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Abstract:
Purpose – It is argued that the issues of translating basic science, including knowledge from neuroscience, into relevant teaching are similar to those that have been experienced over a long period by educational psychology. This paper proposes that such a translation might be achieved through Lesson Study (LS), which is an increasingly used technique to stimulate teacher enquiry. To explore these issues, this paper presents the findings from a modified LS approach that involved psychologists and mathematics lecturers working together with school-based teachers to prepare a series of lessons on mathematics. 
Design/methodology/approach – The LS team review and planning meetings and subsequent interviews were recorded and analysed for common themes, with reference to patterns of knowledge bridging. Particular attention was paid to translational issues and the kind of knowledge used. 
Findings – Overall, there was some successful bridging between theory and practice, and evidence of translation of theoretical knowledge into relevant teaching practice. However, the analysis of the team’s interactions showed that relatively little involved a useful applied neuroscience/neuropsychology element, whereas other psychological knowledge from cognitive, developmental, educational and clinical psychology was considered more relevant to planning the LS. 
Originality/value – This study illustrates how reference to brain functioning has currently little specific to contribute directly to school teaching, but it can arouse increased interest in psychological processes relevant to teaching and learning. This approach reaffirms the central role of teacher-led research in the relationship between theory and practice. The findings are also discussed in relation to the SECI model of knowledge creation. 
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Introduction 
This paper presents the findings of a study of a novel approach to using Lesson Study (LS) that involved psychologists and mathematics lecturers working together with school teachers to prepare a series of lessons on mathematics. This approach is explored with particular reference to the use of knowledge and the translational issues between theoretical knowledge and basic science into relevant teaching practice. A reading of Nonaka and Takeuchi’s (1995) knowledge creation SECI model is then proposed as a useful way to explore the interplay between professional and theoretical knowledge in the LS process. The discussion is further directed to the role of psychological knowledge to bridging into education, including knowledge from neuropsychology and neuroscience relevant to education (Adlam et al., 2013). 
It has been argued that the issues of translating basic science, including neuroscience, into relevant teaching are similar to those that have been experienced over a long period by educational psychology (Norwich, 2015). With the rapid advance of neuroscience techniques since the 1990s there has been the prospect that this knowledge may guide and inform educational practice reforms, assuming that they share common ground (Biggs, 2013; Nature Neuroscience Editorial, 2006; Royal Society, 2011). However, people have argued that knowledge about the brain has little to contribute directly to education at present (Bishop, 2014; Bruer, 1997), and, in any case, the basic principles of a neuroeducation and how it may be translated into educational theory and practice are still uncertain and subject to intense debate (Goswami, 2006; Lipp and DeVelle, 2013). An implication of this is that the promise of translating basic science into educational advances depends on engaging teachers in reflective practice which is open to research informed understanding and relevant pedagogic knowledge (Elliott, 2012). This translation can be approached by using lessons as sites for teacher enquiry, through a LS approach.  
LS was originally developed in Japan over a century ago, as a collaborative form of professional development. LS focuses on teacher collaboration to develop a series of research lessons (Takahashi and Yoshida, 2004) that set pupil goals within a specific topic, addressed through the examination of the learning outcomes arising from the lessons (Puchner and Taylor, 2006). In the UK version of LS (Dudley, 2012), the LS cycle usually consists of three research lessons that are jointly planned and directly observed and reviewed by an LS team that typically consists of teachers (Dotger, 2015; Takahashi and Yoshida, 2004). The LS team also identifies one or two case pupils as the focus for the planning and evaluation, identified depending on the topic and aims of the LS (Dudley, 2004). The case pupils’ views on the lessons and their learning are an important part of the LS cycle. Lesson planning is informed by evaluation of the previous lesson (Sims and Walsh, 2009), together with ideas and strategies that can derive from professional knowledge, research and theory, as illustrated in the model in Figure 1 (Ylonen and Norwich, 2013). In this way LS provides the means of bringing together practical pedagogic knowledge with research and theoretical knowledge about learning into the LS review and planning process. It is this aspect that underpins the decision to adapt the LS model to bring other professionals into the LS team. 

