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Purpose of Research 
The purpose of the research is to explore the potential benefits of children working collaboratively to solve numerical problems. Empirical evidence suggests there is often less emphasis placed on the use of oracy between pupils when developing their levels of numeracy. The school where the researcher is conducting the lesson study has identified maintaining and improving standards in literacy and numeracy as a key priority (School Development Plan, 2017-2020). The research topic therefore seems extremely relevant to the school as a whole as it will explore the use of literacy, specifically oracy, to hopefully enhance the teaching and learning of a key area of numeracy.  

Research Context
The school where the research will take place and the University of Wales Trinity Saint David (UWTSD) have a positive relationship. Both parties recognise the benefits of teachers taking time to reflect on their teaching and read pedagogical research. The Headteacher of the school discussed feels passionately about teachers taking time to reflect on their practice. He believes this has the capability of extending teaching repertoire and ultimately improving the quality of learning that takes place in the classroom. The researcher, who is a class teacher in the school, has been given the opportunity by UWTSD to conduct a Lesson Study that focusses on a specific area of pupil learning. Dudley (2014) shares how Lesson Study is an effective way of helping teachers to modify their approaches to teaching so that learning can be improved. 

The researcher noticed when teaching his class that a large proportion of children would frequently have difficulties understanding and ultimately solving mathematical problems that required a level of numerical reasoning. This interested the researcher as several of these children who were regularly having difficulties were children who were otherwise numerically strong. These children consistently performed at or above the expected level in other areas of the numeracy curriculum such as developing number, measuring and data skills. 

The proposed research activity sets out to identify how effective peer support and oral communication are at enhancing learning in numerical reasoning amongst Key Stage Two children. By the end of the project the researcher aims to have highlighted potential ways where standards in numerical reasoning can ultimately be improved.








Literature Review 
Research suggests a large number of pupils continue to find the application of Mathematics and the ability to reason among the more challenging areas of Numeracy (Hansen, 2005). The benefit of communication amongst children to support and enhance learning in Literacy has long been recognised as good practice (Wells, 1986) and of great importance as children grow up and move on into the working world.  Today, many graduate level employers consider that the ability to reason effectively is an essential skill in the work place (Davis, 2018) and as a result, it is becoming more and more common to have robust reasoning assessments (as well as literacy tests) as part of the interview process. 

Over the last ten years, Wales has been consistently behind the other UK countries in the worldwide PISA (The Programme for International Student Assessment) education test in Mathematics (OECD, 2017). Wales has also remained well behind the OECD (Organisation for Economic Co-operation and Development) average throughout that time. The ability to solve problems and reason effectively is found to be a key element of the PISA numerical assessment. Nunes et al. (2009) deduced that; developing children’s numerical reasoning skills plays a more significant role in their overall numerical achievement than developing their arithmetic and general number work. Cowan (2018) also stresses the significance numerical reasoning plays in a child’s education by explaining how reasoning and problem solving play a key role in developing a wide range of cognitive skills that enhance learning in other areas as well as Numeracy.   


Wake (2005) discusses the problem of the number of children approaching the end of Secondary Education who have significant difficulties with the application of Mathematics. He highlights the lack of opportunity some pupils have had to communicate Numeracy meaningfully during their earlier time in school as one of the key issues in causing these difficulties.  

In 2013 the Welsh Government outlined the need to put a greater emphasis on numerical reasoning by introducing two separate mathematical assessments (procedural and reasoning) with the introduction of the national tests (National Assembly for Wales, 2013). This would then provide an additional way for teachers to assess how capable their pupils are at identifying what strategies are required to solve specific numerical reasoning problems. 

Estyn (2014) stated that the overall level of numerical skills amongst children in Key Stage Two and Three was not satisfactory. In particular, there were often significant gaps in understanding with a number of key problem solving strategies and techniques that children attempted. Estyn (2017) again identified shortcomings in Wales, concluding Numeracy to be insufficiently planned and/or taught in around 33% of Primary Schools. Notably, in these schools children were often not deemed to be provided with enough opportunity to develop their numerical reasoning skills.    



Donaldson (2015) states how important it is for children to enjoy the chance to problem solve and work collaboratively with their peers to develop their levels of thinking. Topping (2015) speaks about the benefits of collaboration where children are encouraged to go a step further and teach each other when problem solving. Swan (2005) also shares the positives of collaboration amongst pupils where learners should be given the chance to compare the different methods they have used to solve specific problems. He argues how this approach can increase the self- esteem of children and help them appreciate that mathematics often requires a fluid and flexible approach to reach an answer. Hence, children should not feel restricted to there being only one set method to obtain a solution. 

