Overcoming Negative Attitudes to Mathematics:
A Case Study Evaluating the Impact of a Mathematical Resilience Intervention in a Welsh Secondary School.

Abstract
Being numerate is essential to succeed in today’s society however the UK is currently experiencing a numeracy crisis (National Numeracy, 2015). 17 million adults in the UK have numeracy levels expected of primary aged children (National Numeracy, 2017) and 37.5% of 15 year olds in Wales failed to achieve A*-C grades in mathematics/numeracy in 2016/2017. It is therefore vital educational practitioners engage in action research to improve learning and teaching of mathematics in Wales. Literature suggests that the UK’s pervasive negative attitude towards mathematics is the root cause of this national numeracy crisis (National Numeracy, 2015; 2017; Orton & Frobisher, 2004). This attitude is ‘not helpful for the future of our children’ (Orton & Frobisher, 2004, p.2) creating a major barrier to learning in the classroom that needs to be addressed. Literature suggests ‘mathematical resilience’; a positive stance towards mathematics learning, adopting a growth mindset, valuing the importance of mathematics and understanding the need for effort is the key to overcoming negative attitudes (Johnston-Wilder & Lee, 2010). The current study explores this literature and aims to develop and evaluate an intervention designed to build mathematical resilience in learners to overcome negativity towards mathematics. 
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We use maths in every aspect of our lives; at work, in everyday activities at home and beyond. We use maths when shopping, cooking, planning a holiday and managing our finances. Good numeracy is essential as patients to understand health information, as parents when helping our children learn, or as everyday consumers understanding value for money or statistics. Being numerate, that is being confident and competent in using number and mathematical approaches in daily life is vital in today’s society (National Numeracy, 2015). 

However, Government statistics report that 17 million adults, nearly half of the working age population of adults in the UK (49%) have a numeracy level expected of primary age children, thus lacking the basic numeracy skills required for everyday life (National Numeracy, 2017). Furthermore, according to PISA (OECD, 2016), Wales is the worst performing country in the UK, scoring below the mathematics average of the 35 OECD countries. PISA results suggest 23% of students in Wales are considered ‘low achievers’ in mathematics and thus will struggle to solve the types of problems that are faced by adults in daily life (OECD, 2016). This underachievement is supported by GCSE examination results in 2016/2017, demonstrating that only 62.5% of pupils in Wales achieved grades A*-C; the expected age-related performance (Welsh Government, 2017).

Poor numeracy skills come at a cost. In a report for National Numeracy, Pro Bono Economics (2014, as cited in National Numeracy, 2017) estimated the cost to the UK economy (shared by individuals, employers and government) to be £20 billion a year. Furthermore, poor numeracy skills have been linked to low wages, unemployment and poor health (OECD, 2013). Consequently, it is vital we are ensuring pupils are leaving secondary school as numerate individuals, confident with number and mathematical approaches to succeed in adult life. Improving numeracy skills remains a national priority for education in Wales and it is essential now, more than ever that as teachers we seek ways to improve the teaching and learning of mathematics and numeracy to our pupils. 

However, it is currently culturally acceptable in the UK to be negative about mathematics. Mathematics is strongly believed to be a ‘can do’ or ‘can’t do’ subject, with those who are strong in mathematics being seen as particularly intelligent (Orton & Frobisher, 2004). However, those who confess to be not so good at the subject do so often and with an element of pride (Orton & Frobisher, 2004): We hear ‘I can’t do maths’ so often, it has become socially acceptable to say so (Kowsun, 2008). These are widespread views, reinforced and strengthened in the media through lines such as ‘maths was never my thing’ in a L’Oréal advertising campaign and more recently in the media, Prince William admits being ‘terrible at maths’ (National Numeracy, 2017). Literature suggests that it is this dismissive and negative attitude, as opposed to a lack of innate talent that is the root cause of our national numeracy crisis (National Numeracy, 2015; 2017; Orton & Frobisher, 2004). This attitude is ‘not helpful for the future of our children’ (Orton & Frobisher, 2004, p.2) creating a major barrier to learning in the classroom that needs to be addressed. The current study therefore aims to explore the literature surrounding the impact of negativity towards mathematics on learning and how best to overcome it.

As educational practitioners, it is vital we engage in current debates in literature and conduct educational research as it has the potential to inform how best to meet the needs of our learners and in the case of the current study, overcome significant barriers to learning (Welsh Government, 2015). Action research puts educational practitioners in role as researchers and provides opportunities for valuable professional development with a focus on improving their practice and the learning of pupils (Welsh Government, 2015). The Welsh Government (2015) suggest it is key that practitioners engage in such research to ensure evidence-based practice is at the heart of our teaching at a time when the performance of 15 year olds in Wales is under scrutiny, particularly in mathematics. The current study therefore will be an example of action research, based in a real school in South Wales, with the aim of developing and evaluating an evidence based intervention to overcome negative attitudes towards mathematics.




