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	Student Self Evaluation Form 



	Common Assessment Criteria Applied

	
	
REFER
	
D
	
C
	
B
	
A

	
	OUTRIGHT FAIL
	UNSATISFACTORY
	SATISFACTORY
	GOOD
	VERY GOOD
	EXCELLENT

	1. Subject Knowledge and Understanding (which includes using research-informed literature and knowledge and understanding of the subject)
	
	
	
	
	
	

	
	
	
	
	
	X
	

	2. Intellectual Skills (Analysis)
	
	
	
	
	X
	

	3. Pedagogic and Professional Applications (Practical Application and Deployment)
	
	
	
	
	
	

	
	
	
	
	
	X
	

	4. Key Transferable Skills
	
	
	
	
	X
	


	PLEASE COMMENT ON AREAS IN WHICH YOU FEEL THAT YOU HAVE PERFORMED WELL 
	PLEASE COMMENT ON AREAS YOU FEEL THAT YOU NEED TO DEVELOP

	I feel I have carried out the study well, worked well in a group and completed a decent report.



	



This section repeats in brief the common assessment criteria detailed on previous pages. The extent to which these are demonstrated by you determines your mark. Using these criteria, tick the box that best indicates the level of achievement you feel you have achieved with regard to each of them.















“How does visual representation of fractions impact the children’s understanding of the topic in Key Stage 2?”








Word count: 6324




Aim
   The topic that piqued my interest for this lesson study was the impact that visual representation has on children’s learning of fractions whilst in key stage two. In order to see if visual support does help develop children’s learning and understanding of a topic, The children in my study were required to complete some activities based on fractions including a short collaborative game and a written activity. After the lesson the children took part in a short interview discussing their feelings towards different types of activities provided, and whether they felt the visual resources were beneficial to their learning. This study will help me develop both my teaching methods and my understanding of the importance of visual resources in children’s mathematical learning.

Research context
   This lesson study was carried out in the year three/four classroom of a small primary school in south Swansea, a year four classroom and a year five/six classroom in another small primary school in central/north Swansea. In my class I had twenty-seven children of various abilities in years three and four. One of my partners is in a class with twenty-four children of mixed ability in years five and six. My final research partner has a class of seventeen mixed ability children that are in year four. All three classrooms from this study seat the children in ability groups.

   As a group my partners and I discussed subjects and topics that our children have previously covered whilst we were teaching in their class over the first half term of 2018. We all agreed on maths as a good central subject to use because it would be easy to differentiate for the different ages and abilities of the children in our study. Next, we collectively went through topics in maths that the children had covered from either our own teaching, or when we have supported small groups in a topic taught by their teacher. We decided upon fractions because we have all taught fractions to the children in our classes and feel that they are all confident and capable of developing their fractions knowledge through individual and group activities. From this, our research question is
“How does visual representation of fractions impact the children’s understanding of the topic in Key Stage 2?”



Literature Review
   It is essential for teachers to support and enrich the learning of all children. This is known as scaffolding and is derived from Vygotsky’s zone of proximal development as Pound (2014:53) notes that the zone of proximal development is “the gap between what a child can do alone and what they can do with the help of someone more skilled or experienced”. Bruner supported Vygotsky’s theory and further believed that scaffolding could be incorporated into education by appropriately challenging children, whilst providing support when necessary (Gray and MacBlain, 2012). Gibbons (2015) asserts that effective teachers push their children to reach their potential and gain confidence through appropriate scaffolding, rather than setting them up to fail through poor understanding. There are a variety of ways that teachers can scaffold children’s learning and development, including the use of visual representation in their lessons. Quinnell (2014:24) states that visual representation is able to “scaffold the teaching and learning of literacy in mathematics”.

   Visual representation is important in children’s learning because it helps them to develop their cognitive understanding of complex learning with more ease (Evagorou, Erduran and Mäntylä, (2015). Additionally, Eilam (2012) notes that education nowadays is dependant on the use of visual representation. Underwood and Farrington-Flint (2015) assert that visual representation enhances the memory of learners and it should fit specifically to the topic being taught as it is able to guide and control the learning process and develop children’s understanding. Additionally, Matheson and Hutchinson (2014) note that understanding the visual representation of information is not a simple task, nor does it come easily to everybody and therefore requires a process of teaching, modelling and practice. This enables children to observe the visual aids in practise, and then effectively use them in their own learning.