Figure 1: LS bridging between theory and practice (Norwich, 2015)
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The typical Lesson Study model has been modified in various ways. Some have adapted the model according to learner characteristics, for example, to address the teaching of early years mathematics (Moss et al., 2015) and for supporting pupils with learning difficulties (e.g., moderate learning difficulties) (Norwich and Ylonen 2013; Ylonen and Norwich, 2013). Others have adapted the model for the training of special education teachers in Singapore to include support staff from health services (Chia, 2013; Wong et al., 2015). There is also a tradition of outside professionals, such as educational psychologists supporting teacher problem solving (Bennett and Monsen, 2011). However, these approaches, such as teacher coaching and problem solving groups, are usually facilitated or led by outside professionals and do not involve LS with its specific pedagogic purposes. Psychology has a historical relationship with education, but translational issues have been experienced (Norwich, 2015). It is the central point of this paper that this translation can be approached by using lessons as sites for teacher enquiry, through a LS approach. LS offers a powerful vehicle because of its collaborative nature and procedures, its ethos, and its focus on the lesson and the teaching-learning interactions. It can, thus, provide the means for translating psychological knowledge into educational thinking and practice, and in turn that psychological knowledge can be informed and adapted by the process; that is, a two-way bridging (Figure 1).
To enable this bridging, the LS model that was successfully established in a previous research project (Ylonen and Norwich, 2013) (Figure 2) was accordingly modified in two key ways:
i. by extending LS teams to include cognitive psychologists and mathematics tutors to bridge between psychological knowledge and mathematics education 
ii. by using video-conferencing between the school-based teachers in the LS teams and the university LS members that worked collaboratively around the 3 key research lessons interspersed between 4 team review/planning meetings

Figure 2: Model of LS (Ylonen and Norwich, 2013)
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The specific aim of this paper is to examine how psychologists and mathematics educators used their respective knowledge bases as members of the LS teams during the LS review and planning meetings. More particularly: 
1. What knowledge base was used by the psychologist and mathematics educator in the LS review and planning meetings?
2. How was this knowledge used in the LS team’s review of the case pupils’ characteristics and their responses to the research lesson and to the goals and methods used in planning the 3 research lessons?
A design-based research approach (Cobb et al., 2003; Norwich and Ylonen, 2013) was used to evaluate and refine the modified LS model. School level mathematical thinking and understanding was chosen because of its centrality to the school curriculum in the UK. 

Data collection and analysis
The study had two LS teams, one in a primary and another in a secondary school both focussing on mathematics teaching. Each team consisted of two mathematics school teachers, a mathematics lecturer and a psychologist that jointly planned and reviewed 3 research lessons (1 LS cycle). The lessons were video recorded by the teachers and then uploaded to Vimeo (a mainstream video social network) using enhanced security, for the university team members in preparation to the next meeting. Meetings took place online using Adobe Connect and Skype. The process and its challenges are discussed in more detail in a separate paper. 
Before the beginning of the LS cycle, each team agreed a specific mathematics focus (multiplication/division for the primary team and fractions for the secondary) and each identified 2 case pupils as the focus of their LS. One case pupil was selected because s/he struggled in that area, while the other pupil’s learning was typical for the class.  
The University Ethics Committee gave its approval. Written informed consent was obtained from the 4 teachers and 8 case pupils, and the parents/carers of all the pupils in the LS classes were informed about the trial and could choose for their child not to appear in the recordings. Anonymity and confidentiality was ensured. University lecturers also gave their oral consent. 
The LS cycle was run for almost a month (roughly one lesson every 10 days). During the LS, the team review and planning meetings were audio recorded (4 hourly meetings per team), and conversations were analysed in terms of a discourse analysis framework, informed by Dudley (2012) and Parks (2008), that covered among other themes, the patterns of knowledge used (and also lesson organisation/planning, case pupil learning, LS experiences, patterns of team interaction, and practical aspects discussed elsewhere). In addition, all LS team members were interviewed individually about their overall experience of the project. Interviews were semi-structured with interview questions exploring in-depth most of the issues that emerged from the discourse analysis. Recordings (from meetings and interviews) were transcribed and analysed for common themes on NVivo 10, using a grounded theory-style approach. For reliability purposes, themes were extensively discussed by two members of the research team, until consensus was reached. For the purposes of this paper, we discuss only themes that are relevant to the knowledge used (Table 1). The discussed themes are those that were common across the meeting and interview data. 





