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Abstract
We report on design research probing what knowledge, skills and beliefs mathematics teachers bring to the enhanced demands for reasoning and problem solving in new (2017) A Level curricula. We asked what should be further developed, and how. The study drew on questionnaires and short intervention workshops for beginner teachers; key workshop elements were repeated with experienced teachers. Data analysis considered a) range and depth of participants’ engagement with ‘target’ assessment and teaching issues, b) knowledge and experiences they used to justify their reflections, c) the extent to which those appeared enhanced by the workshop.  
We found the intentions of changes well-aligned with the professional beliefs of both beginner and experienced teachers. Beginner teachers can acquire specific assessment-related skills through carefully structured workshops, drawing initially on their own experiences of learning but also ‘replaying’ experiences of classroom observation and professional discussion. They began to articulate principles for resolving tensions between validity and reliability, and to rehearse formative classroom strategies for supporting exploration, persistence and written reasoning. Experienced teachers showed wider command of such strategies, though many were challenged to genuinely re-envision their practice. Acquiring the associated deep expertise is demanding and daunting for both beginner and experienced teachers.  
1. Introduction
Schools and colleges in England are currently (Summer 2017) preparing to teach a new A Level Mathematics specification which will incorporate a greater proportion of semi-structured questions. Such questions have become unusual in recent years, with papers increasingly formulaic and predictable. The new A Level will build directly on students’ experience of the GCSE first examined in Summer 2017, which itself has a renewed focus on genuine problem solving and reasoning. The first such student cohort will, however, have experienced this preparation in only the last two years of a planned eleven-year curriculum.
Preparations for the new A Level have been time-pressured: final specifications and specimen assessments were only accredited for use in Spring 2017. Although examination content is 100% prescribed, its interpretation and demand was moderated by Ofqual during the accreditation process, so supporting materials were not in many cases finalised until after accreditation. An impetus in designing this project was our awareness that beginner teachers would face a challenge of learning assessment practices with which neither they nor their school mentors were familiar.
In terms of how beginner teacher (BT) knowledge, skills and beliefs compare with those of ‘expert’ teachers, Livingstone and Borko (1990) characterise teaching as a complex cognitive skill which includes improvisational performance, link-making and strategic thinking (with implicit metacognition), and suggest these are core differences between novice and expert teacher functioning. Cochran-Smith and Lytle (1999) show also that relationships between ‘knowing more’ and ‘teaching better’ are anything but straightforward: they distinguish knowledge for/in/of practice, and experts need all of these. Berliner (2004) adds to this, showing that teaching expertise is domain-specific, taking at best 5-10 years to develop. In terms of this particular curriculum development, Cooney (1985) shows that beliefs in the merits of problem-solving approaches are fragile if beginner teachers are isolated in such beliefs: ‘sensible systems’ of adjustment to context take priority. He notes that exposed, articulated beliefs appear more resilient to challenge. In designing our intervention, then, we drew on all of these, but also on Horn’s (2010) analysis of curriculum resources and professional interactions in the form of ‘replays, rehearsals and re-envisioning of practice’ as key tools for teacher learning. 
Very little appears to be known about how BTs develop understanding of formative or summative assessment. Webb (2009) shows that even at middle grades, teachers working with written assessments need to develop sophisticated interpretive skills to identify the reasoning and justifications used by students, and elicit a range of student strategies. He found that limitations in teachers’ mathematical knowledge for teaching restricted their ability to select or design suitable assessment tasks. He also shows that the use of less formal strategies and representations can increase student understanding. Grainger and Adie (2014) engaged BTs (n=96) in peer assessment of course activity, showing their personal background experiences to be a profound influence on beliefs and understanding; Lavi and Shriki (2014), in peer assessment of problem solving requiring proof, showed how experience as an assessor/assessee in this context can have a significant emotional impact. It can lead to an increase in mathematical knowledge for teaching through supported informed reflection on alternative solutions, increased robustness of BTs’ beliefs about the value of such tasks, and skills in evaluating assessment systems.
