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Abstract
We report initial findings from the study of a course designed to induct early career mathematics teachers into A Level teaching. We compare effective pedagogies for, and learning from, the synchronous online mode of the course with those of its face-to-face equivalent, using a well-tested theoretical framework. We found that presenters find it challenging to develop online pedagogies with which they are as confident as they are for face-to-face classrooms, and participants too register challenges for learning with the webinar software employed, while also describing advantages. We analyse those uncertainties for possible impact on social, teaching, and cognitive presence, and link them with issues related to teacher ‘learner presence’. We describe particular pedagogical tools developed, sometimes from participant suggestions, to address such challenges, and we relate these to the learning evidenced in sessions and through participant reflective logs. Medium-term teacher learning and impact of the two modes of the course at school classroom level remain to be investigated. 
1. Background: 

Advance Mathematics Teaching in Early Career (AMTEC) is a short course for beginner and early career teachers of mathematics wanting to teach A Level. It has been developed iteratively over several years and operates in two modes – a three-day face-to-face workshop and ten twilight webinar sessions at weekly intervals - as described in the second session of this working group. For purposes of clarity, we use ‘presenter’ here to denote teacher educator, and ‘teacher’ when referring to AMTEC course participants. The two modes each offer about fifteen hours live contact, complemented by another fifteen hours of teacher preparation and follow-up. In each mode, the materials used were very similar, and delivered by the same team of presenters and presenter support. These similarities offer an unusual opportunity to compare the affordances and constraints of the two modes and to explore how effective pedagogies support teacher learning. The aims of the AMTEC course are to induct beginner and early career teachers into teaching A Level by revisiting key ideas in A Level mathematics in ‘teacherly’ ways, and in particular, aim to develop subject knowledge by enhancing the ways they use those ideas to reason mathematically. In parallel, we aim to develop subject pedagogy, drawing on our knowledge of the evidence base, in ways that reinforce and extend messages we might want teachers to have about teaching in Key Stages 3 and 4. Our development of subject pedagogy is made explicit through five Key Pedagogic Messages that we have developed and are reported on in the second session. We also aim to develop subject pedagogy through modelling how tasks may be used to support mathematical reasoning, and engaging teachers in critical reflection of the modelled approaches to pedagogy. Additionally, and particular to the A Level for first teaching in September 2017, we set out to develop self-efficacy for teaching mechanics and statistics, applied strands which may be new to many of our teacher-participants. 

In this paper, we report on our research and early findings in relation to the following questions:
RQ1: How does teacher learning from the two modes compare? 
RQ2: How do effective pedagogies to support teacher learning compare? 

These research questions are important since ‘live’ or synchronous online (SOL) professional development for teachers is under-researched. In particular, there is little evidence directly comparing the affordances and constraints of SOL with face-to-face professional development with the same core aims. It is known there are clear advantages for teachers in attending SOL professional development, such as efficient use of time and travel, and accessibility. However, there are also some tensions, such as limited confidence with the technology, the lack of a face-to-face community, and professional development not being embedded in a physical classroom environment (de Pomeroi and Tripconey, 2011). Participants in SOL professional development are self-selecting and their comments in evaluations are helpful in developing use of the online environment (e.g. Jones and Ryan, 2014). 

We now go on to outline what is already known and the theoretical frameworks commonly adopted in the field. In later sections of the paper, we explain our analysis of the similarities and differences between the two modes as we operationalised them; and we outline our approach to researching these questions, together with our initial findings. 

Within the copious literature investigating affordances and constraints of online learning, specific details regarding modes of course delivery are often hard to discover and especially so in research comparing online with face-to-face learning. On probing, the default mode of online delivery often seems to be asynchronous learning of some sort, particularly learning centred around unstructured, semi-structured or highly-structured discussion fora. A number of sometimes large studies show that for many areas of learning (though not all), asynchronous online lecture-style courses are as effective in terms of student learning gains as face-to-face lectures. However, the online AMTEC course is synchronous, consisting of live webinar sessions. Within the literature, SOL learning is often regarded as ‘blended’, with facets of each of face-to-face and asynchronous online learning. The limited research on SOL learning does not always distinguish between different learning contexts or types of learning targeted. These distinctions are important for our study because the AMTEC course aims to develop both subject knowledge and pedagogy.

