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This research project aimed to further understand and develop the use of collaborative learning and problem-solving within the mathematics classroom to improve engagement and attainment. This project developed the use of collaborative learning in mathematic lessons of a KS3 and KS4 group to try and improve engagement and enjoyment of mathematics. The use of problem-solving activities was incorporated into these lessons also to help develop pupil’s problem-solving skills while working together. This study found that the pupils responded well to the collaborative learning and enjoyed engaging more with their peers. However, when faced with a problem that they did not understand how to solve they needed to rely on the teacher’s support. The use of problem-solving within the lessons further highlighted the need for pupils to develop these skills earlier. This project clearly highlighted that both collaborative learning and problem-solving needs to be incorporated more into lessons with pupils being taught the skills they need to be successful in mathematics. 





DECLARATION

This work has not previously been accepted in substance for any degree and is not being concurrently submitted in candidature for any degree.

Signed:	…………………………………………. (candidate)

Date:		………………………………………….



STATEMENT 1

This School Improvement Report is being submitted in partial fulfilment of the requirements for the degree of ……………………………..

Signed:	………………………………………….. (candidate)

Date:		…………………………………………..


STATEMENT 2

This School Improvement Report is the result of my own independent work / investigation, except where otherwise stated.

Other sources are acknowledged by footnotes giving explicit references.  A reference list is appended.

Signed:	……………………………………. (candidate)

Date:		…………………………………….


STATEMENT 3

I hereby give consent for my School Improvement Report, if accepted, to be available for photocopying and for inter-library loan, and for the title and summary to be made available to outside organisations.

Signed:	……………………………………… (candidate)

Date:		………………………………………


Contents
Introduction	1
School context	1
Mathematics in Education today	3
Literature review	5
School Evaluation and improvement report	5
National Priorities	9
Numeracy as a national priority	9
Critical thinking skills	10
School Priorities	11
Mathematics teaching today	13
Methodology	16
Traditional research paradigms within Education	16
A new type of research- Action Research	18
Research methods for action research	18
Ethical Considerations	20
Validity of research	21
Sampling	22
Quantitative data collection	23
Qualitative data collection	25
Effectiveness of data collection methods	26
Quantitative data collected	26
Questionnaire data collection	27
Interview data collection	27
Limitations of the participants	28
Impact on pupils engagement and attainment	28
Key Stage 3 assessments	28
Key Stage 4 assessments	30
Participants’ views on collaboration and its impact on their learning	31
Participants views on the impact of problem-solving activities on their learning	33
Findings placed in the context of research	36
Evaluation of impact on engagement	36
Impact of problem-solving on attainment	37
Critical evaluation of investigation	38
Strengths	38
Weaknesses	39
Impact of the project on self	40
Impact on the participants	41
Impact on School	41
Conclusion	43
Recommendations	44
References	45
Appendix 1	52
Appendix 2	53
Appendix 3	54
Appendix 4	55







[bookmark: _Toc19556555]Introduction 

Research undertaken by the Sutton Trust has found that there is a gap between pupils’ achievement at the age of eleven and what those pupils go on to achieve in their General Certificates for Secondary Education (GCSEs) (Allan, R. 2015). They have found that 15% of pupils who achieve within the top 10% of the country at the end of key stage 2 fail to come within the top 25% when taking their GCSEs (Allan, R. 2015). Secondary schools need to consider carefully where these pupils are failing to meet their potential and find solutions to ensure all pupils achieve. 
The increase in schools’ accountability has given rise to the perceived importance of school improvement and evaluation to help identify and put in place strategies to ensure pupils reach their potential (Chapman, C and Sammons, P. 2013). To allow a school to make positive improvements it needs to fully embed self-evaluation (National College for School Leadership and SHA.  2005). This process of evaluation that leads to an action being taken has been completed on a much smaller scale for this research project. 
This project has identified a weakness in the teaching of mathematics with a specific focus on improving problem-solving skills. It is noticed by mathematicians that you cannot have mathematics without a problem to solve however, this is an area that is often seen lacking within lessons (Klerlein, J. and Hervey, S. 2018). Mathematics problems are often presented within classrooms as abstract questions that lack context. This research project intends to implement more problem-solving within the classroom and measure the impact it has on pupils’ attainment and engagement. 
[bookmark: _Toc19556556]School context 
The school being used within this study is a mixed secondary school for 11-18-year olds in a more affluent suburb of a major English city. To ensure that all participants within the study remain anonymous the school’s name and location will not be disclosed and any data given will be anonymised.  The school had 69% of its pupils achieving a 4 (equivalent to a low C) or above in English and mathematics 2017 with only 44% achieving a 5 (equivalent to a high C or low B) or above which is slightly lower than the local authority average but higher than the English national average (Gov.uk). Although this would suggest the school is performing well, the higher achieving pupils under-performed by 0.5 of a grade (School X, 2018). Therefore, the school has decided one priority must be to ensure that there is challenge and high expectations in teaching and learning to have a significant and positive impact on the outcome of all students (School X, 2018).
 This research project will build on this priority by considering how to develop mathematics lessons that are challenging and encourage pupils to have high expectations to achieve their potential. This project intends to start to consider how this gap can be reduced and ensure pupils have the skills necessary to reach their potential. 
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The gap in achievement mentioned above is even more prevalent within mathematics. Ofsted found that in 2011 37, 000 pupils achieved who a level 5 at primary school were unable to maintain this success at GCSE by gaining a grade B or higher (Ofsted, 2012). Estyn go further and argue that even those pupils leaving school with a C at GCSE were unable to demonstrate their numeracy skills once they had left school (Estyn, 2013). These statistics are real concerns for both England and Wales and suggest that pupils are not only under-achieving, but of those who are gaining the required pass grade many are still unable to demonstrate basic numeracy skills that they would need as they enter the world of work. 
This discovery has led to both England and Wales considering carefully how best to ensure that pupils achieve their potential in mathematics and that they are fully equipped for the world of work after they leave school. Wales has made improving standards in Numeracy one of its national priorities which included the introduction of a National Numeracy Framework to ensure that numeracy is taught across the curriculum and not only within mathematics (Welsh Government 2016). The English Government have chosen to focus more widely on ensuring that there is educational excellence for all of its pupils regardless of the subject. The Department for Education has defined Educational Excellence as setting high expectations for all pupilsren regardless of their backgrounds (Department for Education, 2016). The researcher intends to consider carefully their teaching reflecting on the expectations set in their class in order to develop further as a practitioner and improve learning for pupils. 
Mathematics teaching has been criticised for lessons that follow a rigid structure whereby pupils learn something new and then practise it in a short exercise. This has caused pupils to become passive learners and they are often unlikely to attempt problems that involve thinking about the process (Swan, 2005). Estyn argue that there are not enough opportunities in Key Stage 3 for pupils to connect and extend their knowledge and skills in a wide range of areas (2015).  Ofsted meanwhile state that an outstanding mathematics lessons allows pupils to engage in their learning by embedding problem-solving. They argue often pupils accept that mathematics is difficult as they use a teacher’s example to solve a problem and do not fully understand how that answer was found (2009). This research project intends to focus on ways to ensure pupils are fully engaged in their lessons and allow them access to a variety of problem-solving tasks. 
School X recently underwent an Ofsted inspection in which it found that pupils are not regularly being asked to use high order thinking skills and tasks to stretch and challenge are often more of the same or too easy for the higher ability pupils (Ofsted, 2018). The use of problem solving within mathematics lessons allows for this deeper thinking to take place. The National Council of Teachers of Mathematics (NCTM) argue that if the problems are genuine and not part of the routine it will allow for pupils to make connections and understand the fundamentals of mathematics more closely (Lewis, A. and Smith, D. 1993). This research project intends to try and use problems such as these in lessons to encourage deeper more critical thinking and ensure that all pupils are being challenged. 
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The process through which schools self-evaluate in order to improve has changed over the years. Hopkins argued that there have been three ages of school improvement and the most recent third age has finally allowed for authentic school improvements to be made (Hopkins, 2001). The Organisation for Co-operation and Economic Development (OCED) completed a research project that found that for school improvement to take place effectively the school needed to be at the centre of the change. It needed to have a systematic approach to ensure that the changes were for the benefit of the learning within the school (Hopkins, 2001). If change is to take place the school needs to ensure that everyone is actively engaged with the change. These improvements must come from a ‘bottom-up’ approach ensuring that both the teachers and the pupils are at the heart. This will allow for the improvements to be truly embedded and not just appear to work on the surface (Chapman, C and Sammons, P. 2013). The way in which a school completes its evaluation is crucial to ensuring all participants feel part of the process. 
In order for self-evaluation to be effective and help make changes it needs to be open and honest (National College for School Leadership. 2005). Self-Evaluation is defined as ‘a process of reflection on practice, made systematic and transparent, with the aim of improving pupil, professional and organisational learning’ (Chapman, C. and Sammons, P. 2013). It needs to be a process that all staff are involved in and feel that the evaluation is about driving forward change. However evaluation is sometimes considered to be about showing accountability. If evaluation is completed poorly it will be seen as a competition between schools and used to make comparisons. If this happens it will not be adopted by the whole school and will then become meaningless (Chapman, C. and Sammons, P. 2013).  
This theory that the evaluation is used to monitor has been made stronger by reports that Ofsted have written. They have claimed that the way in which a school self-evaluates and uses this information for change is a good indication of the type of leadership within the school (Ofsted, 2004). This has caused self-evaluation to be become a very charged topic with many processes being regulated and bound (Hall, C. and Noyes, A. 2009).  For evaluation to be beneficial everyone involved needs to be confident that it is meant as a tool to help improve and not seen as a way of further comparing schools. 
Both Wales and England have tried to tackle this criticism but in very different ways.  In Wales the government has decided that the best way to ensure that schools improve is to create a closer community between schools and encouraging them to share their practice by promoting school improvement as a community effort (Welsh Government). In order to help facilitate this process the government has introduced challenge advisors as an external body that will work with schools to help them to become equipped to make and sustain change (Welsh Government, 2014). The OECD’s research has found that challenge advisors are used to help support school leaders to consider the improvements needed to ensure that the school continues to improve (OECD, 2017).  They are an objective third party who are there to be used in the best capacity to help enact change that will last. 
However, challenge advisors have been criticised for not having a major impact on the quality of teaching and learning within the schools where they worked. As stated above continuing to improve the teaching within a school is the most important factor to improving pupil outcomes. The nature of the work completed by challenge advisors has meant this may not have always taken place. They have mainly worked to improve the leaderships position and structure to ensure better evaluation (Carr, C et al. 2017).  Although they have had some impact on the way leadership develops their evaluations and improvement plans it has not worked to improve the quality of teaching in every case. With every school having different circumstances and settings it is difficult to find a policy or strategy that will suit everyone (Carr, C et al. 2017).  
England has taken a rather different approach to considering how to aid schools in evaluation and improvement. In England when a school is performing well they are able to organise their school improvement and find relevant support when they feel it is necessary (Department for Education, 2016). This has been taken one step further with the introduction of academies within England. Schools that are deemed to be performing well now can step in and help underperforming schools by becoming a sponsor (Department for Education 2016). In England the role of Regional school’s commissioner (RSC) has been set up to monitor underperforming schools and assign them the appropriate sponsor (NFER, 2015). This has allowed high performing schools to have more flexibility with their improvement plans and those that are underperforming to have help from a local sponsor. This system has been criticised by the NUT. They have stated serious concerns about the role of the RSC and the transparency they show.  It is very difficult to find out how RSCs operate and there is little information about the decisions and discussions that have taken place (NUT, 2016).
The school within which this research will be conducted is a high performing school and therefore has not been given a great deal of support from the RSC. In order to help write the School Improvement plan for the next three years they have used the Schools, Students and Teachers network (SSAT) framework for Exceptional Education. The framework was built with the idea that improvement is a process which is always on-going. It is a framework that allows you to evaluate what you have already done and then consider the things that need improving and celebrate the achievements the school has already made (SSAT, 2018). This has allowed the school to develop school improvement priorities (Appendix 2). 
Teachers are crucial to school improvement and without their input self-evaluation can have very little impact (Chapman, C. and Sammons, P. 2013). A teacher’s professional development can benefit a school’s improvement especially when that information is shared with other colleagues when returning to school (Rudd, P. and Davies S. 2000). If teachers feel part of the school improvement process they will want to focus on improving their own teaching to help improve the outcomes of their pupils. In some cases the head teacher or teacher may take it further and conduct action research to tackle and issue that they have notice arise from their self-evaluation (OFSTED. 2006). This can only take place if self-evaluation is embedded within the school culture to allow for continued professional growth (Department of Education). This project has been discussed with both the Head of mathematics and the Headteacher to gain approval and advice on areas that need to be developed both as a department and as an individual teacher.
Self-evaluation does not just occur; it is an ongoing process that is sharply focused on evaluating and improving the current provision (Department of Education). A teacher may undertake regular evaluations to consider their progress towards a certain goal or assess the effectiveness of an intervention that has been put into place (Education Review Office. 2016). This involves teachers asking such questions as ‘To what extent do our policies and practices promote the learning and wellbeing of all students?’, ‘How fully have we implemented the policies we have put in place to improve outcomes for all learners?’ and ‘How effective are our strategies for accelerating the progress of target learners?’ to help consider the next steps (Education Review Office. 2016). 
For this research project self-evaluation will be crucial throughout the process. Firstly the researcher will consider areas of their practice that could be improved. Once the intervention has been designed it will be important to regularly reflect on the process and if it is fulfilling its aims. Once the intervention has been complete it will be important to evaluate the project to consider if it had the desired impact and what next steps need to be considered moving forward. 
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In recent years there has been an improvement in pupils’ attainment. This improvement has helped highlight a gap in society between those that are achieving and those are not. One area that is a major concern within the UK is how the outcomes of disadvantaged pupils do not meet the same standard as their more affluent peers. This is a real issue for the UK government as pupils who grow up with disadvantage tend to do less well in school. This then causes their pupils to grow up in poverty leading to a cycle that is rarely broken (Hirsch, D. 2007). Although the trend for attainment has improved in recent years this gap between disadvantaged pupils and non-disadvantaged pupils has not narrowed (Casson, R. and Kingdon, G. 2007). These gaps need to addressed and in order to do so the Department for Education and the Welsh government have decided on a set of priorities that schools need to address to improve the education system for everyone (Dauncey, M. 2013). 
[bookmark: _Toc19556561]Numeracy as a national priority 

