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Can the explicit teaching of problem-solving strategies through the use of a ‘toolkit’ improve learners’ ability to use mathematical reasoning skills and problem-solve within year 6?

This assignment will consider and critically evaluate an action research project which will explore whether mathematical reasoning skills can be improved through the explicit teaching of problem-solving strategies. The research project will involve six intervention sessions which will be informed by data gathered; and the production of a ‘toolkit’ (Appendix 1) which will be a memory-aid for pupils to use when problem-solving. The toolkit will teach learners how to implement each essential component of the problem-solving process independently. The intervention sessions will target each step in the toolkit to ensure that learners are confident and competent whilst using it. Ultimately, the toolkit will be used in daily mathematics sessions throughout the year to improve learners’ reasoning skills.
The toolkit will be adapted to suit the needs of the participants and aims to encourage learners to follow a series of steps to solve a problem systematically. The implementation of a toolkit comes from the field of cognitive psychology which suggests that memory-aids allow the brain to encode information to be more easily retrieved to support recall of information, thereby, possibly reducing stress levels and allowing for higher-order thinking. The impact of toolkits to aid understanding was studied by Mocko et al (2017) who found a reduction in anxiety levels as well as a positive impact on achievement and learning outcomes. In support, although dated, similar results were found by Bower et al (1969) and Craik and Lockhart (1972), both identifying significant improvements in memory performance when using toolkits as the information is set in a meaningful and organised way. However, from an educational perspective, little research has been undertaken to consider the impact of a toolkit within the primary classroom, especially on a large sample of pupils. Additionally, Cook (1989) and Fisher (2014) have found that the effectiveness of memory-aids depends on the nature of the skills to be learned thus suggesting the need for careful consideration of each step when creating the toolkit. Also, when implementing the toolkit to enhance problem-solving and reasoning, it is important that the toolkit does not replace learners’ conceptual understanding or higher-order thinking but should be used to enhance and encourage their use of prior knowledge and enable them to access problems (Lesser, 2011).
To begin to answer the research question, it is important to consider wider viewpoints regarding problem-solving and reasoning. As Haylock (2010) identifies, a central component to mathematical reasoning is the application of the skills, concepts and principles to problem-solve. By drawing on Toulmin (2003)’s theory of argumentation, which encourages a strong argument to be made and critical thinking to be promoted, this research will provide opportunities for these key skills to be developed whilst aiming to improve reasoning. Although Toulmin (2003)’s theory is not explicitly aimed toward children, the underlying themes of logical and systematic approaches will be a focus during the research as learners will be encouraged to justify their process, providing reasons for their claims, thus, developing problem-solving skills. 
The research paradigm chosen is based on empirical research and wider literature. Empirical research demonstrates that teachers often expect learners to solve mathematical problems once a certain skill or concept has been taught in explicit lessons. However, although the learners have the content, and may be able to answer procedural questions, it is often evident that learners find it difficult to transfer their knowledge to apply it to a problem as, often, they have not been shown how to. Upon document analysis, evidence from the School Development Plan (2019) identifies that reasoning scores need improvement. This is because previous National test data for the school has consistently displayed a significant difference in procedural and reasoning scores. It has been suggested by school staff and senior leaders that this is due to a lack of explicit teaching of problem-solving skills; meaning that learners struggle to tackle reasoning questions systematically and effectively. In support of this, Kingsdorf and Krawec (2016) found that many learners are hesitant and feel worried when problem-solving and some learners will not attempt problems to begin with, often ‘shutting down’. Similarly, Fisher (2014) identifies that poor problem-solvers find problems ‘threatening’ and ‘unpleasant’. This could suggest that the learners are unconfident as they are unaware of the process needed to problem-solve systematically. Estyn (2017) report that learners can find it difficult to apply their thinking if they are not given enough opportunities to use their knowledge meaningfully.  As Burton (1995) argues, mathematics is a doing subject and needs to be carried out in a creative way to see what can be discovered. Above all, Burton (1995)’s studies found that when problem-solving is implemented successfully and learners are provided with a range of opportunities to develop their skills, ‘hesitancy and dependency’ is replaced by ‘confidence and autonomy’. As facilitators, we are expected to develop learners who are confident and competent in all that they do. As Donaldson (2017) claims, facilitators should set learners up for their independent lives where they have confidence to solve problems. Furthermore, similarly to Burton (1995), Donaldson (2015) states that we should create confident, ambitious and capable learners. Thus, it is vital that learners enter the ‘real world’ with an ability to tackle problems independently. Therefore, this research aims to improve and promote problem-solving which is vital to develop a wide variety of essential life-long skills.
In contrast, upon comparing reasoning and procedural National test data in Wales, only 55% of 22 counties showed a decrease in reasoning performance when compared to procedural scores (Welsh Government, 2017). This means that 45% had better reasoning scores than procedural. This counteracts the literature and empirical research regarding problem-solving as it indicates only a slight difference between the tests. However, although the data does not demonstrate significant differences, empirical research has identified that problem-solving is an area of need and this research is context specific. Therefore, this research will explore whether the explicit teaching of problem-solving skills can improve learners’ reasoning skills.
Looking at problem-solving from a political perceptive, the World Economic Forum (2009) states that we need ‘innovation, new solutions…[and]…creative approaches with people at all ages who can [problem-solve] to identify and pursue opportunities’. This supports de Bono (1992)’s research which claims that children should risk-take and make decisions to develop thinking; thus, this research aims to provide opportunities for these skills to be successfully developed. Similarly, Broadhead et al. (2010) state that equipping learners with the ability to ‘challenge assumptions, recognise patterns, see in new ways and make connections’ is fundamental to give them opportunities which will be essential for employment. These skills are all achievable through problem-solving. In terms of future employment, which Donaldson (2017) sees as an important aim, providing opportunities for learners to be innovative, adaptable, flexible and creative is essential. 
Another point to consider is that Entrecompedu (2019) claim that currently, there is a ‘mismatch between the skills our education system delivers and societal needs which is damaging [pupils’] future well-being and prosperity’. In contrast, the Eurydice report (2019) by the European commissioner states that Wales is one of the countries with high levels of creativity in the curriculum as there is specific focus on creative skills. In the diagram below, the red countries are successful at delivering entrepreneurship skills and developing problem-solving and creative thinkers. The limitation is that these reports study problem-solving as a cross-curriculum approach rather than in mathematics alone. However, these skills are transferable across many subject areas. As highlighted in the diagram, Scotland has a broad strategy for promoting problem-solving. The new curriculum which will be implemented in 2021 takes strong influence from Scotland’s education system as well as other European countries with successful curriculums for promoting problem-solving and creativity. This suggests that a stronger focus on problem-solving and creativity will be implemented in future. 
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The EEF (2019) begins to explore the importance of problem-solving, finding that metacognition and problem-solving are high-impact strategies for improving outcomes at a low cost. However, the EEF scores direct instruction highly too which seems to counteract the argument for a problem-based learning environment where learners are encouraged to explore and use their skills independently. However, it could be said that both methods are equally important as form follows function. Therefore, this suggests that direct instruction is beneficial initially followed by consolidation of the skills through independent problem-solving. Furthermore, Delve (2019) claims that ‘the best schools teach the children then allow them to practice what they have learned’. This supports the idea that explicit teaching of problem-solving skills will equip learners with a better understanding of how to tackle reasoning questions. It also suggests that encouraging learners to apply their knowledge in a range of ways, such as problem-solving and through independent learning challenges, will enable them to consolidate their skills. For example, enhanced and independent learning opportunities enable children to apply their knowledge in a variety of ways; encouraging them to use prior knowledge in different contexts, whilst developing previously taught skills. However, this has been found to be problematic if facilitators expect children to be independent and to apply their skills without modelling or demonstrating this successfully. In support, Burton (1995) identifies that some children, when given opportunity to be independent, will not apply knowledge and skills effectively as they find it difficult in a ‘free’ setting to use prior knowledge. Perhaps this is because the learners have not been shown how to be independent in their learning or possibly because they are not confident at applying their skills to a problem. In support, Burton (1995) claims that unfortunately, most primary schools expect children to simply ‘remember’ facts rather than practicing the skills that are needed to solve mathematical problems. Burton (1995) studied problem-solving and found that many pupils lacked a clear demonstration and understanding of the relationship between skills and procedures which meant the pupils lacked confidence and competency. Therefore, expecting pupils to transfer mathematical knowledge in an independent setting can only be achieved once the skills are embedded and understood. For this reason, taking this information into account, this research will include an explicit focus on teaching essential problem-solving skills and ensuring that learners are aware of each stage of the problem-solving process before expecting them to apply their skills. 


