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Developing reflective trainee teacher practice with 360-degree video
Video self-reflections can be an effective self-development tool for student teachers; however, its value is often limited as video provides only one perspective of the classroom. This project, an interpretive case study, used think-aloud protocol and interviews to explore how the use of 360-degree video can support student teacher reflection. Results suggest that the immersive, embodied experience of reflecting using 360-degree video develops a more nuanced understanding of microteaching practice, as well as supporting student teachers’ self-efficacy towards teaching. This has the potential to facilitate a more active and student-centred approach to initial teacher education within Higher Education. 
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1. Introduction and theoretical framework
1.1 The value of reflection on teacher practice
The capacity for teachers to reflect on their pedagogical practice has been argued as being important for their development for some time (e.g., Tripp & Rich, 2012a). Much of what teacher education calls a reflective approach is grounded in the works of Dewey (1933) who provided one of the earliest definitions of reflective teaching as an “active, persistent, and careful consideration of belief or supposed form of knowledge in the light of the grounds that support it and the further conclusions to which it ends” (Dewey, 1933, p. 9, cited in Tripp & Rich, 2012b). In this way, reflection is a self-critical, exploratory process through which teachers “consider the effect of their pedagogical decisions on their situated practice with the aim of improving those practices” (Tripp & Rich, 2012a, p. 678). Schön (1983, 1987) explored the relationship between theory and professional practice, resulting in a view of learning to teach that is inextricably linked to prior experiences, beliefs, and attitudes. It has been argued that his notion of reflection-in-action, in which teachers reflect on their practice in situ, versus reflection-on-action, a more retrospective approach to considering what happened in a lesson, provides a way to fundamentally rethink how we view the relationship between theory and professional practice (Tripp & Rich, 2012a). It is this first approach that could develop more situated decision-making which, according to Rich and Hannafin (2009), is a key teaching skill. This is particularly important for teacher education which uses reflection to narrow the gap between educational theory and pedagogical practice (Atkinson, 2012; Ibrahim-Didi, 2015), developing student teachers’ ability to consider their teaching in the light of theory with the aim of change and improvement (as suggested, for example, by the four stages of Kolb’s [1984] experiential learning cycle - concrete experience, reflective observation, abstract conceptualisation and active experimentation). 
Ibrahim-Didi (2015) suggests that despite the wide range of approaches to reflection, there is general agreement that it is a forward-looking process which facilitates creative approaches to solving contextually situated problems (e.g., Collin, Karsenti, & Komis, 2013; Postholm, 2008; Urzúa & Vásquez, 2008; Wilson, 2008). Bryan and Recesso (2006) propose that student teachers who are able to reflect, which they define as framing issues of teaching and learning, confronting their beliefs about these issues, and experimenting with alternative solutions to issues of teaching and learning, subsequently develop a deeper understanding of their practice. As a result, reflection is developed as a central skill within the majority of initial teacher education programs (Collin et al., 2013). 
[bookmark: bau1][bookmark: bau2][bookmark: bau3]However, despite the heralded benefits of reflection, research has identified potential difficulties with reflecting on practice; for example, Bryan and Recesso (2006) suggest that prospective teachers have difficulties confronting, analyzing, and evaluating their own practice (see also Farrell & Ives, 2015; Gelfuso, 2016; Körkkö, Kyrö-Ämmälä, & Turunen, 2016). Teacher educators have, therefore, for some time been exploring ways to scaffold student (and practicing) teacher reflection to better enable it to support and develop their practice; use of video is one such approach.
1.2 Video as a tool for supporting reflection
Video has been used as a professional development tool for existing and trainee teachers for some time and in a range of contexts (e.g., Christ, Arya, & Chiu, 2012, 2017; McNeill & Krajcik, 2011); in particular, video self-reflections where trainees are recorded during a teaching episode and subsequently watch this back to scaffold their ability to learn about and from their practice, has been shown to be an effective self-development tool (e.g., Arya & Christ, 2013; Calandra, Sun, & Puvirajah, 2014; Christ et al., 2012; Collins, Cook-Cottone, Robinson, & Sullivan, 2004; Sherin & van Es, 2005). Further, video reflections with peers can provide opportunities for trainee teachers to get feedback, develop a greater understanding of their strengths and areas for development, and generate ideas to improve their pedagogy (Arya, Christ, & Chiu, 2015; Christ et al., 2012; Eröz-Tuga, 2013; Shanahan & Tochelli, 2014). This has resulted in extensive use of video for supporting teacher practice, with journals such as Teachers College Record embedding video clips into the text of articles and researchers, such as Craig (2013), using digital narrative storytelling to support teaching and learning.