The development of specific pedagogy for SOL teaching is underdeveloped, though Hampel and Stickler (2015) propose a skills pyramid for ‘online teaching’ (see Figure 1) which, although originally developed for online modern language teaching, has been developed and trialled in other areas. 
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[Figure 1]

Levels 0 and 1 are clearly necessary for basic effectiveness online. The desirability for effective learning of levels 2 and 3 is widely addressed in the field of online or blended learning through Garrison et al’s (2010) ‘community of inquiry’ model. This model was developed from the study of conference call transcripts, then extended to asynchronous discussion boards: in both contexts the establishment of a learning community is a key concept. It is derived from collaborative constructivist principles applied to these models of online learning and has three elements: 
· social presence - ability of participants to identify with the course of study, communicate purposefully in a trusting environment, and develop relationships through projecting their personalities: open communication, group cohesion and affective expression
· cognitive presence - definition of tasks, exploration, making sense of ideas, testing plausible solutions. 
· teaching presence - design, organization of learning opportunities, facilitation of discourse, and direct instruction. 

[bookmark: _GoBack][image: Figure 3]Shea and Bidjerano (2010) propose a fourth construct which they call ‘learner presence’, characterised as a combination of self-efficacy in relation to course aims, and individual effort. A substantial range of evidence, summarized by Annand (2011), suggests teaching, social and learner presence serve largely, but not independently, to influence the critical cognitive presence, as in Figure 2 below. For us this model, deriving from a ‘community of enquiry’ foundation and very widely used, seems not unproblematic since our course structure is primarily one of ‘experts’ and ‘novices’, and potentially a ‘professional learning community’ (Hord, 1997) rather than of peer collaborative enquiry, and our goals, consistent with Rourke and Kanuka (2009), ‘deep and meaningful learning’ predicated on cognitive and social constructivist principles. While maintaining openness to further development of these ideas, though, we have found the four ‘presences’ helpful in analysis.


[Figure 2] 
2. The study 

We focused on two presentations of the course: a SOL version over ten weeks during January-March 2017, and a face-to-face version in April 2017, each presentation consisting exclusively of one mode. Both had two teacher educators available for each 1.25 hour session, one as lead presenter and one providing support. In the case of webinar sessions, which use Blackboard Collaborate software, the supporting presenter monitors and responds to teachers’ comments and queries in the ‘chatbox’, sometimes initiating contributions of their own. 
About 25 teachers participated in each session in both the online and face-to-face version of the course. We decided not to let teachers have access to microphones or to break-out rooms in the webinar version because of the size of groups, as well as the nature of the learning aims. This initial phase of the study examined presenter pedagogy and teacher learning over the course as a whole. We also chose to focus particularly on sessions 4 and 7 (of ten) entitled Differentiation and Newton’s Laws respectively. The same presenter led these sessions in both modes. The motivation for focusing on these sessions was that they each model the use of particular tools to support student learning. The deliberate use of such tools is one of the key pedagogic foci of the AMTEC course. In Differentiation, for example, we model the use of Geogebra as a tool to link functions with their gradient functions visually, predicting and explaining graphical behaviours. For Newton’s Laws, in the face-to-face version we carry out physical experiments with tools such as bathroom scales; however in the online version of this session, modeling such tool use appears more problematic. Hence these two sessions were selected for particular scrutiny as very different and potentially ‘telling’ cases of tool use.