Mercer and Sams (2006) point out the potential negatives of peer support during numerical reasoning activities. He states that children of Primary School age can struggle to work productively in tasks that require sustained levels of oracy and that some pupils lack the required skills needed to manage their collaborative task to completion. Mercer and Sams later concluded that the modelling of appropriate reasoning language and vocabulary to children was a crucial part in allowing children to work constructively together to develop their numerical reasoning skills.
 
Vygotsky (1978) argues how social interaction amongst children where they are required to solve problems is an integral part of a child’s personal development. Whilst Yackel et al. (1991) discovered that Primary School children working in a group environment were able to reach conclusions and answers for themselves that they wouldn’t have obtained through teacher led delivery.  
Methodology
The research activity will take place with a mixed year group (year four and year five) Numeracy class and will be carried out over the course of three lessons. Dudley (2014) highlights the need for effective lesson study to take place over three or more lessons and for other educationists to play a joint role in the planning and evaluation of each session. The sessions will require both the application of Mathematics and the ability to use reasoning skills to reach a solution. 

The project researcher is the teacher of the class and will be a participant observer throughout the lessons. An additional adult (a class teacher, who is also a student of the university) will be a non-participant observer throughout the three lessons. The non-participant observer will monitor the first two boys and first girl on the class register. The participant observer will monitor the third boy and the second and third girl on the class register.

The first lesson will focus on each child working independently, using his/her reasoning skills, to try and problem solve. For this lesson, the observing adults will study the six children referred to above. Following the lesson, the six children will be interviewed individually by the researcher. The researcher has decided to use a qualitative approach to collecting data. Mack et al. (2011) argue how qualitative data has the ability to produce results that are not predetermined. This was important to the researcher as he didn’t want to limit pupil opinion during the focus group interviews.  

During each interview the researcher will be joined by the non-participant observer. Brookfield (1995) shares the advantages of learners reflecting on a task with the teacher and also the beneficial nature of teachers talking through their individual experiences with colleagues. After the interviews, the two adults will discuss their main findings from the lesson. The opinions of the children will also be discussed and reviewed. The researcher and the non-participant observer will complete their preparation for the second lesson and identify any specific notes of interest to explore during the next part of the classroom based research.

The second and third lesson will again focus on the use of reasoning skills to problem solve but this time the children will work collaboratively with a partner to reach a solution. 
 
During the second lesson each pair of pupils will work together independently from the other pairs. Each adult will observe the same children that he/she observed during the first lesson, however, this time focussing on how the specific child learns in a paired environment. After the lesson the researcher will interview each of the six children who were observed. Again, for each interview, the researcher will be joined by the member of staff who was the non-participant observer during the lesson. The researcher will discuss with the other adult his/her observations and comparisons from the two lessons and reflect on the feedback the pupils gave during the interviews. The classroom observations and feedback from the interviews will play a significant role in exactly what the researcher and non-participant observer plan for the final lesson. Again, during this preparation the observers will discuss in detail any specific notes of interest that can be explored further during the final part of the classroom based research.
The third lesson will follow a similar structure to the second lesson where there will be a continued focus on the potential benefits of children working collaboratively to solve reasoning style problems. During this lesson the same six children will be observed by the two adult observers. Again, the two adults present will focus on how the observed children learn in a paired environment.  The interview process will be conducted in the same way as after the second lesson. The researcher and non-participant observer will meet for the final time to discuss in detail their overall findings from the three lessons. 

It is important that a contingency plan is put in place in the event of pupil absence or a child opting out of the focus interview. Therefore for the lessons, the non-participant adult will observe the fourth boy and fourth girl on the register in addition to the children they are already studying. If required, one of these pupils could replace an absent child in the focussed interview.








Ethical Considerations 
Bera (2011) and UWTSD Research Ethics and Integrity Code of Practice (2018) highlight the need for the best interest of the child to be the primary consideration to any researcher carrying out a lesson study. The researcher and adults observing will be fully aware of the school’s Safeguarding Policy prior to any research activities taking place. The researcher and the observing adults will at all times adhere to the legal requirements that relate to working with a child. The wishes of all children will be respected if they decide at any point that they don’t want to take part in the research activity. All children will be informed of this prior to the research activity taking place. A low risk level is anticipated for the duration of the research. However, pupil well-being will always be of the highest priority. At no point in the research activity will children be placed under the risk of physical harm. All children who are involved in the research activity will be required to provide assent. The parents/legal guardians of these children will also need to give the necessary consent. The researcher will make his best efforts to reduce any intrusion from the norm so that the children do not behave in a different way from how they would normally act.