Although a wide range of studies have found video to be beneficial for teacher and student teacher reflection, Tripp and Rich (2012a) suggest that the approaches used to establish this varies significantly between projects; for example, within some research teachers were asked to reflect on videos of their practice independently, whilst in others they did so in conjunction with others. Differing approaches also used varying methods of video reflection, means of scaffolding teacher reflection and ways of assessing any subsequent benefits. Tripp and Rich (2012a) identify six key dimensions along which studies tended to differ: (1) type of reflection tasks student teachers were asked to complete, (2) the level of scaffolding of reflection, (3) whether reflection was undertaken individually or collaboratively, (4) video length, (5) number of reflections undertaken (both on the same video, or teach-reflect cycles using separate videos), and (6) methods of measuring reflection. Whatever the approach taken, the consensus appears to be that teachers involved in video reflection see it as one of the most valuable and transformative aspects of their professional development (Borko, Jacobs, Eiteljorg, & Pittman, 2008; Griswold, 2004; Tripp & Rich, 2012b); video reflections encourage teachers to engage with their teaching from a new perspective, thereby identifying hitherto for unnoticed features of their practice for consideration (Bryan & Recesso, 2006; Griswold, 2004; Miller, 2009). This process is constructivist in that student teachers or teachers are working together with their mentors to actively construct meaning by adding newly learned experiences or information to existing knowledge structures (Wittrock, 1974).  Teachers often feel that video-based feedback is more helpful than simple supervisor evaluations or written self-reflection without video feedback because video provides a common frame of reference on which the discussions are based, rather than relying on often incomplete or inconsistent memories of the event (Miller & Carney, 2008; Rich & Hannafin, 2008a; Wang & Hartley, 2003; Wright, 2008). Consequently, studies suggest that teachers’ written or spoken reflections tend to be more focused and accurate than teacher reflections without video (Shepherd & Hannafin, 2009; Welsch & Devlin, 2004) and, thereby, teachers or student teachers almost invariably improve their practice after using video to reflect on their pedagogical practice (e.g., Dawson, Dawson, & Forness, 2001; Shepherd & Hannafin, 2009; Stadler, 2003).
Despite these reported benefits of using video to support teacher and trainee teacher reflection, Bryan and Recesso (2006) suggest that there are a number of common barriers to using video playback as a tool to promote reflective thinking and teaching practice; these include firstly, the student teachers’ inability to identify or recognise issues in teaching and learning, generally resulting from less well-developed understanding of pedagogy and practice but also, we would suggest, the result of being unpractised in the art of reflection; secondly, students’ reluctance to engage in self-criticism, thereby only seeing the positives (believing that everything ‘went well’); and thirdly a fear of revealing too many perceived areas for development (Abell, Bryan, & Anderson, 1998; Pavlovic & Friedland, 1997). Ibrahim-Didi (2015) further argues that these standard approaches to video do not provide the “spatial and temporal situatedness required to help [student] teachers to draw on their body-based reflective capabilities in the moment” (p. 240). She argues instead that opportunities afforded by virtual reality (VR; e.g., Jaeger, 2013) and the use of 360-degree video might offer more immersive and embodied approaches to reflection. The next section explores the potential of 360-degree video to do this.
1.3 The potential of 360-degree video for supporting embodied reflection
360-degree video is becoming increasingly prevalent in a range of contexts, such as virtual and augmented reality (e.g., Argyriou, Economou, & Bouki, 2017); it is an immersive type of video content which allows the viewer to look around in all directions, giving them choice and control over what they see. In addition, spatial audio can be recorded by certain cameras which provides directional information to the viewer to enable them to identify the source of student speech from anywhere within the classroom.
Ibrahim-Didi (2015) suggests that reflection is a “dynamic process that is embodied at the level of the biophysical through perception” (p. 238); this belief in the body as being central to the process of reflection reformulates Dewey’s (1938) notion of the primacy of hands-on learning and Gibson’s (1977) socio-physical approach to the interplay between physical space and in-situ behaviour, moving reflection beyond the technical and requiring students to develop an understanding of how their body may influence the classroom space (Moore-Russo & Wilesy, 2014). Although sociological approaches to considering reflection are important (e.g., Thompson & Pascal, 2012), Ibrahim-Didi (2015) argues the case for “embedded and embodied, multidimensional aspects of reflection to be facilitated in holistic ways” (p. 237; see also Kinsella, 2007a, 2007b; Moore-Russo & Wilsey, 2014). For reflection to be genuinely useful, teachers must be supported to explore the multifaceted environment in which they practise with an awareness of and sensitivity towards their vantage point so that reflection can translate into action. However, Ibraham-Didi (2015) suggests that most initial teacher training routes or models fail to recognise the situated nature of reflection, possibly as a consequence of the partitioning of mind and body that exists in more traditional practices of reflection (Kinsella, 2007b); this can restrict the ability of trainees to translate reflection into action and change their practice (e.g., Beauchamp, 2015). In acknowledging that reflective practice emerges from action within a specific context, it can be situated in the realm of experience (Polanyi, 1967), drawing from phenomenology and recognising that “human cognition is deeply rooted in the body’s interaction with its physical environment” (Lindgren & Johnson-Glenberg, 2013, p. 446). The argument is then that teacher reflection could, therefore, be considered a situated, body-dependent process.