Methodology
Action research will be used as the findings will have a direct impact on participants. It is the most appropriate method to use as it is driven by empirical findings and encompasses the components of action and participation to promote a social change (Sykes, 2002). The research will be carried out by the class teacher. If it proves successful, it will be used to improve future practice and can be shared with others. Although the research design is like a case study, this research differs as it seeks to improve teaching, learning and future practice.
This research is small-scale and will be carried out with a whole class of 20 pupils in year 6, aged 10-11, with a split of 9 girls and 11 boys. Ethically, this enables all learners within the class to be involved and benefit from the intervention (should it be successful) rather than a selected sample. This also means that if anomalies occur (such as illness or rejection to participate) the sample is large enough to provide valid results. Whereas, with a smaller sample, participants would need to be carefully selected to represent the needs of the whole year group and it would be more challenging to overcome anomalies should they arise. Teachers will also be involved during interviews and questionnaires to gain a better insight into current problem-solving and reasoning across the school.
The research will be measured by assessing the children’s ability to problem-solve after the intervention and explicit teaching sessions. If successful, the children should be able to solve problems independently and explain their thinking and reasoning with clarity whilst showing a clear understanding of the problem-solving process. The children should be able to use the toolkit successfully and responses regarding problem-solving should be more positive. Additionally, teachers should feel more confident when teaching problem-solving and it should happen more regularly. There will be questionnaires and interviews carried out post-intervention which will be compared to pre-intervention data to evaluate the impact of the intervention. Upon analysing children’s post-intervention answers, it should be evident that they have used each step of the toolkit to work systematically.
Thorough data analysis of pupil progress reviews and mathematics tracking data will be carried out and assessments will be carried out before and after the intervention. At the end of the year, existing datasets of National reasoning test scores will be compared with post-intervention test scores to identify whether the research and intervention has been successful for developing reasoning skills. However, if an improvement has been made, we cannot assume that it is purely due to the research and intervention as other factors may influence the results.
This research adopts a mixed-method approach. Elements of a constructivist approach are used as the research aims to understand human behaviour. Therefore, the outcome will be context dependent as it relies on, and will be altered by, participant input and evaluation of the data. A pragmatic approach is used as the research outcome will not be definitive and will differ for individual pupils and will be adapted if transferred to other settings. Also, as is the case in a pragmatic approach, this research will be critically evaluated throughout to determine its usefulness and effectiveness as the research may be unpredictable. Elements of a positivist approach are included as the research combines wide-spread findings regarding problem-solving and reasoning with empirical school-based research. The study will be longitudinal as it will be carried out over one academic year and follows the same sample to ultimately change and improve the process of problem-solving.
A detailed timeline for the proposed research project can be found in Appendix 2. The research and intervention will be carried out over 2 school terms with the findings being implemented throughout the academic year and beyond (tailored to learners’ needs). The research will begin with interviews and questionnaires for pupils and teachers. This will be followed by baseline problem-solving questions to determine the areas of strength and weakness. Analysis of the baseline assessments, and observations, will determine the intervention plan. A series of 6 intervention sessions will follow, which are tailored to the needs of the participants. During the intervention stage, the learners will have explicit teaching of each stage in the problem-solving process using a toolkit which they will be expected to use in future problem-solving sessions independently. 
This research adopts a flexible design which will use a range of research strategies to collect data. These include reflective practice, observation, questionnaires, interviews and document analysis. This research project will use mostly qualitative data which aims to identify themes to analyse regarding learners’ problem-solving and reasoning skills.
As this research seeks to explore empirical findings within a school setting, qualitative data seems appropriate to use as it aims to ‘understand people through interactive and humanistic methods’ (Rossman and Rallis, 2017). It enables the researcher to explore context-specific ‘issues’ or questions in a natural environment through qualitative methods to seek ‘depth rather than breadth’. Qualitative data will be used as it requires a smaller sample than quantitative data as it is not setting out to generalise. Additionally, in contrast with quantitative research, which seeks to predict or control, qualitative research is fundamentally interpretive and therefore focuses on analysis and description to make sense of the issue that is being researched; thus, in this research, is appropriate. As Rossman and Rallis (2017) state, qualitative research begins with questions with an ultimate purpose of improving learning. Therefore, it seems relevant to use qualitative data as the information and data gathered will be transferred into knowledge and used to make a change. This data will explore how current problem-solving is taught and why standards of reasoning are significantly lower than procedural within the school.
Rossman and Rallis (2017) believe that qualitative research ultimately aims to have a use. They state that the findings need to be believable and trustworthy and improve social circumstances. However, although ideally the findings will be useful and reliable, using qualitative research can lead to inaccurate and potentially unreliable results as it relies on people’s perspectives and individual viewpoints. A limitation of this study is that teachers may be unwilling to admit or accept that their learners need more support with problem-solving. Additionally, ethically, there are difficulties being both the teacher and researcher as this environment may lead to confidential information being shared by participants. This could lead to safeguarding issues which may result in stopping the research; thus, potentially being unable to answer the research question. As well as this, due to the relationship with the participants, experimenter effects may occur as it may be difficult not to intervene with the discussion which may determine the thoughts and responses from the learners. This would impose an unconscious bias on the results. This links closely to Cohen and Manion (2007)’s Hawthorne effect which implies that behaviour changes due to an observer being present. Therefore, it is difficult to know whether the research is trustworthy or reliable as it relies on potentially unpredictable and inaccurate responses. To overcome the ‘social desirability effect’, where participants may tell the researcher what they think they want to hear in interviews or questionnaires, it is important to observe and analyse a range of methods and evidence from questionnaires and interviews from a range of participants to gain a broader and truer reflection of opinions. Therefore, this research will gather data from a broad sample of teachers and children from different year groups. 
The sources of qualitative data for this research include questionnaires, interviews and focus groups. When gathering qualitative data, permission will be gained to record the conversations for analysis. However, problems may arise if the data has not been recorded successfully which could lead to inaccurate interpretations or misconceptions. Additionally, when using the qualitative data to inform the next steps of the research, it is important that the content is represented and reflected upon in sufficient detail. This means that, in this research, the qualitative data is very subjective meaning it cannot be repeated or generalised. Another limitation to qualitative research is that it is easier to ‘hide’ research that does not support other findings which would, again, lead to inaccurate and unreliable results.
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Questionnaires
To gather qualitative data from a large sample, questionnaires will be used during this action research. Questionnaires will allow quick responses which can easily be analysed and compiled into data to inform intervention sessions and next steps. Questions can be problematic in social research because most questions cannot be answered definitively and precisely as people are unpredictable. To limit this issue, it is important that the questionnaires provide definitive responses where possible by ensuring that closed questions do not have an ‘unsure’ box. Participants may have differing viewpoints and a clearer response will be gained if participants are asked to answer ‘yes’ or ‘no’/ ‘agree’ or ‘disagree’. This will enable the data to identify potential issues or strengths. Another limitation is that questionnaires can prove difficult for participants to interpret or understand. This may be due to a language barrier for EAL participants or an unclear question which may have alternative meanings. This would lead to inaccurate responses.
As children will be completing the questionnaire, they must be accessible. In the pupil questionnaire, a familiar font will be used to avoid confusion. There are pictures alongside each question to aid children’s understanding. This should prevent invalid and inaccurate responses as the participants will be more likely to understand the questions rather answering a question that they do not fully understand. 
As the participants are in Year 6, open-questions will be used as their thinking is developed and they are used to answering using descriptive and explanatory responses and most learners are able to justify their reasons. Open-ended questions will provide a better insight of the children’s opinions when problem-solving as they will be expected to give reasons for their answers which can be analysed to find common themes. Another potential limitation with questionnaires is the ‘halo effect’. This is where participants make themselves out to be better than they are. This theory may apply to teachers and pupils, who may not want to state the truth regarding their teaching, learning or understanding of problem-solving. This may lead to potentially inaccurate and unreliable findings. 
Interviews
The interviews will be semi-structured meaning that open-questions will be asked, allowing a large amount of detail and new ideas to be discussed rather than a structured interview which does not allow the participant to divert. However, open-ended questions can be difficult to analyse and compare answers between participants which may lead to inaccurate information. Semi-structured interviews allow two-way communication and questions are not determined ahead of time. The interviews will provide comparable qualitative data. There will be certain themes explored during the interview which will be asked in different ways for different participants allowing a wider variety of responses. However, careful planning is essential to ensure that valuable data is collected. The planning stage includes identifying a representative sample, deciding on the number of interviewees and preparing the interview. The themes to be discussed in the interviews can be found in appendix 5. During this research, a representative sample of the class will be interviewed with 3 mixed ability boys and 3 mixed ability girls, reflecting the EAL and ALN percentages within the class. There will be one teacher from each year group interviewed to gain a balanced insight of problem-solving from nursery to year 6. This will help to understand the needs of the whole school and to gain an insight of the explicit problem-solving teaching that the learners have previously had and to gather information on the areas of strength and weakness when problem-solving. It will enable the intervention stage to be planned to tackle areas of problem-solving that need development. This is supported by Thomas (2009) who claims that semi-structured interviews confirm what is already known but also provide opportunity for improvement and learning. Additionally, the reasons behind the issue that is being discussed are often shared and explored during the interview. However, during these time-consuming interviews, limitations can occur. As the Welsh Government (2017) state, semi-structured interviews cannot guarantee honest responses which may lead to unreliable data. Reliability may also be affected as the flexible style of the interview does not require specific answers enabling the participant to change the direction of conversation.
Data will be recorded in transcripts to allow information to be analysed and used to inform next steps of the research. Cohen (2006) identifies that individual and group interviews can optimise the strengths of both. For this reason, focus groups will be a research method used to gather information from a group of participants about the process undertaken when problem-solving. After the baseline assessment, the focus group will take place in an interactive and informal setting where learners will be encouraged to explain their reasoning and to justify their answers. They will be asked about their perceptions and opinions of problem-solving and the way that it is currently taught. Open-questions will allow for participants to freely express their views in their own terms and to expand on other people’s viewpoints. This will produce qualitative data about the process undertaken when problem-solving, allowing the researcher to explore the current difficulties. This stage is essential to understand the areas which need to be covered during the intervention. However, during focus groups, participants may behave differently as they are around others meaning that untrue responses may be given. Focus groups will be used as they replicate a more natural environment for the children to share their thoughts as they are used to working in groups daily. Focus groups will enable a less threatening environment, especially for the children who were unable to solve the problem. Participants may feel embarrassed if they are asked to talk about their responses individually, therefore, ethically, a focus group may reduce negative feelings for participants.

