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HOW CAN I IMPROVE STANDARDS OF NUMERICAL REASONING IN MY YEAR 6 CLASS?



Executive summary 

The aim of this project was to improve standards of numerical reasoning, so that pupils could apply these skills more confidently into problem solving tasks, as well as during the end of year national testing set by the Welsh Government. Therefore, the following title was decided for my inquiry:
How can I improve standards of numerical reasoning in my Year 6 class?

Through relevant research and review of the current literature, five activities were created which would aim to meet the demands of this inquiry. This involved short activities which would take place at the beginning of each mathematics lesson. These activities included:
· Hwb ‘Problem of the Day’
· Always, Sometimes, Never
· Reasoning Triangle
· Odd One Out
· Solvemoji

Data was collected and analysed at the beginning of the process using national test scores as well as classroom assessment attainment levels. A comparative report showed that initially, the correlation between test scores and attainment levels was weak. Furthermore, through conducting a work scrutiny and pupil voice interview at the beginning of the inquiry, pupils showed a lack of confidence when addressing numerical reasoning tasks.

Results at the end of the inquiry process showed that pupils’ views changed, with greater confidence when challenged by problem solving activities. Test scores will have to be analysed later in the year to measure the true impact of this intervention. However, the project has had an impact on my professional learning journey, as I have a greater understanding of the needs of my pupils and the types of tasks which can benefit my pupils’ problem solving skills. 

In conclusion, having disseminated the results of my project to my work colleagues, I recommend that they too use this approach to teaching numerical reasoning. This would allow their pupils to have the same immersive experience as mine, in the hope that they too see its benefits, and improve pupils’ confidence when solving mathematical problems in the future.
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The aim of my inquiry is:
How can I improve standards of numerical reasoning in my Year 6 class?
By contextualising information regarding the background of the school in which I currently teach, as well as sharing results of exploratory research, I hoped this would clarify as to why I decided upon this topic as a focus for my inquiry.

I currently lead the learning as a Year 6 classroom teacher in a two form entry primary school on the outskirts of a city centre in the south of Wales. The school has a multi-cultural catchment, with a high number of pupils who speak English as an Additional Language (EAL), when compared against the local and national averages. Information gathered from ‘My Local Schools’ (Welsh Government, 2017) notes the percentages of those categorised as ‘EAL’ as 25%, which is considerably above the national (6.2%) and local authority (9.5%) averages. The number of pupils who are categorised as FSM and SEN are more in line with local and national averages. The total number of pupils currently on roll in the school is just over 500, with the local authority identifying the area as ‘Communities First’, meaning support is given to tackle the issue of poverty in the area. This means there are significant challenges when it comes to leading the learning in my classroom.

In my school context, expectations of the teaching and learning in Year 6 are very high. Much of the ‘School Improvement Plan’ or ‘SIP’ as it will be referred as, is heavily reliant on the outcomes of those who leave the school at the end of Key Stage 2, as this information is used as an indicator when comparing the school with the family, local authority and national average. 

Conducting some exploratory research to begin helped identify areas of need in my class and school environment. At the end of the last academic year, as part of my role as numeracy coordinator, my subject monitoring found that the teaching and learning of mathematics lacked numerical reasoning skills, as “none to very little evidence found of reasoning activities in everyday practice”, with pupils stating “problem solving” and “reasoning” under the question of “what do you find difficult?” (Appendix 1.1). 
With the school setting a ‘SIP’ target of:
Scrutinise data and target pupils able to achieve a SS of 115+ in KS2 in reasoning and aim to increase the percentage of pupils achieving a SS of 115+, 
the decision was made to focus on improving the provision of numerical reasoning as the aim of this project.

Understandably, there would be limitations to this project, as given this was a small scale action research, its impact in relation to the SIP target would not be found in the short period given for this inquiry. Furthermore, it was important to ensure that the project was ethically sound and did not reveal any personal information about the individuals or school.