The school where the research will take place and the University of Wales Trinity Saint David have a positive relationship. The researcher is aware of the Memorandum of Understanding between the two parties and, as a result, is determined to ensure that this relationship is upheld. It is therefore of high priority that the partnership between school and university is respected throughout the research. The researcher understands the need to always conduct himself in an ethical and professional manner so that the partnership between University and school is not damaged. The researcher will ensure that no results are fabricated and that the research is not manipulated in any way. 
The concept of plagiarism is also fully understood by the researcher and all work will be referenced correctly when writing the assignment.















Lesson Study 
The three lessons where the studies took place all involved the children using their numerical reasoning skills to problem solve. Throughout the sessions the two adults observing witnessed some common strengths, misconceptions and errors that the identified children demonstrated when carrying out the tasks.
Lesson One and Analysis
The activity involved the children working independently on their own throughout the whole course of the lesson. The session required the children to budget, investigating how much it would cost to purchase a range of items from a greengrocer. As part of the problem they were required to identify how much several of the same item would cost i.e. 12 oranges, three bunches of grapes etc. 

An interesting note of observation was the failure of two pupils (C and F) to realise that their answer was unrealistic (Appendix 1 and Appendix 2). The misplacement of a decimal point resulted in these pupils pricing a few pieces of fruit and vegetables at over £44. When this was highlighted to the children at the end of the lesson they quickly appreciated that £44 seemed rather a lot of money for a small amount of food.  Pupils B and D (Appendix 1 and Appendix 2), whilst displaying the correct method, made errors with their mental arithmetic. However, when reminded at the end of the session to check a specific area of their work both were quickly able to identify their miscalculation. 


The Literacy and Numeracy Framework (LNF) used throughout Wales highlights the need to (i) interpret answers effectively within the overall context of a problem and determine whether the solution obtained is sensible and (ii) develop the skill of pupils applying checking strategies to their work to ensure answers are reasonable. The challenge now is for children to ensure they are in the habit of checking the validity of their work without being prompted to do so by an adult.

Another major point of interest that arose from the session was the failure of three of the pupils observed to clearly state an answer to the investigation. Pupil B and Pupil C (Appendix 1) included all their workings but failed to revisit the initial question and simply state whether the character had enough money to pay for the items. Pupil D (Appendix 2) made an attempt to write the answer to the question although this was untidy and difficult to interpret – potentially suggesting the child didn’t see the presentation of a final answer as a major priority. Again the concept of children reviewing their work is highlighted as one of the three key subheadings of developing numerical reasoning within the LNF.   

The significant positive throughout the session was how well the observed children maintained focus and concentration throughout the task. The children clearly responded positively to the challenge of carrying out the work on their own. At no stage were the children prompted to ensure they remained on task.


During the focus group interviews (Appendix 3) Pupil A and C enjoyed the independent nature of the task and liked the challenge of carrying out the task completely on their own. However, Pupil B, D, E and F revealed that they prefer an environment where they can discuss their work with a teacher or friend. 

As planned, the researcher and the non-participant observer completed their preparation for the second lesson by identifying any specific notes of interest to explore further during the next part of the classroom based research. Continuing on the theme from what has already been stated about Lesson Study One, the researcher and non-participant observer wanted to explore ways that encourage the children to place greater emphasis on the checking of work and the need to review fully whether the question has been answered.

Therefore, the next lesson study was split into two halves. The first half of the session involved the children working independently to solve a short numerical reasoning investigation. The second half of the session then involved the children exchanging their work with a partner and reviewing/assessing their partner’s work. During this time the children were encouraged to (i) discuss with their partner the strategies that they used (ii) check to see whether any calculations had been computed correctly and (iii) decide if the answer was sensible and if it had been fully disclosed. The lesson specifically explored the benefits of peer assessment at enhancing numerical reasoning skills. Lesson Study Two would hopefully provide some insight as to whether peer communication could help by adding greater emphasis on the reviewing and checking of work. 

Lesson Two and Analysis
The second lesson of the study involved the children carrying out a similar task to the first lesson where they were required to apply their numerical reasoning skills to solve a task relating to items within a supermarket. As eluded to in the previous paragraph, the observing adults were to now place their focus on (i) the strategies and overall success that the pupils demonstrated while working through the problem on their own and (ii) the impact of a pupil checking a peer’s work, discussing the strategies used and then comparing the work they’ve assessed with their own work.

