number of sketches and songs designed to reiterate and reinforce the key messages from the first half of the taught course, was unexpectedly cited by a number of trainees as a moment of realisation that mathematics itself didn’t have to conform to the ‘dull and dry’ stereotype. Somehow, this ability to connect mathematics and humour together led some trainees to view the subject as less ‘hostile’ and forbidding, consequently reducing anxiety levels. 
During the second year of the project, the subject knowledge sessions were changed from a more ‘didactic’ teaching focus to an opportunity for all the trainees, regardless of their prior mathematical achievements, to engage in sustained mathematical investigations. This decision was a difficult one as it meant a move away from the more personal provision that the division of the subject knowledge provision into ‘Refresher’ and ‘Refresher Plus’ had allowed. However, it was felt to be a response to the feeling that it was particularly beneficial for the trainees to have a go at doing some mathematics. 
There was some suggestion from the interview data that engaging in sustained mathematical investigations enabled trainees to uncover latent mathematical understanding. Several of the trainees spoke of a ‘re-engagement with mathematics’ and of being able to draw a line under bad school experiences and start again. Several appreciated the pedagogical benefits of this and saw themselves as ‘re-learning’ mathematics alongside the children they were teaching, with all its attendant benefits. The investigative sessions also served to highlight the importance of collaboration in mathematics, something that served to reduce the anxiety of some of the trainees.
Not all the trainees lost their anxiety about mathematics during the year. Those who remained anxious rationalised their anxiety by realising that it put them in a better position to understand those children who do not find mathematics an easy subject. The trialling of the investigative sessions also produced a dichotomy. The more anxious trainees from the first year of the study had been positive about the fact that they were in a group with other like-minded or similarly anxious trainees. The investigative sessions were run with all the trainees together, something that was appreciated by some of the trainees and a source of concern to others.
The decision to remove the option of receiving subject knowledge input at different levels was a difficult one. The decision to change the nature of the provision was a direct consequence of the fact that so many trainees commented on the benefits of actually doing some mathematics. Given the investigative nature of the new subject knowledge input, it was decided that all the trainees should attend irrespective of their previous level of mathematical study or confidence. 

The findings provide a rich insight into the thinking of primary teacher trainees as they grapple with mathematical subject knowledge, pedagogy and their own feelings during their training year. They represent an excellent source of ideas for providers of initial teacher education to develop and adapt their courses so as to make better provision for anxious trainees and help to break the chain of mathematics anxiety. 

Summary of key findings:

1. Providers of initial teacher education in primary mathematics should be aware that many of the trainees they teach come with emotionally laden mathematical experiences that will have a direct impact on their engagement in the training offered. 

2. Given the multiplicity and powerful nature of these experiences, it is incumbent upon providers if ITE to tailor their provision to the needs of individuals or groups within a whole cohort of trainees.

3. Primary mathematics tutors embody the subject and therefore the way they act and react will affect the trainees’ views not only of the institution, but of the subject itself. 

4. Divisions between subject knowledge and pedagogy are at best artificial and possibly damaging. For many trainees pedagogy is a way into a deeper understanding of a particular mathematical concept and therefore a reduction in anxiety. Conversely, deep understanding is needed for successful teaching. 
5. Doing some mathematics is a powerful and necessary component of becoming a primary mathematics teacher, particularly for those trainees with high levels of anxiety. 

6. Trainees with high levels of mathematical anxiety need time to be able to play with mathematics in an atmosphere of trust and mutual support without fear of making ‘mistakes’. Once they have been successful with mathematics at this level, their motivation increases enormously. 

The authors would like to thank ESCalate for their support for the work. We would also like to thank all the trainees who have passed through our hands over the past two years and particularly those who took the time and trouble to answer our questions and to give us their honest opinion about their feelings about mathematics and the PGCE experience. 
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