[bookmark: _Toc511595244]1.1 Negative attitudes as a barrier to learning

It has long been understood that ‘something called “attitude” plays a crucial role in learning mathematics’ (Neale, 1969 as cited in Zan & Di Martino, 2007). Attitude is defined as “a settled way of thinking or feeling about something” (Oxford Dictionary, 2016). It is well documented that children and adults alike often hold a negative attitude towards the learning of mathematics (Kowsun, 2008; National Numeracy, 2015; 2017; Orton & Frobisher, 2004; Willis, 2010).  The UK’s cultural view that mathematics is a ‘can do’ or ‘can’t do’ subject is presenting a barrier to learning for many of our pupils before they even enter the classroom. At school, learners do not present themselves as a ‘tabula rasa’ or ‘blank slate’. Instead all learners come to our classrooms with previous experiences, and are often predisposed to this dismissive and negative attitude displayed in society (Orton & Frobisher, 2004; Willis, 2010). This societal view is trickling down into our children and instilling beliefs that it is acceptable to be bad at mathematics because most people are, causing low self-expectations and has adverse consequences in the classroom (Willis, 2010). 

Additionally, some individuals find it particularly difficult to partake in the learning of mathematics, to the point that a phobic or anxious response is triggered, resulting in apprehension and avoidance of activities that may require mathematics in the future (Ashcraft & Krause, 2007; Maloney & Beilock, 2012). This is termed ‘Maths Anxiety’ (MA) and extensive literature has found a negative correlation between MA and mathematics performance, determining that as MA increases, performance in mathematics decreases (Ashcraft & Krause 2007; Maloney & Beilock, 2012). This data is correlational, therefore difficult to determine whether poor mathematics ability elicits MA in individuals, or whether MA is causing the poor mathematics performance (Carey, Hill, Devine, & Szucs, 2016). However, there is support for a ‘reciprocal theory’ suggesting that individuals who experience MA are caught in a vicious cycle by which previous mathematics performance has induced MA, which then inhibits future learning, affecting future performance (Carey, Hill, Devine, & Szucs, 2016). 

Whether individuals experience a degree of MA or have a negative attitude towards learning mathematics, research is clear that these emotional responses are damaging to the teaching and learning of mathematics (National Numeracy, 2015; Willis, 2010; Ashcraft & Krause, 2007). Negativity surrounding mathematics manifests itself in a number of ways including; disengagement, lack of confidence, low motivation, decreased participation, behaviour problems, avoidance, fear of mistakes and a reluctance to improve (National Numeracy, 2015; Willis, 2010). It is clear to see that these behaviours are not conducive to a productive learning environment and an unwillingness to learn mathematics will naturally present a barrier to teaching and learning. 

Psychological research also provides evidence that suggests negativity creates a barrier to learning. In particular, stress experienced after the perception of a threat (real or imagined) or through frustration/confusion results in an emotion dominant response in the brain, meaning the learner has limited control over cognition, behaviour, focus, memory and problem solving (Kienast et al., 2008 as cited in Willis, 2010). This therefore suggests that if a learner feels stressed when attempting to learn mathematics, they cannot use their ‘thinking brain’ and a physical barrier to learning is in place. This response is common in individuals who possess a negative attitude and experience negative emotional responses when learning mathematics due to low confidence, fear of mistakes or MA (Willis, 2010). As a result, for many pupils ‘I can’t do’ is becoming a self-fulfilling prophecy (National Numeracy, 2015). It is therefore vital that as educators, we conduct extensive research into overcoming this barrier to learning and developing positive ways to deliver the mathematics curriculum to ensure all pupils can succeed. 
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In order to ensure all learners can succeed in mathematics, we need to re-open the doors that have been previously closed by negative attitudes (Willis, 2010). Recent neurological research has supported the role attitude plays in learning mathematics, specifically that a positive attitude to mathematics predicts mathematics achievement even after controlling for additional factors including IQ, memory and general academic attitude (Chen et al., 2018). This is key causal research demonstrating that a positive mathematics-specific attitude can enhance future performance. In light of this, Chen and colleagues (2018) suggest that educational practitioners should assess and improve children’s attitudes to mathematics in order to harness and maximise learning for all. Research suggests that this shift towards a more positive attitude can result in a reduction in anxiety, enhanced motivation, as well as a boost in persistence and effort which will in turn break down barriers and enhance learning (Singh, Granville & Dika, 2002; as cited in Chen et al., 2018). Therefore, it is vital that through educational research we seek ways to improve pupils’ attitudes towards mathematics.