Poverty within Wales is a major issue and the Welsh Government has made one of their three priorities for schools to focus on narrowing the gap in performance. Around 17% of pupils within Wales live in some form of poverty and this has been seen to have a big impact on their attainment in secondary school (Egan, D. 2013). There is a 32-34% gap between the attainment of pupils living in poverty compared to other pupils’ (Egan, D. 2013). One of the ways that this gap is measured is pupil’s ability to achieve an A* to C at GCSE in English and Mathematics, as having these literacy and numeracy skills are crucial to being able to progress into further education (Egan, D. 2013).  The lack of these skills has proven to result in major consequences for life after secondary school. It has been found that learners that live in the most deprived areas in Wales are five times more likely to leave school as NEETs (not in employment, education or training) (Welsh Government, 2014). This has a major impact on both the individual’s life and the country as a whole. 
Having a good grasp on numeracy and literacy has been highlighted as a key factor to ensuring job prospects and a good quality of life. Studies by the OCED have found that there is a relationship between a person’s wage and their numerical skills (Schleicher, A. 2014). However, an economic study by Pro Bono Economics has found that it can have an impact on more than just an individual’s wage. Lower numerical skills can lead to an increase in health problems, criminal activity and life expectancy (Pro Bono Economics, 2014). This leads to pressure on the country’s economy and therefore makes this a much wider problem to tackle. Due to this pressure the Welsh Government has made improving both numeracy and literacy skills a priority for all schools. 
Similarly to Wales, in 2015 the Department for Education found that one in five primary school pupils were below the expected levels in reading, writing and mathematics and that two out of five secondary school pupils failed to get five good GCSEs including English and Mathematics (Department for Education. 2016). They have decided that there needs to be a focus on ensuring that all pupils experience educational excellence as there is a wide variance in the education pupils are receiving. A study by the OECD showed that pupils today are no more literate or numerate than their grandparents (OECD, 2016). This is a concern as, as mentioned above, these skills are vital for successful participation within adult life. This project aims to re-engage pupils with mathematics to help develop their numeracy skills and therefore improve their attainment. 
[bookmark: _Toc19556562]Critical thinking skills 