Data analysis
Interview and questionnaire responses, baseline assessments and focus group data will be carefully and critically analysed in a dependable and accurate manner to identify and summarise the key findings and information regarding problem-solving. The analysis stage will identify trends and patterns which will inform the intervention.
Intervention
The data analysis will inform the intervention which will enable the issues identified to be directly addressed. To begin the intervention planning and to target the research question, considering which skills will be explicitly taught is essential to ensure that the intervention is purposeful. Luckily, problem-solving has been widely researched to understand the processes involved to improve reasoning skills. There are five re-occurring themes which are considered essential when problem-solving. These include:
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These stages have been carefully considered and transferred into simple steps that learners can follow and adapted into language that children can understand. To help, the stages were made into an acronym which spells ‘SUNNY’ making it easier to remember. The toolkit is pictured in appendix 1.
Each intervention session will explicitly teach one of the elements of the toolkit which focus on an aspect of problem-solving. An outline of the intervention plan can be found in appendix 6 and the activities can be found in appendix 7. The sessions will be adapted to meet learners’ needs and will involve a range of practical and written activities where learners will be explicitly shown how to carry out each stage of the problem-solving process and then given opportunities to practice each stage.
Research into the impact of intervention by Sutton Trust (2014) and the EEF (2011) found that meta-cognition and collaborative learning are amongst 6 strategies which have the greatest impact on learning through intervention. Although not an explicit focus during the intervention, these strategies will naturally arise throughout as they are predominant and consistently used through problem-solving, demonstrating the importance of intervention during this research. This is supported by Newton (2012) who identifies that well-planned intervention can often lead to higher-attainment and improved educational outcomes. Therefore, if successful, problem-solving should be improved because of the intervention and should enable children to independently use the toolkit in future lessons as they will have been explicitly shown how to carry out each stage of the process.  As this intervention will be carried out by the class teacher (researcher), additional staff will not be needed. Therefore, although cost can be a limitation of intervention, it is not an issue during this research. However, in another setting, additional staff may be required.
Design issues
Although this research involves a diverse sample of pupils, with all of the research being undertaken and evaluated by one researcher and targets the same geographical region of pupils, generalisability is in question. To overcome this and to gain valid and reliable data, triangulation must happen. Therefore, multiple perspectives and alternative tools for data collection will be used. Although the research aims to produce reliable data, it is subjective as it relies on individual opinions and viewpoints. If the toolkit is used with a different sample, the variables will change due to class size, ages and ability of participants meaning that the toolkit may be unsuccessful in another setting.
Ethics have been considered throughout the research and are closely linked to BERA, GDPR and UWTSD guidelines. Full ethical approval, consent and assent (appendix 8) will be gained from participants and their parents or guardians if they are under 18. 
To conclude, this action research will determine whether reasoning skills can be improved through the explicit teaching of problem-solving strategies within year 6. Research suggests that problem-solving is important for developing independence, resilience, confidence and for future employment. However, not all learners can use, apply and understand the impact of these skills. For example, learners with ALN or EAL may not be able to access these skills. Therefore, this research may not be beneficial to all. This research will be useful for improving problem-solving and reasoning skills and builds on a wide range of existing research which has found intervention and action research to be successful for making a change and improving teaching and learning. The findings of this research will be shared with other teachers within the school to enable other classes to use the toolkit if it proves successful. However, it will need to be adapted to suit the needs of learners in a different class. 
Glossary
ALN – Additional Learning Needs
EAL – English as an Additional Language
BERA – British Education Research Association
GDPR - General Data Protection Regulation
UWTSD – University of Wales Trinity Saint David
EEF – Education Endowment Foundation 
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Appendix 1- ‘toolkit’
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Appendix 2 – timeline of the project and data analysis methods to be used
	 
