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Lesson Study and its Impact on Practitioner Practice

Improving education is an ongoing priority for every country (William & Thompson, 2017). There are benefits for the individuals within the education systems; such as an increase in expected earnings once they begin employment, and for society as a whole; an increase in economic growth paired with associated decrease in expected ‘social costs’ such as health and justice (William & Thompson, 2017). For these reasons, the teaching profession has developed many reputable professional development programmes and academic research methods. This piece will explore lesson study as a research methodology, its role within initial teacher education (ITE), the continued professional development (CPD) of teachers throughout their careers. It will briefly discuss assessment for learning, a key aspect of teaching practice, before focusing on lesson study within secondary science classrooms and the ethical considerations of this type of research. 
The work of teachers is highly complex, involving ongoing reflection upon the values and philosophies which reinforce the decisions made within the classroom and these skills are refined throughout a career (Cajkler & Wood, 2016). Historically, until around 20 years ago, there was little evidence to support effective continuing professional development (CPD) programmes for teachers, conferences and workshops which were available were largely associated with underwhelming results upon return to the classroom (Fullan, 1991; William & Thompson, 2017.) Lesson study is a form of continuing professional development (CPD) for teachers, which involves the observational study and reflection of classroom-based lessons (Lewis et al, 2006; Schipper et al, 2020). Having originated in Japan, where is remains a part of every-day professional life, spreading to the United States of America (USA) in a meaningful way from around 1999, and from there spread around the globe (Lewis et al, 2006; Fujii, 2016). 
Lesson observation and feedback are thought to be some of the most key means of developing teaching and learning and is a very important aspect of a teacher’s professional development (Alshawabka, 2018). The increasingly diverse classrooms within secondary schools, in order to remain effective, must adapt to the ever-increasing varieties of preferred learning styles, personalities, interests, challenges and abilities of pupils (Abas et al, 2019). Regularly reflecting upon the learning within a classroom allows teachers to adapt their practices to be as efficient as possible. Lesson study provides teachers with the opportunity to observe and identify any aspects of the learning which pupils are struggling with (Cajkler & Wood, 2016).
Methodology
Lesson study methodology is an ongoing process, which can be divided into four key phases: firstly, the aims of the study or needs of the classroom should be identified. Secondly, developing the teachers’ knowledge and skill of lesson planning.  Next comes undertaking the delivery or observation of the lesson, before finally, reflection on and refinement of the lesson (Lewis et al, 2006).
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It is widely accepted within the literature that the lesson planning phase of lesson study methodology is vital for its’ success, however, the collective effort and skill required can be described as ‘under-appreciated’ by educational practitioners (Fujii, 2016). Although there are some studies which detail their lesson planning process (Fernandez & Yoshida, 2004), it is a frequent occurrence that this section is missing from articles (Lewis, 2009). This must lay some doubt over the strength comparability within the evidence base as there is no way to compare similarities within this section of the methods. 
Another aspect of lesson study methodology which is also unclear within many studies is the actual observation of the lessons. There is a lack of clarity surrounding how these are preformed and therefore it is difficult to critically assess this aspect, and difficult to repeat the method in a different circumstance (Larssen et al, 2018). 
CPD within the teaching profession has been found to be most productive when the core focus is for the participating teachers to expand their knowledge of the subject content they deliver and the responses of their pupils to this (William & Thompson, 2017). This is supportive of Bloom (1969) who stated that the evaluation of the processes of teaching and learning can be associated with significant positive effects of pupil learning, and motivation in and around school. 
Reflection is a vital component of lesson study methodology (Rasmussen, 2016). The requirement for teachers to be reflective practitioners is not new, however, despite it being a fundamental aspect of ITE, it remains a daunting process for many (Sellars, 2017). Reflective practice within any profession as, if worked on throughout a career, creates a workforce skilled in making informed, balanced decisions and professional judgements, but it is especially important within education due to the busy, fast-paced environment that is a classroom where things can be missed if not thought about deeply (Robins et al, 2003). It has been described as the most essential professional attributes for a teacher to possess, because at every stage of a teaching career it is associated with significant positive impacts on the teaching and learning (White, 2004).  Reflective practice, particularly with a colleague as is the case when undertaking lesson study, allows for through in-depth discussions of every stage; before when planning, during when teaching, and the teachers personal reflection after the lesson (Skott & Moller, 2018). The higher order thinking required for reflection allows the participating teachers to gain new insights into their teaching practices and pupil engagement and learning, this is also the stage associated with developing a teacher’s PCK (Shulman, 1987; Juhler, 2018; Skott & Moller, 2018). 