The first common theme of interest was witnessed with Case Pupil A, B and D (Appendix Four and Appendix Five). These three children all understood exactly what the question was asking. However, they failed to identify that a quick written multiplication procedure would have been faster to reach a solution and would have required significantly less mental arithmetic than the column addition approach that they opted for. Of the three pupils listed above, pupil A reached the correct answer after some detailed mental and written calculations, pupil B miscalculated when adding the numbers in her head, pupil D reached the correct outcome although often sought approval from an adult that her calculations were correct. Pupils C, E and F (Appendix Four and Appendix Five) all opted to use the multiplication approach instead of repeated addition. As a result these children reached the correct solution in significantly less time than the other three children observed.


Reflecting upon this, the decision to choose the column method for addition would have been more understandable had the children not been familiar with the written procedure for multiplication. However, Pupil A, B and D have demonstrated on several occasions throughout the year to the researcher (also the class teacher) that they are confident with the procedure. 

The second half of the session immediately demonstrated some benefits of children working collaboratively. Pupil B (Appendix 4) was observed acknowledging that her partner’s use of multiplication instead of column addition had saved a lot of time. Whist Pupil D was also quick to highlight during the focus group interview (Appendix 6) that their partner’s use of multiplication was a more efficient way to work through that specific part of the problem. Pupil F (Appendix 5), who also used the multiplication strategy, was seen explaining articulately to his partner who had toiled with repeated addition the benefit of using a multiplication procedure to simplify the process.

The focus group interviews after Lesson Study Two provided a range of responses as to how the pupils felt about peer assessment. Pupil A, D and F (Appendix 6) were enthusiastic about the collaborative nature of the lesson for different reasons. Pupil A liked the informal nature of being assessed by a peer which made her less worried about making a mistake. Pupil D found it helpful discussing the work with a friend but intimated that she would have been less comfortable working alongside a partner she was not as familiar with. Pupil F highlighted that working with a partner makes her more confident and found it helpful comparing answers and workings. Pupil B, C and E (Appendix 6) were less sure of the benefits of peer assessment. 
Pupils B and E found it difficult to carry out peer assessment due to the presentation of their partner’s work and their ultimate struggles understanding the strategies that their peer had used. Pupil C found the process of checking a partner’s work useful and liked the challenge of identifying whether the correct workings and strategies had been applied. However he felt uncomfortable with the idea of telling a partner they had made a mistake.   

In preparation for the third and final lesson of the study the participant and non-participant observer felt the specific pairing of children could be important in ensuring learning was maximised, particularly with children who had demonstrated shyness or lack of mathematical confidence. As planned, the children worked collaboratively throughout the lesson. The issue that Pupil B and E raised (see previous paragraph regarding understanding a partner’s written work) would hopefully be less of a concern when each child would be required to work through the mathematical investigation together from the start.            








Lesson Three and Analysis
The final lesson of the study was centred around the children working in pairs, applying their numerical skills to work through an investigation involving the price of confectionery in a sweet shop. 

When reflecting upon the lesson, the observers identified that each pupil naturally either took on a lead role or a support role within the pair. Pupil A, B, E and F (Appendix 7 and Appendix 8) all played support roles within their pair. The adults observed that these children remained on task throughout the entire activity. Pupil E posed a number of relevant questions to her partner to seek clarity which demonstrated an increasingly secure understanding of the task in hand. Pupil B was observed informing her partner that she was unsure of what the word ‘at least’ meant in the task they were responding to. Another one of the three key subheadings identified to developing numerical reasoning within the LNF is the concept of children representing their work and communicating effectively. The benefit of this was clearly evident here where Pupil B’s partner was immediately able to explain what the specific terminology meant before they carried on with the activity. 

Pupil C and Pupil D (Appendix 7 and Appendix 8) who took on lead roles also appeared to benefit from the collaborative nature of the task. After carrying out a lengthy calculation in her head, Pupil D was observed asking her partner what strategy she used. Her partner then carried out written workings to confirm that Pupil D’s original mental calculation was correct. Pupil C was observed reading parts of the question aloud and then informing his partner what he should do step by step in order to reach a solution.
 Despite being the main contributor in the pair, Pupil C appeared to be significantly more comfortable identifying the process needed to reach the solution when there was someone present to whom he could explain his thoughts. This concept of identifying the necessary processes to reach a solution is the third key subheading highlighted to develop children’s numerical reasoning skills in the LNF. 