I would attempt to extinguish some of these concerns through reading the BERA (2011) guidelines. Through reading point 25 of the guidelines, it supported my view of anonymising the data which was collected. Point 11 and 16 were significant, as ensuring that the aims of the inquiry were shared with my pupils, and that children’s views were considered during the process were important towards the success of the project. Listening to my learners is an important part of action research, as it is part of their rights as a child (UNCRC, 1992). Furthermore, taking into account pupils’ views was important, as conducting successful classroom inquiries revolve around research with the children, not on them (Lyle, 2012, p.3).

This report will be structured with the literature reviewing presented first. This is because the review influenced the creation of the intervention, as it advised what was required of good mathematics teaching. This will be followed by a conclusion, which will summarise the findings of this professional learning journey. Following this, is the recommendations as to what changes are necessary to meet the desired aims of this project, with references and appendices to finish respectively. 
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Researching relevant literature in the field of numerical reasoning was an important part of this inquiry, as reviewing the work of previous authors could have a positive impact on my own practice throughout this process. Numerical reasoning has had a much bigger focus in the Welsh education system in recent years, with the Welsh Government beginning national tests on the topic in 2014, however, the idea of problem solving in mathematics has been in education for many years. 

What the exploratory research highlighted, is that pupils found the language of reasoning very challenging compared to everyday mathematics. Mercer and Sams (2008) discuss how if practitioners provide children with guidance and practice in the language of reasoning, pupils can use this more effectively during problem solving activities. This view is echoed by Anthony and Walshaw (2009, p.21), who believe effective teachers are those who foster pupils’ understanding of mathematical terminology, and model terms in order for pupils to be able to distinguish between them confidently. Therefore, to improve the confidence of my pupils when engaging with different mathematical problems, good teacher modelling of the language used in reasoning would need to be completed. 

Considering the delivery of mathematics lessons was also discussed by Boaler (2012) in her work. Boaler conducted her own research project, where she analysed the effects of teaching mathematics in different ways. What she found is that those pupils who were immersed into reasoning tasks were empowered by the skills that they learnt, and could use these skills more readily in real life situations (p.16). Current practice in my school showed that reasoning lessons were taking place weekly, however, one would question whether this was enough, as it could be argued that for pupils to improve their confidence in reasoning, they would need more opportunities to learn these skills. To compare with reading and procedural mathematics lessons, which happens to some extent daily in my school, if these are tested on a national scale during the summer period from Year 2 onwards, one would dispute that reasoning needs equal focus and time given towards it for it to be compared equally. Therefore, for my project to meet its aim, it would be important to consider ways in which numerical reasoning could be incorporated into everyday practice.

What also needed to be considered was whether implementing reasoning into everyday activities would have any effect on test scores, as this was part of the SIP target. Research conducted by the Education Endowment Foundation (2015) found that pupils who had experiences of regular practice in numerical reasoning skills made an additional three months progress during assessments. Although my project’s aims differed to this one, as the EEF project focused upon low-ability children who were given hourly intervention, it is still effective in demonstrating that a ‘little and often’ approach can have a positive impact upon attainment. 

The relevance of problem solving has had greater focus in recent years within the Welsh education system, with Professor Donaldson (2015) discussing the issue many times in his ‘Successful Futures’ report. Donaldson discusses the importance of problem solving in creating “ambitious, capable learners” (p.31), as well as its effects on wider skills across the curriculum. With Wales in the process of adopting a new curriculum under the advice of Donaldson, it seems as though a problem-based mathematics curriculum will be better for the next generation of pupils in Wales. 