Table 1: Themes about the knowledge used and experience of LS common across interviews and meetings
	Kinds of knowledge

	Knowledge from the maths lecturer
	Research-based knowledge
	Teachers' practical knowledge
	Other knowledge sources

	· Acting as a bridge
· Contributing maths knowledge
· Discussing maths curriculum aims
· Suggesting maths strategies 
· Splitting up a complex task
· Suggesting maths activities
· Using visual aids
· Drawing on professional experience 
	· Contributing research knowledge that is relevant
· Drawing on research-based knowledge and papers
· Teachers are often not used to academic language
· Using research-based knowledge to justify teaching decisions
	· Automatic and creative learning
· Having expert knowledge of their pupils
· Offering a practical perspective
· The Connective Model of teaching
· Drawing on professional experience 
	· Knowledge from the training day
· Teachers employ web knowledge

	Knowledge from psychologist
	Theory and practice

	Learning processes and strategies
	Kinds of psychological knowledge
	Psychology and education
	· Balancing the procedural and the conceptual
· Building connections both ways (interactively)
· Building connections from practice to theory
· Building connections from theory to practice
· Conceptual knowledge and semantic knowledge
· From the concrete to the abstract
· Lab studies and actual situations
· Linking concrete to abstract representations
· The different language of theory and practice
· Theory cannot always be translated into practice
· Theory through the lens of practice

	· Analysing learning process 
· Retention strategies
· Breaking down tasks to reduce cognitive load
· Engagement strategies 
· The importance of knowledge recall
· The left to right approach 
· Managing the brain resources 
· Memory and cognitive processes 
· The spacing effect
· The testing effect
· Children with brain injury vs typically developing children
· Using alternative/ shortcut strategies 
· Using metacognitive strategies 
· Using reinforcements 
· Discussing cognitive strategies 
· Balancing concrete and abstract representations
	· Building links to the brain
· Clinical psychology is relevant
· Cognitive and developmental psychology is relevant
· Sharing paper with key points with the team 
· Psychologists can have different hats/roles 
· Drawing on clinical psychology
· Drawing on cognitive psychology 
· Drawing on neuropsychology
· Linking the brain to behaviour and vice versa 
· Neuro science vs neuro psychology
· Knowledge about the brain and behaviour
	· Psychological knowledge not always relevant to teaching
· Psychological knowledge to inform teaching practice
· Psychological knowledge to promote awareness
· Psychological knowledge to support and explain
· Psychological knowledge to underpin decision making
· Drawing on Vygotsky
· The link between the brain and maths is not strong or evidence-based
· Complexities of using immediate reinforcements
· Dealing with pupils' sentiments
· Zone of proximal development
· Lack of relevant neuro psychological literature on maths
· Links between education research and psychology
	