   It is suggested that there are many forms of visual representation, but the overarching categories are concrete, representational and abstract visual representation (CRA) (Matheson and Hutchinson, 2014). Concrete visual representation is when real life objects are used to help develop understanding (Morena, Ozogul and Reisslein, 2011). Mudaly and Naidoo (2015) state that representational visual resources are pictures, diagrams or drawings of concrete visual representations. Finally, abstract visual representations are displayed through the use of conventional symbols in depicting key elements in children’s understanding (Morena, Ozogul and Reisslein, 2011). Both concrete, representational and abstract visual representation are important in learning as Ainsworth (1999:131) notes that using multiple forms of visual representation can help “capture a learner’s interest and, in doing so, plays an important role in promoting conditions for effective learning”. This is supported by Eilam (2012) who asserts that it is vital for teachers to modify their visual representations to further the understanding and learning of all children in their class, with regard to children’s differing abilities and learning needs. Concrete visual representation is vital in learning because it uses physical resources or images of the object to reduce “memory load and…aid performance” (Underwood and Farrington-Flint, 2015:73). Yet, Morena, Ozogul and Reisslein (2011) state that it is through using a combination of concrete and abstract representations that children’s success in problem solving is increased.

   Visual representation can be used to effectively support the learning of a range of subjects including mathematics (Gersten, Chard, Jayanthi, Baker, Morphy and Flojo, 2009). Post and Cramer (1989, cited in Barmby, Bolden, Raine, and Thompson, 2013) further note that children are able to make stronger connections between areas of mathematics and their own experiences with the help of visual representations. Underwood and Farrington-Flint (2015) similarly assert that visual representations allow children to think about their own thinking as they develop their own representations in their learning, therefore making them able to monitor their own academic progress and control their learning. However, it has been suggested that children may interpret visual representations differently to their teacher or how the teacher expects them to (Barmby, Bolden, Raine and Thompson, 2013). This means that visual representations will not always benefit all children’s learning in the way that teachers may expect.


Methodology
   The research for this study was carried out over the mornings of three consecutive days. We timed the research this way so there was time to complete each piece of research, collect all the data, and reflect upon the relevant assessment for learning strategies used in lesson so that improvements could be made before the next lesson in our study was carried out. A qualitative research method was chosen for this study because we were looking at the benefits of visual representation with children at different ages and abilities in key stage two, rather than measuring how much visual representation helped every child. Mukherji and Albon (2010) reinforce this reasoning as they assert that qualitative research is about the researcher improving their own practice whilst developing their understanding of children and their learning processes. The quantitative approach was not used for this study because quantitative research is very controlled by the researcher, is measurable and is often completed from an outsider’s perspective (Greig, Taylor and MacKay, 2013). We wanted to observe how the children used the resources themselves and  as we had previously taught these classes, we carried out the study as insiders as we knew the participants in our individual classes. In comparison, the qualitative research is completed in a more natural environment, it is subjective and focuses on a specific event in detail, to later be interpreted (Mukherji and Albon, 2010). This relates to our study because the lessons were carried out in the children’s classrooms in their own schools and the data was gathered and transcribed after the interviews had been completed. Flick (2011) further notes that qualitative research is about gaining a full understanding of the topic through using the same data collection methods for each study. We ensured this by recording all three lessons, providing each class with a variety of visual resources and interviewing all the participants in pairs after their lesson.

   Reliability was ensured during this study because all of the participants involved are in key stage two and attend a primary school in Swansea where one of the researchers from this study have taught in their class for the first half term of the new year, so each researcher knew and had built a professional relationship with the children in each class from the lesson study. Christensen and James (2008:227) support this as they state that observing children “for a day or a week [is] not long enough to understand the politics of their world”, meaning that spending time with the children and building a relationship with them, helps the researcher understand each child and learn about the ways they learn. This study would not be helpful to other teacher or researchers because it was conducted as a small-scale research study, meaning that we did not have a lot of time to carry out the research and it would only be beneficial to us, as the researchers and our experiences with the children in the classes involved. Greig, Taylor and MacKay (2013) further note that small-scale research is carried out to allow researchers to use a variety of approaches, data collection methods and sampling techniques to develop their report writing and own knowledge.

   Triangulation allowed us to use a variety of data collection methods, work with a range of children throughout key stage two and conduct the study in different styled classrooms in schools in Swansea. Both Maxwell (2005) and Becker (1970) agree that triangulation reduces the risk of researcher bias in a research study because of the variety of variables that together create triangulation. The use of triangulation will help validate the data collected from the study. The validity of our results was developed by using children’s work completed during the study, recording the lesson and by transcribing the children’s interview responses and comments during the lesson accurately. Triangulation is reinforced by Mukherji and Albon (2010:30) asserting that using multiple methods of data collection in a study allows the “strengths of one method [to] compensate for the weaknesses of another” while confirming the findings from a study through different perspectives. Although the activities were not exactly the same for each child involved in the study, this differentiation was used to ensure the work was of a suitable level of understanding and pushed the children’s learning, but not too much to be out of their potential grasp for their age and ability in the subject lesson observed. This is supported by Vygotsky’s zone of proximal development and Bruner’s theory of scaffolding, as both these theorists believed that adults are needed in education to challenge and support the learning of all children towards the intended goal of the learning experience (Pound, 2014).