With this in mind, Author (2012) draws attention to the potential of mobile technologies to exploit the complexities and interconnected affordances of social and physical (as opposed to virtual) spaces as a rich resource for situated learning. More specifically, Ibraham-Didi (2015) suggests that 360-degree video has the potential to offer student teachers the opportunity to explicitly develop critical skills needed to reflect-in-action (after Schön, 1983, 1987). In particular, it is the immersive and situated approach that is the critical and facilitative step in supporting reflection-in-action, rather than reflection-on-action, by drawing on the concept of embodiment (e.g., Rosch, Thompson, & Varela, 1991). Research on embodied cognition is well established (Corcoran, 2018) with the consensus that it defines how “human cognition is originally rooted in sensori-motor processes and thus determined by bodily experiences” (Fischer, Moeller, Bientzle, Cress, & Nuerk, 2011, p. 178). Craig et al. (2018) develop this, suggesting that embodied knowledge is knowledge dwelling in the body and enacted through the body. Taking an embodied approach through use of 360-degree video, student teachers might effectively re-experience the classroom setting, the video acting as a proxy for real-life, providing them the ‘opportunity to ‘read’ the environment, examine their own immediate responses to classroom situations and learn to exercise metacognitive control over their own responses in context’ (Ibrahim-Didi, 2015, p. 235). According to constructivist and sociocultural perspectives (e.g., Piaget, 1990; Vygotsky, 1978), the situated experiences of student teachers within the space and time of their classroom teaching construct understanding (Lakoff & Johnson, 1999). Gallagher (2005) argues for the centrality of the body in how one perceives the world and interacts with others (Author, 2012). He takes a pragmatic stance based on the phenomenological viewpoint that our “primary and usual way of being in the world is pragmatic interaction (characterized by action, involvement, and interaction based on environmental and contextual factors), rather than mentalistic or contemplation” (Gallagher, 2005, p. 212). The suggestion is that the “situatedness” (Gibson, 1977) of 360-degree video would enable student teachers to develop a sense of body awareness that might allow them to reflectively examine their practice, in doing so increasing their ability to “‘notice’ aspects of practice that have particular significance in educational settings and inform their professional responses” (p. 235). 
We suggest that the drawing together of theories of embodied cognition and situated learning makes use of 360-degree video for reflection so powerful. While situated learning is a sociocultural approach which stresses the importance of context, authenticity, and participation (Ghefali, 2003), and embodied cognition focuses more on body-related aspects of human cognition which is more commonly described in terms of sensorimotor activity (Corcoran, 2018), their differing views on cognition and learning are not necessarily contradictory (Rambusch, 2004). Both clearly foreground cognition as being situated and deeply rooted in sensorimotor activity as linked to perception and action, something which is of significant value for developing teacher reflection. Bresler (2013) states that the disjuncture between theory and practice can only be addressed by positioning the thinking-feeling-doing-being teacher at the experiential core. As such, the embodied approach to reflection may not only develop more nuanced reflection beyond just a cerebral process (Gibson, 1986), but may also facilitate action to improve practice as a result. 
Within the literature, therefore, there is a growing awareness of the “complex, nuanced, socially embedded and physically embodied” nature of reflection (Author, 2012, p. 2); this suggests that 360-degree video has significant potential to support student teachers’ reflection on their practice and, thereby their professional development - however, empirical research to support this appears, to date, to be lacking. This project aims to address this significant gap within the literature by making empirical and methodological contributions. To do this, it will be underpinned by the following research question: How does use of 360-degree video support student teachers’ reflection on microteaching activities? 
2. Research Design
2.1 Methodology
This project was framed as an interpretive case study; we adopted Stake’s (1995) instrumental case study approach using detailed examination of a particular, unique context to facilitate wider understanding through what Stake terms petite generalisations. These, in the same way as Bassey’s (1999) fuzzy generalisations, are general statements with built-in uncertainty which are possible in case study research without reducing its external validity. We also draw on Lyons and LaBoskey’s (2002) use of exemplars, concrete examples of practice which are trustworthy models of inquiry for others to try in their own settings (after Mishler, 1990). In this way, our case (exemplar) will facilitate petite or fuzzy generalisations which will enable us to use our empirical findings to make broader recommendations for pedagogy and practice.
2.2 Context of the Case Study
The research was undertaken with four students from a cohort of 23 (22 female and one male) second Year BA Primary Education Studies students at a university in England. The undergraduate course is a three-year programme developing students’ content knowledge (CK) and pedagogical content knowledge (PCK; Shulman, 1986) alongside more broad ideas of child development and the sociology and philosophy of education. It is a theory-led course which does not usually provide the opportunity for students to undertake school-based placements, although many students undertake work within school contexts alongside their studies. Students are required to undertake an additional year of Initial Teacher Education (ITE), through either a university- or school-based route, in order to gain Qualified Teacher Status (QTS). 