The focus group interviews (Appendix 9) provided consistently positive views regarding the collaborative nature of the task. Pupil A, who appeared to take a less active role than her partner, offered to talk in detail through her pair’s workings which showed she had gained a sound understanding of the work they had both produced. Pupil B found the paired work effective as during the task they both identified issues that arose and corrected each other’s mistakes. Pupil E indicated the lesson was more enjoyable when working with a peer.      Finally, Pupil A and Pupil D both acknowledged that they found it helpful working with a ‘friend’ to support them. A future point of research could possibly explore the positives/negatives of children choosing who they work with as opposed to this being arranged by the teacher.  






Discussion
The lesson study was successful at indicating how peer support could develop numerical reasoning in a Key Stage Two class as well as providing a few potential restrictions with the approach. Pearse and Walton (2011) determined that giving children the opportunity to compare and contrast their workings with the workings of their peers is a vital part of developing numerical reasoning within the classroom. Pupil B, D and F validated this view (See Appendices 4, 6 and 5 respectively) by exploring the similarities and differences between their own work and their partner’s work and were able to identify more efficient ways of working through a problem. However, Pupils B and E (Appendix 6) found this approach was not always helpful in improving numerical reasoning skills as they experienced difficulty understanding their partner’s mathematical approach due to the presentation and layout of their workings. 

Pupil A and C (Appendix 4) appeared to be less focussed during the peer assessed task compared to how they were when working individually. This was potentially down to the fact the children have had less experience using peer assessment in relation to numerical reasoning problems.  Hodgen et al. (2018) discuss the positives of peers reviewing each other’s work but stress the importance of this concept being taught and demonstrated by the teacher first. On reflection, more teacher guidance prior to the task may well have helped these two pupils in assessing their partner’s work and comparing their partner’s work with their own. 

Hattie (2012) argues that peer support is beneficial to children in developing their ability to solve problems stating it can also improve pupil motivation and ultimately overall learning outcomes. In contrast to this, Lesson Study One actually demonstrated how the children were fully motivated when working on their own independently. However, Hattie’s views regarding improving problem solving were verified in Lesson Study Three where pupils were observed clarifying specific mathematical terminology (Appendix 7), checking their partner’s calculations (Appendix 8) and displaying more confidence identifying the steps needed to reach a solution (Appendix 7). 

Despite the many benefits discussed regarding peer support improving children’s ability to reason numerically, empirical evidence suggests there is still a great need for children to be able to access the curriculum independently. Donaldson (2015) identifies resilience and the ability to be an independent learner as key qualities for children to develop as they prepare themselves for the working world. The children displayed an excellent work ethic throughout Lesson Study 1 (Appendices 1 and 2). However, the resilience and discipline required to review the work was not always evident e.g. the failure of Pupil C and F (Appendices 1 and 2) to identify unrealistic answers. Wake (2005) argues the necessity for children to be given significantly more opportunity to discuss mathematics with their peers early in their education to avoid the scenario of pupils leaving schools still displaying major difficulties with the application of numerical reasoning. When considering the pleasing levels of mathematical discussion displayed in Lesson Study Three, one has reason to be hopeful for children’s future mathematical development if they are given regular time to collaborate their ideas whilst problem solving.

Conclusion
On reflection, Dudley’s (2014) cycle of teaching three research lessons proved to be an appropriate way of carrying out lesson study and provided a range of results whilst also providing some common trends. The sample size of children the researcher chose to be observed appeared to be a large enough number to give a fair overall reflection of how the class generally coped with the tasks. However, both observers thought it was still a manageable number of children to observe throughout the lessons, agreeing that observing a higher number of pupils would have made it difficult to pay as close attention to really specific details. Hence, Dudley’s suggestion for each observer to study three children was deemed to be a suitable sample number.

Mack et al. (2011) highlight the advantages of qualitative data compared to quantitative data explaining that it delivers an opportunity for opinions to be shared. The focus group interviews, where the children openly shared their opinions after each lesson, really helped validate this view ensuring useful and relevant data was collected (see all appendices).

It must be noted that the qualitative data that was gathered, despite providing some detailed information, was from a small sample size. Whilst the method of collecting data was reliable, it is important for the reader to appreciate that a lesson study of children within schools of a different social and/or cultural background may well have produced alternative results. For further research it may be interesting to explore the same question within other schools in the local area thus increasing the sample size. 
Alternatively one could compare the effect of peer support developing numerical reasoning at a school in an alternative geographical location with a different social and/or cultural background. 