Part of ensuring educational excellence everywhere is considering carefully what needs to be taught. A recent survey of 1000 teachers across the world found that 92% felt that critical thinking skills are essential (Stewart, W. 2014). These skills are not inherent and need to be taught to allow for pupils to be able to use them in their professional lives and there seems to be barriers to this being achieved (Aliakbaria, M. and Sadeghdaghighi, A. 2012). Schools have been criticised for being focused on recall within lessons to help pass examinations and for causing pupils to mindlessly learn facts and not consider critically which pieces of information are meaningful (Paul, R.2013). These findings have caused an increase in the amount of critical thinking taught in schools with an A level being introduced in 2012. However, it is argued by some that critical thinking should not be taught in isolation. Critical thinking should be taught in each subject to allow pupils to become more interested in the subject (Hendrick, C. 2017). The use of problem solving within mathematics lessons allows pupils to develop critical thinking skills as well as developing numeracy. 
This research project is based within England and therefore mainly focuses on the priority of educational excellence everywhere as it focused on finding strategies that engage and enthuse pupils towards mathematics. However, due to the nature of the subject it will also address the Welsh priority of improving numeracy skills and therefore will be relevant in both contexts. As part of the nature of the project is to use problem solving tasks within lessons it will also impact pupils’ critical thinking skills within mathematics.  
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As well as implementing government priorities schools have to decide on their own set of issues they want to address. This can be a difficult task for schools to undertake as they have to consider how best to meet the needs of all their pupils and the community (Walker, A. 2004).  Each school will have a variety of different priorities that need to be addressed and to do this effectively the school must think strategically about what will have the biggest impact on their students’ learning (Curtis, R and City, E. 2010). They must therefore devise a plan to improve that incorporates national priorities but remembers that the main purpose is to ensure all pupils meet their potential. 
Giving schools more autonomy to decide on an individual basis what needs to be changed has the potential to allow for a greater difference to be made in the lives of the pupils in their care (Pont, B. et al. 2008). However, there is a concern that school leaders having this power could lead them to be pulled in a variety of directions and lose clarity of what is best for the school (Mulford, B. 2003). In order to help schools narrow down the best ways to improve standards within their setting the School, Student and Teacher network (SSAT) was introduced. It is an organisation that works with around 3000 school leaders, teachers and students to help drive and support school improvement and innovation (SSAT, 2018). One of their research projects was to create a framework for educational excellence. This framework is to be used by schools to develop their strategies for improvement to help strive for educational excellence within every classroom and for every pupil (SSAT, 2018).This framework has helped school X develop the priorities they wish to focus on for the next cycle of school improvement. The have been 4 priorities that the school have identified as being crucial to ensuring progress (Appendix 2). 
The School priority that this research will focus on will be ensuring that teaching and learning is consistent and challenging with high expectations to ensure that there is a significant positive impact on pupils’ attainment. The Department for Education state that the “most important factor in determining the effectiveness of a school system is the quality of its teachers” (Gove, M. 2010:19). All pupils deserve good quality teaching that is focused on helping them reach their potential. The Educational Endowment Foundation (EEF) goes further to talk specifically about mathematics teaching. Currently too many pupils are leaving without these skills and therefore are likely to risk financial or social exclusion (Henderson, P. et al. 2017). An inspection by Ofsted of mathematics teaching between 2008 and 2011 found that there was a wide variety in the teaching pupils received with only 11% of schools being considered to have outstanding mathematics teaching, 43% being good and 42% were satisfactory. This picture was the same in their previous inspection (Ofsted, 2012). This suggests not enough is being done to improve mathematics teaching to make it consistent and should be a focus in every school to ensure every pupil gets high quality teaching. As mentioned above the project has the support of the Headteacher and the department to consider new approaches to how mathematics is taught within School X.
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Research conducted at the University of Nottingham found that there were about 10% of pupils not reaching the expected standard at 7 years old and this then doubled to 20% by the time they were 11, which doubles again by the time they are 16 and taking their GCSEs (Swann, 2005). This problem needs to be addressed and to do that schools need to look at the teaching that goes on inside their classrooms. Swann argues that often learning is being done to the pupils rather than in collaboration with the pupils and skills are being taught individually in a specific context as opposed to many skills being used together (2005). This causes pupils to see mathematics learning in isolated pockets of information and they cannot use this learning when given a problem that involves combining a few skills (Swann, 2005).  The new GCSE undertaken by pupils has seen a major change in the types of questions they are being asked to complete. Pupils are now expected to answer questions that are in context, meaning that they need to solve the problem rather than just apply the mathematics skill (Randall, M. 2018). This has led to an increase in problem-solving activities undertaken within the classroom to help prepare pupils.
However, recent research from the Education Endowment Foundation has looked into the increase in problem-solving further and suggested that these problems are being incorporated in lessons but are not being used effectively (Henderson, P. et al. 2017). The problems pupils tackle are within the context of the lesson and are normally just wordier than the problems they have already solved that lesson. This does not give pupils the opportunity to practise problem-solving skills or a variety of skills in one problem (Henderson, P. et al. 2017). There needs to be clear consideration of the problems pupils are tackling to allow them the opportunity to use multiple skills they have learnt that week, term or year. Jo Boaler argues that if you want pupils to fully engage with the lesson content they should be given a problem to try and solve first as this will make them more likely to want to listen to the explanation of how best to solve it (Boaler, J. 2016). The problems used throughout this project will aim to give pupils opportunities to practice a variety of skills at different stages in their lessons. Some being used at the beginning to engage pupils in the topic while others will be considered further into the learning to combine skills. 
Boaler’s idea involves choosing a problem that challenges the image they have of a topic and therefore forces pupils to construct new ideas based on the experience of working through the problem (Chambers, P. and Timlin, R. 2013).  It is also important that a problem will only have the desired effect if at no point the pupils are given all of steps to solve it. However, pupils cannot be left completely alone if they are stuck. When problem solving is introduced they may need coaching (Mills, K and Kim, H. 2017). This is where pupils need to be led through the problem, highlighting new learning and ideas as they appear, to help them have an active role in their learning and develop the skills to become better problem solvers (Schifter, D. 2005). Schifter’s concept takes Boaler’s idea further by suggesting that pupils need to be supported through the problem at the beginning to help develop skills to be able to work independently eventually. 
This way of teaching is influenced by constructivism. It tries to move learning away from the idea that there is one correct answer to a suggestion that anything could be correct and pupils should try to come up with their own solution (Scheurman, G. 1998). This however often conflicts with the perceived nature of mathematics as a subject that has one correct answer. For constructivism to work within a mathematics classroom the teacher needs to find the perfect balance of letting pupils attempt a problem and ensuring they are steered into the right direction as a class (Prawat, R. and Floden, R. 1994). The Millennium Mathematics Project states that pupils will need to time play around with a problem to attempt to find solutions and adjust their ideas as they meet dead ends (Pennant, J. 2013). The problems chosen within this project will need to be considered with great care to ensure they allow pupils to come up with a variety of answers and solutions whilst ensuring that they are appropriately guided towards a solution.
Teaching the pupils strategies to solve problems within mathematics is a crucial part of giving them the skills they need. However this is a complex task as there is debate about what these strategies are within mathematics and if it is even possible to teach them (Fülöp, 2015). Many teachers feel that you cannot teach problem solving skills and pupils either are able to solve problems or they are not (Chaffé, P. 2017). However, The Mathematics Education Innovation association insist that these skills can be developed, it requires getting the pupils to consider the information they have been given and what they need to achieve with that information and planning how they will get to that point (Chaffé, P. 2017). There are a variety of ways in which pupils can be engaged with strategies to help such as visualising the problem, working backwards or looking for patterns (Earl, J. 2018). However the teacher has an important role to play to ensure that pupils are engaged and working together to solve the problem (Earl, J. 2018). During problem solving activities within this project it will be important to highlight the strategies available and discuss the variety of possible routes pupils could take to acquire the answer.
An important aspect when developing pupils’ problem-solving skills is the use of collaboration. Collaboration allows for pupils to develop their skills by discussing ideas and methods (CCEA, 2017). Donaldson stated in his report that for learners to be fully engaged they must have rich, stimulating classrooms whereby they can work collaboratively to experiment and explore ideas (Donaldson, G. 2015). The Department for Education and Skills argue that group work can help pupils to use the higher order thinking skills that are often missing in less challenging lessons. Through the process of explaining their method and discussing the problem they have opportunities to evaluate and analyse a variety of methods (DfES, 2004).  However, they also state that this does not happen organically, group work needs to be organised carefully to ensure that pupils feel part of a team (DfES, 2004). For group work to be utilised effectively it will be important to guide the groups. This could be by giving them success criteria or assigning roles. 
The use of communication and group work to help develop thinking can be seen as a major tenant of social constructivism. Social Constructivism takes many of the ideas used in constructivism and adds the extra dimension of communication (Chambers, P. and Timlin, R. 2013). Social constructivism is based on the theory of the Zone of Proximal Development whereby pupils need help to cross the gap between what they can achieve on their own and what they can achieve if they are given support from a more knowledgeable adult or peer (Goulding, M. 2011). The adult or peer uses scaffolding to enable the pupils to move forward with the problem by giving enough help to move them from their actual performance level to their potential level (Goulding, M. 2011). Within this project scaffolding will be demonstrated by pupils first attempting a problem independently before being guided by a teacher or peer towards a solution.
This research aims to allow pupils to become more engaged with mathematics by helping pupils develop the skills and confidence they need to solve problems both individually and within a group and to encourage them to understand topics that have been taught in more depth. 
The key questions for this research will be: 
· Will changing the activities used within the classroom have an impact on engagement? 
· What impact will collaborative learning have on pupils’ engagement? 
· How will developing pupils’ problem-solving skills affect their attainment? 
[bookmark: _Toc19556565]Methodology 