[bookmark: _Toc511595246]1.2.1 The importance of mindset

[bookmark: _GoBack]In her pivotal work on mindsets, Carol Dweck (2012) suggests that the mindset a learner adopts towards intelligence is a large determining factor of educational success, particularly in mathematics (Dweck, 2008). Dweck (2012) broadly distinguishes between two mind-sets; a fixed and a growth mindset. Individuals who possess a ‘fixed’ mindset believe their intelligence is a fixed and unchangeable trait; there is a ceiling on their abilities and nothing can alter that. On the other hand, individuals with a growth mindset believe their intellectual abilities can be enhanced and can grow through effort and instruction; intelligence is not a fixed trait (Dweck, 2008; 2012). 

The negative views and attitudes towards mathematics depicted in the literature can be likened to what Dweck (2012) refers to as a ‘fixed’ mindset; believing you require a certain level of intelligence to be good at mathematics, you are either good at it or you aren’t, and no level of mathematics instruction will change this. Dweck (2008) reports that most individuals possess a fixed mindset towards their mathematics capabilities, and reaffirms that this approach to their mathematics studies may have a detrimental impact on achievement, largely due to the behaviours associated with possessing a fixed mind-set. Individuals who possess a fixed mind-set typically avoid situations where failure is likely to occur, particularly avoiding mistakes. Instead, these individuals believe that mistakes, or academic challenge means they lack ability (Boaler, 2013; Dweck, 2007). These findings are in line with the detrimental consequences of holding negative attitudes towards mathematics, suggesting that possessing a fixed mindset may play a role in the relationship with poor mathematics performance. Thus, Dweck’s (2008; 2012) construct of a fixed mindset provides theoretical grounding as to why negative attitudes are linked with poor mathematical performance. 

On the other hand pupils who possess a growth mindset hold a more positive stance to learning and are at an educational advantage, particularly in mathematics and science (Dweck, 2008). These learners are more likely to value and seek out challenging work in an attempt to increase their mathematical ability (Dweck, 2007). Additionally, pupils with a growth mindset are more likely to attribute set-backs or failure to a lack of effort not ability. This therefore does not damage their self-esteem providing them with the courage to try again. This is in stark contrast to pupils who possess a fixed mindset who are likely to give up when faced with adversity which is likely to have detrimental impacts on their mathematics achievements (Dweck, 2007; 2008). Dweck’s (2007) research therefore suggests that in order to overcome negative attitudes as a barrier to learning, learners need to experience a shift towards more of a growth mindset to adopt a more positive attitude towards learning.

Extensive cognitive neuroscience research also provides strong support for the viewpoint of an individual with a growth mindset. Neuroscience research provides evidence of ‘brain plasticity’, which refers to the fact that the brain is not in fact a fixed entity, it is like a muscle and can grow in direct response to challenge and effort (Bunge et al., 2007, as cited in Boaler, 2013). This research therefore supports the attitude of an individual with a growth mindset as they are more likely to value challenging work in an attempt to increase their mathematical ability (Dweck, 2007). Thus, it can be seen that possessing a growth mindset is favourable and encouraging pupils to develop more of a growth mindset is a plausible intervention for overcoming negative attitudes as a barrier to mathematics learning.

Encouragingly, Dweck (2008) strongly believes that one can adopt more of a growth mindset through training: a belief that has been extensively supported through research. Blackwell, Trzesniewski and Dweck (2007) conducted a two-year study on 7th graders (age 12-13) with equal ability in mathematics. The pupils were split equally into two groups; one group received mathematics skills training (control group) and the other received training on the principles of a growth mind-set alongside this mathematics skills training (experimental group). The experimental group were taught the brain can be compared to a muscle that will grow through appropriate challenge and effort and were shown how to apply this to their education. The control group did not receive such specific mind-set training. Results following training clearly demonstrated that individuals who received growth mindset training towards their mathematics education achieved significantly higher scores than the individuals in the control group (Blackwell et al., 2007). This suggests that mathematics teaching alone is not enough to succeed, pupils also need the resilience that comes with a growth mindset to put their skills into practice (Kooken et al., 2016). This study has been criticised as it was conducted on a sample of largely minority students in New York, creating issues with generalizability (Dweck, 2008). However, similar results have consistently been shown in differing populations of school-age pupils (Good et al., 2003) and university students (Aronson, Fried & Good, 2002), supporting Dweck’s belief that a growth mind-set can be instilled via training and providing encouraging support for the use of a growth mindset intervention to overcome negative attitudes to mathematics learning.