   At the end of the lesson, six participants from each class were asked to stay behind to participate in a short individual/pair interview with one of the researchers. Group interviews are beneficial because they can help build confidence levels between the children and help one another generate ideas and responses to questions (Flick, 2011). However, individual/pair interviews were chosen over group interviews because of the ability to get more detail in verbal and non-verbal responses for all questions we asked from all of the participants interviewed (Greig, Taylor and MacKay, 2013). Additionally, Mukherji and Albon (2010) suggest that group interviews can lead to some children not having their answers and opinions heard due to the interview being dominated by more confident individuals. Fortunately, each researcher has worked with and taught the children in a class from the study meaning that we were able to build a strong, positive professional relationship with the children in our own classes. Greig, Taylor and MacKay (2013:160) assert that “willing participants like being interviewed”, which would be supported by the positive relationships we have built with the children. On the other hand, the children’s input can be deterred by the presence of strangers, which can affect their emotional behaviour, social or cognitive behaviour throughout the study lesson in their class (Greig, Taylor and MacKay, 2013). From this we are also aware of any children in our classes that have communication or English as an Additional Language difficulties and have ensured that all of our questions are suitably phrased for easy comprehension from all children, and do not degrade or cause offence in any way. Mukherji and Albon (2010) similarly note that researchers need to be cautious of children’s desire to please adults with their responses and ensure that there is no risk of ridicule or embarrassment to an answer given by a child in front of any of their peers. With this in mind the questions prepared were simple and could be extended easily, the only strangers, to the children, present were the two researchers that had not previously taught them.

   We designed a set of three closed questions to ask each participant, but extended them with open ended questions by asking the children why they thought a certain way about the learning activity, or by asking them to explain their answers further. Semi structured interviews were chosen because they incorporate the positive features of both structured and unstructured interviews (Matthews and Ross, 2010). This use of semi structured interviews with children is supported by Christensen and James (2008:104) who assert that children as young as seven years are able to provide “meaningful and insightful information” during interviews. Furthermore, Becker (1970) and Maxwell (2005) note that intensive interviews allow the researcher to collect ‘rich’ detailed data, beyond what is deemed significant.

   Alongside interviews, video recordings of the lessons in this study have been used as our observation technique because they ensure all verbal, practical and behavioural data from the participants are caught by the researchers. Greig, Taylor and MacKay (2013) promote the use of video recording observations because video recordings can provide detailed evidence of an incident or learning experience in the participants’ natural environment. However, Emmison, Smith and Mayall (2012) note that the behaviour of participants involved in the study could differ because the lesson is recorded. Emmison, Smith and Mayall (2012) state that maintaining the confidentiality and security of sensitive and personal data of participants involved is the only way to justify the use of video recordings or photographs in any research on people. With this in mind, we were careful and respected the schools’ policies on confidentiality and data protection by ensuring that all the video recordings we did were carried out on the school Ipads and were deleted that day, after we had transcribed the data. We did this to reduce issues with the use of sensitive data and to protect the identities of all the children involved in the study.

   After the interviews at the end of each lesson, we, the researchers, sat in a spare classroom or space in the school to correlate the data from that day and transcribe all of the relevant and necessary data from the video recording of the target children within that lesson. This is an essential part of research because observations are about listening to and watching the participants (Greig, Taylor and Mackay, 2013), during the event, and throughout the interview process.

Ethics
   Informed consent of participants in a study became compulsory due to the Nuremberg Code of 1947, this code changed participation involvement by stating that all participants and/or their legal guardians need to be given voluntary informed consent prior to the study, as this “protects the right of the individual to control his own body” (Leaning and Loretz, 1996:1448). This led to the protection of vulnerable populations in research. Emisson, Smith and Mayall describe vulnerable populations as people that, if involved in one’s research, need to have greater care and detail be given to them within the ethical considerations of the study. One group of vulnerable populations are children, and the DfES (2008) support the involvement of children in research by suggesting that researchers must work in partnership with children. Crichton and Barrett (2007) further note that listening to, hearing and acting on what children say are separate within research, but are all crucial when ensuring that research is conducted with children, instead of on children. The consideration of the child’s voice and wellbeing is associated specifically with articles three, eight, thirteen and thirty-six in the United Nation’s Convention on the Rights of the Child. These rights state that every child has the right to not be exploited for any reason, have access to information and express their views, have their identity protected, and have their health and well-being as a top priority for any aspect of their life (UNICEF, 2017).