Whilst reflecting on how effective peer support is at developing numerical reasoning, the researcher came to these conclusions:
The Lesson Study provided evidence how children working collaboratively can positively affect learning in a number of ways. Arslan (2013) promotes the need to trial alternate teaching strategies to support and build up the confidence of pupils with a fear of Mathematics.  The approach of working in pairs clearly demonstrated the capability to increase pupil confidence levels and also helped instil a greater belief in the children’s ability to successfully reach a solution.     

The Lesson Study also provided evidence how the use of peer support when applying numerical reasoning skills can result in children being more thorough in regards to the checking and reviewing of their work (see Appendix 8). This could be in the form of identifying a miscalculation, a misinterpretation of the original question or a failure to fully answer the question. The research indicated that the use of peer support can also provide further benefits by giving children the opportunity to clarify specific mathematical terminology within the question in order to help them identify the required steps to successfully reach a solution.  


Empirical evidence suggests pupils gain a richer learning experience by being exposed to different learning environments. It is therefore essential that children do not become reliant on their peers. For this reason alone pupils must still be given ample time to develop resilience and independence whilst doing their work. It is also worth noting that all children are different in the way they learn and make sense of our world. Bearing this in mind, some pupils will learn best in a group/social environment whilst other children may be more productive when they are not collaborating with their peers. Donaldson (2015) discusses the need for children to be given regular opportunities to lead their own learning. In agreeing with this view, it is argued pupils should sometimes be given the choice of whether they work independently or through collaboration.      










Recommendations
When considering future research one is aware that the specific pairing of children can play a key role in determining the amount of learning that takes place. For example, pupils’ mathematical ability, classroom behaviour, social development and levels of self-esteem could all play a role in determining how well children ultimately work with each other. Therefore, future research could explore in more detail the different ways of grouping children to help maximise learning. For example, some children may naturally work better and feel more comfortable with a friend whist others could be easily distracted and may work more efficiently with a peer outside their usual social group. 

In light of the research which has been undertaken, the researcher will ensure findings from the Lesson Study are shared with the Headteacher and other colleagues within the school to support their future planning and teaching in regards to developing children’s numerical reasoning skills. It would be beneficial to other schools within the local area that already have a collaborative approach and share good teaching practice, to consider and discuss how this research could positively impact teaching methods and learning within their schools. The researcher would also be enthusiastic to share his findings with the Education Department of the University of Wales Trinity Saint David. It is hoped that the findings from this research will prove useful to the University as it continues to train the next generation of teachers. 
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Appendix One
Lesson One  –  Observation and Discussion Sheet from Participant Observer

	Case Pupil A
	Case Pupil B
	Case Pupil C

	
· Keen to initially do workings in head.

· Opted for column method despite there being serveral numbers to deal with (multiplication would have been more efficient ). 

· Method demonstrated she understood what the question was asking.

· Unsecure column addition and difficulty converting between pence and pound.

· Clearly lacked confidence with no one available to support.

· Mood changed quickly when noticing she was struggling with the task. Clearly frustrated and disappointed she couldn’t reach the desired solution. 

	
· Excellent workings (correct method displayed)

· Let down by mental addition when times tables approach would have been more efficient. 

· Understood the question but failed to clearly state the answer i.e. ‘Yes, you can afford it!’

· Made a careless mistake working out the change. 

· Understood the strategy required to reach the solution.

· Would benefit from checking her work and re-reading the orignial question.

· Overall positive learning outcome about how she went about the task.

· Great work ethic displayed throughout the task.  
	
· Appeared confident throughout. 

· Appreciated the need to use column method. 

· Did not notice his answer was unrealistic i.e. £44 for fruit

· Did all the correct workings but did not answer the initial question i.e. ‘Yes! You can afford it!’

· Had a good understanding of the text and the strategies that could be used to work towards a solution. 

· Important he checks work to ensure no items are missed when adding.

· Excellent work ethic displayed throughout.  


Appendix Two	
Lesson One  – Observation and Discussion sheet from Non-Participant Observer

	Case Pupil D
	Case Pupil E
	Case Pupil F

	
· Used the methods shown in whole class introduction. However, miscalculated when computing numbers in head. 

· Lacked self confidence in reaching the correct solution.

· Used column addition for all calculations (could have used multiplication).

· Confused self with poor presentation / lack of structure recording workings.

· Reluctant to check work.  

· Made an attempt to include an answer to the whole investigation. However, this was not clearly presented and was difficult for the reader to identify.  
	
· Keen to complete work and was focussed throughout the task.  

· Opted for mental strategies instead of written strategies i.e. doubling in her head.

· Indicated she was suck before taking time to fully read the question. 

· Lacked confidence.

· Found the task very challenging.

 
	
· Initially misread the question which resulted in him becoming confused.