More recently, Dweck has turned her attention to learners’ response to challenge and adversity when studying mathematics, suggesting it is this that is the key in predicting future mathematic success (Kooken et al., 2016). Yeager and Dweck (2012) have defined resilience as “behavioral, attributional, or emotional response to an academic or social challenge that is positive or beneficial for development” (p. 303). They suggest that the mindset you possess may lead to differences in resilience, which explains the differing academic outcomes. For example, individuals who possess a fixed mindset typically give up in the face of challenge, compared to individuals with a growth mindset who are likely to seek alternative options and value effort and challenge in order to grow (Dweck, 2008; 2012). This suggests that resilience could be the determining factor underpinning difference in mathematical outcomes (Yeager & Dweck, 2012). 
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Johnston-Wilder & Lee (2010) have coined the term ‘mathematical resilience’, suggesting it is the key to overcoming negative attitudes to mathematics (Johnston-Wilder & Lee, 2010). In a broad sense, resilience refers to a positive response to adversity (Kooken et al., 2013). It is understood that all learning requires resilience however it is believed that mathematics learning requires a particular resilience due to the nature of the subject, teaching methods used and the pervasive belief that mathematics is a ‘can do’ or ‘can’t do’ subject (Lee & Johnston-Wilder, 2013). Mathematical resilience is largely based on Dweck’s (2012) growth mindset theory, and postulates that in order to demonstrate mathematical resilience all learners will need to hold a growth mindset (Johnston-Wilder & Lee, 2010). However, mathematical resilience also focuses on the emotions and behaviours in response to adversity or challenge and ensuring these are positive adaptations to enable success (Kooken et al., 2013). For example, individuals who exhibit mathematical resilience approach mathematics with a positive stance, confidence but importantly persistence. They will persevere when faced with difficulties and are willing to put in effort to overcome struggles (Kooken et al., 2016).

The construct of mathematical resilience has three fundamental dimensions: value, struggle and growth (Johnston-Wilder, Brindley & Dent, 2014; Kooken et al., 2016; National Numeracy, 2015). ‘Value’ refers to the extent to which learners find studying mathematics important. This dimension is based on expectancy-value theory, referring to the fact that learners will be more interested and motivated to engage in mathematics if they feel it is valuable and contributing positively to their goals or skills (Johnston-Wilder, Brindley & Dent, 2014; Kooken et al., 2016). ‘Struggle’ refers to the understanding that mathematics requires effort and experiencing ‘struggle’ is not unusual and does not signify incompetence or lack of ability (Kooken et al., 2016). According to Bandura’s (1989, as cited in Kooken et al., 2016) human agency theory, individuals who understand that struggle and effort is common to everyone who studies mathematics, they have a higher tolerance and greater resilience in the face of adversity. This dimension of ‘mathematical resilience’ particularly focuses on the need to make mistakes in mathematics to learn and helps learners to understand this (Johnston-Wilder, Brindley & Dent, 2014). The third dimension of ‘mathematical resilience’ is ‘growth’ and refers directly to Dweck’s (2012) work on mindsets and that a growth mindset is favourable to overcome the challenges and setbacks faced when learning mathematics.  It is clear to see why these two constructs go hand in hand: even if an individual is taught the mathematical skills required to overcome mistakes and academic challenge, they may not employ these skills wholeheartedly if their mindset fosters the idea that their mathematical ability will not change (Yeager & Dweck, 2012). Thus, in order to develop mathematical resilience individuals must hold a growth mindset and understand that their intellectual capabilities are not fixed and with effort and exertion they can improve their mathematics ability. Similarly, learners must see personal value in studying mathematics and understand the importance of making mistakes and ‘struggling’ as part of the learning journey. As a result, learners’ will develop the resilience required to learn mathematics from a positive stance and possess the emotional and behavioural responses to adversity that will allow them to overcome negativity or anxiety towards mathematics learning (Johnston-Wilder & Lee, 2010).
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[bookmark: _Toc492592185]In line with recommendations from Chen and colleagues (2018), this action research aims to develop and evaluate an intervention to improve children’s attitudes to mathematics in order to maximise learning for all. Understanding Johnston-Wilder & Lee’s (2010) mathematical resilience provides us with a research grounded, mathematics specific approach to overcoming negative attitudes. This provides educational practitioners a vital focus when developing interventions to overcome negative attitudes to mathematics. We know from literature that a positive attitude towards mathematics is a strong predictor of future mathematics performance (Chen et al., 2018) and thus it seems natural to overcome negative attitudes as a barrier to learning in an attempt to shift these towards a more positive view of the subject. Dweck’s (2012) work on mindsets has helped us to understand how individuals with a negative attitude towards mathematics may also possess a fixed mindset, which results in a number of negative emotions and behaviours that suggest these individuals are not resilient in the face of academic challenge. Johnston-Wilder & Lee’s (2010) applied mathematical resilience has provided a three-dimensional construct allowing us to distinguish between a learner who persists in mathematics from one who does not through the attributes they possess. 