This act of deliberate reflection should be practiced over many years to develop expertise (Fernandez & Yoshida, 2004). Dewey (1933) describes the differences between reflection and thinking, thinking is an everyday, routine occurrence often associated with impulsivity. However, reflection involves going through periods of uncertainty, possibly of the reasons for behaviour or reactions, and doubt before reaching a conclusion on the subject. This could go some way to explain why practising critical reflection is associated with an increase in teacher’ feeling empowerment (Robins et al, 2003). 
It is worth noting that reflection is not a flawless practice: it has often been at risk of being tainted by practitioners’ individual bias or assumptions; subconscious or otherwise, and failure to consider additional perspectives (Hatton & Smith, 1995). Lesson study research is always preformed in pairs or teams of teachers, this mitigates these risks and ensures methodological rigour. Another challenge of practitioner reflection is the time required for it to be completed effectively; in some schools time for CPD activities is limited within the school day, however it is essential in order to gain the benefits of engaging with lesson study (Takahashi & McDougal, 2016).

Initial Teacher Education (ITE) 
Teaching standards, in a contrast to historical high levels of professional independence, have become a mandatory aspect of educational practice within an increasing number of countries around the world, including Australia, United States of America, the Netherlands, United Kingdom (Beck, 2009; Stevenson & Wood, 2013;).  Within these countries, there is a significant focus placed upon achieving an educated, highly skilled professional workforce; with measurement tools such as the Programme for International Student Assessment (PISA) becoming a tool for providing evidence on the education system, schools, and students, and attracting investment (Ceuleman et al, 2012; Caro & Kyriakides, 2019).
One viewpoint is that teaching has evolved into a culture of ‘managerialism’ with top-down performance measurement (Ball, 2003; Alshawabka, 2018). Ryan & Bourke (2013) argue that reflexivity must be central to a teacher’s professional practice in order to prevent an indifferent reliance upon “one-size-fits-all” approaches, however, it is also argued that when teachers are working within a narrow framework it can be challenging to engage their wider reflective capacity (Osgood, 2006).
The classroom is a complicated place: lesson study allows student- teachers to explore this fully and to begin to build their professional judgements, without compromising on meeting the expected professional standards (Cajkler & Wood, 2016). Brown & Macintyre (1993) stated that teachers learn through trial and error and lesson study provides an ideal opportunity for this. 
Schools culture can differ to many other professional work environments; teachers often work independently of their colleagues throughout their day and this could nerve wracking for many student-teachers who are unfamiliar with this environment. Isolationist cultures within schools, where there is minimal collaboration between teachers, has been found to limit powerful learning environments (Schleicher, 2016). While this could hinder a student-teacher’s progress throughout a professional practice place, undertaking lesson study allows student-teachers and their mentors to improve the student-teacher’s practice and more widely explore what it means to be a teacher (Cajkler & Wood, 2016).
Lesson study can be proposed as a mechanism to develop teaching growth and expertise through a holistic approach (Cajkler & Wood, 2016). While there are many studies which support this statement, it is important to note that there are limitations of this study also. Cajkler & Wood (2016) studied the efficiency of lesson study in teacher’s professional development during ITE with student-teacher and mentor pairs. Although the outcomes were positive, it must be noted that the hierarchy between the student-teacher and mentor was present throughout, with the mentor often leading the planning and professional learning- this is in juxtaposition to the creative, explorative, trial and error methodology initially proposed by the authors. Nonetheless, participants (both student-teachers and teaching mentors) in this study did report that the time allocated to discussing and developing the lesson plans and pedagogical insights as highly informative and useful for their professional development.