   Ethical considerations were given prior to and throughout the process of this research study. We did this through the use of obtaining assent from participants and consent from their legal guardians and schools. We also kept all work and data collected anonymous, so it cannot be linked back to any school or child involved. Anonymity and confidentiality are crucial as they protect the participants from the study. Flick (2011) suggests that confidentiality should be maintained throughout the study by changing or removing personal details of the respondents, making it impossible for a reader of the study to relate responses back to any of the participants involved. Similarly, Emmison, Smith and Mayall (2012:9) assert that “all precautions should be taken to ensure a participant’s privacy is protected”, making the hiding of personal information a priority for a research study. This is supported by the Data Protection Act (Great Britain, 1998), which provides the legal protection of personal information of any UK resident.

   Before beginning the study, we ensured we had received informed written consent from all of our schools, the parents of all children in our study had provided us with their informed written consent. We additionally asked all the children, who had received consent from their parents or guardian, for their own verbal assent to take part in the study before it began. Gaining informed consent for any study, especially those regarding children, is vital because it notifies the participants of their role in the study, that their participation is completely voluntary, and advises them that they are able to withdraw at any time with no repercussions (Greig, Taylor and MacKay, 2013), we ensured this by verbally informing the children of the purpose of the lesson before it began and again at the end, before the interviews were conducted. Emmison, Smith and Mayall (2012:9) further state that participants in any research study should “understand exactly what they are participating in” no matter what their age or ability.



Results
   The lessons were carried out over three consecutive days. This allowed us to compile the data from each lesson and discuss how we could improve the lesson and use of visual resources for the next lesson, with consideration given to each class’ age range and to any children present with additional needs. We were able to observe and interview six children from each class in the study as we had received all the necessary consent and assent from the school, the children and their retrospective parents/guardians. However, we have not included any of this within the study to ensure confidentiality and anonymity of those involved. Fortunately, the necessary consent and assent was provided by children and their guardians of mixed abilities in each class. This meant that for lessons one and two the subject children were two high abilities, two mid abilities and two low abilities. In lesson three, the children were not grouped by ability, but we were still able to note which children had a greater understanding and completed the work independently, which needed some support, and which were the lower ability children that needed a greater amount of adult support and visual resources to help their learning.

Lesson 1
   The first lesson was carried out in the year five/six class of our study. The children were focussed and worked well, both in groups for the first activity and individually during the activity sheets and bingo game. It was easy to ensure the activities were planned effectively and carried out through the use of the lesson plan from the first researcher [see appendix 1]. All the children involved in the study for this lesson achieved the learning goals as they were able to use visual resources to work out fractions, and note the equivalency of fractions to decimals and percentages [see appendices 2 and 3]. They all used a variety of visual aids to support their learning and understanding throughout the lesson. At the end of the lesson the six focus children were asked if they would be happy to stay behind for a few minutes to answer some questions. We, the researchers, took two children each and interviewed them in pairs on separate tables to the other children being interviewed. All the focus children enjoyed the lesson, with a consistent preference being given to the visually supported games and group activities. All the focus children found the visual resources beneficial to their learning of fractions [see appendix 4].

   It was decided that the lesson could be improved if more time was spent on visual and practical activities [see appendix 5] to ensure the children understood fractions, percentages and decimals more confidently before moving on to written worksheets. This was shown because although all the children tried hard a lot of them still required a lot of adult support during the matching cards game, written activity and bingo game. From this lesson we learnt that we needed to be more focussed on our target children for the entirety of the lesson, and be more prepared so all our necessary sheets, such as our interview question sheets, were all printed out to the right quantity and ready before the lesson began. A couple of the questions on the harder main questions sheet were quite difficult, which resulted in the focus children completing this sheet (Children A and B) struggling and being unable to complete or comprehend the tricky questions without adult support. This is not something that could have been helped by the researcher who planned this lesson because she had not taught this class for several weeks meaning that she did not know how much or well they had retained and developed their work on fractions since she last worked with them on fractions, decimals and percentages equivalence.

Lesson 2
   The second lesson in the study was carried out in the year three/four class. The lesson was planned similarly to the day before, but the children were given more time at the beginning of the lesson to work on the practical activity in comparison to the length of time assigned for the written work [see appendix 6]. Due to the length of time given to the practical activities, the problem-solving extension task was not started by any of the children. The children from the study tried hard and worked well in their small groups. This was shown as they matched the cards well and took turns with one another to pick an initial card. The observation transcripts [see appendix 7] show that the children’s collaborative work was effective and that they worked through the cards from simplest to hardest, this also helped them complete the activity more quickly. Both the observational notes and copies of the focus children’s work [see appendix 8] show that they all understood fractions, even though some support needed to be given when children struggled. The completion of the learning goals was shown through the children’s cognitive progress of fractions, team work, out-loud thoughts about fractions of numbers and the formation of fractions [see appendices 6, 7 and 8]. The interviews with the children [see appendix 9] show that all the focus children from this lesson developed their understanding of fractions. Interestingly the second and third questions were evenly split over a preference of practical activities vs worksheets and the use of visual resources during the written activity as some children either did not find them beneficial or were capable of completing the work without visual support.