2. The study 
We worked with beginner teachers (BTs) from a variety of training routes, near the end of their initial training year. We sought to investigate their preparedness for teaching towards, and assessing, semi-structured questions, as required by both GCSE 2017 and the new A Level, and also their related beliefs and values, through a web-based questionnaire and follow-up workshop. We focused on semi-structured questions at AS level, as providing content of reasonable challenge for beginner teachers, so that we could design a learning experience that included teachers’ own (affective, cognitive and professional ) responses to attempting such questions themselves in limited time, as well as assessing authentic school student responses to the questions. In parallel, we ran similar workshops which explored characteristics of experienced teachers (ETs) of A Level mathematics, comparing and contrasting with those of beginner teachers. 
The initial study was undertaken two years before introduction of the new A Level specification, and drew on Awarding Body draft questions and mark-schemes as exemplar material. A second double-layered phase of the study is being conducted in Summer 2017, drawing on accredited specimen questions. Many A Level teachers in schools will by then have experience of teaching GCSE 2017, as will some beginner teachers. Those experiences, and the advent of accredited AS materials, might lead to teacher responses different from those in the first phase. The whole study will offer some insights into development of teacher responses to a demanding curriculum change over time, as well as comparing resources of beginner and experienced teachers for such change. 
Our research questions were therefore:
· What knowledge, skills and beliefs do beginner teachers bring to the enhanced demands for reasoning and problem solving in new (2014 on) curricula? 
· What teacher capacities should be further developed, in the context of advanced school mathematics and its assessment, and how might this be done?
· How do the answers to these questions compare with those for experienced teachers of A Level mathematics?
· How do teacher responses change as introduction of the new A Level approaches? At the time of writing we are as yet unable to answer this question.
In workshops, we gave teachers information about the new A Level. Then teachers used selected questions, formal mark schemes and solutions written by peers and students. They were asked to relate outcomes to their beliefs and values, attempt to diagnose student approaches, and rehearse classroom teaching for semi-structured problems, and developing formative feedback. They reflected on the emotional impact of being assessed by peers, and on the range of implications of the workshop for teaching. Problems drawn on are typified by those in Figure 1. 
Figure 1: 




Data consisted of 50 BT questionnaire responses (from 180 solicited), individual workbooks from two parallel BT workshops (n=39), BT group workbooks, (n=10), BT group workshop audio recordings (n=8), BT individual follow-up interviews (n=4), ET individual workbooks from 3 parallel workshops (n=59), and ET workshop audio recordings (n=3). There is no claim to representativeness in the samples, as workshops were local and opt-in. Analysis was open, axial, then selective (Charmaz 2006), resulting in analysis under the three headings: knowledge and experience, concerns, values brought by teachers to the study. 
Workshops had a central goal (DBRC 2003, p5) of providing an environment for BTs to learn about teaching and assessing for semi-structured problems. They were designed to address needs exposed in the web survey and follow-up analysis, thus forming continuous cycles of design, enactment analysis and re-design. The intervention has been re-developed for our AMTEC course (presented in this conference under Strand 1) and again in Summer 2017 in its original context. Throughout, the design focused on interactions that refine our understanding of the learning issues involved, as described below, relying on methods that can document and connect processes of enactment to outcomes of interest. Emergent theories were made operational in near-authentic educational contexts and judged pragmatically. 
3. Findings and discussion 
Responses to the initial web questionnaire showed little or no exposure to A Level students, classrooms or teaching. Many BTs also had minimal experience of year 11 classes, so had been restricted to classes without external assessments. About 75% had used a formal mark scheme in some context, but over half had not at that stage seen specimen assessment materials for the GCSE they would start teaching a few months later. Nevertheless, about two-thirds of them said they would feel confident to teach AS or A Level mathematics. Workshops later showed some very superficial understandings of core AS ideas, so it would appear some BTs over-estimate their available subject knowledge. 
The knowledge and experience that BTs initially brought to workshops was focused on particular personal experiences and we saw no accessing of a broader evidence base derived from school conversations or pre-service courses. They drew heavily on their own experience as A Level learners, and also on assessment experiences as university students. These BTs were educated largely in an era of modular school examinations, where multiple resits were possible. Many used highly procedural ways of thinking about questions, adding to evidence that prior curriculum experiences are often reproduced (Grainger and Adie 2014). Their talk also emphasised ‘losing marks’, reflecting their own comparatively successful background experiences at this level. Unsurprisingly, they problematized a single timed assessment window and long exams and framed this in terms of fairness to students, arguing for example that less-structured problems would make candidates feel too nervous to perform. They were also concerned about the reliability of long timed examinations in reflecting students’ ability to answer such questions. The values cited here related to the nature of mathematics, for example ‘Getting a proof quickly is not the best way to find a mathematician’. They attended less to issues of student inclusion, perhaps unsurprising given the limited experience of A Level teaching BTs had to draw on.