The pairing of early career teachers with experienced teachers as a team to undertake lesson study research allows the formation of learning communities within the staff, thus improving the professional development of both early career and experienced teachers (Luft, 2001; Dudley, 2013). During Coenders & Verhoef (2019) study, participants reported receiving a huge benefit to their CPD, from practitioners at every stage of their teaching careers, however it is acknowledged that support for this is lacking within the literature and requires further study.
It is largely acknowledged within the literature that lesson study is an effective means of teacher development, including in initial teacher education (ITE) programmes (Verheof et al, 2015; Leavy & Hourgan, 2016). Throughout the lesson study process the focus remains on the pupils and the learning which is happening; this has been described as one of the reasons why it is less intimidating than other observational methodologies for newly qualified and early career teachers (Coenders & Verhoef, 2019). 
Larssen et al (2018)’s literature review concluded there are three main challenges that need to be overcome for lesson study during ITE to be effective. Firstly student-teachers must be trained to effectively observe lessons, learning and behaviour. Secondly, clarification of the plethora of potential foci during classroom observation is required. Finally, there needs to be critical discussion surrounding what is meant by the term ‘learning’ prior to the start of the lesson planning process. It is, however, important to note the limitations of this review. Teams from Britain and Norway completed independent searches for peer-reviewed articles, written in English, but there is little acknowledgement on if this limited the search results for the Norwegian team. This is also a very small sample, given that lesson study is undertaken by many countries.
A professional school culture: where teachers take an inquiry stance while working collaboratively to exchange knowledge and reflect upon classroom experiences, is positively linked with providing an engagement classroom environment which promotes pupil learning (Schipper et al, 2020). Developing this inquiry stance during ITE will set student-teachers up to continue this throughout their careers and prepare them to contribute to ongoing lesson study research within departments once qualified. Although there is a significant evidence base supporting the use of lesson study during ITE, the literature offers little discussion of this from a student- teachers’ perspective, which certainly warrants further study to explore the perceived challenges and benefits of lesson study during ITE and the impact this has on early career teachers.

Continued Professional Development (CPD)
There is a current global interest in the quality of teachers, as this has been identified as a causal factor for successful educational systems such as Finland, Japan or Singapore (Lewis & Lee, 2017). Lesson study is one methodology which has been linked with improved teacher expertise- the participating teachers are required to work collaboratively to broaden their ‘pedagogic literacy’. Giving a holistic view of what it means to be a teacher, notably this is not a complete view given the nature of the classroom to be endlessly complex (Cajkler & Wood, 2019). 
“Lesson study is a vehicle for enabling teachers to grow their understanding of teaching and learning” (Cajkler & Wood, 2019). This definition is of interest as it describes the real responsibility upon the practitioner themselves. The lesson study methodology is a merely a vehicle- it is the teacher and the pupil learning that is at the core of this type of research, this is where the focus is during the research and consequently where the benefit is felt. It is therefore important that this methodology is used long term throughout a teaching career to continue deepening this understanding of the classroom environment. Lesson study has many features associated with constructive and efficient CPD; teachers are central and actively involved throughout the process and reflections, the process is ongoing allowing for deepening reflections and there is a logical link between activities (Garet et al, 2001, Penuel et al, 2007, Coenders & Verhoef, 2019).
Schulman (1986) first described the concept of pedagogical content knowledge (PCK) as the “subject matter knowledge for teaching”. Given that the focus throughout lesson study research is on the pupil learning, the consequence for teachers is the development of their own PCK (Magnusson et al, 1999; Coenders & Verhoef, 2019). However, it is important to note that deepening PCK is a complicated and unique process (Fullan, 2007). This is not least because the concept of PCK is associated with differing interpretations, likely a result of the vast differences in research foci (Loughran et al, 2004; Hashwen, 2005; Park & Diver, 2008). 
 Alshawabka (2018) found, within UK secondary schools, that ‘nearly all’ of the participating teachers recognised that lesson observation and feedback was directly linked with an increase in pupil learning and attainment, as well as their own personal development as skilled teachers and pedagogical knowledge. However, the problems identified with this study of traditional lesson observation and feedback were linked with the feedback aspect; namely a lack of time for this to be done thoroughly and constructively and being observed by, teachers having the opportunity to recognise their individual development needs or paired with a suitable teacher (e.g. subject specific). These issues identified largely support the methodology of lesson study, as lesson study methodology requires a time allocation for reflection and teamwork within the partnership of teachers undertaking the study, and the key principles of observation and feedback were found to be effective. 