There is limited literature providing detail on successful interventions and how educational practitioners can utilise Johnston-Wilder & Lee’s (2010) construct of mathematical resilience to overcome negative attitudes to mathematics. Although Johnston-Wilder & Lee (2010) have provided a sound introductory theory, little replicable research methods were reported to allow educational practitioners to build mathematical resilience in classrooms. Lee & Johnston-Wilder (2013) have provided some vague guidance on teaching for mathematical resilience, suggesting pupils need independence and opportunities to work collaboratively to develop resilience to overcome challenges personally and independently (without teacher ‘smoothing’ it over). They suggest this allows learners to make mistakes freely, understanding that they are part and parcel of optimal learning (Lee & Johnston-Wilder, 2013). 

Contrastingly, Dweck (2008) has provided three clear recommendations as to how practitioners can cultivate a growth mindset culture in the classroom. Dweck (2008) suggests the first way in which educators can convey a growth mind-set to their pupils is through educating them on the plasticity of the brain. Teaching pupils that their brain can grow and get stronger each time they work hard, challenge themselves and learn something new is important for pupils to understand the principles of a growth mind-set (Dweck, 2008). Secondly, it is important that teachers value challenges, effort and mistakes above easy, low-effort success. Dweck (2008) argues that this allows pupils to see that it is the hard work, and the ability to learn from our mistakes that counts, hopefully fostering a growth mindset approach to challenge and moving away from avoidance as would typically be seen in fixed mind-set pupils. This recommendation is in line with those from Lee & Johnston-Wilder (2013), suggesting that pupils need to understand the importance of making mistakes and will help pupils to understand the dimension of ‘struggle’ required for mathematical resilience. Dweck’s (2008) final recommendation is to provide praise and feedback on the processes pupils have undergone, including praising strategies, effort, improvement and resilience as opposed to praising the individual which portrays a fixed mind-set belief that the person’s ability or intelligence is highly valued. Similarly, this recommendation will help pupils to gain understanding that ‘struggle’ and effort is vital when learning mathematics and will reinforce positive responses to barriers they encounter in the future, developing mathematical resilience (Johnston-Wilder & Lee, 2010; Lee & Jonhnston-Wilder, 2013). 

The purpose of this action research is to develop and evaluate an intervention designed to develop ‘mathematical resilience’ with the aim of overcoming the negative attitudes to mathematics often exhibited by learners, presenting a barrier to learning. This intervention will be grounded in research on developing mathematical resilience by Johnston-Wilder & Lee (2010) and utilising the above recommendations from Dweck’s (2008; 2012) work on developing a growth mindset. This action research is therefore in line with recommendations from OECD (2014) in their report improving schools in Wales in which they suggest ‘research should be considered during or even before the design of new policy rather than being an after-thought’. The implementation of this research based intervention therefore provides a sound example of utilizing evidence based practice to improve outcomes.
This action research will use case study to measure the effectiveness of this intervention on enhancing learners’ mathematical resilience. Additionally, the current study aims to add to the limited educational research providing specific guidance on effective strategies to deal with negativity towards mathematics. It is hoped that pupils who exhibit negative attitudes and/or a fixed mindset towards mathematics will experience a shift towards a more growth mindset and will develop mathematical resilience, resulting in positive changes in behaviour, attitude and motivation in mathematics lessons. 
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The research calls reference to a group of learners based in a real school, in Wales which, in accordance with ethical guidelines outlined by the British Educational Research Association, will hereafter be referred to as School A and Class B, in order to protect anonymity, confidentiality of the school and pupils as well as all participants’ right to withdraw (BERA, 2011).    

[bookmark: _Toc511595250]2.1 School Context
School A is an 11-18 co-educational mainstream school situated in the heart of the South Wales Valleys. There are currently 789 pupils on roll. Approximately 26.7% of these pupils are entitled to receive Free School Meals (FSM). The proportion of pupils in receipt of FSM is often used as a measure of the socio-economic deprivation in the school’s local area (Estyn, 2011). This proportion is nearly 7% above the average held by the school’s local authority and significantly above the national average of 17%. This indicates that the school serves an area of severe economic disadvantage, situated in one of the most deprived counties in Wales (WIMD, 2011, as cited in Estyn, 2011). 

Overcoming barriers to learning mathematics is vital at School A. In 2016/2017 only 47.6% of pupils achieved a grade A*-C in mathematics or numeracy. This is significantly lower than the national average of 62.5% of pupils across Wales achieving age-related expected outcomes (Welsh Government, 2017). Thus it is vital that educational practitioners conduct action research and deliver evidence based practice to raise attainment of learners at school A, given the importance of mathematics in future success (National Numeracy, 2015). 