	Method 

	Evidence base pre-intervention 
	Evidence base post-intervention 

	Autumn 1 
 
	Pre-intervention teacher and pupil questionnaires 
 
 
 
	Pre-intervention questionnaire results will be analysed and quantitative data will be compiled into graphs to gain an insight into the areas of strength and need. This will inform the intervention sessions (eg. If systematic working is a need for many pupils, there will be a strong focus on this) 
	Post-intervention questionnaires will be analysed and quantitative data will be compiled into graphs to compare the pre and post intervention responses

	 
	Pre-intervention teacher and pupil interviews
	Interviews will be voice recorded and a transcript will be compiled 

	Interviews will be voice recorded and a transcript will be written up to compare qualitative data with pre-intervention interview responses to identify what was successful or needed improvement regarding the intervention and the toolkit 
 

	Autumn 2 
	Analyse 
National test Mathematics data 
	Use previous test data (ideally of the pupils who will participate in the study) and focus on reasoning test scores. Identify problematic areas by using a scoring system to identify the questions where pupils scored least marks
	National test data (Summer term) will be analysed to determine whether reasoning scores have improved 
 
 
 
 

	 
	Look at numeracy and mathematics planning  
 
 
	Determine whether explicit problem-solving is currently planned for and how it is delivered 
 