Assessment for Learning (AfL) 
Assessment for learning (AfL) is widely recognised within the literature as a highly effective tool within the classroom and an important aspect of teaching practice which is now advocated throughout the world (Gurhy, 2017; DeLuca, Chapman-Chin & Klinger, 2019). Essentially, AfL allows the monitoring of pupil understanding throughout a lesson (Cowie, Harrison & Willis, 2018).
Oluwatoyin & Imenda (2019) found that in a classroom in South Africa where AfL techniques were regularly used, pupils preformed statistically higher than a classroom following more traditional teaching methods. This is supported heavily throughout the literature (Heitink et al, 2016; Cowie, Harrison & Willis, 2018; Deneen et al, 2019) and as a result it is the motivation behind significant investment, as classroom attainment is so indicative of national success and socio-economic developments (Deneen et al, 2019). 
Within Ireland, AfL is a central aspect of government education policy, however only a limited number of teachers have actually undertaken AfL related CPD (Gurhy, 2017). Internationally, there remains an ongoing concern for the professional development of teachers (Deneen et al, 2019).
A literature review (Heitink et al, 2016) of 25 studies investigating AfL within classrooms, 9 of which were primary school based, 10 secondary and 6 mixed across both. The majority of involved studies (17 of 25) reported teacher competence and knowledge as imperative for effective AfL- teachers require the skills to effectively collect, interpret and react to the data gained during AfL. These studies also reported that teachers’ pedagogical content knowledge, and the ability to construct suitable and effective questions. Almost half of the studies included (11 of 25) reported leadership and culture as vital aspects, specifically that a culture of collaboration between teachers, and eight studies mention specifically that long term CPD for teacher is imperative for success with AfL in the classrooms.
Missing from the literature base is a critical understanding of how it is that teachers develop their AfL skills and competence within the classroom (DeLuce, Chapman-Chin & Klinger, 2019). This requires further study as the effectiveness of AfL within the classroom is highly dependent on the skill level and competence of the teacher (Green, 2018). 
It can be argued that the effect potential of AfL techniques is limited by what teachers notice- this is a skill which requires development, as does the flexible responsiveness required for effective teaching- lesson study allows for exploration and refinement of these skills (Cowie, Harrison & Willis, 2018). Lesson study also provides teachers with the opportunity to reflect on their decision-making and their adaptability to pupils needs, which are key aspects of effective AfL (Higgins, Hartley & Skelton, 2002).  
There remains debate around if the methods of AfL often used within school classrooms are suitable for Key Stage 5 pupils, or if these pupils are leaving school ill prepared for the assessment practices often present within higher education or employment (Carter & Bathmaker, 2017). Although this does not distract from the solid literature base supporting AfL as a means of improving pupil attainment, it is an important point to make; as teachers improve upon their own AfL competencies there could be opportunity to widen the definition of AfL to ensure pupils are as prepared as possible for higher education and/or employment. Further study is needed to explore this, with lesson study providing a suitable methodology option, using pupil voice/feedback as part of the reflection stage. 
Within a secondary science setting, where the understanding of concepts and then successful applications of this knowledge are imperative for success, the use of effective AfL has been shown to result in a statistically significant improvement in pupil achievements (Elisa et al, 2019; Alquraan et al, 2019). For AfL to be effective it must be performed continually throughout the learning process (Earl, 2007). It is important to note that although these studies are demonstrating an improvement in science attainment in classrooms where AfL is used effectively, there is also evidence to suggest that there are improvements which need to be made (Elisa et al, 2019). This is supported by a study, of mathematics and science classrooms, performed by Alquraan et al (2019), which concluded that there is a real necessity for the development of high quality CPD for teachers to develop the required competency to continually perform effective AfL. 