Data consisted of transcriptions of audio-recorded semi-structured interviews with a small focus-group of teachers, and separately, with presenters and supporting presenters in each mode, after each of sessions 4, 7 and 10. From both modes, we collected completed reflective logs from all focus-group teachers and any other teachers who volunteered their logs. In addition, video recordings of SOL sessions 4, 7 were also available. This will be complemented by semi-structured interviews in June/July 2017 with all core participants and all presenters, and by video recording of sessions 4 and 7 in the July 2017 face-to-face course. Analysis uses constructivist grounded principles (Charmaz 2006): open, axial, and thematic coding, then relation of emergent themes to the four ‘presences’ described above. 
3. Similarities, differences and areas for investigation

The two versions of the AMTEC course had much in common. Both courses took place during the academic year, before A level teaching allocations for next year were known. They featured the same target range of participants, namely beginning or practising teachers up to two years after qualification, together with some newly returning to teaching after a break (social presence). The materials, including organising slides, and tasks employed, were very similar: some small differences adopted are explained below (teaching presence). In particular, target subject knowledge and subject pedagogical knowledge content, and key pedagogic messages, and the teacher reflective logs provided, were identical (cognitive presence). After the course, all participants were given access to materials, and to the IntegralMaths website https://integralmaths.org . 

On the other hand, some aspects were self-evidently different. The SOL course was twilight during term-time, so teachers were participating in sessions after a day’s teaching, and spaced over ten weeks. The face-to-face course was in school holidays, delivered intensively over three consecutive days. The timings of each course might in themselves allow for different learning opportunities (teaching presence). Teachers (and new presenters) had to familiarise themselves with SOL software and available means of communication, and we took some care over supporting this. The potential for available tools was different – for example, in a webinar teachers can ‘vote’ or make a contribution effectively anonymously (social presence). Teachers can review recordings of online sessions, and de Pomeroi and Tripconey (2011) found that highly valued. For teachers, webinars also have advantages of travel, accessibility and cost. It should be noted that for presenters, the cost of the two modes was similar since they were staffed equivalently. However, the face-to-face mode was more convenient for presenters.

There are aspects of the two modes which the literature, and our own reflection, suggested might be different, and these were among the areas probed in interviews. They included teacher confidence, self-efficacy and motivation during and after the course, up-take of key pedagogic messages, transferability of learning to classroom situations, mental, emotional and physical persistence with the course, effect of group size for manageability and impact, and flexibility of course presentation. 
4. Findings

The findings which follow are very much initial readings of the evidence. Both teachers and presenters are more familiar with the dynamics of face-to-face classrooms. Unsurprisingly, their comments therefore major on comparing the affordances and constraints of online pedagogy with that with which they are familiar. 

4.1 Social presence: developing classroom norms in SOL 
Presenters claimed in interviews they have to work harder in an SOL environment to establish a supportive, challenging ethos and to ‘know’ the group e.g. linking individuals with learning behaviours. Despite working harder, presenters still feel they have less grasp of these issues than in a face-to-face situation. A number of specific approaches have been adopted to develop social presence in SOL sessions e.g. teachers placing themselves on a geographic map in introductory sessions; regular requests to show emoticons as a confidence-check; informal conversation before sessions begin; recognition of teachers’ knowledge and experience, encouraging them to share their thoughts on ‘what would work in your school’ and frequent reminders to ask questions or make comments as sessions progress. Despite that, not all teachers respond to even a direct request for response, anonymous or otherwise, let alone ask spontaneous questions, so this is very much a work in progress.
 
Teachers suggested online sessions would feel more immediate if presenters used a live thumbnail of the presenter to accompany slides, and when this was done, claimed benefit from it:  ‘it makes it feel much more like a real classroom, and my attention is less likely to wander’. SOL teachers are largely engaging with slides, and sometimes with the chatbox. In face-to-face sessions, they engage directly with the presenters as they move around the room, with peers and emerging verbal or written thinking, as well as with slides. Teachers value face-to-face presenters harnessing peer support in a way that has not been possible, so far, in SOL teaching. One focus-group SOL teacher said he had participated in webinars with a colleague sitting alongside him. In this way, he harnessed peer support, addressing some of the limitations of SOL in terms of social and learner presence, such as ‘switching off’, or lack of confidence to respond or to ask questions via the chatbox. 