Due to the nature of the research being undertaken both quantitative and qualitative data was collected and evaluated. As the aim was to measure both pupils’ attainment and engagement both types of data were needed. The use of mixed method research allows for a clearer picture of the impact of the intervention had (Cohen et al. 2013). Within this section the positives and negatives of qualitative and quantitative research will be discussed before explaining why a mixed method approach is the most appropriate. It will then go on to discuss the types of research undertaken and why those have been chosen. As the research took place with pupils under 18 there will also be a discussion of the ethical considerations that were needed. 
[bookmark: _Toc19556566]Traditional research paradigms within Education 
Research can be seen as being a continuum with a variety of types of data collection techniques being utilised depending on the type of research that is conducted, at one end you have projects that are scientific and positivistic and at the other you have a more naturalistic and interpretivist approaches (McAteer, 2013). A few of the types of research will be discussed below to help begin to understand the type of research that was undertaken.
At one end of the spectrum is the scientific positivistic approach which focuses on proving a theory or hypothesis through measurable research (Cohen et al. 2011).  It is a method that uses mostly quantitative data such as pre and post-tests to try and understand, confirm or predict hypothesises on patterns of behaviour. It is normally used more in physical and natural sciences though can be used for social sciences when the sample is large (Shirish, 2013). The reason that positivism is not so widely used within social sciences is due to this approach not considering the freedom of choice or individuality of the participants in the study (Cohen et al. 2011). This has to be considered carefully when the study will be undertaken with children and they may not respond in the nature you would expect. You may have an idea of how you expect the learning to happen but this may not turn out as you expected (Riyami, T. 2015). 
This criticism of this approach has led to the introduction of a post-positivist approach. Post-positivist researchers argue that you can still have a common belief about the cause of the problem but they argue that these ideas may change or develop as the investigation is undertaken (Phillips, D. and Burbules, N. 2000). Post-positivism has been argued to be a softer version of positivism as it still is focused on proving a belief or theory but it allows for more interaction between the researcher and the participants (Shirish, T. 2013). Often when teachers undertake educational research they have strong a belief in the cause of the problem they are investigating and want to discover if they are correct or if it is a false belief (Phillips, D. and Burbules, N. 2000). This is where post-positivism may be helpful as it allows for you to have this belief but prepares you for the possibility you are mistaken. 
However, there is criticism of this approach. Positivism has a singular view or approach and with the introduction of post- positivism there is a theory that there could be more than one reason or view for something which contradicts positivism (Cohen et al. 2011). Working with young people can be unpredictable and it is unlikely to only be one reason for something to occur. There are often a complex construct of reasons as to why a pattern or behaviour appears and this needs to be taken into account when considering these causes. 
At the other end of the spectrum is the interpretivist approach. Unlike in a positivist approach here the researcher is not attempting to prove a theory or collecting data to prove their idea instead they are looking to interpret the data they have collected and try and uncover a reason for the pattern they have observed (Burton, D. and Bartlett, S. 2009). For this type of study, the use of qualitative data is relied upon to understand people’s reactions to the settings that they are in (Drew, C. et al. 2008). As stated above children’s reactions cannot be predicted and will be influenced by those around them and the situation they are in, therefore this will have an impact on the study. 
However, this unpredictability can cause the validity of the study into question. In an interpretivist approach the researcher is meant to be impartial but if not, careful, as they can affect the answers they receive (Cohen, L. et al. 2011). In a study such as this whereby the researcher is also the classroom teacher, there can be a real conflict of interest and the researcher has to be precautious to ensure that they do not lead the study into a certain direction. In order to do this the researcher must be aware of their perception and the perception they are giving to others to ensure that the study is as unbiased as possible (Cohen, L. et al. 2011).  This can be challenging when the research is personally connected to the researcher and the participants have a relationship with the researcher. Neither of these models alone fit the research project due to the researcher position within the project. For this project action research may be a better fit. 
[bookmark: _Toc19556567]A new type of research- Action Research 
The types of research conducted above are often considered to be best conducted by independant researchers who have little interaction with the participants. However, action research in education has been seen as research conducted by the teacher to help improve their own practice (Mertier, C. 2009). It allows teachers the opportunity to study their own classroom, pupils or schools and consider how best to improve their teaching. Although action research can be seen to have a greater connection with a more interpretivist approach to research, as it explores practices and considers their effectiveness, there is also an element of the positivist approach (McAteer, M. 2013). As part of the action research is to consider the solution to a problem and then put something into place to measure its effectiveness it could be argued it has a more scientific or positivist approach. Action research is the best model for this project as it allows the researcher to implement strategies to understand the impact on the pupil’s engagement and attainment. 
Action research has the most impact when it is open and honest and participants feel that they are able to communicate their opinions freely. However, school structures tend to be more hierarchical in nature and this can cause participants to feel that they can not speak freely (Cohen, L. et al. 2011). This is a real concern for this study as the participants are taught by the researcher and therefore may feel the need to give the answer they think the researcher wants. The researcher will have to be careful throughout to ensure that participants feel comfortable and understand the purpose of the research that is being undertaken. 
[bookmark: _Toc19556568]Research methods for action research 
Within action research there are a variety of methods available to be undertaken from quantitative research, qualitative research and a mixed method approach. It is important to understand the difference between these approaches as they can shape the questions that you are asking about your research (Efron, S.  and Ravid, R. 2013). Before picking one specific type of research all three will be discussed to explain the benefits of each in relation to this study. 
Quantitative research techniques involve collecting numerical data on the participants and then statically analyse data (Efron, S.  and Ravid, R. 2013). Quantitative educational research is used within the education system to improve achievement outcomes by using statistics to find scientifically based methods to improve teaching and learning (Efron, S.  and Ravid, R. 2013). As part of this study is to look at improving the outcomes of pupils’, quantitative data would need to be gathered to be able to analyse if the techniques put into place have an impact. 
A quantitative study looks to use numerical data within a controlled assessment to test a theory or hypothesis. Within education it can be difficult for a truly controlled assessment to take place. When collecting data on human beings it is more complex as one group of pupils in one school may not react in a similar way in a different school or situation (Ary, D. et al, 2014). This makes relying on purely quantitative data within this study a challenge as it doesn’t allow for the pupil’s personal circumstances and personalities to be taken into account when considering the impact of the intervention. If the intervention is successful in this context it does not mean that it will work for every context and therefore the pupil’s individuality must be taken into account and not base the results on their numerical data alone.  
Qualitative data is harder to define, though is usually based on some form of auditory, gestural or visual information that is recalling an experience (Cohen, L. 2011). Its main purpose is to understand in more depth the social interactions and the meaning and behaviour behind those actions (Punch, K. and Oancea, A. 2014). The use of qualitative data allows the researcher to study the whole situation and consider all the factors that are affecting it (Ochieng, P. 2009). As this study is hoping to increase pupil’s engagement within mathematics it is important to discuss with the participants their views and opinions of the project to gain a greater understanding of how they wish their lessons could be. However, as stated above due to the nature of the relationship between the researcher and the participants it will be important that throughout the researcher carefully considers their actions to try and ensure that they do not have an impact on the study (Cohen, L. et al. 2011). 
The final method that is available while completing action research is a mixed method approach. Although action research lends itself more towards the use of qualitative data there are times especially when teachers are leading the research that quantitative data will be needed especially if the teacher wants to include pupil’s attainment (Ivankova, N. 2015). For this study the researcher wanted to understand the impact of the new strategies within their classroom it is important to consider both the attainment of the pupils and the impact on engagement within lessons. Therefore, a mixed method approach allows for both to be examined. 
Furthermore, the use of a mixed method approach can be seen to help reduce the limitations of only collecting one of the types of data as it allows for a greater understanding of the problem by considering it from a variety of angles (Creswell, J. and Creswell, D. 2018).  (Efron, S.  and Ravid, R. 2013). Conducting research within a classroom or school setting is complex and any action taken will have an effect on a number of variables. as it is impossible to collect data to analyse all of these variables but a mixed method approach allows for more to be investigated (Baumfield, V. et al. 2013). By combining both types of research it allowed the researcher to gain a greater understanding of the impact and therefore gave more credence in the results of the study. 
[bookmark: _Toc19556569]Ethical Considerations 
Before conducting this research, ethical consideration had to be considered to ensure that participants were not harmed or upset during the study (Sieber, J. 1993). This becomes more complex with action research as the researcher has to keep their professional relationship with the participants both before and after the project whereas traditionally the researcher is either removed from the participants or has limited access (Zeni, J. 2009). As the researcher has a relationship with the participants outside of the study and this will continue once the study is completed the researcher must be aware of the position of power they have over the participant. This power may encourage participation in the study either due to the relationship with the researcher or due to peers taking part (David, M. Edwards, R. and Alldred, P., 2001). The researcher has explained to all participants that all involvement is voluntary and that any opinions shared will not negatively affect the relationship. 
This difficult relationship becomes even more complex when considering this research was conducted with minors. According to the UN rights of child ‘In all actions concerning children,…, the best interests of the child shall be a primary consideration’ (1990, Article 3). Therefore, any research undertaken must consider any impact that it could have on a child. All participants were informed that their involvement was completely voluntary and they were made aware they could withdraw at any time (BERA, 2011). To ensure this was clear to participants they were all given a letter for themselves and their parents explaining the research and asking for parental consent (Appendix 5). Another member of staff within the school was designated in case the pupils did not feel comfortable withdrawing through the researcher. 
Finally, the last consideration within this project is the anonymity of the participants. Anonymity within this type of study is important for a number of reasons. Firstly, the nature of this research may require participants to share views and opinions that are not popular and therefore could be unlikely to want to share these views if they feel they could become public knowledge (Oliver, P. 2010). Furthermore, as this study is being conducted with children BERA state that any data or information shared by the child should remain unidentifiable (2011). Participants were informed in the consent letter and parents or guardians are required to sign, informing them that all information collected will be destroyed in accordance with the school’s guidelines at the end of the project. 
However, participants will be made aware that there is a chance that the anonymity may be revealed if there is clear reason that another member of staff needs to be informed such as a safeguarding issue being disclosed (Alderson, P. and Morrow, V. 2011). If during an interview a pupil discloses a safeguarding concern the researcher has an obligation to report this information but only that information will be reported. All of the issues discussed above have been detailed in the ethics form submitted and approved by the university before the project commenced (Appendix 5). 
[bookmark: _Toc19556570]Validity of research 
When undertaking research, it is important to consider its validity. A valid piece of research is where the data and results that are collected and conclusions that are drawn from that data are able to stand up against rival arguments or explanations (Cohen, L. et al. 2018).  Action research can cause validity to be questioned further as often the researcher is researching an area of their practice (Koshy, V. 2010).  In order to ensure that this study’s validity is not questioned a number of steps were taken. Firstly, the researcher acknowledged the possibility of their values having an impact and intended to be rigorous in the collection and interpretation of the data remembering any data collected is on a small scale and therefore any findings are not applicable in every situation (Koshy, V. 2010).  
This project will also ensure validity will be through the use of triangulation. Within this context will involve collecting data from more than one point of view. Then contrasting the conclusions made between all data collected in order to draw conclusions (Koshy, V. 2010).  The use of triangulation ensures that any finding is cross-checked by more than one type of data to help draw conclusions (Johnson, R. and Christensen, L. 2017). The researcher collected data through a number of sources to help find the common themes that occurred. 
[bookmark: _Toc19556571]Sampling
When completing any research, it is impossible to collect data from all respondents that are linked to the study, instead a sample must be taken. The sample that you take is really important as the sample selected can impact the validity of the study (Chandra, S. and Sharma, R. 2007). It is impossible to collect data from every pupil the researcher teaches and it is therefore crucial that the sample reflects the variety of pupils within a school to provide the most accurate data to evaluate. 
Random sampling is considered one of the most effective methods for sampling as it will allow for a high probability that views will be collected from a variety of people within the population (Tomal, R. 2010). Although random sampling is considered to be the most effective within a school environment there are a number of different pupils who need to be represented. There needs to be an equal spread of both males and females, there need to be pupils who are living in deprivation (Pupil Premium) and those pupils who are considered to have a learning disorder (SEN pupils). Therefore, random sampling could not allow for the study to ensure the data collected represented each of these categories. 
As the study needs to represent each of these categories within it another form of sampling to consider is stratified sampling. The use of stratified sampling allows the researcher to collect data from equal numbers of participants from specific groups within a population (Tomil, D. 2010). This method of sampling would be more suited to this study as it would ensure that there are equal numbers of a participants.  Although this method allows for an equal number of participants to be chosen from both classes it does not ensure a fair representation of the variety of groups within a classroom.  
[bookmark: _Hlk523151850]For this study a purposeful sample will be the best method for collecting data. Purposeful sampling is often used in action research as it allows for the researcher to collect data from the participants that are the focus of the project (Tomil, D. 2010).  This method of sampling allows for the participants that are important within the study to be represented (Chandra, S. and Sharma, R. 2007). This would allow for data to be collected from all of the groups within a classroom. It will allow for any conclusions that are drawn from the study to consider different types of learners and a comparison to be made between different groups. 
For this study two classes will be used to compare data. One class will be in Key Stage 3 and the other will be in Key Stage 4. In both classes 15 pupils from each class will be asked to take part in the study. Half of the study will be female and the other half will be male. From each group a third, 10 pupils, are e-FSM and receive the pupil premium fund, another third will have some form of learning need and the final third will have neither of these. Although these proportions are not completely representative of a standard class they have been chosen to ensure that each group is well represented.  This would allow for the techniques being tried to be considered from a variety of perspectives and compare their responses.
A purposeful study suits this research project as it allows for data and opinions to be collected for a variety of the population. However, it could bring into question the reliability of the study as the participants have been chosen by the researcher (Chandra, S. and Sharma, R. 2007). Therefore, the data collected could be considered biased and lead towards the researchers’ opinions (Pathak, R. 2008).  The researcher is aware of this bias and will endeavour throughout the study to ensure that all data collected is fair and unbiased. 
[bookmark: _Toc19556572]Quantitative data collection 
Within a school environment there are numerous amounts of data that is collected on a daily basis and when conducting research, it is important to consider carefully the data that needs to be collected.  The researcher must design data collection that will help find out more about the impact (Sagor, R. 2005). For this research project data needed to be collected on the pupil’s attainment to evaluate the impact the intervention had on the participants’ progress.   
One way that this is going to be achieved is through the use of tests. One concern about test data is that they are solely used to give pupils a grade. A test’s primary purpose is to gauge understanding and if the tests are aggregated together it will inform your teaching highlighting what has been successful and what has not worked (Sagor, R. 2000). In this study the part of the focus is on improving pupil’s ability to problem-solve especially when multiple skills are being tested. When pupils were given an assessment their effort and results will be recorded to see if progress is being made and if the participants attempt more of the questions over time. The test scores used within this project are data that is available from the school and were not made specifically for this study. All of the data has been anonymised to ensure the school and the participants cannot be identified.  
Another method of quantitative data that will be collected will be questionnaires. Questionnaires are seen as an easy way to collect data and as they are perceived to be easy to create and distribute. However, they can be misused if not thought about carefully enough before being distributed (Gillham, B. 2007). It was important to consider how structured the questionnaire is going to be. A structured questionnaire allows for easy analysis it can mean that responses are limited, however a less structured questionnaire can allow for a deeper response but becomes much more challenging to analyse (Gillham, B. 2007). In this study the researcher has chosen a more structured approach to the questionnaire as it will ensure the participants understand what is expected of them. 
As it is to be given the pupils in both KS3 and KS4 the questionnaire needs to be carefully considered to ensure that it is appropriate for both groups. The questionnaire will be structured on the Likert scale, as this will aid in helping the participants to understand how best to respond and stop them from feeling overwhelmed by being asked to write longer responses. However, the participants will be given an opportunity to express any other opinions they have at the end of the questionnaire to allow them space to express their views in more detail. 
The issue that arises with using a structured questionnaire is that as the participants are repeating a similar process for each question they may get bored and stop fully reading statements before responding. To ensure it is completed fully the researcher has decided to first ask the pupils if they agree with the statement before asking them to rank how strongly they feel about it (Albaum, 1997). The use of this type of Likert scale is to try and mitigate the issue of participants completing a questionnaire without considering their answer carefully. It will allow participants to not only agree/disagree with a statement but will also allow for pupils to give the strength in which they support the statement (Appendix 3). 
The advantage of using this type of Likert scale is that it dilutes the impact of a random answer from a pupil (Johns, R. 2010). Pupils will have to first consider if they agree or disagree with the statement before rating how strongly they feel. If they only had to answer the initial question they may not have answered with such care. However this process of questioning may be confusing for pupils to answer as they may feel they are answering the same question twice (Mellor, D. and Moore, K. 2013). Some pupils in year 7 may not have the fully formed the skills to consider abstract concepts and be able to respond, whereas older pupils are more likely to select the uncertain answer and are less likely to respond to a question with a yes or no response (Mellor, D. and Moore, K. 2013). The use of both a clear yes or no response followed by a scale will allow pupils of all ages better understand the question they are being asked. 
Finally, ethical considerations must be considered when giving questionnaires to participants that are in their care. Participants cannot feel forced to take part in the questionnaire (Cohen, L. et al 2011). To ensure this does not take place participants were asked to get permission from the parents/ guardians before filling in the questionnaire and it was explained to all participants that it is voluntary. Only participants that returned the permission form were allowed to complete the questionnaire. 
[bookmark: _Toc19556573]Qualitative data collection
The data collected from the questionnaires will then be used to develop the interview questions. The use of a semi-structured interview will allow the researcher to use the analysis from the questionnaire to identify questions to begin the interview but then allows for the researcher to react to responses received during the interview and delve deeper into participant’s responses (Punch, K. and Oancea, A. 2009).  This type of interview will allow for every participant to start their interview in the same way but allow for scope to expand on particular points of interest to them allowing for more clarification and triangulation with the answers from the questionnaire. 
Due to the nature of the relationship between the researcher and participants this could either allow for a more honest discussion or it could affect the answers given.  As the participants are taught by the researcher it should allow for the interviews to be more honest and truthful as the participants and the researcher have a good rapport. This should hopefully put the participants at ease and allow the interview to flow more like a conversation (Punch, K. and Oancea, A.  2009). 
However, this relationship could also cause the participant to feel unable to be truthful and honest. During interviews participants could be worried that what they say could be used against them in the future as there is no anonymity (Mertler, C. 2009). This becomes more complex when considering the power dynamic in a teacher pupil relationship. The participants may either feel that if they are honest and their views are not positive these will later be used against them or they may want to please the researcher and therefore give answers that they feel the researcher would want to hear. To help participants feel more at ease they will not be recorded during the interviews and instead notes will be made which they will be allowed to read over at any point and their name will not be included. Participants will be asked to consent to notes being taken during the interview. 