We initially asked for volunteers from the cohort to take part in the study; six females volunteered but unfortunately as a result of illness two withdrew before the microteaching. We recognise that this was a self-selecting sample of students and that the results of the study are not, therefore, generalisable to the rest of the cohort. Libby, Stefanie, Dawn and Kay completed all stages of the research; these are pseudonyms in an attempt to provide anonymity but with the understanding that in such a small sample it is likely that participants will be recognisable to their peers. The nature and experience of student participants broadly reflected the significant diversity of the student cohort as a whole: 
· Libby came to university straight from school and has a range of experience working with children within educational contexts, including volunteering work through which she has led small group activities, as well as volunteering within a summer school.
· Stefanie is a mature student with her own daughter. Like Libby, she has also undertaken a range of volunteering across a number of primary school year groups, as well as a brief period of paid work in a nursery.
· Dawn is also a mature student with two young children. She has had only a small amount of previous experience working with children in nursery and school holiday club settings. 
· Kay, like Libby, came straight to university from school; she has had a wide range of experience working with children. For example, she has regularly volunteered in a number of primary schools through which she has taught a number of lessons, as well as undertaking paid work at an after school club and summer camps. 
The work was particularly aligned with a module exploring creative pedagogies and the humanities subjects in which students were asked to produce a detailed plan for a ten-minute microteaching episode (Kpanja, 2001). Microteaching is a system of controlled practice that makes it possible to teach under controlled conditions (Allen & Eve, 1968). Arsal (2014) suggests that its use in teacher education in particular enables teachers to identify the complexity of teaching and establish a connection between theory and practice. In this case, the microteaching activity was based on a humanities subject (history, geography or religious education) underpinned by theories of creative pedagogies (e.g., Craft, Cremin, Hay, & Clack, 2013). All students taught their ten minute microteaching activity to their peer group to enable reflection; this was the first time that students had been asked to plan and peer teach, and for many was their first ever practical teaching opportunity.  
2.3 Methods
The research built on this microteaching activity in the following way:
Stage 1: Teaching recorded with 360-degree video
Students taught their 10-minute teaching excerpt to a class of 30 Year 5 (nine and ten year old) children within a semi-rural Primary Academy School. Microteaching was recorded using two cameras to provide two perspectives: a stereoscopic 360-degree, 3D camera with binaural (surround) audio; and a consumer-level 360-degree (but not 3D) camera with lower resolution. The stereoscopic camera was mounted on a monopod on a central desk within the classroom; the second camera was suspended from the overhead projector and, therefore, provided an alternative ‘birds-eye’ perspective of the room. 
Stage 2: Post-teaching reflection (without video)
Five days after their teaching, students undertook a two-stage reflection activity. Initially they were asked to reflect on how their microteaching activity had gone without the benefit of video. This took the format of a semi-structured reflection process based on the Deweyan idea that learning is contingent upon the integration of experience with reflection and of theory with practice (Humphreys & Susak, 2000; Hartford & MacRuairc, 2008). In this way, the student was encouraged to reflect individually but a range of prompts were used to support this reflection (Harrison, Lawson, & Wortley, 2005).
Stage 3: Post-teaching reflecting using 360-degree video 
The third research stage incorporated 360-degree video into the students’ reflections. Students watched their microteaching activity whilst wearing a standard VR headset (VR Shinecon) in which we inserted a smartphone to stream the video, and the audio to a pair of headphones worn by the student; this creates a fully immersive, first-person perspective (Ibrahim-Didi, 2015). They then used ‘think-aloud protocol’ to reflect on their teaching (e.g., Ericsson & Simon, 1984; Crowther, Keller, & Waddoups, 2004). The think-aloud protocol involves observing students watching their microteaching, noting their pedagogical decisions and asking them to articulate their thoughts and feelings as they watch (Cotton & Gresty, 2006). Ericsson and Simon (1984) suggest that the think-aloud process facilitates exploration of the thought processes of someone performing a specific task. Within traditional think-aloud protocol, the researcher generally should not interact with the participants after having provided the initial task instructions to avoid influencing participants’ thoughts. However, our experiences echoed those of Cotton and Gresty (2006) who found that participants required significantly more guidance with the task; without this, they found it very difficult to know what kind of thoughts or reflections to articulate. As a result, we provided occasional prompts during extended pauses within the think-aloud commentary, such as ‘what are you looking at?’, or ‘can you explain what you are seeing now?’ in an attempt to support students’ reflection without invalidating the subsequent data. There was no specific structure for providing prompts; they were given where necessary with each student.  Whilst the prompts were considered useful, they did not comprise a significant amount of the data collected but merely acted as a reminder to think-aloud after periods of quiet watching (as described by Cotton & Gresty, 2006).
Stage 4: Individual research interviews
During the final stage, we undertook individual, semi-structured interviews with each student, comprising both direct questioning and discussion following unprompted comments (e.g., Longhurst, 2010), to explore their experience with using the 360-degree video and its impact on their reflections on practice. Initial interview questions are given in Appendix 1.