	Planning should include weekly provision for taught problem solving sessions as well as independent provision in enhanced areas 
 

	 
	Look at Maths books and talk to pupils 
 
	Gain an insight into how often problem solving opportunities are given to learners and the way that learners solve the questions 
 
 
	Compare the same learners books to determine whether more problem solving opportunities are provided in daily lessons. Explore the ways that learners solve the problems. Hopefully, the use of the toolkit will be evident 
 

	 
	Analyse ‘pupil progress’ tracking systems and compile graphs of reasoning and problem solving scores 
 
	Analyse the current pupil progress reviews and compile graphs to show the percentage of learners who are below the expected level, at the expected level or below the expected level for reasoning and problem solving skills 
 
	Termly progress reviews should be completed by teaching staff. After the intervention, hopefully the reasoning and problem-solving skills should have increased. This will be analysed and created into graphs to be compared with pre-intervention progress reviews 
 

	Spring 1 
	Baseline problem solving question 
 
 
 
 
 
 
 
 
	Learners will be encouraged to complete the problem however they usually would. The answers will be looked at to determine what learners are currently doing well or could improve on 
	The learners will be given the same problem post-intervention. The responses will be analysed to explore the process that learners took when completing the question 

	 
	Follow up discussion in small, mixed ability groups to see how the learners tackled the problem 
(focus group)
 
	Learners will share the process that they took to solve the problem. This will be recorded and written up as a transcript  
	There will be a follow up discussion post-intervention once the learners have completed the problem again. The discussion will be written up and compared to the pre-intervention transcript to see how the process has changed 

	Spring 2 
	6 week intervention of explicit teaching of the problem solving toolkit 
 
 
 
 
	Week 1 – Exploring important parts of questions and identifying key information by highlighting important sections and deleting irrelevant parts 
 
Week 2 – Understanding what the question is asking and identifying the operations needed to complete the sum 
 
Week 3 - using appropriate resources when needed and accessing them independently 
-Knowing how to use resources to support them  
 
Week 4 - Demonstrate the importance of working systematically and laying out the sums and workings neatly and coherently to avoid confusion or missing out certain steps of the problem 
 
Week 5- Checking each step of the answer, using inverse to check  
Using common sense to clarify whether the answer makes sense in relation to the question 
 
Week 6 – Practice using the toolkit to solve a range of problems in groups or partners, using discussion and explaining how each step of the problem was solved 
 
Each week, the skills taught in intervention will be implemented and consolidated throughout daily Maths sessions 
 
	The toolkit will be implemented throughout Maths lessons and should be part of daily problem solving sessions. The learners should be so familiar with the toolkit that they implement it without needed to be prompted or reminded. It should be evident that learners are using the toolkit in their workings and when talking to learners about the process they have undertaken when problem solving. 

	Summer 1 
	6 week integration of intervention into daily mathematics sessions  
	The toolkit will be implemented into all Maths sessions and problem solving activities 
	If the toolkit proves useful, it will be adapted to apply across the curriculum to provide problem solving activities in other areas. The toolkit will be shared with all teachers to adapt and implement in their own classes 

	Summer 2 
	Post intervention problem for all participants 
	The same problem as the baseline problem will be given to learners to complete using the toolkit 
	Compare the responses between the pre and post intervention problem solving questions  

	 
	Post intervention follow up discussion 
 
	Talk to learners to find out how they completed the problem 
	Compare the process undertaken to complete the problem post intervention with the responses during the pre-intervention follow up discussion 

	 
	Post intervention pupil and teacher questionnaires and interviews
	 
	 






















Appendix 3 - Pre intervention teacher and pupil questionnaires
Pupil questionnaire
1. What makes you a good learner?

· Listening well   [image: Image result for listening]
· Asking questions [image: Image result for questions]     
· Trying my best [image: Image result for 100%]
· Checking my work [image: Image result for checking]
· Thinking about how I have done this before [image: Image result for thinking]
· Making mistakes   [image: Image result for making mistakes]
· Not chatting [image: Image result for no talking]

1. Why is it important to be a good learner? 







2. What do you do when you’re stuck on a problem? 

· Copy a friend [image: Image result for eyes emoji]
· Ask my teacher for help  [image: Image result for ask teacher for help]
· Go and get things to help me [image: Image result for numicon]
· Ask questions to help me understand better  [image: Image result for questions]
· Sit and wait [image: Image result for sitting clip art]
· Panic  [image: Image result for panic emoji]
· Just have a go at what I think I need to do  [image: Image result for have a go]




3. What would help you when you’re stuck on a problem in maths? 

· Working through it with a teacher [image: Image result for ask teacher for help]
· Using numicon or different things from the maths area[image: Image result for numicon]
· Moving to a different level of challenge [image: Image result for bronze silver gold]
· Working with a partner [image: Image result for working with a partner]
· Asking questions [image: Image result for questions]
· Looking at an example [image: Image result for magnifying glass]

4. I know what I can use to help me when I’m stuck. 
             I agree                                     I’m unsure                                   I disagree
		        
                         [image: Image result for thumbs up]                             [image: Image result for unsure emoji]                                   [image: Image result for disagree clip art]
5. How does your teacher help you with a problem?

· They tell me what to do [image: Image result for talking]
· They show me how to do it [image: Image result for showing book]
· They tell me to use numicon or tools to help [image: Image result for numicon]
· They tell me to work with a friend [image: Image result for working with a partner]
· They tell me to think about how I have done this before [image: Image result for thinking]
· They tell me I need to work it out by myself [image: Image result for working independently]
Comment (KS2 Pupils)






Teacher questionnaire
1. When children are problem solving, what are they good at? 





1. When problem solving, what do children struggle with? 

· Identifying what the question is asking
· Calculating 
· Identifying the steps needed to be taken 
· Selecting appropriate strategies 
· Using resources 

2. How do you deepen pupils understanding through problem solving? 

· Through questioning 
· Modelling  (demonstrating how it is done) 
· Scaffolding (tools/resources to support children) 
· Encouraging children to read the key points 
· Encouraging children to share their thought process with a peer 
· Other  







3. How do you challenge the children’s thinking in the classroom? 




Appendix  4 - Pre intervention teacher and pupil interview questions 


4. Select the appropriate box for the statement below. 

I think the children in my class are developing towards becoming more independent learners. 