BTs’ concerns about assessment skills initially focused on understanding mark schemes – ‘interpreting the mark scheme correctly’, that is on learning knowledge for teaching. They referred implicitly to assessment concepts, interpreting reliability as a reflection of the competence of teachers in marking correctly and validity as closeness to examiners’ intentions. As they applied mark schemes to a set of solutions they had ranked qualitatively, they began to think instead about fairness across students, arguing about the validity of the mark scheme for different imperfect solution methods and debating the relative claims to value of (for example) communication, persistence, fluency with fractions, insight, avoiding the classic mistakes, strategy versus accuracy. They introduced values related to the nature of mathematics, such as ‘Getting a proof quickly is not the best way to find a mathematician’.
Later, and with prompts, BTs were able to begin thinking about the implications for teaching of their discussions. At this stage, they exposed their already existing knowledge of teaching, for example ‘I major on no working no marks because it gets them to write it down.’ They also began to wrestle with how they might support the authors of the imperfect solutions in further developing the skills necessary for better solution – and indeed, what strategic approaches they might reasonably take to teaching for such questions. Although BTs were more concerned initially with procedures than values, the great majority when asked, claimed they were in principle supportive of the intended changes in emphasis, while also recognising the knowledge demands of the new specification. One beginner teacher said ‘I’m confident I could teach successfully for the existing A Level, but not for this – I don’t know enough’ and that led to discussion of what it is that the new A Level demands differentially, at least in terms of assessment.
In line with Lavi and Shriki (2014) BTs were also concerned, especially after experiencing peer assessment of their own time-pressured solutions, by the challenges of managing the emotional impact of getting stuck, of trying unstructured questions under pressure, and of peer feedback. They engaged in discussion of what A Levels should/could develop and measure, and of the tensions between apparently objective mark schemes and the sometimes subjective nature of assessment of problems of this sort: ‘mathematical problem solving is ‘wibbly wobbly’ and mark schemes are rigid. How can we combine the two?’ and ‘What do, or should, A Levels value – problem solving strategies or basic skills learnt through the course?’ (workshop audio recording).  Overall, there was a tension between a recognition, and hence excitement, that their core mathematical values were aligned with the intended changes, and a lack of confidence that they could deliver successful teaching. Certainly, and in interviews especially, BTs appeared to begin to recognise the sophistication of the skills needed. Their support needs they perceived included more opportunities for deep conversations such as those experienced in workshops, and a range of teacher support materials, including high quality textbooks and a copious supply of specimen assessment materials, especially those containing a range of less structured questions.
BTs claimed a wide range of learning from the workshops (especially related to authentic and ‘live’ solutions). They related this to a range of pedagogical gains: skills in unpacking written solutions (cf Webb 2009) enhanced by working solutions oneself, ways to use assessment of solutions formatively, giving written and oral feedback (as in Grainger and Adie 2014), specific teaching strategies such as peer marking using mark schemes, techniques for teaching for communication (again, as in Grainger and Adie 2014). They also claimed a greater appreciation of the importance of peer discussion, of student resilience, of teacher modelling, and of teachers working questions themselves.  In workshops and workbooks, BTs started to rehearse possible teaching strategies to address the challenges they identified, but there was little evidence of Horn’s (2010) re-envisioning of practice. This is not surprising: while the workshops provided a semi-authentic site for professional practice, these BTs had very little appropriate classroom experience as teachers on which to base replays, let alone fresh visions. 