   After the second lesson, interviews, and noting of all relevant data it was decided that the children would have benefitted more from a stronger introduction to the lesson alongside the use of a variety of practical activities [see appendix 10]. We decided this would be especially important for the use of newer topics where the children do not have as much understanding. This was evident because especially at the beginning of the written task, several of the children were not confident on their own and felt they needed more adult support. We, the researchers, learnt from this lesson that the introduction of the lesson needs to be clearer and sufficiently recap what the children already know before moving on to the tasks of the lesson planned. This includes the understanding of numerator and denominator, and the formation of fractions, as that is where some children struggled with their comprehension and answers.

Lesson 3
   The third and final lesson was carried out in the year four class of our study. The final lesson plan was completed with close links to the second lesson plan due to the similar age range and understanding of fractions. However, this final lesson plan aimed for more of the children’s time in the lesson to be spent doing a couple of practical matching fractions activities in small groups or pairs [see appendix 11]. The practical activities were all carried out in the first part of the lesson. This was beneficial because it was enjoyable for the children, and so they all tried and were engaged in both activities. From the lesson observations it was evident that some of the children in this class are not confident with labelling different fractions and do not have a clear understanding of the terminology [see appendix 12]. A few of the children (Children N and R) struggled with parts of the practical activities and the written work, and were provided with additional resources to help extend their understanding and learning for the written task. On the other-hand some of the other focus children were a lot more successful at the written task as they already had a greater understanding of fractions. All of the focus children from the final lesson used visual resources, but not throughout the whole lesson. It was also agreed by all of the children that they enjoyed learning through the practical activities [see appendix 13].

   This lesson could be improved for future teaching with a stronger and more focussed introduction that centres on ensuring a basic level of understanding of fractions for all children [see appendix 14]. Also, providing children with a more challenging, problem-solving activity as an extension for when they have completed the main activities would be beneficial for the children to relate fractions to real life situations. From this lesson we developed our knowledge that the use of group, hands-on activities are enjoyable for the children and are good for beginning the lesson, but more time still needs to be spent teaching and modelling fractions before asking the children to carry out any written work.

   Together, these results have shown that the visual resources are beneficial for increasing children’s engagement and the learning of most of the children. However, they should not be used in place of teaching and modelling learning, but instead as an effective addition. Although all of the children observed and interviewed achieved the aim of study, it is not conclusive how beneficial the visual resources were on their own. This is because many other factors need to be considered such as seating arrangements (which were different in each class), noise levels, strength of lesson introduction, adult support and understanding and complexity of the work given.


Discussion
   Together, these results have shown that visual representation has assisted the children’s learning of fractions because a majority of children from the study answered most or all of their work correctly, including some children that are lower ability in maths. Barmby, Bolden, Raine and Thompson (2013) support this as they assert that children progress further and have a greater subject knowledge understanding when taught with visual representation. In the first lesson some groups of children found the matching game of fractions, decimals and percentages complex and were unable to complete the task in the time given or without adult support. Yet, the matching cards games in lessons two and three, the children completed and with little to no adult support needed.

   Boonen, Van Wesel, Jolles and Van der Schoot (cited in Paulsen, 2018:5) further note that “students who use accurate visual representations are six times more likely to correctly solve mathematics problems than are students who do not use them”. This means that visual representation is crucial in supporting children’s learning, but it must additionally fit to their understanding as those who use wrong visual representations for learning will learn slower and with more mistakes than children who do not use any visual representations (Boonen, van Wesel, Jolles and van der Schoot, 2014). This was demonstrated in the lesson study as children were observed using different types of visual representation, with the lower abilities in the written activity in lessons two and three using concrete visual representation, several children using representational and a few children using abstract or no visual resources at all in the written part of the lesson. From the study it was evident that lower ability children benefitted more from the use of concrete visual representation as it was easier for them to understand, yet more able focus children, in all three classes, used a mixture of representational, abstract or no visual resources at all in the core part of their lesson. Mason, Pluchino, Tornatora and Ariasi (2013) similarly suggest that children have more success in their learning through the use of visual representation, but note that the simpler the visual aid is, the larger the improvement in learning and understanding is. This shows that all types of visual representation are beneficial as long as they are being used appropriately, and they suit the children’s level of understanding and fit in with the learning taking place. This is supported by Paulsen (2018) who states that the purpose of visual representation stages is to teach children how to independently make the connections in their learning. However, the visual representations would not have been as effective for many of the children if they did not have adults to support, to scaffold, and assure them of their work and understanding.