Findings 
The study’s findings as regards the use of knowledge are discussed in two sections: i. Knowledge bridging and team working together; and, ii. kinds of psychological knowledge used. 
i. Knowledge bridging and team working together
Not all attempts at bridging were successful, but there was evidence of linking between theoretical and research-based knowledge (psychological or mathematics-specific) and teaching practical knowledge. The mathematics lecturers also facilitated the knowledge bridging and translation between the psychologists and the teachers because of their teaching background.  More particularly, in the primary team, the specific maths topic was multiplication and division, and especially how they relate to each other, as the teachers find that children often cannot build links between these two operations. The need for a strategy to enable students to build this link was articulated by one of the teachers, and acknowledged by the team. In this instance, from their 1st review and planning meeting, the teacher mentioned that the pupils often find it difficult to understand the links between multiplication and division through the abstract maths symbols: 
Teacher: ‘I think, this is a key thing we’re trying to do here is actually get them to understand the link between multiplication and division. So that, if they have an array in front of them, they can actually describe as a multiplication problem and then, the same array, they can be described as a division. Then it becomes much easier for them to understand that those links are there […]. 
Psychologist: I think that’s a really good idea […].
Maths lecturer: […] Sort of the relationships that you have to make is about problem or context or meaning and array and symbolic form, but also the use of a number tree to intermediate these relationships. A kind of model, I am just thinking. I might type this down and send it to you’.
Psychologist: […] If you’re happy to send those notes round then I could add the links back to […] what we were talking about before, the psychology aspects. […] I could certainly start thinking about how the things that you’re trying to do in the lesson map on to some of those ideas’.
This was the starting point for the joint development of a strategy. The teacher identified a teaching problem (pupils’ difficulty to link the two operations) and suggested a possible solution (the use of visual representations such as the number array), and then the maths lecturer, drawing on the mathematics literature, put together a strategy. The discussed strategy (Figure 4) aimed to enable pupils to understand symbolic forms, starting from more concrete representations (an array) and moving gradually to more abstract ones (the number tree), thus scaffolding the conceptual understanding of the mathematical symbols of multiplication/division drawing on Steinbring (1997). The maths lecturer supported the use of rectangular arrays because they were recognised as effective representations for understanding of multiplications (Barmby et al., 2009) and the use of the number tree as an intermediating representation to encourage pupils to see divisions as the inverse operation of multiplications. The psychologist in turn built links to the cognitive development of the pupils, and the role of executive processes (e.g., working memory, cognitive flexibility) in learning maths concepts and operations (Cragg and Gilmore, 2014; Raghubar et al., 2010), further supporting the usefulness and relevance of the strategy from a cognitive perspective. 
However, the teachers had the final word when they applied the strategy in the research lessons. This is what one of the teachers commented, confirming that the strategy was practically applicable and relevant to the students’ needs. It was also a strategy that the teachers were likely to continue using:  
Teacher: ‘As soon you start putting those kinds of symbolic representations in front of the children, they kind of go for very procedural responses and they work from left to right. And they do it in a certain way and they don’t like to vary the way they work. So, by making the link between the array and the story, before we introduce the more symbolic kind of representation, I think is the right way to go. Because they’ve already got an understanding of what the array means and how it can relate to real life, and I think we don’t really want to lose that’. 
For the secondary team the LS topic was adding/subtracting fractions with common and different denominators. The team psychologist drafted a paper in which he related knowledge from neuropsychology, neuroscience, cognitive and developmental psychology to educational research and fractions teaching practice, building a bridge between theoretical and practical knowledge. One of the ideas discussed in the paper was that concrete representations (e.g. of fractions) may have some value, but only to an extent as abstract representations are also needed to foster conceptual understanding and generality. The maths lecturer of the team then related this idea to broader aims of mathematics education and particular fraction teaching aims:
Maths lecturer: ‘There’s kind of pressure on us as maths teachers to not to teach things procedurally […] but if you use bits of pizza or money [as visual representations of fractions], it then adds another layer of confusion [since it does not scaffold conceptual understanding]’. 
The balance between concrete and abstract representations in teaching fractions was an issue that was discussed extensively in the team. In this exchange from the 2nd review and planning meeting, the teacher who taught the research lessons described to the psychologist how the students seemed to need more concrete representations of fractions: 
Teacher: ‘I think at the beginning we need some more pizza or something visual for them to do […]. 
Psychologist: Yeah, it’s interesting that they picked up on the chocolate and pizza; it’s a very concrete thing. But again from the psychological perspective, we want to be wary of going down that route too far […] so it might be very good having pizza in conjunction with some of these other ways of representing them. That helps them to make everything a little more abstract’. 
The teacher then adopted a balanced approach in future lessons, to include both concrete and abstract representations. This was an example of how a theoretical idea offered by the psychologist and translated by the maths lecturer reinforced and further informed teaching practice.    