Having reviewed some of the literature available upon teaching numerical reasoning and problem solving, I believed that I was able to begin the process in creating activities based upon the recommendations of the aforementioned authors. Moving forward, I would need to consider the following points when designing my intervention: 
· Importance of teacher modelling of language
· Incorporate numerical reasoning into everyday practice
Using the advice of these authors would be imperative in gaining the best possible outcomes from my pupils, as learning from the experiences discussed, as well as using evidence of best practice would hopefully create the best possible learning environment for my pupils. 
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Justifying my decision to prioritise numerical reasoning as the focus is an important aspect of this project, as essentially I would need to demonstrate the impact this project has on the teaching and learning taking place in my classroom. I decided to complete a comparative report which involved analysing the correlation between those pupils achieving Level 5+ at the end of Key Stage 2 in mathematics, and pupils achieving a standardised score of 115+ in the national reasoning test. The scores have been rounded to the nearest five percent for anonymity purposes, following advice from the BERA (2011) guidelines on data protection. My findings can be found below:

	Year
	Level 5+ Mathematics
	115+ SS National Reasoning Test

	2017
	75%
	35%

	2018  
	Target: 75%
	Year 5 last year: 50%



Figure 1.
Key Stage 2 Level 5+ in mathematics compared to national reasoning test standardised scores of 115+.

At first glance, the scores of those in 2017 achieving 115+ in their national reasoning test seems considerably low when compared against classroom attainment levels. However, when analysing these individual scores in greater depth, findings showed that if 18 children had scored two more raw marks in their national test, this would actually have raised the percentage of those achieving 115+ in 2017 to 65%. 

Although this is still below the Level 5+ percentage, this minor difference can be partly attributed to the fact that the national curriculum level descriptors are influenced by a majority of ‘procedural’ skills. Therefore, by providing pupils with more experiences of numerical reasoning, the hope is that these pupils can apply these skills into the national testing later in the year, so that their test scores represent their capabilities within class, meaning the differences in percentages would hopefully be closer.  

Understandably, there would be limitations to this project. The Welsh Government (2016) note that teacher assessments are made up of a large collection of evidence, whereas tests are a one off attempt for pupils to demonstrate knowledge and understanding. Further, Askew et al. (1997, p.109) found in their research that test scores were not always reliable, as pupils found them unfamiliar compared to normal classroom practice. Also, what if the pupils were poorly when conducting these tests, their scores could be effected. All these factors need to be considered when looking at test data alone, therefore, through ‘triangulating’ (Denscombe, 2010) the test score data, alongside findings in the exploratory research, this improved its reliability and validity, which supported the need for this intervention.  

My main concern for attempting to achieve closer attainment percentages, is that from my experience, pupils find numerical reasoning much more challenging than traditional ‘procedural’ style questions. This can also be supported by pupils’ views during the subject monitoring process as previously discussed (Appendix 1.1). The average national test scores for mathematics for the cohort which I teach are represented in the table below:

	Year Group and Year
	Procedural Test Score
	Reasoning Test Score

	Year 2 (2014)
	102
	97

	Year 3 (2015)
	104
	100

	Year 4 (2016)
	113
	111

	Year 5 (2017)
	117
	113



Figure 2.
Current cohort average scores in the national procedural and reasoning test from 2014-2017.

This data supported my argument in believing that pupils find the numerical reasoning test more challenging than the national procedural test. Although there could be many factors which could contribute as to why this is the case, it is evident that pupils are unable to transfer their mathematical skills over to problem solving with as much confidence as shown in everyday mathematical topics and questions.
In order to improve the provision of numerical reasoning, current practice in my school would need to be adapted. Boaler (2012) suggested that immersing pupils more frequently into reasoning tasks would improve their understanding of how to problem solve. Therefore, numerical reasoning would need to be part of everyday mathematics lessons. This could be achieved through introducing a ‘reasoning starter’, which would take place at the beginning of each lesson for approximately 
5 to 10 minutes. Through my experiences during my role as numeracy coordinator, it was evident that there were many useful resources readily available, some of which were used only a number of times throughout the year. Through auditing these activities, I chose the tasks which I believe would be of most benefit to my class. These activities are outlined below:
· Hwb ‘Problem of the Day’
· Always, Sometimes, Never
· Reasoning Triangle
· Odd One Out
· Solvemoji

Each task varies in its skill and challenge. The Hwb ‘Problem of the Day’ (2018) is taken from the Welsh Government online learning platform ‘Hwb’, where each calendar day has a short problem solving based question. As these are randomised, pupils may work on a different reasoning skill on any given day. 