   It is shown in the observational notes that the children all worked well in their group activities and how well they got on with the various activities. Although some of the observational notes from the recordings are brief, they clearly display which activities children used visual representation in, what visual resources they used, and whether they were helpful to their learning – this is shown through the quality of their work. Cohen, Manion and Morrison (2007) assert that observations allow researchers to “gather live data from naturally occurring social situations”, supporting that we were able to observe who the children worked with or talked to, any key information stated by any of the focus children in the lessons and which types of visual representation they each used. The data collected from the three lessons shows that all the children used visual resources at some point in their lesson, and enjoyed using them more in practical, hands on activities. Unfortunately, the evidence of the children’s work was not collected from the third lesson in error. This meant that we were unable to comment on the children’s success and understanding throughout the activities in the final lesson. However, due to the rest of the data collected we were still able to see how well the children in this lesson did with the practical activities and additional observational notes from the written activity in the lesson.

   During the interviews, it was evident that the children supported one another with their answers, this was not helpful because it meant that for a few children, we were unable to get their own thoughts and feelings towards the lesson and use of visual resources. It was shown in the interview responses that the length and depth of the children’s answers differed and were significantly lower in lessons two and three, in comparison to lesson one. This could have been impacted by the age difference in the children in the classes, as it is noted that the difficulty of a task can vary the responses due to children’s ability levels (Nicholls, 1978). The interview methods used would not have been a contributing factor as they were all carried out in the same way – with each researcher interviewing two children together. This shows that the methods of interviewing variable remained consistent, and it was the children’s age, ability levels and understanding of fractions that differed from child to child and class to class. Furthermore, Bell and Opie (2002) note that triangulation from multiple forms of data collection reduces researcher bias and ensures the findings are accurate and true to the study. I believe that the interview responses could have been extended through individual interviews rather than in pairs, however this would have been more time consuming. Shek, Wu, Chai, Lu, Leung, Ho, Lin, Ma, Yu, Leung, Chan and Law (2017) state that individual interviews allow researchers to get deeper and more relevant responses from the participants than joint or focus group interviews. On the other hand, Kaplowitz and Hoehn (2001) assert that individual and group interviews are beneficial as the researcher is able to obtain different information from the type of interview used. 

   As a result of this study, I believe that visual representation did support children’s learning of fractions and helped develop their understanding, but it should not be used independently or in place of modelling and teaching a topic. These results demonstrate that overall visual representation has helped the children’s learning of fractions, however it is crucial for the teacher or researcher to ensure they provide a variety of visual representation resources to ensure the learning and progress of understanding in all children, no matter what level of visual representation they require.


Conclusion
   The methods used in this study worked well because the use of video recordings for our observations allowed the researchers to view the children’s learning, team work and use of visual representations whilst supporting them where necessary throughout the lessons. The relevant data transcribed from the observations fitted well alongside the children’s interviews and copies of their work. This meant that the data collated from the lessons reinforced and supported each other throughout the entirety of the study.

   A limitation that occurred in this study was the fact that we were unable to include the written work of the focus children in the final lesson due to the sheets not being collected in at the end of the lesson, in error. This means that we are unsure how well the children understood fractions and how they dealt with the written, individual work task. In spite of this, we do have the marked work of the first two lessons and the observations and interviews of all the children in each lesson from the study. Conclusively this means that our results are still valid as multiple methods of data collection were used to triangulate and verify our findings.

   Due to the small scale of the research the results are not beneficial towards future research as the sample size was too small to make conclusive answer. The results have demonstrated to the researchers that children enjoy using visual resources, especially when they are used within a practical activity. There is not enough evidence from this study of the strength of visual resources when used alone. However, the study does show that visual representation is helpful in learning when used alongside modelling, teaching, practical activities and written work. After completing this lesson study, I have learnt that for future teaching I need to use a variety of tactics to engage and support children’s learning because all children learn differently and need support in different ways. In future, I would use different kinds of visual representation to ensure the learning and understanding of all children is supported, in the most effective way possible, in a variety of subjects, topics and learning areas.