Findings 
In the following section the findings from the collected data will be discussed and explained in order to start to gain insight into the successes and limitations of this project. This section will begin by considering more carefully the effectiveness of the methods used for data collection to help give context into the information collected. The presentation of the results will follow by first looking at the quantitative data collected from the assessment’s participants took part in before going on to discuss the findings from the questionnaire. This will be paired with the findings from the interviews to help highlight any similarities or differences found between the interviews and questionnaires. 
[bookmark: _Toc19556574]Effectiveness of data collection methods 
[bookmark: _Toc19556575]Quantitative data collected 
For both classes used within this research project the number of questions that they attempted on an assessment was recorded from before and after the intervention was put into place. Due to department policy and the limited time that was allowed to be given to assessments it has meant that in both cases a different assessment was used at the start and end of the project. As the participants did not retake the original test the researcher had to ensure that the assessments that they took had equivalent reliability. It was crucial to ensure that the assessments were identical in every way except for the content of the questions (Johnson, B. and Christensen, L. 2008). The assessment used within the KS4 class was an exam paper designed by Edexcel the exam board the school uses for GCSE qualifications. They were both non-calculator foundation paper which made them the same length of time and same number of marks. However, one paper had one more question and this would have an impact on the comparison of how many questions they answered as in the second paper they could have attempted more questions. 
The Key Stage 3 assessments are made within the mathematics department and all of the questions on this assessment came from the textbook unit assessments. They again looked identical in layout and had five questions on each one. However, again due to each question having a section within it there were 2 more questions on the second assessment. Although the researcher tried to ensure the validity and reliability of these tests due to the nature that the assessments are not identical it means that a measurement of error is introduced to the study which needs to be acknowledged (Johnson, B. and Christensen, L. 2008). 
This will need to be considered when evaluating the impact on attainment and the use of problem-solving within each class. The researcher will evaluate the number of questions that were attempted on both assessments in KS3 and KS4 to consider how many more were attempted. The researcher will remain aware that there could be issues with validity due to the assessments having different question content while looking identical and will factor that into the evaluation of the results. 
[bookmark: _Toc19556576]Questionnaire data collection 
The questionnaire that was designed by the researcher was piloted on members of the department before given the pupils to prevent questions leading to certain answers or questions that were not clear (Newby, P. 2014). This helped to develop the questionnaire fully to ensure that school pupils would be able to understand and answer the questions appropriately (Appendix 3). 
The questions within the questionnaire were designed based on the Likert Scale as this type of closed question allows direct analysis (Albaum, 1997). However, using closed questions when asking participants for their opinions and beliefs can mean that the responses you collected are not fully representative and have been simplified (Gilliam, B. 2008). This coupled with the idea that participants may not be able to either fully understand the question or would not fill in the form whole-heartedly can cause questions about the validity of the data collected. To mitigate this the researcher was present within the room when the questionnaire was taken to help if participants got confused on what the question was asking (Menter, I. et al. 2011).  The pupils were also asked to first state if they agreed or disagreed with the statement before then rating how strongly they feel about it. This allowed the researcher to gain more validity as they had to understand firstly if they agreed and then consider how strongly they felt helping to identify anomalies within the data. 
[bookmark: _Toc19556577]Interview data collection
The information collected from the questionnaire allowed for the researcher to consider what questions needed to be asked further in order to probe into the results. The interviews were conducted with the questionnaire as a starting point. It was important to do it this way to help validate the data collected from the questionnaires. However, it was important the during this process the participants were given the opportunity to give us a different perspective helping to fully understand the problem (Gorard, S. and Taylor, C. 2004). During the interview the use of a semi-structured approach allowed for participants to explain in more detail their points of view and allowed the researcher to develop participant’s answers based on their responses. 
One of the major concerns when considering the data from the interview is the effect that the researcher being the participants’ teacher could have on the reliability of the results. It was important during the interview stages that the researcher did not prompt the participants with particular questions to answer and leading them into giving certain points of view (Wellington, J. 2015). The concern the researcher had was that the participants would feel their answers should be what the researcher wanted to hear. However, by explaining the project through to the participants and getting them discuss their participation with their parents it allowed for them to understand that honesty was what was needed and ensured that the participants understood their right to anonymity and to withdraw if they wanted. 
[bookmark: _Toc19556578]Limitations of the participants
30 participants, 15 from each class, were asked to get permission from their parents to take part in the questionnaire. However, only 10 participants returned the permissions slips signed by themselves and their parents limiting the number of responses given. This to begin with caused concern for the researcher as it reduced the sample size for this study and this could cause the need to alter the way the data is analysed and may have meant that not all categories within the population were represented (Clifford, S. 2008). This however was not the case when looking into the participants who were asked. There was an even split of male and female pupils asked within the study and an even split between KS3 and KS4. There were 3 pupil premium and 2 pupils with special educational needs involved in the study allowing for a variety of opinions to be gathered. As the study was reduced in size when collecting the qualitative data, the participants were interviewed to ensure that all categories of the population were given an opportunity to state their views. 
[bookmark: _Toc19556579]Impact on pupils engagement and attainment 
The purpose of the is project was to understand the impact collaborative learning and problem-solving activities have on pupil’s engagement and attainment. In order to see the impact on pupil attainment and engagement the researcher has analysed assessment data from both of the classes. 
[bookmark: _Toc19556580]Key Stage 3 assessments 
In KS3 pupils take assessments of a formative nature and are not given scores as the focus is on finding areas of strength and weakness to help guide teaching and learning. The pupils took two assessments during this project one at the beginning and one at the end. The number of questions the pupils attempted was recorded in order to see if the use of collaborative learning and problem-solving enabled the participants to feel more confident in attempting more questions. Below are the percentage of questions that were answered in both assessment 1 and assessment 2. It highlights that not all of the pupils attempted more questions between the first and second assessment but the trend is that they attempted more. Overall the class had a 10% increase in the number of questions answered between assessment 1 and assessment 2. 
	Decrease
	Increase