· Identified that £44 was too much to pay for a few pieces of fruit.

· Preferred a mental approach to go about reaching a solution.

· Got incorrect answer but struggled to identify where he went wrong due to lack of written workings.

· Found the task difficult.  

· Focussed throughout the task. 





Appendix Three 
Lesson One – Post Lesson Interviews

	Case Pupil A
	Case Pupil B
	Case Pupil C
	Case Pupil D
	Case Pupil E
	Case Pupil F

	
-Felt she could do some of the work but found it difficult reaching an answer.

-Liked working on her own. 
	
-Enjoyed the task but found it hard to reach the final answer. 

-Would have liked to have spoken to a friend or teacher. 

-If she wanted to check something she would usually ask a friend but if she was stuck she would ask the teacher. 
	
-Liked the opportunity to work independently .
	
-Doesn’t mind working on own but prefers an environment where you can chat to a friend.

-Feels like a grown up working independently without support.

-Would usually ask a teacher before a friend if stuck. 
	
-Found it strange and quite difficult not being able to clarify anything with her partner. 

-Enjoyed the real life problem solving theme to the lesson. 
	
-Didn’t like not being able to speak to another child about their work. 
-Feels more confident having the chance to discuss work with a partner. 








Appendix Four
Lesson Two – Observation and Discussion Sheet from Participant Observer

	Case Pupil A – working independently
	Case Pupil B – working independently
	Case Pupil C – working independently 

	
· Understood what the question was asking.

· Opted to use column method. 

· More accurate workings displayed with column method compared to yesterday’s session. 

· Understood the steps needed to reach the solution. 

· Very detailed workings to eventually reach the correct answer.

	
· Understood the method required.

· Careless mistake forgot to include one item of food when calculating the total fruit purchased. 

· Also miscalculated when using mental strategies to add the items of food. 
	
· Understood the method required. 

· Correct method used to go about solving the investigation (used multiplication to reach the solution.



	Case Pupil A – during peer assessment 
	Case Pupil B – during peer assessment
	Case Pupil C – during peer assessment

	
· Appeared less focussed when discussing and reviewing work with her partner
	
· Acknowledged that her partner’s use of multiplication instead of column addition helped reach an answer much quicker with less workings. 
	
· Did not work as productively reviewing work with partner compared to focus shown when working independently.  





Appendix Five
Lesson Two – Observation and Discussion sheet from Non-Participant Observer

	Case Pupil D – working independently 
	Case Pupil E – working independently
	Case Pupil F – working independently 

	
· Used column addition again where multiplication would have been more appropriate. Demonstrated a good understanding of the initial question. 
 
· Underlined all fruit in the question to help work out the question.

·  Not much confidence in answering the question. Often seeked reassurance from the adult to make sure she was using the correct strategies.

· Eventually reached the correct answer but took a long time to do so.
	
· Took a little time to identify what the question was asking. Once appropriate steps were identfied, worked through the task efficiently and systematically. 

· Work presented very neatly. Opted for multiplication approach to reach the solution.

· Despite the ability to work independently.


	
· Was able identify the precise nature of the question. 

· Used multiplication to go about solving the problem.

· Reached the correct answer.

· Did not seek adult support at any point. 

	Case Pupil D – during peer assessment
	Case Pupil E – during peer assessment 
	Case Pupil F – during peer assessment 

	
· Understood from partner how multiplication could be used instead of addition.

· Appeared to enjoy chatting to her partner about the work.

· Showed her partner an effective way to help access the 9 times table.  
	
· Re-visited the original question with her partner. 

· Was thorough in checking her partner’s work all the way through to the solution. 
	
· Was able to check using two strategies to see if her partner’s answers were correct. 

· Was animated during this section of the task.Was seen explaining to partner the benefit of using multplication over addition to simplify the process.  


Appendix Six 
Lesson Two – Post Lesson Interviews

	Case Pupil A
	Case Pupil B
	Case Pupil C
	Case Pupil D
	Case Pupil E
	Case Pupil F

	
-Liked the task but found it tricky. 

-Liked the challenge of checking her partner’s work.

-Checking with a peer helped her identify what she had done correct/incorrect.

-Liked being assessed by a peer. Found this informal approach made her worry less about making a mistake. 
 
	
-Didn’t understand exactly what the question was asking.

-However she did understand when discussed with partner. 

-However, didn’t find the peer assessment helpful.  

-Found it confusing that partner had used a different strategy.

-Found it difficult to follow partner’s work and identify if workings were accurate due to partner’s poor presentation. 
 