Recommendations
   This study has confirmed for me that visual representation is beneficial in learning and I will continue to use it throughout a variety of subjects in my teaching, whilst remembering it is an additional resource and must not replace other teaching styles completely in the learning process. If this study were to be repeated I would continue to use video recordings of the lesson, but I would carry out focus group and individual interviews. This is so a fuller picture of the children’s learning is provided, and so the responses given are true to each individual child involved and not repetitive through supported answers given by higher able or more confident children. This lesson study would be more successful if it were carried out whilst we were teaching the children, instead of several weeks later. This would mean that the researchers would know exactly where their children were up to with their learning and would be able to provide appropriate forms of visual representation for all children when planning each lesson. I feel, if repeated, the results would be similar, but would remain unreliable if done on such a small scale again. The larger the scale the more reliable the results will be. Additionally, it is important to try to reduce errors, and ensuring all relevant data is collected so the validity of the lesson study results is guaranteed.
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Appendix 1- Lesson plan for the first lesson.
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Appendix 2 - Observation notes 27th March- Year 5/6.
· A- This child was confident choosing correct answer during the matching activity.
· A- The child was able to identify where they had gone wrong using their visual aids. 
· A- The child then collaboratively worked with Child B to correct their answer “Look because this answer is 4 this answer must be 12 because 4 x 3 = 12.”
· A- The child grew in confidence throughout the lesson as his knowledge of the subject was improved. 
· B- The child used the number square to help them with their times tables. 
· B- The child was seen writing notes of their working to answer the questions
· B- The child experienced slight confusion when converting a single digit percentage into a decimal – “would 6% be 0.6?” The child corrected himself.
· B- The child also worked together with Child A to correct answers.
· B- It was evident that the child had a better understanding of fractions after using the visual aids.
· C- The child was able the successfully convert fractions into decimals.  
· C- The child continually used their visual aid to help them for questions they found hard.
· C- The child drew diagrams to help them work out questions.
· D- During the sorting activity the child was seen leading their group, picking out the fractions that were represented as decimals and percentages.
· D- The child made a comment about their visual aide, saying “I like using the 100 square, I like to see the patterns.” 
· D- When asked did you find the fraction wall useful the child replied “Yes, I like seeing the equivalency.”
· E- Worked well in a group, she helped the other children with the harder questions. The TA let her lead the tasks, offering guidance when she and the others looked stuck. Found it difficult to convert the harder decimals into percentages eg. 0.04 =4%. 
· F- He let the other children lead the practical tasks which I thought meant he didn’t know what he was doing. However, he was able to complete the written task with little problem. He also used the resources well, I think he just likes to work on his own. 


Appendix 3 – Worksheet answers. In order Children A, B, C, D, E, F.
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Appendix 4 - Interview questions for lesson 1.
Class: Year 5/6                          Children: A, B, C, D, E & F.
	1.  What have you learnt? Explain further.

	A- We learned about fractions, decimals and percentages. 

	B- How fractions, percentages and decimals can be shown in different ways.

	C- If you don’t think too hard, it can be easy. Your brain ticks faster.

	D- Percentages, decimals and fractions are all linked, because if you have a fraction you have to convert into percentage and decimal, they’d all mean the same.

	E- I have learnt more fractions that I didn’t know before. I can help other people with maths now. I know how to change fractions into decimals and percentages now. (I asked if she had any prior knowledge of percentages/ decimals) Only from last year, but I didn’t remember a lot of it. I remember more now.

	F- I have learnt the equivalents for fractions. (I asked how) By using the fraction wall.

	1.  What did you enjoy about the lesson? Why?

	A- I enjoyed the matching activity as it had less writing. 

	B- The matching activity was fun but the questions on fractions were fun too because I found them easy because I had lots of help.

	C- I liked working as a team, and the little activities.

	D- There were lots of fun activities. We made each other laugh. 

	E- I enjoyed the word problems as I prefer thinking about maths when there are word problems. I liked the group work because we can all help each other. And I liked the bingo.

	F- I liked the matching cards game. I enjoy doing fun things over book work. 

	1.  Have you found the visual resources helpful? Explain further.

	A- Yes, I used to them to help me correct my work. I didn’t need them for my times tables. 

	B- Yes, I also used them to correct my work. Me and Child A worked together to correct our answers that were wrong.

	C- Yes, they made things easier and quicker for us.

	D- Yes, when we got stuck, we used it to know how to change to percentage and decimals.

	E- Yes, I found the 100 square very useful because I could colour in the squares to find the percentages.

	F- Yes, I could see the fractions and percentages more easily.  







Appendix 5 – ARC reflection for lesson 1.
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Appendix 6 - Lesson plan for second lesson.
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Appendix 7 - Observation: 28th March. Year 3/4.

· The six students were all enthusiastic about the matching cards game. They debated whether or not their answers were correct and put some trickier cards aside to work on at the end (eg. 4/8 can also mean 1/2). 
· G – Confident use of the fraction wall to measure the amount of relative fractions (eg. How many 1/8s are in 2/4s etc). He asked whether 4/8 could be made into something else. Good with his times tables.
· H – Good at her times tables. Took charge of the team. Did not use the resources much during the activities. Told the two boys she was working with that if they wanted to find 2/5 of an amount they had to find 1/5 first and then double it. 
· I – Liked to lead the group. He talked a lot, even throughout the written task when the children were stuck on the 2/3 of …… questions. He used the 100 square more than the other two in his group to help him with his times tables. 
· J – Followed his brother during the activities. He did not seem as confident as the other children in his group. Used the 100 square to count on when finding out how many 6s were in 18. Did not use the fraction wall much. Sometimes made mistakes with his formations of fractions, so wouldn’t write the numbers one on top of the other, but rather side by side.
· K – He found the shape showing 4/8 confusing as there wasn’t a 4/8 card. When trying to explain equivalent fractions to him, he nodded but I don’t think he understood that 4/8 could also be written as 1/2. 
· L – She worked well within her group, spreading the matching cards out on the table so that everyone could see them. She organised the matching cards into tidy piles. Enjoyed the bingo game and chose easy fractions that she knew. 