Individual interviews with four varied BTs involved them evaluating student solutions ‘live’, as well as reflecting in more depth, and at a short remove, on the issues raised in workshops. Two of the four we would describe as showing fairly deep understanding of the related mathematics content. These were confident to make links with their disciplinary values, although they still found it challenging to diagnose the foundations of student solutions:
‘This one I just….you can guess what he was doing…more or less. I don’t know what he was doing here. He got the idea, he got the numbers. But other than that I have no idea what he’s trying to do. Possibly working out the solution… Oh now I get that. I don’t know if he thinks that…’
This insecurity is not surprising: as Webb (2009) indicates, the complexity of knowledge concerned includes building up case knowledge of student approaches and misconceptions, and drawing on deep understanding of the mathematics concerned. These two BTs were able to reason quite deeply about the challenges involved in the envisaged learning, identifying a need for robust fluency, and for long term teacher support and planning for problem solving. However, for the other two of our four interviewees, mathematical awareness of big issues such as communication and rigour, as well as the strength of their own knowledge of mathematics at this level, seemed low: they focused on superficial aspects of students’ solutions. Three of the four interviewed expressed unsolicited tensions between choices ‘as a mathematician’ and ‘for exam results’, which had been highlighted by the workshop. All interviewees centralised challenges of formative assessment in their talk, and continued to draw heavily on their own past experience as students to frame their approach. 
The four interviewees each claimed to have experienced no conversations about teaching (or assessing) for problem solving at any level within school at that stage (June 2015) – and indeed, for three of them, no in-school conversations about ‘big issues’ in teaching. They identified the importance of Higher Education interactions (and in one case, a deeply reflective school department) as central to their deep development. They talked about how such conversations, including in the study workshop, had already changed them, and how they would value such provision on a long-term basis. They were well aware of tensions in departments between the demands of performativity and space for professional values, expressing the challenge as ‘you really have to believe it a lot’ to stand out against a department ‘party line’, especially given crowded schemes of work. 
3.1 Experienced teachers
Parallel workshops explored the values and responses of experienced A Level teachers (ETs) to their own and students’ solution attempts to trial questions. Experienced teachers expressed affective challenge to working such questions under time pressure, but as one might expect, they drew on much more fluent AS knowledge, including of students. All were experienced in using mark schemes for more traditional questions and felt this largely transferred to marking the new questions. However these teachers rapidly focused on decreased reliability in application, including the impact on student affect and a need to support that. 
ETs diagnosed progress and errors in student solutions more readily than the BTs. Unlike the BTs, these teachers did not critique whether the details of mark schemes were representative of disciplinary values. They focused instead on the implications for their current or recent students. They expressed some insecurity in addressing teaching for such questions, especially for answering under exam conditions, even though they claimed to value them in principle. In discussion, they began to re-imagine ways to support that happening, often with respect to specific current or recent classes, or even particular individual students, but with concerns about the consequences.  They found it very difficult to re-envision practice (Horn, 2010) as supporting the range of A Level students to answer whole questions confidently. 
Many claimed to feel professionally threatened by the changes because of the implications of assessment outcomes for both them and their students:
‘I’m successful with the current A Level, and my professional status depends on that – it’s very threatening, and risky, to have to fundamentally re-think my practice’ (Head of Department, workshop 2)
‘I’m now panicking: how can I ever get my students to do this?’ and ‘I’ve just gone down a blind alley on this question: I think it’s a lovely question to be using in class to develop deeper understanding, but having to answer it in a limited time when it’s a high-stakes assessment, is another matter and I’m not sure I can look students, or their parents, or SLT, in the eye and say yes, I think we should be encouraging them to do this.’ (ET, workshop)
Some claimed they would have to make significant changes to their teaching: ‘This isn’t about learning a new bit of maths, it’s about a fundamental change to how I’ve come to teach’, though one teacher countered ‘This validates the way I want to teach: I’m under pressure to produce results by whatever means, but this necessitates genuinely good teaching.’ Implications for their teaching of younger students were expressed: ‘this isn’t something you can teach in two years, it’s got to be developed over a student’s lifetime’. It is interesting that one ET reflected that he already tried to teach in a way consistent with the new curriculum – but could cut corners where necessary because the assessments allowed him to do so. In his rehearsal of the new curriculum, this area of professional flexibility was denied to him, raising anxiety.
Arguing against the reform, teachers commented that the content of Mathematics A Level is valuable not only for those who will end up with A/Bs, but for many grade C, D or E candidates as well: the existence of Core Maths does not change that although it might reduce the number of such less strong candidates. For potential Engineers, Physicists, Computer Scientists etc related competences are highly valuable. Teachers argued that important changes in AS/A Level need to be thoroughly piloted so that demands are properly assessed prior to introduction. They cited the experience of 2000, when results, and then participation, plummeted. Teachers expressed change-fatigue, and some scepticism that envisaged changes would be enacted as intended, recalling recurrent ill-trialled and diluted changes in recent years. 