	
-Enjoyed the task, identifying which shop provided the the best deal.

-Liked the challenge of checking someone’s work to see if they had used the correct strategies and reached the correct solution.

-Found it helpful reviewing someone else’s work although 
didn’t like the idea of informing a partner they had made a mistake. 

 
	
-More comfortable working on own because that is what she is used to.

-Idenftified that her poor presentation and her overall layout of work caused her to make silly mistakes.

-Liked working with a friend although would not have been as comfortable working somebody less familiar.  

-Identified that partner’s use of multiplication to reach the solution was faster than her using column addition. 
	
-Happy with the work although found comparing prices between the two shops confusing.

-Found checking each other’s work tricky, reading and understanding the handwriting and workings of partner was difficult. 

- Wasn’t sure about the overall benefits of peer assesment. 

-Didn’t feel comfortable telling people their mistakes. 
 
	
-Enjoyed the problems.

-Liked applying column addition (skills already confident with).

-Felt the chance to work with someone made you feel ‘less on your own’.

-Recognised her answers were different to her partner’s but were unable to identify the reasons why and who was correct/incorrect.

-Working with a partner made her feel more confident. Found it helpful comparing workings.


Appendix Seven
Lesson Three – Observation and Discussion Sheet from Participant Observer

	Case Pupil A
	Case Pupil B
	Case Pupil C

	
· Understood the work and was able to clearly explain her answers.

· Answers she wrote were not displayed clearly. However the answers were communicated clearly with her partner.

· Worked well with her more able partner.

· Despite more able partner doing the majority of the written work, was able to explain her workings to me when questioned.

	
· Understood the task although initially accepted a possible answer from partner without checking whether it was correct.

· Unsure what the terminology ‘at least’ meant within the quesetion. Her partner was able to explain this clearly to her.

· Lacked confidence and viewed herself as weaker mathematically. However, understood the work when it was explained by the peer.

	
· Took a lead role in going about solving the problem. 

· Often re-read parts of the question out loud to partner. He would then inform his partner what he thought they should do step by step. This appeared to help both pupils in working through the task effectively and help them identifty the required steps needed to reach the solution. 

· Appeared to be more confident working through the problem when there was somebody who he could explain his thoughts to. 

· Acknowledged that a trial and error approach could be effective at answering the question and was able to do this collaboratively with his pair.




Appendix Eight
Lesson Three – Observation and Discussion Sheet from Non-Participant Observer

	Case Pupil D
	Case Pupil E
	Case Pupil F

	
· Took a lead.

· Initially, didn’t show her workings out.

· Worked out the answer to part of the question using mental arithmetic, taking a long to process a lengthy sum. Her partner was then able to use a written procedure to check the mental calculation was correct.
	
· Asked partner a lot of questions despite her own ideas being accurate. Often seeked reassurance from her partner that her own ideas and calculations were correct.

· Enjoyed showing her partner how she reached the solution. 

· Happy for partner to take the lead but also went on to ensure she showed the correct workings out.  
	
· Worked conscientiously with his partner throughout the task.

· Neatly presented work taking  a lot of care of the overall presentation. 

· Checked answers consistently with his partner. 

· Initially mis-read the question but then partner helped clarify.

· Eager to complete the work although happier for partner to take more of a lead role. 







Appendix Nine 
Lesson Three – Post Lesson Interviews

	Case Pupil A
	Case Pupil B
	Case Pupil C
	Case Pupil D
	Case Pupil E
	Case Pupil F

	
 -Found the task challenging but enjoyable.

-Liked having a partner to chat about the work.

-Felt more comfortable having a friend to support her.

-Was able to clearly explain all workings that her and her partner had carried out demonstrating a solid understanding. 
	
 -Found the work easier now she was working alongside a partner.

-Felt her and her partner worked well together.

-Felt her partner was helpful correcting some of her mistakes. 

-Felt like she also helped her partner. 
	
-Preferred working collaboratively from the beginning compared to yesterday’s peer assessing.

-Enjoys working in a pair. Feels he gets more distracted when working on his own and that working with a partner helps him concentrate. 
 
	
 -Felt good about the lesson.

-Felt it was helpful to work with a friend.

-Liked having the chance to share ideas.

-Her partner helped her when she was stuck.
	
-Found it hard working on own and easier working with a partner.

-Liked working with a friend.

-Would like to keep doing work in pairs. 
	
-Likes working in a pair but only he agrees with his partner.

-Would normally ask a teacher before a friend if he was stuck.

-Thinks it is helpful for children to discuss  their answers among themselves. 