2.4 Data Analysis
The video-recorded student reflections (including those elicited using think-aloud protocol) and audio-recorded interviews were transcribed; transcriptions and open-ended questionnaire responses were submitted to thematic analysis using QDA Miner Lite and a process of naturalistic coding to back up our impressions from the interviews, attempting to balance breadth and depth of focus (after Dey, 1993). Through this process a set of classification categories emerging from the data (inductive content analysis) was used to follow through strands in learning across it; this was an iterative process undertaken a number of times to increase validity of the coding. To further support the internal validity of the research and increase the reliability of our conclusions, data analysis was undertaken independently by two researchers. It should be noted at this point that analysis focused on emergent themes which addressed the primary research question (ways that the use of 360-degree video supported reflection); while some reflection on broader issues, such as classroom management, took place, they are not the focus of this paper and so are not included here. Table 1 illustrates the set of categories emerging from the data, along with examples from each category. 
	Theme
	Category
	Example quotation

	Advantages of reflecting with 360-degree video
	Spatial reflection (observing the whole class)
	You notice the whole of the class and see things that you would never have been able to see otherwise with a normal camera … it helped you to notice things in every corner (Dawn)

	
	Heterogeneous class (observing individual pupils)
	I think [he] wasn't engaged from the beginning … he then didn't join in much with the discussion on his table … I could of perhaps somehow included him more … so it made me think about it a bit more (Stephanie)

	
	Temporal reflection
	I was trying to get things done quickly but it wasn't, it was kind of going quite slowly and I could see that in the video (Libby)

	
	Agency
	You have a full view so you can look wherever you'd like to look and can choose where you'd like to look (Dawn)

	
	Self-Efficacy
	It’s given me a confidence boost … I now know I can do it … it's helped quite a lot I think (Libby)

	Potential use of 360-degree video for reflection
	Watching peer videos
	It would be quite helpful to watch each others' and to see how each other had got on and just to see what each other did and how they managed the class and what their activity was (Dawn).

	
	Explore different pedagogies
	It's quite helpful in showing like the use of different pedagogies and how certain methods of teaching work and how others don't so you can look back and sort of see how creativity can work …successfully and not so well (Kay)

	
	Support theory-testing
	I looked at a bit of theory on using maps as games or using the card games that's where I got that idea from. I probably need to go back and look at more research in terms of that after looking at the video as to their strategies of how they would do it (Dawn)


Table 1. Example quotation from student reflections (think aloud protocol) and interviews for categories produced from inductive content analysis during open coding process.
2.5 Ethical Considerations
In undertaking the research, we followed the British Educational Research Association (BERA) Ethical Guidelines (2011) and obtained ethical approval from [Authors’ university] prior to the commencement of the project; this included consideration of not only the student participants, but also the school children involved in the microteaching activities. One additional point to note is that one researcher is the Course Leader for the cohort of students; this gave her good understanding of the context and experience of the students, as well as creating a non-threatening research environment (Taylor & Bogdan, 1998) and supporting democratisation of the research process (Karnieli-Miller, Strier, & Pessach, 2009). However, we recognise that the power relation exposed by this relationship and the conflicting researcher-tutor roles may have affected participant recruitment, as well as the responses students gave during the interview process (Kvale, 1996).
3. Results and Discussion
This section firstly considers students’ reflections about their microteaching activity before, during (using think-aloud protocol) and after watching the 360-degree video; it then takes a thematic approach to answering the key research question, considering how the use of 360-degree video supported student teachers’ reflection of microteaching activities. In the latter part of the section we move on to explore the implications of the findings for practice, in particular drawing out ways that trainee teacher pedagogical practice may be supported by the use of 360-degree video.
3.1 How does use of 360-degree video support trainee teachers’ reflection on microteaching activities?
In students’ initial microteaching reflections, observations tended to be brief with little exemplification to support them. For example, when reflecting on one aspect of her microteaching Dawn noted “I didn’t foresee all of the children coming towards me at once.” There was also a focus on the logistical aspects of the lesson, for example “I thought it was very rushed … handing out the paper took quite a long time which I hadn’t quite appreciated” (Stefanie) and “The timings and stuff, erm didn't quite go to plan” (Libby). Reflections also centred on what children did during the lesson, including their behaviour, such as Kay’s comment that “all the children got engaged and they were listening well,” but with little evidence to suggest why this was the case. Students were asked to provide evidence for pupil learning across their microteaching and responses were, in general, superficial. For example, Libby argued pupils had learnt because “if I asked them something they would know what it was,” without any reflection as to what pupils’ existing knowledge might have been and how she knew learning had taken place. Initial student reflections also suggested a lack of understanding of differences between students. For example, when asked if any pupils found a particular task to be challenging, Libby responded “No, I don't think so, no. I mean they all put their hands up at one point or another I think.” Finally, many of the initial student observations focused on negative aspects of their microteaching; for example, Dawn’s first reflection was “I think it went quite badly.”