Overcoming negative attitudes towards mathematics is a key educational issue in School A. Research suggests disengagement and cynicism towards education is widespread in deprived communities, creating an ‘anti-academic’ culture (Goodman & Gregg, 2010). The DCSF (2008) suggest this barrier faced by all children living in deprived communities is in many ways ‘bigger than material poverty’ (p.27). Research suggests disadvantaged learners are less likely to feel a sense of belonging and hold positive attitudes towards school (OECD, 2014). This is particularly true with regards to mathematics. As the literature describes, in the UK, many people hold negative attitudes towards learning mathematics, holding fixed mindset beliefs that mathematics is a ‘can do’ or ‘can’t do’ subject (National Numeracy, 2015; Johnston-Wilder & Lee, 2010). This is a pervasive belief among learners in School A, evident through common proclaims from pupils that they are ‘dull’ or ‘can’t do maths’. The attitudes displayed by many learners at School A are in line with research suggesting that socio-economically disadvantaged students not only perform worse in mathematics, they also display lower levels of engagement, motivation and self-belief (OECD, 2014). The recognition of these behaviours and widespread negativity towards mathematics in School A prompted the current researcher to explore this issue further. As an educational practitioner teaching mathematics and facing these barriers to learning daily, the researcher aims to develop an evidence based intervention, grounded in theory and designed to overturn the negative attitudes to mathematics in School A’s learners. 
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[bookmark: _Toc511595252]3.1 Design
This action research will use a case study to evaluate the effectiveness of an intervention designed to develop ‘mathematical resilience’ to overcome the negative attitudes to mathematics. A repeated measures design will be used to measure participants’ mathematical resilience before and after delivery of the intervention. This allows the researcher to be confident that any statistically significant alterations in the participants’ mathematical resilience is a direct result of the intervention delivered (Walker, 2010). 

[bookmark: _Toc511595253]3.2 Participants
The researcher has used opportunity sampling to select a sample of learners currently on roll at School A. The sample of learners chosen to take part in this research are all currently in the same maths class; Class B at School A. Class B consists of 16 pupils; 7 male and 9 female. School A groups all learners in mathematics ability groupings according to assessment data. Purposive sampling has been used to choose this non-random sample of learners who are currently all in the lowest group in their year group; year 10 (aged 14-15). The aim of purposive sampling is to choose a sample of participants that exhibit a particular characteristic that are relevant to the research question (Bryman, 2012). The researcher chose Class B as all pupils are in KS4 and at a pivotal point in their academic journey, approaching their GCSEs, yet all learners are currently ‘underperforming’ in mathematics and are not predicted to meet age-related outcomes. First hand empirical evidence from the researcher suggests behaviours exhibited by pupils in Class B are in line with those of pupils who hold negative attitudes to learning mathematics and possess a ‘fixed’ mindset (Dweck, 2012). The negativity and lack of motivation to succeed creates a monumental barrier to learning for these pupils whilst preparing to take their GCSES. The researcher therefore felt these pupils would benefit from receiving an intervention to overturn these negative attitudes and would provide a valuable sample in order to measure the effectiveness of the intervention. 

[bookmark: _Toc511595254]3.3 Intervention
The intervention is grounded in theory and based on extensive literature surrounding growth mindset and mathematical resilience (Dweck, 2012; Johnston-Wilder & Lee, 2010), thus the researcher has taken a deductive approach in order to develop an intervention to overcome negative attitudes towards mathematics.  There is limited research providing support for specific classroom techniques educational practitioners can use to build mathematical resilience in learners. However, Dweck (2008) provides clear recommendations as to how practitioners can cultivate a growth mindset culture in the classroom. Possessing a growth mindset is at the heart of mathematical resilience so this intervention is designed to shift learners’ mindsets to that of a growth mindset according to Dweck’s (2008) recommendations whilst also endeavouring to encompass the other two mathematical resilience dimensions of ‘struggle’ and ‘value’.
Over a 12 week period (one academic term) the researcher will deliver mathematical content as per the school’s scheme of work, alongside changes in teaching style, language and activity to meet the following 5 recommendations. 
Dweck (2008) has recommended three ways in which educators can begin to implement a growth mindset culture in their classrooms:
1. Educate pupils on the principles of a growth mindset and brain plasticity. 
2. Portray high effort, challenge and mistakes as high value.
3. Use specific feedback and praise placing positive emphasis on the processes, strategies, challenge-seeking behaviours and perseverance displayed by pupils.
In line with Lee & Johnston-Wilder’s (2013) few recommendations the following will also be included to build mathematical resilience:
4. Aid pupils in understanding the value of mathematics in their lives.
5. Allow pupils opportunities to work collaboratively to aid independence and resilience.