However, not all suggestions coming from the university team were relevant or practically applicable. For example, the maths lecturer suggested a group activity (a fraction wall game) that the teachers decided that would not be relevant to the pupils’ age. Or, the psychologist proposed sounding a beep at various intervals in the lesson and rewarding those students who were on task at that time, as a strategy for pupil engagement. Although the teachers liked the idea in principle, they found the strategy difficult to be implemented in a busy, noisy class. 
Figure 4: Strategy for understanding symbolic forms or 3 ways of representing 2x4=8
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Kinds of psychological knowledge used   
The two psychologists had been asked, as part of the project, to try to bring some neuropsychological knowledge to the review and planning meetings to the extent that such knowledge would be relevant. The primary team psychologist noted in her interview that she felt that neuropsychological knowledge did not prove very relevant to the lesson planning, yet she added that there was a constructive dialogue between other kinds of psychological knowledge and mathematics teaching: 
Psychologist: ‘I had to work really hard to bring the brain into the conversations, because I think that the neuropsychology understanding and maths isn’t maybe not that strong and evidence based to draw on – but the cognitive psychologist maths is big. So I could certainly draw on that and developmental psychology’.
To explain this she noted that in order to really incorporate neuropsychological knowledge, she would need to have access to relevant information from the literature that would build explicit links to brain functioning, but such literature is currently sparse. This was also supported by the secondary LS team psychologist in reference to the teaching/learning of fractions:  
Psychologist: ‘I know things on neuropsychology, but I didn’t actually contribute any […], because there wasn’t actually any literature on it […] I would think most of the kind of research I tapped into would be more cognitive psychology’.   
The primary team psychologist also made a distinction between the typically developing children in the study and children with brain injury, for which current neuropsychological knowledge might be more relevant. She explained how taking a neuropsychological perspective starts with how the brain works, and how this affects behaviour and cognitive functions. This way of thinking might be useful for people with brain injury, as it enables the linking of parts of the brain that might be damaged to particular cognitive difficulties. However, for ‘typically developing’ children, the focus is mainly on behaviour and learning, and links to the brain might not be necessary. This is why the psychologist felt the need to draw on the developmental/educational psychological literature, e.g. on Vygotsky, rather than on literature that would build links back to the way brain functions:  
Psychologist: ‘It’s really obvious when you see that in individuals with brain injury. […] You talk about frontal lobes being damaged, and that is why they have executive function difficulties. Whereas, I was talking about executive functioning in just a developmental context and it felt quite far removed from the brain growth of the children. I was drawing much more on Vygotsky and he’s from the educational literature, you know. […] So a developmental psychologist can have an entire dialogue about executive function development without ever mentioning the brain, because they are not necessarily making the link back to which areas of the brain are coming online’ […]
Similarly, the secondary team psychologist started from a neuroscience perspective, but then he quickly moved on from this approach and turned to other sources of psychological knowledge that could be translated more directly into teaching practice. 
So, the knowledge that both psychologists were able to offer to their teams was largely from cognitive, developmental and educational psychology mostly in the form of cognitive, metacognitive and affective strategies. This is an example from the secondary team where the spacing effect is explained as a retention strategy to support the usefulness of lesson recap: 
Psychologist: ‘There is a well-known psychological effect called the spacing effect, so in other words retention is better if the information is being given through longer periods of time rather than a massed approach. So, one implication of this is that it may not be the best structural approach to have each session entirely self-contained’.  
In addition to this, both psychologists also reinforced what their teams saw as good practice, and provided a theoretical understanding of particular situations and teaching practices so as to promote awareness. For instance, in this excerpt from her interview, the primary team psychologist reflected on her role drawing on the particular example of explaining the usefulness of external support: 
Psychologist: ‘I suppose it’s not so much that [the teachers] weren’t doing these things, it’s more about their understanding of why they do these things. So in the lessons typically they are using external support to help children learn, but not really understanding why that’s so helpful and why it is some children can move on from that and others can’t. […] Bringing that underpinning theory to their practice, I think would then give them a bit more awareness of when they can move on from those things, or when do they need to go back to using those extra supports’.
Clinical psychological knowledge also proved relevant. The primary team psychologists drew on her knowledge and experience as a clinical psychologist, and although this was beyond the purposes of the study, it is revealing of the psychologist’s commitment to building a way of communicating with the teachers that would be meaningful and useful to them. In this exchange, putting on a clinical psychological hat, she advised a teacher as to how to boost a particular case pupil’s confidence, and metacognitive thinking:  
Psychologist: ‘I guess I’m putting on a slightly different hat in the room, which is the clinical psychologist hat. […] She is quite reflective in her interview with you, but if you said something like – well, I think you’ve done a really good job, can you show me why I think you’ve done well?’ 