  Strongly agree                        Agree                             Disagree                    Strongly disagree



5. The children in my class have the tools to tackle problems independently. 

  Strongly agree                        Agree                             Disagree                    Strongly disagree 


6. When a pupil is finding their task difficult, what do they do?

· Copy others 
· Ask for help 
· Get a resource to help them 
· Sit and wait 
· Talk through it with a friend 
· Other 





Additional comments





[image: ]Appendix  4 - Problem solving question as a baseline assessment for all pupils. It has been taken from a year 6 reasoning past-paper for Wales
Appendix 5 - Themes to be discussed in the interviews
	Teachers
	Pupils

	Do you think problem-solving is important?
	What is problem-solving?

	Do you teach it regularly? How often?
	When do you problem-solve?

	How do you teach it?
	Do you enjoy problem-solving?

	What do learners find easy when problem solving?
	What is easy when problem-solving?

	What do learners find difficult when problem solving?
	What is difficult when problem-solving?

	How could problem-solving be improved at our school?
	How could we help you to become better problem-solvers?












Appendix  6– outline of 6 week intervention of explicit teaching of the problem solving toolkit 

	Intervention
	Time
	Session focus 

	Week 1
	1 hour
	Carefully reading the question 
Exploring important parts of questions and identifying key information by highlighting important sections and deleting irrelevant information 
· This will be step one of the ‘toolkit’ – Finding key information 

	Week 2
	1 hour
	Understanding what the question is asking and identifying the operations needed to complete the sum 
Use of prior knowledge 
· This will be step two of the ‘toolkit’ – Operations needed

	Week 3
	1 hour
	Using appropriate resources when needed and accessing them independently 
· This will be the third step of the ‘toolkit’ - Resources

	Week 4
	1 hour
	Demonstrate the importance of working systematically and logically  and laying out the sums and workings coherently to avoid confusion or missing out certain steps of the problem 
· This will be step four of the ‘toolkit’ – Systematic working

	Week 5
	1 hour
	Checking each step of the answer, using inverse or an alternative strategy to check  
Using common sense to clarify whether the answer makes sense in relation to the question 
· This will be the fifth step of the ‘toolkit’ – Checking

	Week 6 
	2 hour 
	Practice using the toolkit to solve a range of problems in groups or partners, using discussion and explaining how each step of the problem was solved 



Appendix 7 - The intervention activities

	Week
	Focus
	Activities

	1
	· Reading the question
· Finding key information
	Give the children one part of a problem. Ask children to stand in a line. If they think they have an important piece of information, ask them to step forward. 
Children to understand that important parts of information can include words, numbers of pictures.
Children will have a selection of past paper problems. The will be asked to use a highlighter to identify the key parts of information in each question

	2
	· Understand what the question is asking
· Identify the operations needed
· Use prior knowledge
	Children will work in groups/partners to discuss what the question is asking them to do. They will break it down step by step and explaining what they will do to solve the problem. 
The children will be asked to write the operation (s) that will be needed to solve the sum 
Children will be asked to go through their maths book to identify the previous learning that they have done linked with the question. They will put a sticky tab on the page and asked to refer to it when solving the problem to help them 

	3
	· Use appropriate resources
	Children will be encouraged to use appropriate resources to solve the problems and will be made aware that they can use these independently without needing to ask. Resources may include: numicon, number line, multiplication grid, multilink, whiteboards, rulers, counters. The children will be asked to use a resource to solve the problem before writing answers. They will work in groups to see whether other children have used additional resources that may help.

	4
	· Systematic and logical working
	The children will be shown how to lay out sums and encouraged to attempt solving sums logically. They will have a discussion for each problem about the logical way to solve it. 

	5
	· Use inverse to check 
	Children will be expected to show an alternative way of solving the problem to show understanding and to realise that there is more than one way to solve a problem. They will share their working with a friend to recognize the variety of ways that a problem can be solved.

	6
	· Practice each step
	Solve a range of problems using each step of the toolkit. 



Appendix 8 - consent and assent (appendix 8)
Title: How can the explicit teaching of problem-solving strategies improve learners’ reasoning skills?
Purpose of the Study
This is a research study about problem-solving and reasoning.  The purpose of this study is to improve problem-solving and reasoning skills in year 6.
What is my child going to be asked to do?
During this research, your child will be asked to take part in a questionnaire, an interview and a 6-week intervention programme where they will learn the process needed to problem-solve.  This study will take place throughout the academic year. 
What are the risks involved in this study?
There are no foreseeable risks to participating in this study.
Does my child have to participate?
Your child may withdraw from participation at any time.  Withdrawal or refusing to participate will mean that data will not be included in the study where possible. You can agree to allow your child to be in the study now and change your mind later. This research study will take place during regular classroom activities; however, if you do not want your child to participate, an alternative activity will be available. 
What if my child does not want to participate?
In addition to your permission, your child must agree to participate in the study.  If your child does not want to participate they will not be included in the study. If your child initially agrees to be in the study they can change their mind later and will be withdrawn.
How will your child’s privacy and confidentiality be protected if s/he participates in this research study?
Your child’s privacy and the confidentiality of his/her data will be protected as the research will adhere to the BERA, GDPR, UWTSD and school policies of ethical considerations. These can be found online. 
Signature  

_________________________________
Participant’s name

_________________________________				_________________
[bookmark: _GoBack]Signature of Parent or Guardian	Date

_________________________________				_________________	
Signature of Researcher						Date
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SECTION H: Anticipated Risks

	
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them. 

If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.  

	Full risk assessment completed and appended? 