[bookmark: _Toc511595255]3.4 Data Collection
A mixed methods approach will be employed to measure the effectiveness of a mathematical resilience intervention in overcoming negative attitudes to mathematics as a barrier to learning. The repeated measures design of this research intends to measure learners’ mathematical resilience pre- and post-intervention. The aim of the research is to measure changes in learner’s mathematical resilience as a result of the intervention, therefore learners will complete a self-completion questionnaire prior to the intervention to provide a baseline measure. The same questionnaire will then be re-administered at the end of the intervention period. Completing the same questionnaire at both time points, will allow the researcher to measure differences in mathematical resilience as a direct result of the intervention (Walker, 2010). The researcher has chosen to administer self-completion questionnaires as they are advantageous in numerous ways, including the convenience and ease at which they can be completed by participants, and allow the researcher to elicit valuable quantitative data from pre-coded closed questions that are easy to analyse at a later stage (Welsh Government, 2015).
Johnston-Wilder & Lee (2010) have previously conducted research with a similar design to the current study, therefore the researcher planned to utilise the instrument used by Johnston-Wilder & Lee (2010) to measure the construct they have created. Bryman (2012) suggests it is advantageous to use existing questions and it is common practice in research. However, on closer inspection, Johnston-Wilder & Lee (2010) did not report quantitative results and utilised an instrument to measure mathematical resilience that had not been evaluated for its psychometric properties. Thus, there were potential limitations of this tool with regards to reliability and validity that mean it was not wise to replicate their study. However, Kooken and colleagues (2016) have since developed the ‘mathematical resilience scale’ (MRS) which has undergone extensive testing and the reliability and validity of the MRS has been affirmed in the measurement of mathematical resilience defined by three correlated factors: Value, struggle and growth. The MRS is a 24-item scale designed to measure mathematical resilience utilising a Likert scale format. In line with the three dimensions of mathematical resilience, the MRS has three sub-scales; 8 statements measuring value, 9 statements measuring struggle and 7 statements measuring growth. Participants are asked to respond accordingly on a scale of strongly agree to strongly disagree for each statement. This scale provides a valuable tool for the measurement of mathematical resilience in the current study as Bryman (2012) suggests utilising existing research tools means the questions have essentially been piloted. Furthermore, previous reliability and validity testing has taken place therefore the researcher can be confident the MRS will be assessing the desired construct and the research question can be answered. Additionally, the use of an existing validated instrument allows for the comparison of results with other research (Bryman, 2012).
However, a limitation of the MRS is that it has only previously been validated on college students and adults in the US (Kooken et al., 2016), thus the researcher cannot be confident that the scale will be appropriate for use in the UK with school aged pupils. Kooken and colleagues (2016) recognise this and suggest that small adjustments may make the scale just as relevant for younger learners. Therefore, given the advantages of utilising a pre-validated existing questionnaire, the current study will use the existing statements from the MRS as a template but make slight alterations to the language to make them accessible and relevant to younger learners in the UK.
A potential limitation of using self-completion questionnaires is the risk of a low response rates (Bryman, 2012). In order to overcome this and to ensure the questionnaires are completed in the most convenient way for participants, the researcher will ask learners to complete questionnaires during lesson time. This also means the researcher will be available to answer any questions participants may have during completion, but it is vital the researcher is not involved in the completion of these questionnaires or seen to be ‘watching’.
Whilst using questionnaires to gather quantitative data is advantageous, the researcher does not have the opportunity to probe or ask further questions of interest or seek out information to understand anomalies that would be possible in an interview (Bryman, 2012). In order to overcome this and to ensure reliability of results gathered from the questionnaire, the researcher will triangulate results through collection of qualitative data via an informal focus group (Coolican, 2009; Welsh Government, 2015). Willing participants will be invited to take part in an informal focus group after the intervention period to generate rich qualitative data through open ended unstructured questions discussing the impact of the intervention on pupils’ approaches to mathematics. This research tool is subject to limitations due to the nature of ‘focus groups’. It is not uncommon for one or two domineering characters to dominate the discussion, presenting the potential for other pupils to feel intimidated and lack confidence to oppose views (Coolican, 2009). This may have been avoided through use of a one-to-one interview. However, a group situation was favoured as it allows for an exchange in views and points raised may encourage others to participate and generate more ideas than is likely to surface in a one-to-one interview (Coolican, 2009; Cohen, Manion & Morrison, 2007). Additionally, qualitative data will be recorded via informal, unstructured teacher observations of Class B throughout the intervention period. Empirical teacher observations are valuable as the researcher/teacher can see first-hand any changes to learners’ behaviour or responses to adversity in a natural setting. These teacher observations and reflections will allow for triangulation of both quantitative and qualitative data to ensure reliability in results (Welsh Government, 2015). 