However, throughout their think-aloud protocol whilst watching the 360-degree video and then in their subsequent reflection on their microteaching, students were able to provide significantly more detail to support their reflection; for example, Kay considers:
When I am in the classroom I just go to the children with their hands up … watching it back I can see that there were lots of children looking very confused and … talking to their partners, asking them for help … I could have gone around and clarified anything they weren't sure of. 
Sometimes observations made whilst watching the 360-degree video contradicted students’ initial reflections; for example, Kay had seemed confident that students had learnt something in her initial reflection, but then after watching the 360-degree video commented “when I was standing there I couldn't see all the children looked really confused … pulling faces when I explained the tasks, whereas looking it back I can actually see the children's faces … not really knowing what I have explained and how they do it.” Perhaps because of this, through watching the 360-degree video students appeared to develop a more nuanced understanding of what was taking place at different points during the lesson, thereby being more cognizant of tensions within their teaching (Bryan & Recesso, 2006); Kay commented: 
When I was explaining the stone activity towards the end, quite a lot of them were a little bit confused. I feel like maybe I could have gone over that better or had something on the board for them to look at to help them like they did for the previous task ‘cos looking round I could see a few children sort of be like 'huh?  'What do we have to do?' and at the time I didn't realise whereas if I did realise I could have … explained it in a different way. 
In this way, watching the 360-degree video appeared to lead students to be able to think more about how they might approach the task differently in the future, a fundamental part of the reflective process. This would suggest that students are moving from stage 2 (reflective observation) into stage 3 (abstract conceptualisation) within Kolb’s experiential learning cycle as they conclude and learn from the experience with the ultimate aim of re-planning and trying out what they have learnt (Kolb, 1984). 
This brief discussion suggests that students were beginning to reflect in a more nuanced and applied way through watching 360-degree video footage of their microteaching, beginning to appreciate the complex nature of learning and activity of teaching. Drawing on a range of reflection and interview data we will now consider why this might be the case with a focus on two themes: embodied reflection, and developing student self-efficacy.
3.1.1 Embodied reflection
One of the themes emerging from student reflections on the process of watching 360-degree video was that of being able to observe the whole class; for example, Stefanie noted “I think it was helpful to see shots of almost the whole class at the same time say for hands up … you really appreciated their engagement more from seeing it as an all round video.” Kay in particular developed this idea further: 
it was also helpful because it shows a different sort of view of what I saw when I was there so I was able to look around the whole classroom at one time … it felt more that I was revisiting the classroom because with a video it's all sort of merged together and you don't necessarily get the reactions … all different children, you don't get the noise levels … you don't really have the sort of atmosphere where you are able to look all around. On the TV you sort of feel that you're there but not that you're actually there so you imagine what it would be like to be there. Whereas this you've got the 360 you're able to look around and get all the emotions of the children and actually feel like you are back there.
Students describe an embodied experience suggested by Ibrahim-Didi (2015) in which they have spatial and temporal situatedness, thereby allowing them to “draw on their body-based reflective capabilities in the moment” (p. 240); students feel as though they are back in the classroom. This is clearly articulated by Kay who describes “you're able to look around and sort of get all the emotions of the children and actually feel like you are back there.” Perhaps significantly, students are also given agency to explore the space as they wish; for example, Dawn explains “If you know that in your class you wouldn't have seen a certain section then you can choose to look at it using the 360-video. You can use it to fill in your gaps.” This agency allows students to explore particular incidents or pupils prompted either by memories of the microteaching, or visual or auditory cues during the 360-degree video footage. For example, Dawn comments “I saw children having a chat at the back of the class which I had no idea was going on at the time. And even a normal camera which was focused on the front of the class wouldn't have been able to have seen that.” Kay reiterates this point stating “in a video you would just hear lots of noise, you couldn't hear where the noise is coming from.” Immersive 360-degree video recording captures the classroom context in all directions; however, as it is captured from one location it creates an embodied feeling of ‘being there’ (Ibrahim-Didi, 2015), in essence capturing Heidegger’s Dasein (Dreyfus & Wrathall, 2005).  Further, it affords students the possibility of interacting with recorded video via the VR headset that allows them to look around in any direction in the classroom setting at any time. Through providing this opportunity, the use of 360-degree video has the potential to develop a more personalised and inclusive approach to reflection; Stefanie comments “there was one child who I think wasn't entirely engaged … being able to see him … made me think well why did I not get him in from the beginning?” Kay further develops this idea: 
I learnt that I sort of need to be a little bit more inclusive. I was going to certain children and helping them but not necessarily helping every child in the classroom as much as I should have … so I feel that I could include some more inclusive teaching practices or strategies when I go in the classroom.
 This holistic, immersive experience also enables students to better consider their own position within the class; for example, Dawn comments “it enabled you to see yourself rather than just the children and how you interact with the children” and Libby “I think it's useful for looking back on yourself and … making yourself more conscious of what happens in the classroom and what you're like.” 