Yes                               ☐
 No                                   ☒
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For example: emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information

	Potential risks include the embarrassment or anxiety for participants if they are unable to solve the problem and are put in a situation where they feel they cannot explain their answer. To avoid this, participants will be aware of their right to withdraw at any time. They will be given a green and a red card which signify that they are happy to continue with the research or they wish to stop. Participants will be able to show their card at any time throughout the research if they do not wish to continue. 
As well as this, confidentiality and anonymity may not be possible to ensure as factors, such as people entering the classroom during the research and participants talking about their responses or answers to the research. Although the research aims to ensure confidentiality and anonymity, these factors are difficult to control.
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	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	
N/A 
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	Risks to investigator
For example: personal safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
A potential risk to the researcher includes conflict of interest if other teachers in the school do not feel that problem-solving is an issue in their teaching. These participants will be aware of their right to withdraw if they do not feel comfortable participating and feel as though the research does not relate to them. 
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	University/institutional risks
For example: adverse publicity, financial loss, data protection

	
Data protection could be a potential risk if data is not protected or used appropriately. To avoid this, precautions will be taken to ensure that data is stored adhering to the university’s research data management policy. 
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	Adverse outcomes
List measures put in place to limit any adverse effects or outcomes of research activity where appropriate. Include any emergency protocols. 

	
All participants will be aware of their right to withdraw at any time throughout the research if they feel at risk.
If any safeguarding issues arise, the research will immediately be stopped. 
As the researcher already has a relationship with the participants, sensitive information may be disclosed during interviews or focus groups. If this happens, the school safeguarding policy will be referred to and relevant staff made aware. 
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	Disclosure and Barring Service

	If the research activity involves children or vulnerable adults, a Disclosure and Barring Service (DBS) certificate must be obtained before any contact with such participants.
	


YES
	


NO
	


N/A

	Has a DBS certificate been obtained?
	☒
	☐
	☐


SECTION I: Feedback, Consent and Confidentiality

	Feedback
What feedback will be provided to participants, how will this be done and when? 

	The findings of the research will be shared with all participants. 
For staff, a meeting will be held to share the responses from questionnaires. Key themes from interviews will be discussed. After the intervention, findings will be shared with staff so that they can implement the toolkit within their own classes if they wish
For learners, a class discussion will be held to share the impact of the 6-week intervention where learners will be given an opportunity to see the improvements or changes that have been made as a result of the intervention sessions. 
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	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded.

	
This research will follow the school’s ethics policy. Participants will be provided with a letter making them aware of the research aims and how they will be involved in the research. Parents will be invited to school for a presentation about the potential research. They will be invited to ask questions about their child’s involvement.
In addition, consent forms will be given to all participants.
As this work involves children under 18, parents or guardians will also be asked for their consent.
During this research, all participants will be made aware of all relevant information regarding this research which includes:
· The aims of the research
· Who will carry out the research
· The reasons why it is being carried out
· The timescale of the research
· The methods that will be used to collect data
· Who will be involved in the research 
· The benefits to the participant
· The possible risks of participation 
· The intended uses of the data collected
· The limitations regarding confidentiality and anonymity. 
They will also be informed about the retention, sharing and any possible uses of the research data. In this research, the participants will be made aware that if the intervention is successful for improving problem-solving that the ‘toolkit’ will be shared with other teachers in the school to use with their pupils.
 (this box should expand as you type)

	

	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	Confidentiality
No personal information will be disclosed or shared that might identify an individual or allow them to be traced. 
Anonymity
Care will be taken to de-identify the data collected by writing audio recordings into a transcript so that voices cannot be recognised and to ensure that the data it is truly anonymous since members of staff in the school may know or have been exposed to personal information about pupils and therefore be able to identify them from their data set and/or identify who said what in an interview, focus group or questionnaire. 
Confidentiality and anonymity will be ensured throughout this research. BERA (2018) state that the confidential and anonymous treatment of participants’ data is considered the norm for the conduct of research. Wide-spread research has also demonstrated the importance of keeping information that is shared ‘private’. As Oliver and Gregory (2003) state, this principle is integral to our societal beliefs that individuals matter and thus have the right for their affairs to be private. This links closely to article 12 of the UNCRC.
Confidentiality and anonymity are related but distinct concepts. During this research, confidentiality will be carefully considered to ensure that information and data from participants is not disclosed in any way that might identify the individual or allow them to be traced. This research aims to keep data anonymous by ensuring that no images or voice recordings are shared before being transcribed. All audio recordings will be written up so that the participants remain anonymous and the audio files will be deleted so that the participants involved during focus groups and interviews cannot be identified from the video or their voice. Although they are anonymous, all hard copies of data such as questionnaires and baseline assessments will be stored in a locked filing cabinet until they are transcribed (to avoid recognition of handwriting or responses) and all digital data will be kept on an encrypted memory stick. Additionally, all participants will be made fully aware of the degree of confidentiality and anonymity provided by the researcher.
However, there are potential risks regarding these ethical considerations. If we look at the dictionary definition, it defines confidentiality as ‘intended to be kept a secret’. As Bulmer (2001) states, ensuring confidentiality during social research is difficult, claiming that in fact, confidential research cannot be conducted as researchers have a duty to report on the findings of their research and they cannot do so if the data that has been collected cannot be revealed. In support of this, Van den Hoonard (2002) states that ‘promises of confidentiality are easier to make than to keep’ because the research findings are ultimately going to be shared with others, which means that the data is no longer confidential as it is no longer a ‘secret’ if it has been discussed or shared with somebody else. During this research, confidentiality is particularly difficult to guarantee as is the nature of school-life, many people are in-and-out of the classroom on a daily-basis which cannot necessarily be controlled. For example, many people may enter or be working in the classroom where the research is being carried out such as TA’s, children from other classes, the headteacher, visitors to the school or other teachers. These people may not be involved in the research but may witness the information being gathered and may discuss what they have observed. To try and minimize the number of people who enter the room, all staff will be made
(this box should expand as you type)




SECTION J: Data Protection and Storage

In completing this section refer to the University’s Research Data Management Policy and the extensive resources on the University’s Research Data Management web pages (http://uwtsd.ac.uk/library/research-data-management/).
	