Discussion 
Findings are discussed in two sections, initially to explore the use of psychological knowledge in the study; and then a SECI model of LS is suggested as a useful away to think about the interplay of tacit and explicit knowledge in the LS process. 

The relevance of psychological knowledge in LS
In this modified LS process, the research lesson served as a site for teacher enquiry where knowledge from the inter-disciplinary team was translated by the teachers into relevant teaching practice. This was made possible by the nature of LS, which is a process guided by teachers’ knowledge of teaching and learning problems, and is evaluated partly in terms of teachers’ experience of what works. This can be related to what Norwich (2015) argues about the historical translational issues in educational psychology arising from insufficient attention being given to previous educational theories of teaching and the neglect of lessons as settings for enquiry. It can also apply to the newer knowledge arising from neuropsychology for which Goswami (2006) suggests that there is a need for people with knowledge of education to bridge and translate between science and educational practice. 
The analysis of the team’s interactions showed that psychological knowledge and understanding was relevant to the planning of the LS, yet this applied a lot less to knowledge about the brain. This can be interpreted with reference to Bishop’s (2014) model of the relationships between education and neuroscience (Table 2). According to the model, there is fairly little that is valid neuroscience and can be useful to education (quadrant D), but there is other psychological knowledge (not neuro-related) that can be useful to education (quadrant C). This generally fits with the study’s findings.  

Table 2: Neuroscience and education 
	
	Not useful for education
	Useful for education

	Not neuroscience
	Not neuroscience, and not useful to education: e.g. Brain gym, (Brain Gym International, 2015)
A
	Not neuroscience, but useful to education: e.g. cognitive, developmental, educational, clinical psychology

C

	Neuroscience
	Neuroscience, and not useful to education
(not relevant to educational theory and practice)