	Pupil
	Assessment 1
	Assessment 2
	Pupil
	Assessment 1
	Assessment 2

	A
	44
	18
	L
	63
	94

	B
	81
	65
	M
	88
	100

	C
	63
	41
	N
	50
	82

	D
	63
	53
	O
	63
	100

	E
	50
	24
	P
	88
	100

	F
	44
	41
	Q
	75
	88

	G
	56
	53
	R
	56
	65

	H
	56
	24
	S
	56
	76

	I
	81
	65
	T
	50
	53

	J
	69
	65
	U
	31
	35

	K
	75
	41
	V
	38
	65

	 
	 
	 
	W
	13
	35

	 
	 
	 
	X
	19
	41

	 
	 
	 
	Y
	50
	88



The results vary from pupil to pupil, there are some who attempted more during the second assessment such as participants L, O, and Y though not every participant improved the number of questions they attempted such as participants 1, 6 and 19 who attempted fewer on the second assessment. However, on average participants attempted more questions on the second assessment. In the first assessment on average pupils attempted 53% of the questions whereas in the second they attempted 63%.  This is an increase in the number of questions pupils attempted in the second assessment after the intervention had been put in place.
[bookmark: _Toc19556581]Key Stage 4 assessments
With the KS4 class the assessments used were GCSE papers. The class took the first paper as part of their mock examination at the end of year 10 and then took another paper towards the end of the research project. The number of questions attempted in both papers was again analysed and the table below shows the comparison between the first paper and the second. 
	Decrease
	Increase

	Pupil
	Assessment 1
	Assessment 2
	Pupil
	Assessment 1
	Assessment 2

	A
	29
	25
	I
	39
	41

	B
	37
	30
	J
	22
	34

	C
	28
	23
	K
	19
	23

	D
	29
	28
	L
	25
	27

	E
	35
	35
	M
	26
	29

	F
	34
	33
	 
	 
	 

	G
	37
	33
	 
	 
	 

	H
	31
	29
	 
	 
	 



In this case unlike with the KS3 group the pupils attempted in most cases slightly less questions. On average the participants attempted 2% less on the second paper compared to the fist paper that the took in year 10. 
However, for this assessment it was summative so each participant was given a score out of 80. When they were compared there was in increase in the number of marks given between paper 1 and paper 2. The graph below shows the results from both papers and compares the scores gained on the first compared to those on the second. 

As it shows above all but one of the participants gained marks between the start and end of the project. If you look at participant 6 you will see that they attempted basically the same number of questions both times but in the second paper they achieved over double the score gaining only 11 marks on the first paper whereas they gained 24 on the second. Participant 7 is interesting as on the first paper they attempted more questions but they got more marks from the fewer questions they tried on the second paper. 
However, there are a few participants who did not increase their marks received. Participant 11 attempted 9% more on the second paper which compared with the other participants’ trends should have seen a bigger increase in the amount of marks but they only gained 1 mark. This is an anomaly within the results as the only participant who did not increase their marks greatly during this project.  
[bookmark: _Toc19556582]Participants’ views on collaboration and its impact on their learning 
Participants were given a questionnaire to complete asking their opinions on the interventions put in place. Firstly, they were asked to consider the impact of collaboration on their learning. Participants were asked whether or not they felt that working collaboratively improved their understanding of mathematics. Below the pie chart shows their responses. 

As the graph shows, nearly all of the participants asked either strongly agreed or agreed that they felt the group work was helping them to better understand the mathematics they were learning. Only 10% of the participants asked stated that they did not feel that the group work was having a positive impact on their understanding. 
During interviews participants stated they enjoyed working with their peers. They explained that often they felt that a peer could explain how they worked out the problem in cases better than the teacher as it is on their own level. However, the few participants who disagreed felt that often pupils were more interested in getting the correct answer than giving help. 
However later in the questionnaire participants were asked to consider if they were stuck on a problem did they feel asking their peer would allow them to gain greater understanding. The graph below shows a greater number of participants who did not feel this was the case. 

With this statement there were fewer participants who strongly agreed that this helped build understanding and 30% of the participants asked disagreed with this statement. They did not feel that their peers helped them when they were unsure of what to do. 
During the interviews participants stated that when they are unsure, they would seek support from their peers but when they truly do not know what to do, they could not have support from their peers. They felt that they needed instruction from the teacher on where to begin the problem. When prompted as to why some were happy to try with their peers first a few argued that they did not trust the steps and needed confirmation that they were correct before following their instruction. 
Although the participants felt that they were improving their understanding by working collaboratively with their peers when they were faced with a problem that they could not fully understand they wanted more support and felt that this was best from their teacher and not a peer. This highlights how important it is for pupils to practise using the higher order thinking skills and ensure they are able to explain what they are doing in order to support each other and develop more independence in their learning. 
[bookmark: _Toc19556583]Participants views on the impact of problem-solving activities on their learning
Participants were also asked to consider how they felt the use of problem-solving activities were impacting on their understanding and engagement within mathematics. 