	YES
	NO

	Does the research activity involve personal data (as defined by the Data Protection Act)?
“personal data” means data which relate to a living individual who can be identified—
(a) from those data, or
(b) from those data and other information which is in the possession of, or is likely to come into the possession of, the data controller, and includes any expression of opinion about the individual and any indication of the intentions of the data controller or any other person in respect of the individual.
	☐
	☒

	If YES, provide a description of the data and explain why this data needs to be collected:

	
(this box should expand as you type)

	

	Does it involve sensitive personal data (as defined by the Data Protection Act)?
“Sensitive personal data” means personal data consisting of information as to –
(a) the racial or ethnic origin of the data subject,
(b) his political opinions,
(c ) his religious beliefs or other beliefs of a similar nature,
(d) whether he is a member of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) his physical or mental health or condition,
(f) his sexual life,
(g) the commission or alleged commission by him of any offence, or
(h) any proceedings for any offence committed or alleged to have been committed by him, the disposal of such proceedings or the sentence of any court in such proceedings.
	☐
	☒

	If YES, provide a description of the data and explain why this data needs to be collected:

	
(this box should expand as you type)



	Will the research activity involve storing personal data on one of the following:
	YES
	NO

	Manual files (i.e. in paper form)?
	☒
	☐

	University computers?
	☐
	☒

	Private company computers?
	☐
	☒

	Home or other personal computers?
	☐
	☒

	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☒
	☐

	“Cloud” storage or websites?
	☐
	☒

	Other – specify:

	☐
	☒

	For all stored data, explain the measures in place to ensure data confidentiality, including details of password protection, encryption and anonymisation:

	Questionnaire responses will be hard copies. These will be kept in secure premises in a locked filing cabinet. They will be anonymous so they are not traceable to individuals.
All other data will be kept on an encrypted memory-stick. No information will be shared via email or other methods that may be hacked. No personal information such as names, dates of birth, address will be used in the data.
Audio recordings of interviews and focus group discussion will be transcribed and saved on an encrypted memory stick. The audio file will be permanently deleted as soon as it is typed up. 
A wide range of research including the University of Wales’ data management policy demonstrates, research must produce data that is accurate and reliable. However, as this research uses qualitative data as a means of data collection, some limitations may occur. 
For example, problems may arise if the data has not been recorded successfully during interviews or focus groups which could lead to inaccurate interpretations or misconceptions and therefore may produce invalid or unreliable data. When using qualitative data, it is easier to ‘hide’ research that does not support other findings which would, again, lead to inaccurate and / or unreliable results. Another potential limitation with questionnaires is the ‘halo effect’. This is where participants make themselves out to be better than they are. This theory may apply to teachers and pupils, who may not want to state the truth regarding their teaching, learning or understanding of problem-solving. This may lead to potentially inaccurate and unreliable findings. Another limitation is that open-ended questions can be difficult to analyse and compare which may lead to inaccurate information. Finally, as the participants are familiar with the researcher, social desirability bias may be an issue. This bias involves respondents answering questions in a way that they think will lead to being accepted and liked. Regardless of the research format, some people will report inaccurately on personal topics to present themselves in the best possible light. This research aims to minimise this bias by encouraging participants to be honest and ensuring that participants know that it is okay to answer in a way that is not socially desirable or the same as other people. This will encourage participants to provide honest and representative answers. 
The new GDPR (2018) act requires that citizens are entitled to know how and why their personal data is being stored, how it is being used and who can view or access it. This research will adhere to GDPR guidelines including the core principles for ethical data management. These include:
· Only collecting the data that is necessary. In this research, personal information such as names, ages, dates of birth, addresses are irrelevant and will not be asked for as it will not have an impact on the research. 
· All data will be gathered fairly and will adhere to ethical guidelines that have been considered throughout this assignment. All participants will have plenty of notice of the methods for data collection and will be made aware, during the presentation and in the consent forms of the purpose of the research. 
· The data for this research will be used to inform the intervention stage. Once the intervention has been planned and carried out, the data will no longer be relevant and will have been used for the specified purpose. As this research is context specific and cannot be generalised to other settings, the data gathered will only be used for the intervention for the specific group of learners that the intervention was carried out with. However, as participants will be made aware of from the outset, if the toolkit proves successful, it may be adapted to suit the needs of another group of learners and used by other staff members in the school to improve reasoning and problem-solving skills in their classes.  
A limitation of data management is that The Freedom of Information Act (2000) is applicable to request for access to data held by public authorities, which includes schools. However, the research data in these settings would be exempt from such requests where explicit confidentiality arrangements are in place. Therefore, as participants in this research will be partaking knowing that their information will remain confidential and anonymous, the data cannot and will not be shared.

(this box should expand as you type)


	Will the research activity involve any of the following activities:
	YES
	NO

	Electronic transfer of data in any form?
	☐
	☒

	Sharing of data with others at the University?
	☐
	☒

	Sharing of data with other organisations?
	☐
	☒

	Export of data outside the European Union or importing of data from outside the UK?
	☐
	☒

	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	☒

	Publication of data that might allow identification of individuals?
	☐
	☒

	Use of data management system?
	☐
	☒

	Data archiving?
	☐
	☒

	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the Data Protection Act (and/or any international equivalent):

	




(this box should expand as you type)



	List all who will have access to the data generated by the research activity:

	Researcher only
(this box should expand as you type)

	

	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	Researcher only
(this box should expand as you type)

	

	Give details of data storage arrangements, including where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why not.  

	Data will be stored on an encrypted memory stick until it is complete. Data will be deleted once the findings have been drawn on. Data will not be archived as it is not generalisable as it is context specific to the participants at the time.
(this box should expand as you type)


SECTION K: Declaration

	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.
In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice

	Signature of applicant: S.Colebrook
	
	Date:
	03/04/2019



For students:
	Director of Studies/Supervisor:
	Catherine Morgan 

	Signature:
	


	Date:
	



For staff:
	Head of School/Assistant Dean:
	

	Signature:
	


	Date:
	



Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:
	☒
	I have read the guidance notes supplied before completing the form.

	☒
	I have completed ALL RELEVANT sections of the form in full.

	☐
	I confirm that the research activity has received approval in principle

	☐
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	☐
	
I have attached a full risk assessment (and have NOT completed Section H of this form) (where appropriate)


	☒
	I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	☒
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Head of School.
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