Beyond space, the use of 360-degree video also supported students to better understand time within the context of their microteaching. Both Libby and Stefanie explore this; for example, Libby commented “I thought that I was … trying to get things done quickly but I wasn't, it was kind of going quite slowly and I could see that in the video.” As such, the use of 360-degree video heightened students’ visceral bodily consciousness in the space and time of the microteaching (Barton & Ryan, 2014), supporting them to actively construct new meaning and, as a result, develop their reflection beyond anything possible without it: “This is a real opportunity to reflect sort of actually feeling like you're back there so you can say oh, I didn't quite do that and think about that …. So you can actually think about what you did” (Kay). In this way, it appears to support student teachers to develop the skills of observation necessary for understanding the causal relationship between multiple factors which influence practice in context, as hypothesised by Ibrahim-Didi (2015).
3.1.2 Supporting student self-efficacy towards teaching
One recurring theme throughout student think aloud and final interview transcriptions was that of increasing self-confidence through watching the 360-degree video footage: Libby comments “I think it's useful for looking back on yourself and … making yourself more conscious of what happens in the classroom and what you're like in the classroom, to develop … your confidence.” Dawn develops this idea reflecting “I think watching yourself back and being able to see that you didn't do as badly as you thought [helps] you become more confident as a teacher because you can reflect on the good things that you did as well as the bad.” This reflects a number of studies suggesting that students behave more confidently and positively, or have greater self-efficacy towards microteaching, having undergone the process of doing it (Arsal, 2004; Kpanja, 2001). However, beyond this, it would seem that in allowing students to re-experience the embodied teaching process, the use of the 360-degree video itself may further support students’ self-efficacy towards teaching. 
According to Bandura (1997) there are four sources of self-efficacy: mastery experience (in which students recognise how well they have done at a task), vicarious experience (whereby students’ knowledge of how others have performed can gauge information about their own capabilities), social persuasions (where self-efficacy beliefs are affected positively or negatively by the verbal or non-verbal communication of others), and physiological reactions (mediated by the emotional reaction students have to a task). Individuals form their self-efficacy beliefs by interpreting information from all four of these sources, but for most people interpreting the result of their own performance, enactive mastery experience, is the most important source (Usher & Pajares, 2009). Within the context of 360-degree video, the embodied experience of watching the microteaching appears to reaffirm this mastery experience for students, thereby increasing any positive effect on their self-efficacy. Further, the immersive and emotional reengagement also magnifies physiological reactions as students relive their teaching. While social cognitive theory generally suggests that individual knowledge is developed through observation of others within the context of social interactions or experiences (Bandura, 1986), with use of 360-degree video those interactions are with oneself – the student is interacting with their own experiences – but this is equally as powerful. What is perhaps interesting within the context of this research is whether this student confidence was, in reality, misplaced. The students were at the very start of their teacher training journey, and for three of them their first opportunity to teach children in schools; it may be, therefore, the excitement of actually viewing themselves as a teacher (their ultimate ambition) developed self-efficacy, rather than the microteaching being particularly effective at supporting students’ learning. There is also the danger that if this process were repeated over a number of cycles, and as the students learnt more pedagogy and experienced more school-based learning, use of the 360-degree video may develop more self-criticality which may then negatively impact their self-efficacy. We suggest further more longitudinal research is needed to explore these potential areas for concern; however, it seems to be the case that within the context of this small case study 360-degree video develops student teachers’ self-efficacy towards teaching.