Science
Abas et al’s study (2019) preformed in the Philippines- Grade 11 STEM classes (based on the Dept of Education standards)- results= significantly higher test scores in lesson study group vs control group (who received their typical lessons). In contrast to this, Gurhy (2017) found that when lesson study was utilised during mathematics lessons there was no statistically significant difference in test scores compared to the test group. However, the pupils who took part reported an increase in their motivation, confidence and attitude towards the subject, and teachers reported lesson study as an effective CPD activity.  
Woo et al (2018) performed a survey (n= 217), focusing on science, technology, engineering and maths (STEM) lessons. Here the findings were that there exists an underutilisation of current, evidenced instructional ideas and strategies within STEM lessons, and the authors conclude that one potential reason for this is low teacher self-efficacy. Self-efficacy is the belief teacher’s hold in their own capabilities to inspire change within their pupils, and their personal thoughts on their capabilities (Gibson & Dembo, 1994; Bandura, 1997). Teachers often work somewhat in isolation from their colleagues; this results in limited opportunity for critical reflection of their classroom experiences and has been linked with lower confidence and/or poor self-efficacy (Hargreaves,2000; Schipper et al, 2020). However, there is evidence to suggest that engaging with lesson study can reverse this; lesson study can increase student learning and teachers’ confidence and competence in their instructional behaviours and promote a professional school culture (Cajkler et al, 2014; Lewis & Perry, 2017; Schipper et al, 2020).
 While exploring the effects of lesson study on engaging with lesson study upon teachers’ self- efficacy, significant statistical differences were found between the control group (n=49), and the experimental group (n=75)- undertaking lesson study in their classrooms. Firstly, student engagement was higher in the experimental group, as was team working and support from departmental leaders and the individual teachers’ self-efficacy (Schipper et al, 2020). Although the experimental group is larger than the control, statistical analysis at the start of this study showed there was no significant statistical differences between the groups. The authors acknowledge within the discussion of their results that there is a need for additional work to deepen the understanding of the maintenance of this professional school culture (Schipper et al, 2020). 
There is a significant lack of evidence within the literature exploring the use of lesson study specifically within secondary science classrooms. Although there has been a plethora of studies investigating lesson study within secondary school, science is taught within laboratory settings, and within a distinct department and it would quite an assumption to consider these factors completely irrelevant to the effectiveness of lesson study methodology. 

Ethical Considerations
Ethics is a hugely important aspect of educational research and is closely linked with morals and the embracing of moral issues within a research context (Gregory 2003; Colucci-Gray et al, 2017; Osbeck et al. 2018). Ethical review boards for educational research were introduced during the 1990’s (Head, 2018). Since then ethical considerations and implications have remained a core focus for researchers, and no research should be undertaken without due ethical consideration (Ramrathan, le Grange & Shawa, 2017). Opinions on these review boards are divided- although it is accepted that they require researchers to consider their ethical conduct and the ethical implications of their investigations, they have also been labelled obstructive, alienating, and overly bureaucratic (Head, 2018). It is widely accepted that educational research should be undertaken with the ultimate aim to improve teaching, learning, and deepen professional practice (Vidal-Hall & Race, 2019).
Ethics has been described as fitting into three perspectives (Ramrathan, le Grange & Shawa, 2017). Firstly, ethics as a disposition; this field of thought has evolved from Aristotle’s notion of the virtues which are possessed by an individual- it is a part of human disposition. For example, munificence, integrity, honesty and justice. Secondly is the notion of ethics as duty; derived from Kant’s work this perspective focuses on humans as rational, thinking beings who have an inbuilt sense of duty and desire to show respect to fellow individuals. Thirdly, and likely the most applicable to educational research, is ethics as utilitarian. Following this perspective, ethical principles guide research investigations to ensure that behaviours are aimed at benefiting the majority. Nevertheless, it is likely that these perspectives, although equally as important, are not entirely separate entities and researchers should remain aware and considerate of all three. 
If, as educational researcher, in line with Ramrathan, le Grange and Shawa’s (2017) perspectives, are considering research as intending to benefit the majority (ethics as utilitarian) then the consideration of a control group should be deeply considered when investigating lesson study. There is a plethora of literature containing very little debate that teachers who engage in lesson study improve both their own professional development and pupils’ learning (William & Thompson, 2017; Woo et al, 2018; Schipper et al, 2020). Therefore, ethical considerations around this type of investigation, which remain common must include a decision process for deciding which pupils will be exposed to lessons which are highly likely to provide them with a better attainment during those lessons than others, and which teachers will be permitted or held back from engaging in what is widely accepted as a highly effective CPD.