Participants, both BTs and ETs, were almost unanimous in saying that they would need a range of resources to support them in teaching for the new specifications: none voiced confidence they could either access or adapt sufficient existing materials to support the range of experience needed by students. Horn (2010) points to the central role of reform-driven curriculum resources in the development and embedding of teacher change, and it would appear that these teachers are not confident to attempt the change without such support. Many felt they would be unable to acquire the enhanced subject knowledge needed without external input, let alone the perhaps different pedagogical knowledge needed to engage with unfamiliar areas of the curriculum, in which they included problem solving and reasoning for all students, as well as several areas of applications.
Despite their concerns, a majority of experienced teachers a) were confident they can, at least over time, adjust their teaching so that students are reasonably prepared for such questions, and b) relished, in principle, the opportunity to teach for problem solving and have that valued in examinations. They supported the ‘in principle’ feeding of the new GCSE into such an A Level curriculum but many were sceptical about the extent to which that will be achieved at least in the early years and especially if GCSE assessments do not improve substantially in validity. The first few years of the new A Level curriculum will therefore be particularly vulnerable. Teachers believe they will be teaching problem solving skills almost from scratch sometimes, which is a threat to viability, particularly in ordinary schools or with weaker candidates. Several would embrace a gradual move to such a curriculum, although they acknowledge that is hard to achieve with a variety of competing Awarding Bodies: a move to a single awarding body was felt by many to be desirable. 
It seems the range of study participants were in principle supportive of the intended changes, although daunted by the challenges of teaching for their completion in timed high-stakes assessments. Beginner teachers were able to begin to re-frame their thinking about practice unimpeded by, but also uninformed by, intimate knowledge of individual A Level classrooms and students, whereas experienced teachers drew on experience to both inform and problematize specific aspects of teaching for the new A Level. Performativity pressures meant many experienced teachers were still unable to ‘re-envision’ (Horn, 2010) their practice to accommodate the intended changes, at least in the time available. It is interesting that the same teachers simultaneously problematize timed written assessment of such curriculum intentions, and recognise that intentions are unlikely to be realised unless reflected in summative assessment. All teachers claimed a need for extended support materials: few felt confident to enact the intended changes without those being provided. 
4. Implications of the study
At the time of the study BTs were far from ready to engage with the range of responsibilities associated with teaching examination classes, in particular A Level classes. Many were ill-prepared in terms of both mathematics problem solving and pedagogy for such teaching, whether with old or new specifications. However, the study shows much of that is addressable through well-structured interventions led by knowledgeable teacher educators; without such input these teachers will reproduce superficial approaches to teaching A Level mathematics. Such interventions should therefore be widely available and supported in terms of BT time and cost. BTs particularly valued discussion of ‘big ideas’ and of fundamental professional values and tensions: these could profitably be integrated into all teacher preparation settings and, indeed, given also ET appreciation, long-term through teacher careers. 
The use of authentic student solutions, as well as peer assessment of teachers’ own solutions at an appropriate level, shows considerable potential for development of both assessment-related pedagogy and knowledge for, in and of teaching (Cochran-Smith and Lytle, 1999). BTs claim also great benefit from engaging with issues related to student affect: those could profitably enjoy a higher profile within initial teacher education. 
Schools should be aware that their newly qualified teachers might not have had any experience with exam classes and should consider careful induction into teaching those when appropriate; initial school placement providers should consider the advantages, short and long term, of BTs working with exam classes, perhaps sharing responsibility with experienced teachers. 
Given the study reveals change intentions are consistent with teacher beliefs – but that experienced teachers are change-weary and alert to the waste of time inherent in major curriculum change - efforts should be made to secure valid enactment of the new A Levels in terms of their original goals, at least incrementally over time, challenging though that might be. Awarding bodies and school and central authorities should be aware that resources, teacher support and valid emergent assessments are all critical to the success of the new A Level as envisaged. 
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Figure 1: Example of semi-structured problem drawn on in workshops (source: Edexcel)
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