4.2 Teaching presence: modelling formative assessment
For both presenters and teachers, formative assessment was necessarily more overt in SOL. Presenters developed specific assessment tools for SOL e.g. confidence-indicator tables, use of emoticons and thumbs up/down icons, because there was no available body language to draw on. In face-to-face sessions, presenters claim that scanning the room begins to build a sense of distribution of confidence/uncertainties, but acknowledged the accuracy of this tacit assessment may be over-estimated. However, teachers felt they were more willing to ask spontaneous questions or suggest risky answers, face-to-face. Presenters were also able to point to specific occasions where they noticed puzzled looks, caught a few tentative questions, often on-table, and deduced for example that teachers were not confident working formally with functions. For learning to teach at this level, presenters wondered if the overt formative assessment that happens in webinars might be more powerful for modelling this aspect of pedagogy than the more subtle ‘scanning’ and other behaviours presenters adopt face-to-face. However, in the absence of body language or much spontaneous interaction from teachers, it’s harder to manage ‘live’ discussion. Chatbox messages are neutral and relatively unthreatening, but it takes time to post or to respond, and often the main thrust of discussion has moved on by the time an issue has emerged. Presenter support is critical here for managing slowly emergent issues, questions and challenges. 

4.3 Teacher presence: using tools effectively
Comparing the SOL and face-to-face Differentiation sessions, there was relatively little difference in the use of Geogebra. Blackboard Collaborate – the webinar software used - has an application-sharing facility so presenters were able to manage the software in the much the same way in both face-to-face and online sessions. Online, presenters can ask teachers to sketch what they think will happen, or write it down, but it still doesn’t have the immediacy, or related articulation, of shared mini-whiteboards used in face-to-face sessions. Nevertheless, both participants and presenters in the Differentiation session felt the quality of learning was good, and strongly supported by the use of Geogebra. 

In our sessions on mechanics and statistics, we are working with teachers who perhaps have very little personal experience of learning in those areas, but who need some fundamental ideas, including those of mathematical modelling, if they’re to teach the new A Level effectively. In both modes, we are therefore careful to expose that range of confidence and experience overtly, and to build a belief that with suitable support, teachers will be able to acquire the necessary knowledge and skills. We are also overt in our efforts to provide and model appropriate teaching for a range of backgrounds. As a result, in the Newton’s Laws session we focus very much on elementary demonstrations of key mechanics principles, their justification, representation and the rigorous presentation of analysis. This is comparatively easy to do in a face-to-face classroom, where presenters can throw a ball into the air, stand on bathroom scales and push up on the ceiling or down on a table.... In SOL sessions, we talked about conducting such experiments, but on reflection both teachers and presenters felt more could be done to encourage participating teachers to carry out their own physical experiments in their bedroom, lounge, or wherever they were working. A key message in beginning mechanics is to stress the importance of clear, complete diagrams, and online these rapidly become confusing to develop, since writing tools are rather coarse. Pre-prepared online diagrams are clearer, but miss the benefit of being developed in dialogue with teachers, also an important aspect of modelling pedagogy. 

4.4 Cognitive presence: developing subject knowledge and modelling pedagogy 
The Newton’s Laws session exemplifies a central difference in affordances: the face-to-face environment mirrors to a high degree the possibilities of teachers’ own classrooms. Interviews and reflective logs suggest teachers find it relatively easy to transfer the physical approaches modelled, such as shared use of mini-whiteboards or contingent reference to classroom artefacts, as other aspects of our approach, to thinking about their own context. Teachers on the webinar course, though, talk more about the tasks or explanations modelled rather than any physical actions they might use. Further, face-to-face, it is relatively easy for presenters to diverge from the intended content of sessions in response to perceived interests or needs, for example in the Differentiation session when it became apparent many teachers were not confident with the concept of a function. As well as curtailment of content in face-to-face sessions, flexibility within the day allows the possibility of extending the time taken for a session. Most sessions on the Easter face-to-face course ran over their allotted time because presenters had taken time to respond in some depth to perceived teacher needs. In the face-to-face course, it was also possible to support individual or small groups of teachers at breaks, lunchtimes and after the day’s end. In the webinar sessions, some deviation is possible and some individual or wider support is given, but largely presenters do not deviate significantly from what are now well-tried core structures, though within those, different presentations are made depending in part on teacher response. Extending SOL sessions is not acceptable since they occur at twilight during term-time. 