They were asked if they preferred to be given a problem to try before being shown how to solve it and all of the participants asked agreed with this statement. The participants felt that they had a better understanding of the problem if they first got to have a go before being prompted and shown how to solve it. 
During the interviews all participants felt that they were better equipped to understand how to solve a problem if they were given the chance to consider it first. Though the majority of the participants stated that they did not want too long on the problem if they were stuck as they were unable to even start.
However, when asked later in the questionnaire if they felt that by attempting more problems in class they felt more confident in being able to attempt to answer them the response was not as positive. 

Nearly a quarter of the participants asked stated that they did not feel more confident about answering problems now after being given a number to try.  This highlights a disparity between participants feeling that being given a problem first allows them time to understand and those who are willing to attempt the problem. This coupled with the data highlighting that participants attempts at a question did not rise greatly during the project shows that pupils do not feel more confident to try more problems. Even though they stated in an earlier question that they prefer to be given that opportunity before being shown the steps.







[bookmark: _Toc19556584]Findings placed in the context of research 
The purpose of the project was to aid in the improvement of the school by ensuring teaching is consistent, challenging and therefore has a significant and positive impact on pupil outcomes. The findings will therefore be critically evaluated to consider if the intervention has had an impact on pupils’ outcomes. It also will need to consider how this intervention feeds into the national priority of educational excellence everywhere, trialling strategies to help develop engagement and enthusiasm to improve attainment. For these reasons the focus of the findings will be on evaluating the effectiveness of the strategies on engagement and then considering the link that has made to pupils’ outcomes. Then going on to consider the process of data collection and evaluation to understand the next steps that must be taken. 
[bookmark: _Toc19556585]Evaluation of impact on engagement  
During the questionnaire and interview stage of the research it became clear that pupils valued the opportunity to work collaboratively with a peer. However, once a pupil became stuck, they were very reluctant to speak to a peer and felt the only person that could aid them was the teacher. This highlighted clearly that pupils were missing out on those higher order skills that allowed them to explain and analyse the problem together and that as soon as they faced a problem, they did not feel their peer was the best person to assist them. The DfE stress the importance of organising group work carefully to ensure that they feel part of the group and work effectively (2004). This however, in practice was not enough, groups were considered carefully and pupils were assigned to tables based on their ability allowing for a range of skills on one table but they still did not feel able to ask their peers for help. 
When considering why this was not the case the researcher started to consider what pupils did when they became stuck. The common response was ‘I don’t know what to do’ or ‘I don’t get it’. As a skilled practitioner it is then the teacher’s role to probe until the root of the problem is identified to be able to help. Pupils cannot necessarily find the root of the problem and therefore are unable to help. When getting pupils to work collaboratively it is more than just ensuring the group dynamics on paper should yield results. It is important to develop pupils’ skills in listening and asking good questions. Pupils must be able to ask questions when they are stuck to give the other pupil prompts on where best to help and they must be able to listen to each other to help them get the most of the discussions (Alber, R. 2017). When these skills are lacking the use of collaborative learning will only have impact when pupils are confident in how to answer a problem. 
According to Vygotsky, the theorist of social constructivism, the use of scaffolding is important as it allows pupils to bridge the gap between what they already know and the new learning. Vygotsky argues that there is a difference between what a pupil can achieve on their own and what they can achieve with guidance from a skilled partner. One of his main arguments in social constructivism is that to help develop the pupil’s knowledge, teachers should use collaborative learning activities allowing for less competent learners to be paired with a more skilled pupil to develop understanding (McLeod, S. 2018). It became clear through this study that more guidance was needed for pupils to support each other. It was not enough to just pair pupils carefully they needed support in how to help each other. 
 If the teacher does not have a good understanding of the pupil’s skills and knowledge then it can be difficult to ensure that the pupils are being challenged into the zone of proximal development. If helped too much they can become passive learners and this stops them improving (Sarikas, C. 2018). During this study, it showed that many of the pupils had been given too much help in the past and that it then became very difficult to get pupils to work collaboratively without a lot of help from the teacher. These are skills that would need to be developed further with the classes in order to progress pupils’ independence and collaborative learning skills. 
[bookmark: _Toc19556586]Impact of problem-solving on attainment 
As stated above in the literature it is argued by many leading educationalists that it is important to give pupils a real-life context for their learning that allows them to explore their understanding in a familiar context. The use of problem-solving is important when considering this as it allows a context to be given and skills to be practised while developing greater understanding (Swann, 2005).  Every participant asked stated that they would prefer to be given a problem to solve and time to consider how to solve it before being shown the answer. During the lessons pupils were given opportunities to speak collaboratively and consider how to solve a problem before being guided to a solution. However, when looking at the number of questions attempted on an assessment and the pupil’s responses to if they felt that this was helping them feel more confident about answering questions it showed to have little impact. A quarter of the pupils stated they did not feel more confident and there was a small increase in the number of questions answered confirms that the problem-solving in class did not increase their ability to solve problems independently. 
 During the intervention problems were chosen closely to ensure that they allowed the pupils to develop a variety of solutions to the problem but that they were steered in the right direction when they got stuck (Prawat, R and Floden, R. 1994). However, as these problems had multiple ways to find a solution it may have meant that the pupils were not always explicitly clear on steps they can take to solve problems. During the activities pupils were highlighted to the different ways that the problems could be attempted and shown steps to help them find a solution but when asked to replicate that independently they were unable to. Although a pupil may appear to have understood how to solve a problem during the lesson that does not mean that they are able to understand that they can use those strategies on other problems (Winne, P. and Azevedo, R. 2014). This needs to be addressed in the future to ensure that it is explicitly clear the steps that can be taken to solve a problem. It is not enough just give pupils the opportunity to solve problems they need to be given opportunities to practice different problem-solving strategies (Mills, K and Kim, H. 2017). 
[bookmark: _Toc19556587]Critical evaluation of investigation 
[bookmark: _Toc19556588]Strengths 
Throughout this study one of the strengths that has been highlighted by both the questionnaire, interviews, empirical evidence by the researcher and other members of the school is the impact the collaborative learning has had on the pupils’ level of engagement. In the section above the impact of collaborative learning has been explored and the findings have already highlighted how this investigation supports their arguments. The biggest change that can be seen in the classroom is the dialog that is occurring between the pupils. One of the fears that many new teachers have with allowing pupils to work collaboratively is that they will become distracted and this will hinder their progress. However, this investigation has found that not to be the case, most of the pupils are willing to discuss the work and by doing so they are developing understanding that there are different points of view and solutions to a problem that they may not have encountered before (Terwel, J. 2011). The research highlighted the pupils’ need for strategies that they can use when they face a new problem. As this strategy is relatively new to the classes in this investigation it may be that the results on attainment may not be seen in the first instances but both the researcher and the participants have noticed an impact on the engagement within lessons. 
This investigation has highlighted the importance of allowing Key Stage 4 classes the opportunity to work closely together and discuss how to approach problems as it allows them to consider how they will answer similar questions when faced with them independently in an exam. Through analysing the Key stage 4 test data it became clear the pupils did not attempt more of the questions on the second paper but they did gain more marks. These tests were taken either side of the summer holidays and pupils theoretically should have done better on the first paper placed at the end of an academic year and the learning still fresh. Whereas the second paper was taken not long after the return to school and little content had been reviewed or taught at this point (McCarney, M. 2015). One of the major changes that occurred for this class however was the implementation of collaborative learning and the introduction of more problem-solving activities for them to unpick together with less teacher-led content so encouraging them to work together more closely. 
 These findings were further supported by the participant during their interviews. There was a consensus between the participants interviewed that they enjoyed attending mathematics more now that they had more opportunities to discuss problems with their peers. They highlighted that at times it is easier for a peer of your own age to explain it to you rather than a teacher who may not explain it the way you would best understand. Above in the literature review the benefits of collaboration were discussed as well as things that needed to be considered. Although participants were positive about the use of collaborative learning within their lessons there is still further to go to ensure that it has maximum impact. Pupils still felt that once they become stuck it was very difficult for a peer to help and they were often reluctant to ask. Later in this report this will be considered in more detail while discussing the next steps. 
[bookmark: _Toc19556589]Weaknesses
There are a few areas that have been highlighted that could be improved if the project was developed. The first issue that needs to be addressed is that the group in Key Stage 4 changed during the intervention. It was decided by the school that pupils in year 11 needed to be re-organised. This was after the tests were administered so that data is based on the original group but the questionnaires and interviews were conducted once the group had changed. The pupils who were asked to complete both were not moved during the change but the new additions to the class may have had an impact on their views. 
One of the major weaknesses of this study is the limited number of participants that took part in the questionnaires and interviews. The pupils were asked to gain consent from their parents before taking part in the study. However, instead of having 15 participants from each group only 10 participants from both classes were happy to take part in the study. This will have an impact on the generalizability of the study as it then may not apply to the greater population. The more responses that a study receives allow for the information gathered to be more accurate to the views of the population (Lodico, M. et al 2006). As only a third of the intended sample responded the concern would be that the findings may not be a true reflection on the class as a whole. This would be something that would need to be addressed moving forward by considering another round of data collection and analysis before rolling out any of the results to the wider school. 
Through the analysis of the data and conversations had during the interview stage it has been highlighted that the problem-solving activities, while allowing pupils to consider how they would attempt a problem, had a negative impact on their confidence due to their limited knowledge on the steps to take. Pupils need to be given more time and strategies to allow them to fully develop their problem-solving skills and feel more confident in their ability. When given problem-solving tasks to complete within mathematics in the future it will be important to give them examples of ways to solve the problem allowing them to build a ‘toolkit’ of strategies to help with a variety of problems (Kilgariff, L. 2018). The activities used during this intervention allowed for the pupils to be exposed to strategies and to discuss with their peers how they would tackle the problem, however explicit links were not made between the skills they were using and how that could be applied to a variety of problems. Therefore, there was not as big an impact on their confidence to solve problems independently. 
[bookmark: _Toc19556590]Impact of the project on self
This project has focused on appropriate strategies to improve engagement. As stated above, engagement in mathematics has been on the decline and schools are struggling to get pupils to reach their potential. The researcher has through this project focused on understanding the issues that relate to making mathematics a more accessible and enjoyable topic. First the use of collaborative learning was something that the researcher had considered trying in the past but due to fears about pupil behaviour and comments made by other more members of staff had been put off. After trialling this with two classes the researcher has decided to try sitting all of their classes into groups to allow for more discussion to take place. Although there are still areas for improvement within the classroom and pupils need to be taught how to work together effectively it has allowed for much more conversation and deliberation within the mathematics classroom. 
With regards to the problem-solving it has been interesting for the researcher to focus on an area that can be difficult to teach effectively. It has allowed for the researcher to consider more carefully the problems chosen to allow pupils to practise a variety of skills and not just the ones being covered in the lesson. This has allowed pupils to see the connections between topics within mathematics. However, more work needs to be done within lessons to help pupils gain the techniques they need to tackle the problem. It is clear from the data and speaking to the pupils that they value the opportunity to be given a challenge but are often missing the tools they need to fully understand how to solve the problems. 
[bookmark: _Toc19556591]Impact on the participants
The data collected from the participants highlighted the importance they put on being able to discuss their work with their peers. There has been a definite improvement in the discussion taking place within the classroom and this has allowed pupils to develop their understanding and be able to articulate their thought processes. They are getting used to working together to solve problems and trying to develop solutions by themselves. However, through the data that was collected it is clear that pupils feel that when they become stuck, they are unable to ask anyone for help but the teacher. More work needs to be done with the participants to develop tools that allow them to feel confident to help each other.
[bookmark: _Toc19556592]Impact on School 
As mentioned at the start of this project one of the school’s improvement targets this year was to improve challenge and raise expectations through teaching and learning. The mathematics department has been working to improve attainment and engagement. While the Head teacher and other members of Senior Leadership have been walking around the school they have commented on the use of group work within the classroom and the increase in discussions due to this. This acknowledgement by them along with the data collected about pupils perceptions has encouraged other members of the mathematics department to group pupils to allow for more collaboration and to engage pupils more within lessons. 
It is too soon yet to evaluate the impact this has had on pupils attainment but at the end of the academic year it will be important to consider the attainment made by pupils within these classes to be able to verify the impact. For the Key Stage 4 class the use of external examination data will be available to aid in the evaluation. These findings would then be presented to the school in order to explain the project and its aims to encourage other departments to trail it and see if they saw similar results. 