Appendix 8 - Worksheet answers. In order Children G, H, I, J, K, L.
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Appendix 9 - Interview questions for lesson 2.

Class: Year 3/4                                        Children: G, H, I, J, K & L.
	1) What have you learnt? Explain further.

	G- I learnt how to write one quarter, half, three quarters and other fractions.

	H- I knew some of it already, but I learnt that I need to know my times tables to work out fractions.

	I- I learnt how to do fractions.

	J- If you want to know a quarter of something, you halve it and then halve it again.

	K- All about fractions – we matched fractions with a picture of the fractions – that was easy.

	L- We then did fractions of a number, where you had to find out how much the fraction of that number was. We used our times tables to work these out.

	2) What did you enjoy about the lesson? Why?

	G- I enjoyed the harder worksheet because the questions were quite hard to do.

	H- I liked solving the problems.  

	I- The bingo game. It was really fun.

	J- It was a fun lesson because we didn’t have to do a lot of writing. I liked the matching cards at the start.

	K- The best part of the lesson was the fraction bingo.

	L- I enjoyed the questions with no pictures because I found it easy. I finished the work really fast.

	3) Have you found the visual resources helpful? Explain further.

	G- I didn’t use the fraction wall or 100 square, I didn’t need to.

	H- Yes, I think it’s easier to answer questions when we have pictures to help.

	I- I didn’t need to use them. I could do the work without.

	J- Yes, I found it easier because we had pictures. (I asked why the child liked pictures) Pictures are easier to understand than writing.

	K- Yes, because I wouldn’t know what a fraction is with having the picture of it. Well it is a lot easier to know what it is.

	L- I didn’t use them I counted in my head.






Appendix 10 – ARC reflection for lesson 2.
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Appendix 11 - Lesson plan for third lesson.
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Appendix 12 - Observation notes 29th March. Year 4.
· R and N worked hard and helped each other during the first activity, but then worked independently on the fraction plates activity.
· R thought all fractions were quarters, she thought three thirds were three quarters.
· R needed some support during the worksheet and used a whiteboard to draw symbols to help her recognise fractions.
· N struggled with the written activity and in recognising fractions as part of her times tables. A lot of adult support given alongside using blocks to help her count out her fractions in lines.
· M, N and R got 6th and 8th fraction pieces on the plates activity mixed up, were able to fix it with support.
· M sped through both practical activities and worked well independently.
· M- “I really enjoy this work” when doing the matching cards activity.
· M happily worked through the sheet independently, very confident of his fractions.
· Q Quick at matching cards activity. Could put all plates together and label them but didn’t know how to describe the different fractions (eg. One fifth, one quarter etc) Quick at finishing the written work, using a times tables grid. Worked well with partner. 
· O Put plates together with mixed up fractions, did not realise mistake until a classmate pointed it out. More confident with the written work, more so with the easier 1/3 of… and 1/5 of..., but initially struggled with the 2/5 of…. and 2/3 of questions.



Appendix 13 - Interview questions for lesson 3.

Class: Year 4                                            Children: M, N, O, P, Q & R.
	1)  What have you learnt? Explain further.

	M- We did lots of questions on fractions and had sheets to help us work out the answers.

	N- We learned about fractions, we matched fractions with pictures that showed the fractions, we then did questions with no pictures, so I drew my own to help me work out the answers.

	O- Fractions. Halving fractions.

	P- I learnt to do fractions.

	Q- I’ve got better at my times tables.

	R- I have learnt ¾. I didn’t know what it was before.  

	2)  What did you enjoy about the lesson? Why?

	M- The paper plates activity it made fractions seem easy, the matching cards was also good. I didn’t like it when there wasn’t any pictures of the fractions.

	N- The paper plates bit was fun and it was good examples of showing different fractions.

	O- The plates. He let us draw on plates and make circles using numbers.

	P- I enjoyed the plates, sorting them out into different sizes fractions.

	Q- The paper plates and the matching card games.  

	R- I liked the paper plates and the card games.

	3)  Have you found the visual resources helpful? Explain further.

	M- I thought they were helpful, its easy to know a fraction if there a picture of it.  

	N- I didn’t use them because I know my times tables, I drew my own pictures to help me work out the questions.

	O- Yes, pieces of paper with the pictures shown and putting them with the number.

	P- Yes, we could sort them out and use more brain power.

	Q- Yes, it was easier to see what fractions look like. But I liked the writing as well.

	R- Yes, it was fun to have different things to do. (I asked if she enjoyed the written task) I prefer games to writing.  


 


Appendix 14 – ARC reflection for lesson 3.
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