B
	Neuroscience, and useful to education: fairly little 


D



Bishop identifies in quadrant A, what have come to be called neuro-myths, what is presented as neuroscience which has no valid research basis. Dekker et al. (2012) describe neuro-myths as claims that are loosely based on scientific facts, but may have adverse effects on educational practice, a form of pseudo-science. Bishop (2014) also discusses the issue of whether knowledge from neuroscience – knowledge of how the brain functions – can be useful to teachers and teaching, by raising a question: 
‘Suppose I find out that the left angular gyrus becomes more active as children learn to read. What is a teacher supposed to do with that information’? (Bishop, 2014, web blog) 
Her point is that though knowledge about which regions of the brain become active in particular circumstances can often be valuable, such as in the case of people with brain injuries as noted by one of the psychologists in the study, it does not seem at present to be easily translatable into teaching practice, and thus it is not of direct value to teachers. Therefore, what Bishop (2014) questions is the practical usefulness for teaching of linking learning to particular brain functions, noting that other psychological knowledge might be more relevant, as the focus there is directly on learning. Bruer (1997) raised this issue some time ago by arguing that cognitive psychology can act as a mediator between neuroscience and education, and that a direct bridging might not be possible or useful.   
In the study, both psychologists were keen to find a way of translating their knowledge to be relevant, accessible, and useful to teachers. In this attempt, as the project went on, both seemed to gradually abandon knowledge from neuroscience and any links to brain functioning, and used knowledge mostly from cognitive, developmental or educational psychology. The main reason was perhaps a difficulty in linking the neuro level to practical applications that would be of immediate utility to the teachers. The psychologist of the primary team, when discussing the nature of neuropsychology, noted that in the discipline of clinical neuropsychology the direction of thinking is from the way the brain functions to learning and behaviour. Yet, when it came to planning the LS, the links were the opposite direction, from behaviour and learning to trace back to the brain drawing on the relevant literature. This did not prove feasible since such knowledge was mainly unavailable in the literature, especially regarding particular maths strategies such as the array or number tree, or particular fractions applications. Brain scanning could not be used to discover these links as it would not be practical for the current purposes, and also it is questionable whether this knowledge would be of any actual practical value to the teachers. Hence, the two psychologists mainly employed other psychological knowledge that did not build links to the brain, but was easily translatable into practice; this corresponds to quadrant C in the Bishop model (Table 2). 
So, psychological knowledge from cognitive, developmental and educational psychology proved to be more relevant in planning the LS. The psychologist in the primary team who had previous experience of working with teachers as a clinical psychologist also used this knowledge base to offer advice on students’ affective and confidence issues. Some examples of psychological knowledge employed in the project include various cognitive and metacognitive strategies to support pupils’ learning (such as strategies for retention, for reducing working memory demands, and developing self-reflection) and also affective strategies to improve confidence and engagement (e.g. strategies for timely and effective reinforcements).  This broader psychological knowledge was offered without any reference or links to the brain, and there was no request for such links by other team members. Perhaps, the main reason was that this knowledge was easily translatable or already translated into practice. 
Yet, Bishop’s (2014) model holds out the possibility that neuroscience might be useful to education (quadrant D). It seems that most of the teachers in the study found it particularly interesting what the psychologist in their teams had to suggest, and at least one of them noted that the knowledge she gained about brain functioning would have positive impact on her teaching and understanding of the pupils’ development. This is indicative of how psychological processes in contemporary society, often represented in the idiom of brain functioning, can arouse increased interest in psychological processes relevant to teaching and learning, even though the neural level itself has little specific to contribute (Bruer, 1997; Dekker et al., 2012). However, the study of education from a neuroscience or neuropsychological perspective is still relatively unexplored, and what Bishop (2014) identifies in her quadrant D (neuroscience and useful to education) might still develop further. 