[bookmark: _Toc19556593]Conclusion
The teaching of mathematics has been much debated within recent years as many professionals try to come up with a best course of action to tackle the issue of low numeracy levels and ensure that all pupils reach their potential. Previously mathematics had been taught traditionally using a very teacher-focused method with tasks being solely deliberate practice through repetition of similar questions. This has caused many pupils to leave school without the appropriate skills to be able to access the world of work. Due to the poor results and lack of skills pupils are leaving school with nationally, this research has been undertaken to find strategies to increase pupil attainment and enjoyment of mathematics. 
This paper looked specifically at the impact of changing the teaching of mathematics to be a more collaborative and problem-solving based approach to improve pupils’ engagement and attainment. Much research has been done into different teaching approaches not only within mathematics and collaborative learning been identified as one way to increase pupils’ attainment as well as improving engagement. Problem-solving is an area of mathematics that has been developing in recent years and is often an area that is not well taught or taught at all. The project aimed to investigate what the impact would be on pupils’ engagement and attainment when both elements were implemented within lessons. 
The intervention allowed pupils to work collaboratively within each lesson. It became clear through data collection and analysis that collaborative learning had improved engagement within the lessons. Most participants felt that they enjoyed mathematics lessons more when they were given the opportunity to discuss the work with their peer. This became more problematic when they came up against a problem that they did not know how to tackle. More work would need to be done into training pupils to better understand how to help their peers when they are stuck to ensure that they are given helpful advice and not just telling others the answer. 
Problem-solving was incorporated into all of the lessons with the researcher looking for more complex tasks that would encourage pupils to use a variety of skills.  The use of collaborative learning tied in here well as it allowed pupils to discuss the problem with a peer and come up with solutions together. This again had mixed success as pupils enjoyed the opportunity to attempt a problem before they were helped through the process. However, many did not have the skills to attempt the problem fully and therefore felt that they were often unsure of how to start. It is important pupils are exposed to problems such as these to get them used to implementing a variety of skills. More work needs to be done to aid pupils in the process to solve a problem. 
When considering the impact on attainment these interventions have it is too early to tell. The interventions have resulted in an increase in the number of questions attempted within KS3 and have increased the number of marks on one paper within KS4. This research would need to be continued for a year and would need to be compared against a class that has not had such intervention to be able to measure its impact on the attainment of the pupils. 
This project has had some success in helping develop further the course of action that the researcher and the department need to take in order to help the pupils best. Further work will now need to be done to help continue this momentum and this will be done in the form of recommendations for both the mathematics department and the school as a whole to move forward (Appendix 1). 
[bookmark: _Toc19556594]Recommendations
In light of these conclusions, the following recommendations could be put into place: 
· Collaborative learning should be used more within mathematic lessons, all lessons should have an element of collaborative learning and teachers should try using groups of pupils within their classrooms to allow for more discussion. 
· As a mathematics department, strategies need to be put into place to develop pupils’ skills at helping others and working effectively collaboratively to allow for maximum impact to be achieved. 
· Problem-solving tasks need to be identified and worked into the scheme of work to allow for problems to test a variety of skills and for them to not just be focused on the topic being covered that day, and 
· The mathematics department should discuss templates and strategies that the pupils should be taught to help with solving problems and use those consistently. This will allow all pupils to have similar methods at hand when they are stuck even if they move class or teacher. 
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Ensure educational excellence in all lessons to help improve pupils numeracy. 

	Objectives
	Success Criteria
	Actions to be taken
	Timeline 

	· To increase engagement within mathematics lessons in both KS3 and KS4









· An increase in pupil attainment within mathematics in both KS3 and KS4
	· Pupils are actively engaged in lessons attempting a variety of tasks becoming more active learners. 
· Pupils express that they are being challenge within lessons and that they feel the pace of the lessons ensure that they don’t get bored. 
· Pupils participate more in lessons by 

· Pupils able to use their mathematical skills in a variety of contexts. 
· Pupils to be able to solve problems using multiple steps in exam conditions. 
	· Tasks and activities within the department to be discussed and developed to ensure that lessons involve engaging problems that get pupils thinking. 
· Collaborative learning incorporated into every lesson for part of it at least.



· Problem-solving skills to be more explicitly developed in class with pupils shown the steps to take to solve a problem. 
· Problem-solving activities and questions used in every lesson allowing pupils to regularly experience problems.
· Use problems that include multiple steps of mathematics not only the topic covered in that lesson. 
	
Before the end of the year in preparation for the next year. 
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Slides from School X training session on the new school improvement plan. 
[image: ]
First slide was information given about the SSAT framework in which the school’s improvement targets were based. 

[image: ]
Priorities put forward by School X as the focus for the school improvement report. This research project fits into the first priority of ensuring outstanding teaching and learning for all pupils to help improve all students’ outcomes. 
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Example of a question that was changed after the questionnaire was piloted with other members of staff. 
First Draft: 
Working collaboratively has improved my understanding of mathematics. 
Agree 			Disagree 
How strongly do you feel about that? 
      1		2		3		4		5
Strongly agree				Strongly Disagree 

The second part of the question when asked to rate how strongly they felt about their statement was difficult for members of the staff to complete and it needed to be changed to allow for participants to be able complete the questionnaire truthfully. 

How strongly do you feel about the statement?
      1			2			3		4		5
Weak 								Strong 
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Questions used as prompts during the interview to help start the conversation. 

1) How does working in groups effect your learning?

2) What steps do you take when you get stuck on a problem? 

3) If peer is not mentioned – would you ask a peer for help? Why/why not? 

4) Do you prefer looking at a problem before you are shown how to solve it? Why/why not? 

5) How does solving problems in class effect your confidence in doing them independently?

6) How has working in groups effected your view on mathematics lessons? (prompt- thinking about enjoyment and interest.

7) How has trying problem-based activities in class effected your view on mathematics lessons? (prompt- thinking about enjoyment and interest.)


Appendix 5
Ethics Form submitted to the university prior to starting the project. Ethical approval granted. 
Working collaboratively has helped impoved my understanding of mathematics

Strong agree	agree	disagree	7	1	1	

Asking my peers when I am stuck has helped me understand the problem better

Strongly agree	agree	disagree	strongly disagree	4	3	2	1	

I prefer to be given a problem to try before being shown how to solve it.

strongly agree	agree	disagree	strongly disagree	4	5	0	0	

I feel more confident to answer problems now we are trying more in class

strongly agree	agree	disagree	5	2	2	

Comparision of scores on 2 seperate papers

First paper	13	23	17	14	23	14	11	32	24	13	15	23	15	Second paper	16	21	25	17	26	32	24	34	38	18	16	30	27	
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