Vidal-Hall & Race (2019) description of ethical considerations; trust, advocacy, confidentiality and anonymity. These traits are also good personal and professional traits to be encouraged within the teaching community. Following this as a guide should ensure issues of power imbalance between teachers working in pairs such as Coenders & Verhoef, 2019 where student-teachers were paired with mentors who ultimately took the lead throughout the lesson study, are mitigated. 
The British Educational Research Association (BERA) have published guidelines, which set out required standards of behaviour for any and all educational research, including undergraduate and postgraduate students. BERA (2018) divides these guidelines into five sections; firstly, is the responsibilities to participants of research. This includes the researcher(s) themselves. There exists a responsibility to ensure that suitable procedures are followed regarding; consent, the right to withdraw, transparency, disclosure and incentives for participation in research. The Data Protection Act (Gov.uk - 2018) must also be adhered to at all times. Further guidelines relate to researchers’ responsibilities to; sponsors, clients and stakeholders (through their methods), responsibilities to the community of educational research, responsibilities for the authorship, publication, scope, format and dissemination of their work, and for their individual, and research teams’, wellbeing and development (BERA, 2018).

Conclusion
Lesson observation and feedback are thought to be some of the most key means of developing teaching and learning and a vital aspect of a teacher’s professional development (Alshawabka, 2018). Regularly reflecting upon the learning within a classroom allows teachers confidence that their practices are suitably adapted to their pupils needs. Lesson study methodology combines these aspects, into an ongoing process, which has been found to improve student outcomes, as well as teacher confidence (Robins et al, 2003; Lewis et al, 2006; Abas et al, 2019; Schipper et al, 2020). 
Within published articles, methodology sections are often lacking full description; this poses a problem in that to ensure full validity of lesson study methods should be comparable and this is currently no way to know if this is the case.  Reflection may be a daunting process for many (Sellars, 2017), however, it is associated with improved professional judgements and has been described as the most essential professional attributes for a teacher to possess (White, 2004). However, the literature does acknowledge that reflection should be practiced over many years to develop expertise (Fernandez & Yoshida, 2004). Undertaking lesson study, allows for through in-depth discussions of every stage, providing teachers with the opportunity to work as a team, developing positive working relationships within their departments. Therefore, it is unsurprising that this is linked with an increased feeling of empowerment amongst teachers (Robins et al, 2003).
The complicated nature of the classroom environment is easily explored by student-teachers, for whom lesson study provides an opportunity to build their professional identify through planning and reflection, trial and error (Brown & Macintyre, 1993; Cajkler & Wood, 2016). This has also been shown to be the case for early career and experiences teachers as an effective means of CPD (Luft, 2001; Dudley, 2013; Coenders & Verhoef, 2019). The literature acknowledges that teacher experience is central to the development of wise judgement (Cajkler & Wood, 2016). Lesson study methodology allows the pairing of teachers at various career stages, including student-teachers, and has been found to be beneficial to all (Luft, 2001; Dudley, 2013; Verheof et al, 2015; Leavy & Hourgan, 2016). One viewpoint exploring why this is so effective for student-teachers is that lesson study may be considering less intimidating than traditional observational methodologies for newly qualified and early career teachers (Coenders & Verhoef, 2019). However, the lesson study process takes time, and practitioners must be willing to engage in critical discussion of professional practice (Cajkler & Wood, 2016).
There has been minimal exploration of lesson study within science classrooms specifically, although the current evidence base is in agreement with the general literature that this research method is an effective mechanism for improving teaching and learning (Woo et al, 2018; Schipper et al, 2020). However, this should continue to be investigated to strengthen the evidence base. 
Failure to critically examine practice can have a negative effect on the teacher’s learning and professional development (Schipper et al, 2020). Therefore, given the overwhelmingly quantity of literature supporting its use throughout the education system, lesson study should continue to be used as a means of continued professional development for teachers and to improve teaching and learning within the classroom. 
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