3.2 In what ways might student teacher pedagogical practice be supported by 360-degree video?
[bookmark: bbib25]While relatively small, the case described in this study is presented as an empirical carrier of the ephemeral situations and meaningful learning experiences (Kostiainen, Ukskoski, Ruohotie-Lyhty, Kauppinen, Kainulainen, & Makinen, 2018) student teachers experience which are important for their professional development.  In this way, it allows fuzzy generalisations to be made which are of relevance beyond the strictly local context of this case. The study suggests that use of 360-degree video can effectively be used as a tool to support student teachers’ reflection on their practice. One of the initial observations during think aloud protocol was that students said very little (hence needed some prompting, as detailed above); it is likely that this was partly the result of students’ complete immersion in the video, thereby supporting the idea that 360-degree video provided embodied cognition (they were physically and, therefore, mentally reliving the microteaching and, therefore, had to be brought back to the present to remember to ‘think aloud’; e.g., Wilson, 2002). However, it is likely that as students were at the beginning of their practical teacher training they also lacked both PCK (Shulman, 1986) and the understanding of how to reflect on their practice (as suggested by Bryan & Recesso, 2006). We suggest that 360-degree video could be used in a range of ways to support students to develop their reflection; for example, initially immersing themselves in footage of their peers’ teaching with edited hot spots placed at key moments during the video which prompt students to answer specific questions or reflect on particular incidents. Students may also be exposed to embodied reflections of peers, lecturers or school-based teachers to scaffold their own reflections but also highlight different approaches to reflection. Indeed school-based teacher mentors may also benefit from this process, gaining an insight into approaches to lesson reflection and feedback for their own development. However, encouraging students to undertake a microteaching and 360-degree video watching activity themselves is likely to have the biggest impact on their practice; it is possible that this could support a process which is neither exclusively reflection-in-action nor reflection-on-action (Schön, 1983), but is instead a hybrid which exploits some of the strengths of both. The use of 360-degree video provides trainees with the opportunity to relive the classroom experience (in action), but also seeks to reveal (to them and the tutor), and challenge, the tacit knowledge and assumptions underpinning their practice (on action). This would not only develop student teachers’ ability to reflect retrospectively on their practice, but also their ability to react and adapt within the context of a lesson. Fives, Hamman, and Olivarez (2007) suggest that student teachers are in the uncertain position in that their understanding of pedagogy and child development is still naïve; in this immature state, they are then immersed in classroom circumstances that may or may not provide them with support, encouragement, and opportunities to develop their knowledge and experience success (Fimian & Blanton, 1987). Use of 360-degree video at the early stages of their teaching practice (even within the context of a course which is predominantly theory-based) would not only help teach student teachers to be able to reflect (seeing it as part of, not apart from the learning process), but also begin to develop their self-efficacy towards teaching practice within a less stressful environment. This may ultimately make them more resilient when they enter teaching practice, decreasing potential stress or burnout (Fives et al., 2007) and supporting teacher retention.
4. Conclusions
Results of this study show that 360-degree video supports students’ reflection of their practice and, as a result, both develops a more nuanced understanding of their microteaching, and supports their self-efficacy. The immersive, embodied experience of watching the 360-degree video footage appears particularly significant as it becomes a proxy for real-life classroom settings through which students are able to re-experience their teaching, emplaced within its space and time, being there in an embodied sense (after Heidegger, 1962) and with agency to select where and with what to engage. This “situatedness” (Gibson, 1977) supports students to produce reflections which show a much better understanding of their and their pupils’ behaviours, priming them on ways in which they can respond to the immediacy of the context (as suggested by Craig et al., 2018; Ibrahim-Didi, 2015) and developing in them a better appreciation of pupil engagement and learning. Further, use of 360-degree video also appears to provide opportunities to develop authentic mastery experiences through which trainees can develop their self-efficacy towards teaching (after social cognitive theory; Bandura, 1986). This meshes well with situated learning which is a socio-cultural process that is the result of bodily interactions with the world (Rambusch, 2004). One of the novel aspects of this study is, therefore, that it brings together multiple conceptual frameworks of situated learning, embodied cognition and social cognitive theory through 360-degree video to transform the way that we support student teacher reflection and, thereby, practice. 
An additional point of note is that through the process of watching and reflecting on 360-degree footage, student teachers are not merely an audience observing and analysing the practice of others, but they become active participants in the learning process, generating and analysing their own primary data (or practice). As such, this methodological approach illustrates practice urged by authors such as Healey and Jenkins (2009, 2018) or Kuh (2017) to increase student engagement through research and inquiry. The study, therefore, has implications for broader Higher Education practice within ITE as it facilitates student-centred, research-based active learning, current ideals in Higher Education contexts (e.g., Niemi & Nevgi, 2014). 
However, there are a number of limitations to the project; for example, this is a small case study both in time-scale and participant size - further research is needed to explore the impact of 360-degree video on a larger group of students and over a longer period of time. Ibrahim-Didi (2015) suggests that in providing an authentic sense of being situated within a classroom, use of 360-degree video offers significant potential for developing reflective practice which reconnects the mind with the body (and, thereby, thinking with doing; Kinsella, 2007b). As such, future work would also benefit from exploring in more depth how 360-degree video might be used most effectively with student teachers, for example observing video multiple times, providing peer watching, reflection and collaboration opportunities (as suggested by Barber, 1990) and undertaking repeated microteaching-reflection-replanning cycles (active experimentation, as suggested by Kolb, 1984). Notwithstanding these limitations, this study goes some way to address Ibrahim-Didi’s (2015) suggestion that an embodied cognition approach to ITE supports their situated professional vision and reflective capabilities (p. 242); this has significant implications for both teacher education but more broadly student-centred, active learning practices within Higher Education contexts.   
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Appendix 1:

	Semi-structured interview schedule
1. Why did you volunteer to take part in this project?
2. Have you used 360-degree video before?
3. Explain how you felt when you watched the 360-degree video back.
4. How did watching the 360-degree video support you to reflect on your practice?
5. How do you think using the 360 degree video will affect your teaching practice?
6. How (if at all) do you think using 360 degree video was different from using ‘normal’ video?
7. Was there anything about using the 360-degree video that you did not find helpful?
8. Would you recommend this process to your peers? Why / why not?



 