‘Always, sometimes, never’ (Jeffrey, 2012) and ‘odd one out’ rely on pupils’ justification of statements and values, with pupils providing reasons to support their views. For example: multiples of 5 are even (sometimes as they can be odd and even), or, 3, 5, 12- which number is the odd one out? (12 as it is the only even number). Swan (2005) finds these types of activities very beneficial, stating that they develop learners’ capacity to explain, as well as the invaluable skill of confronting some common misconceptions. Given that these tasks can be created and amended by the teacher, this means learning can be personalised to meet the misconceptions observed during lessons, hence having a greater impact on the learning.

The reasoning triangle, which was developed in a school INSET by Barnsley (2015), is a valuable learning activity, as it challenges pupils to present a question as a number problem, word problem, and using relevant resources. For example: 

	
	2-1
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	Tom has £2, he spends £1, how much does he have left?




Figure 3. 
Reasoning triangle, developed by Barnsley (2015).

Askew et al. (1997) define highly effective teachers of numeracy as those who connect mathematics using words, symbols and diagrams. This is aimed to improve visualisation, as well as view any given problems in three different ways through visual, abstract and worded notation.

Finally, the Solvemoji (2018) activity which has been adapted from their website, challenges pupils’ ability to reason through working backwards, visualising, as well as using trial and improvement skills. Solvemojis are tasks where emojis are used to represent numbers, with only small clues given, for example:
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Figure 4. 
Solvemoji (2018), taken from their website: www.solvemoji.com.
Although I think this task would engage my pupils, I am also conscious of the findings from Askew et al.’s (2010) mathematics report. In their report, they discuss how pupils who represent problems using algebra as opposed to pictures had a higher level of attainment. Taking these findings into consideration, I will attempt to address this issue by challenging my pupils to use algebraic expressions to represent the pictures in this activity. 

Introducing ‘new’ approaches to learning would need to be completed carefully, therefore it would be important in the first fortnight that each task would be modelled, to ensure that pupils fully understood how to complete each activity. Following advice from Mercer and Sams (2008), modelling the language associated with each task would also be important, in order for my pupils to use and apply this language in other areas of their work when applicable. 





















Findings and Analysis

Pupil voice collected at the end of the fortnight ‘trial’ period of these activities found that pupils’ views were very positive. Of the three children interviewed, they agreed that the activities were “fun” and “challenging”, with Pupil C stating that they found the Solvemoji activity “interesting as I’ve never seen that before” (Appendix 1.2). Being the class teacher, it was also clear during an ‘informal’ work scrutiny that reasoning tasks were taking place more often with the pupils, and that the quality of answers were improving as the tasks were repeated. 

Having considered the strategies used, I believe that they will work well in the upper Key Stage 2 learning environment, however, these will have to be adjusted to meet the needs of younger pupils. Many of the tasks created involve a high level of understanding and application, as well as deep levels of justification. Therefore, one would argue that this may be challenging to replicate with pupils in the Foundation Phase. This is where I would have to use my position as a senior leader to my advantage, and work even closer with colleagues to ensure that they too have the same opportunities to improve their pupils’ numerical reasoning, especially given the fact that pupils are tested nationally from Year 2, as well as tested internally by the school from Year 1.

It is evident from the data collected and analysed that improving pupils’ numerical reasoning is well justified. The strategies put in place show a clear link to the skills required for completing problem solving activities, therefore, if continued throughout the year, one would hope to see pupils’ level and attainment scores have a positive impact. As this target is part of the School Improvement Plan, it will be monitored and reviewed regularly, with its overall impact measured more formally during the summer term when national testing takes place.
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Over the course of the trial period, the new activities were delivered successfully, and pupils had a range of numerical reasoning experiences as a result. After this period, these activities have continued to be taught sporadically, ensuring that these skills are embedded in pupils’ understanding of mathematical reasoning. 