Teacher logs largely show a similar range of depths of reflection over the two modes. Log entries from SOL teachers are usually longer, since face-to-face entries were often time-restricted due to extended sessions. However, SOL teachers mirror less often key pedagogic messages in their comments, suggesting there is a need at least to re-consider the profile given to those by presenters in this mode. In general, SOL teachers refer more to overt content than to the way it was modelled and hence offer less critical reflection on pedagogy as well. Presenters perceived that SOL was less effective for modelling pedagogical approaches than face-to-face sessions, although acknowledged the limitations of SOL were less evident in terms of subject knowledge development. On the other hand, they also appreciated opportunities to develop subject knowledge as they perceived the need were more easily available in face-to-face sessions. Other issues related as much to compactness of course as to mode: teachers claimed both advantage to having to re-think themselves into the course each week online, and disadvantage to having lost contact with, for example, key pedagogic messages over that week. They suggested a ‘gap task’ would address this, though their term-time lives are already very busy. SOL teachers were already reporting some classroom impact of the course, on their subject and subject pedagogical knowledge and actions for main school teaching. Similar comments have been made by face-to-face teachers in serendipitous meetings: such putative benefits will be further probed in summer interviews. Face-to-face course participants said they were ‘fully available’ (physically, mentally and emotionally) for the Easter course, but other teacher development literature suggests they might retain less of the learning benefit from a ‘one-shot’ concentrated course than from a more extended version. Again, summer interviews will give some indication of retention.
5. Conclusions

This work is still in the early stages of analysis. Presenters and teachers currently report some challenges, but also some opportunities, with establishing each of Shea and Bidjerano’s (2010) presences in the SOL mode. For example, with social presence, teachers report having the confidence to make contributions in a relatively strange group is a challenge; however the possibility of remaining anonymous opens up opportunities.  For teaching presence, formative assessment and harnessing peer support is more limited in SOL, but the course can be structured over a sustained time, which has proved too problematic for face-to-face modes. In terms of learner presence, maintaining concentration in SOL is an issue, but no geographical limitations means the course is potentially more widely accessible. Finally, for cognitive presence, physical modelling of classroom pedagogy is limited, but the gap between sessions allows for reflection. As indicated, some steps have been taken to mitigate some of the issues raised regarding SOL sessions, although the impact of those is as yet unknown. 

Looking forward, further data collection and analysis is planned. Summer interviews will be used to probe the impact of course learning to teaching in Key Stages 3 and 4, and any perceived impact on motivation or confidence to begin teaching A Level. Both presenters and participants will be asked for further reflections on the constraints and affordances of each course, within or beyond the modality. There is still much data analysis to be done and as such the findings presented in this paper are in the initial stages. For example, analysis of video recordings may contribute to analysis of presenters’ pedagogic decisions regarding formative assessment. Finally, care needs to be taken not to over-interpret findings, given that we are studying two particular instantiations of a course and currently assess our own online teaching competence at between stages 2 and 3 in Hampel and Stickler’s (2015) skills pyramid.
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Figure 1: Skills pyramid for online teaching (Hampel and Stickler, 2015)


Figure 2: Revised community of inquiry model, including ‘learner presence’ (Shea and Bidjerano, 2010) 
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Figure 3. Revised community of inquiry model, including “learner presence” (shea &
Bidjerano, 2010).