A knowledge model of LS
In addition to psychological knowledge, mathematics-specific and teaching practical knowledge were also used in the LS. Overall, the knowledge used involved two clusters, professional, practical, or tacit knowledge, on one hand, and research-based, theoretical or explicit knowledge, on the other. Drawing on this, we would like to suggest a particular reading of Nonaka and Takeuchi’s (1995) knowledge creation SECI model as a useful way to think about the interplay between these clusters of tacit and explicit knowledge that takes place within LS, and that becomes more evident when the LS team has members with different knowledge bases or professions. This way of thinking about LS through the SECI model involves assumptions about the relationship between tacit and explicit knowledge, that though distinct tacit and explicit knowledge are inter-related, (Figure 5) and about the process of conversion between these types of knowledge in LS (Figure 6).  We selected the SECI model rather than another perspective about tacit-explicit knowledge related to LS, as explored by Gómez et al. (2015), building on Korthagen (2010) and Argyris (1993). Gomez and colleagues examine how practical thinking is reconstructed through LS in terms of practical theorising (associated with LS observation and review processes) and experimentation of theory (associated with designing research lesson). However, their perspective, unlike the SECI model, does not address the assumptions and distinctions used in this paper; that tacit knowledge can be articulated and that explicit knowledge can be based on professional reflection on practice and be research-informed. For these reasons we made use of the SECI model.  
 Figure 5: The relationship between tacit and explicit knowledge (from Nonaka and von Krogh, 2009)
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In their more recent theorising Nonaka and von Krogh (2009) argue for tacit and explicit knowledge as being on a continuum (not as isolated types of knowledge) and as interconnected and mutually complementary. Neither type is pure and both involve some aspects of the other type. Though not all tacit knowledge can be articulated, some can and it is this conversion that enables reflection and conscious control and the expansion of individual to shared knowledge. Explicit knowledge can also be converted into tacit knowledge when acted on and used in practical situations. 
Figure 6: A Lesson Study SECI knowledge model
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The SECI model which originates in economic theory is model of knowledge creation that aimed to explain the success of Japanese industry (Nonaka and Takeuchi, 1995). It is a well discussed and influential knowledge creation model (Paavola and Hakkarainen, 2005) that describes a structured, exploratory and reflective process of problem solving and innovation that takes places within an organisation or in smaller groups that work together to achieve a shared goal. Such a group can work face-to-face or at a distance pursuing common aims and following the same rules, and their being together serves as ‘a shared context in motion, in which knowledge is shared, created, and utilized’ (Nonaka and Toyama, 2003, p. 6). The SECI model describes the way knowledge is created based on the interplay between tacit and explicit knowledge among the group members in a spiral way. It is both this interplay between tacit and explicit knowledge that we see as relevant to LS, as well as the necessity of having a group of people working together in a structured way (the LS process) and towards shared goals (the LS aims). Dudley (2004) has also identified theoretical similarities between the procedures and concept of the research lesson and the theoretical underpinnings of the SECI model, but without elaborating on its implications for understanding LS.
The model in Figure 6 has four quadrants: Socialisation (1), Externalisation (2), Combination (3), and Internalisation (4) from which it also takes its name. Socialisation describes a process where tacit knowledge acquired through social interaction and participation, but also with links to explicit knowledge, results in the production of new tacit knowledge as people interact with their environment. In the case of LS, this refers to a phase prior to the LS where teachers develop their practical teaching knowledge while teaching and participating in the school community. The next stage of Externalisation is the moment where the team works in a structured way to problem solve or address a teaching question. In this phase, people articulate their tacit knowledge about the problem or question and how to approach it. This examination is done in a relatively slow and transparent way in collaboration with others. It involves written formulations using templates, diagrams and written communications; it is a laborious non-linear process as pointed out by Eraut (2007). Phase 3 involves the Combination of this articulated tacit knowledge with more explicit knowledge relevant to the examined problem or question, such as the psychological maths education knowledge in this study that was practically translated into the research lesson plan. By testing out the integrated knowledge through a cycle of feedback from the research lessons, conclusions in the form of new explicit knowledge are drawn. In the 4th stage, Internalisation, this new explicit knowledge can be acted upon in practical situations and converted into tacit knowledge that can also subsequently fed into a new LS cycle. This would describe the outcome of the LS for the team. SECI is a knowledge creation model, but as ‘new knowledge is created out of existing knowledge through the change of meanings and contexts’ (Nonaka and Toyama, 2003, p. 6), we believe that it can also be used to describe knowledge bridging. 
  
Conclusion 
The paper presents the findings of a study that discusses knowledge bridging and translation through a LS approach, by bringing in psychologists and mathematics educators together with school teachers into the LS team. With the presence of an interdisciplinary team, the research lesson becomes a site for teacher enquiry where theoretical and research-based knowledge are brought into contact with teachers’ subject content and pedagogic knowledge in the context of planning and enacting specific lessons. This approach reaffirms the central role of teacher research in the relationships between theoretical knowledge and teaching practice. The study shows how psychological knowledge can have specific relevance to bridging into teaching practice, especially psychology that can be easily or is already translated into relevant practice. The SECI model also provides a way of examining some key questions about the LS process, such as: How do tacit and explicit knowledge interact in the LS process? How do the processes of externalisation and combination relate to the quality of LS outcomes? And, how do the phases of knowledge conversion in the SECI model inform the working ethos and relationships in LS teams? Introducing psychological knowledge relevant to teaching in this inter-professional Lesson Study project has therefore opened up further questions about the LS process for future research. 
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