Moving forward with the remainder of this academic year, I will continue to immerse my pupils in numerical reasoning to see whether it has its long term benefits, and whether this will have a positive impact upon standardised scoring during national tests. Ensuring these activities continue taking place is important, as Gathercole and Alloway (2007) believe that some pupils have a poor working memory, therefore repetition will be needed to continue developing pupils’ learning. This will also be an important consideration in regards to the new curriculum, as ‘problem solving’ is very much at the forefront of teaching numeracy in the review of the curriculum in Donaldson’s (2015) ‘Successful Futures’. 

Acknowledging that these activities may need to be altered to meet the needs of younger pupils, my plan is to work closely with the new numeracy coordinator and Foundation Phase leader in order to differentiate these activities, so that they are age appropriate. This is where my leadership skills will have an opportunity to be developed, as working closely with more experienced members of staff will be important in ensuring that this project can have an influence over the whole school. Having no experience teaching in the Foundation Phase before, means that working in collaboration in this area of the school in particular will have to be managed and led effectively, ensuring that my experiences as numeracy coordinator are considered carefully alongside colleagues’ experience of working in the Foundation Phase.

Furthermore, with the five activities selected having a direct focus on particular reasoning skills, for example: odd one out would require justification, creating a wider range of activities to ensure that all reasoning skills have a focus task will be needed. This would also meet the recommendations of the pupil voice group (Appendix 1.2), who felt that they would “like more activities that help me with reasoning”. This will allow pupils to improve their all-round reasoning skills, ensuring that all skills are having an equal opportunity to be developed during the process. This can be achieved by working in collaboration with staff members from my school, as well as my cluster school to see what tasks they have used which could be of benefit to pupils across the whole school. It will also be beneficial to contact the local authority numeracy coordinator, whom I have had regular contact with in the past during my role as the school numeracy coordinator. Working in collaboration is such an influential tool that could have a positive impact on the project’s aims.

In conclusion, although my aspirational aim of this project would be to bring standardised scores in line with the number of pupils achieving Level 5+ in mathematics, my main aim is to ‘close the gap’ between the percentages by focusing on numerical reasoning skills that could make the difference of adding two to three marks, so that pupils achieve above the 115+ threshold in national tests.




















[bookmark: _Toc502322108]Recommendations

To conclude, the project will be reviewed and monitored carefully over the next academic year, and with greater collaboration, as well as the addition of new focus tasks, the project can have a greater positive impact on provision at my school. My recommendations for the current academic year to ensure the project meets its aims are:
· Continue using these reasoning activities with pupils on a daily basis
· Create new activities which develop a wider range of reasoning skills
· Work in collaboration with Key Stage 2 staff, so they too can use similar strategies 
· Work closely with the Foundation Phase Leader to adapt these tasks, so that they are accessible to the younger pupils of the school
· [bookmark: _GoBack]Review the impact of the project more formally after the national test period
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Appendix 1.1
Exploratory research conducted as part of UWTSD Professional Learning Journey

Listening to Learners Audit
	
	Year 4
	Year 6

	What do you find difficult about mathematics?
	Time
Times Tables
Problem solving
	Choosing the correct method
Fractions and Percentages
Reasoning



Work Scrutiny Audit
	
	Summary

	Is there evidence of pupils reasoning, thinking, and problem solving skills? 

	Pupils engage well in ‘Friday’ reasoning lessons. Pupil comments show that they find these lessons challenging. None to very little evidence found of reasoning activities in everyday practice. 



Appendix 1.2
Pupil voice group discussion after fortnight process of modelling new ‘reasoning starters’

Listening to Learners Audit
	
	Pupil A
	Pupil B
	Pupil C

	Did you like the activities?
	Yes, they helped challenge me.
	I enjoyed them as they made me think more at the start of the lesson.
	Yes, they were really fun.

	Which activity did you like the most?
	Solvemoji because it was fun working with the emojis.
	I liked the odd one out as they could all be the odd one,
	Solvemoji because it was the most interesting, I’ve never seen that before.

	Is there anything you would like to add or improve?
	I would like more activities that help me with reasoning.
	I think more of them so they don’t get too repetitive.
	I liked them all so I found them fine.
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