[bookmark: _Toc511595256]3.5 Proposed Work Plan
12 Week Intervention Period


[bookmark: _Toc511595257]3.6 Ethical Considerations
It is recognised and understood that all research must be conducted in an ethical manner, seeking to benefit others and prevent harm (BERA, 2011; Welsh Government, 2015). The researcher understands there is a responsibility to show due ethical concern for the participants involved, the sponsors of the research and other educational researchers and professionals (BERA, 2011). Thus, the current research will be conducted in accordance to BERA (2011) ethical guidelines at all times. The researcher will seek full ethical approval from the University of Wales, Trinity St. David ethics committee before conducting any research. Following ethical approval, informed consent will be obtained from every participant prior to the research process commencing, ensuring all learners are aware of the nature of the research, what will be involved and required of them. Participants will also be made aware that their participation is voluntary and that they have the right to withdraw themselves and their data at any point throughout the research process. Participants will be made aware that all data will be collected and stored securely, anonymously and treated with confidentiality in order to protect the pupils’ rights and privacy (BERA, 2011). Furthermore, all data will be destroyed following analysis and reporting of results. 
All research methods throughout this study are non-invasive, non-inconveniencing and do not single out any participants as all research will be conducted anonymously and during lesson time. Thus, no harm to participants is anticipated.
This research is therefore in accordance with BERA (2011) ethical guidelines and meets the four main ethical principles; informed consent, no harm to participants, no invasion of privacy and no deception (Bryman, 2012).









[bookmark: _Toc511595258]Evaluation of Research

The purpose of this action research is to develop and evaluate an intervention designed to develop ‘mathematical resilience’ with the aim of overcoming the negative attitudes to mathematics often exhibited by learners, presenting a barrier to learning. 

The researcher has engaged in extensive literature exploring negative attitudes and has found limited literature providing specific, research informed recommendations that educational practitioners can use to develop mathematical resilience in learners. Thus, the researcher has designed an intervention primarily using Dweck’s (2008) three recommendations to promote a growth mindset, alongside two recommendations from Lee & Johnston-Wilder (2013) to develop mathematical resilience. A strength of this action research is that following data collection and analysis, conclusions can be drawn that will add to a limited field of research and it therefore has the potential to inform future interventions for educational practitioners delivering mathematics to learners who exhibit negative behaviours. 
However, a limitation of the case-study nature of this action research is the limited generalisability outside of this specific context (School A). This research is conducted on a sample of pupils within a single context and thus effectiveness of this intervention cannot be generalised outside of School A (Bryman, 2012). To overcome this, future research would need to be conducted in different settings and results compared to draw conclusions as to the generalisability of the intervention developed as part of this action research.

The research methods used throughout this study were carefully chosen, considering the advantages and disadvantages of each and the researcher believes they are appropriate to achieve the research aim. However, the researcher holds good working relationships with the learners in Class B, thus the nature of the data collection by the researcher/practitioner presents potential for bias. Social desirability bias refers to the potential for learners to alter answers or opinions given so as to ‘look favourable’ or to please the researcher or provide the answers they feel she is looking for (Coolican, 2009). This has the potential to skew results and not provide an accurate account of the impact of the intervention. In light of this, triangulation of data through collection of both quantitative and qualitative data overcomes the limitations previously discussed, reducing bias. This therefore eradicates any concerns over validity and increases the reliability of results, adding weight to the conclusions of the research (Welsh Government, 2015; Bryman, 2012).

Additionally, the intervention period in the current study is only 12 weeks. This has the potential to limit results as literature suggests that reversing negative attitudes may take months depending on the pervasiveness of the negativity and the presence of stress or MA (Willis 2010). This is something to consider and future research may wish to conduct a longitudinal study in which mathematical resilience is measured at different time points to determine the optimal intervention length and the long-term impact of the intervention. 
Moreover, the current research study does not intend to assess the impact of the intervention on pupils’ mathematics attainment. The aim of this action research is to overcome negativity as a barrier to learning mathematics through developing an intervention to build mathematical resilience. The ultimate goal of any educational research is to improve learning and teaching which will hopefully result in improved educational outcomes (Welsh Government, 2015). Following on from this research evaluating the effectiveness of the intervention in building mathematical resilience, future research may wish to consider the long-term impact of mathematical resilience in raising educational outcomes. 
However, the current study still holds value in that it is adding to a limited body of educational research in providing valuable research for educational practitioners on how best to develop mathematical resilience to overcome negative attitudes to mathematics learning.
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Introduction to the Research


Participants will be invited to take part, provided with a verbal and written overview of the study and informed consent will be obtained.


Baseline MRS Questionnaire


Learners will complete the MRS to obtain baseline mathematical resilience prior to the intervention period.





Over a 12-week period (one academic term), the researcher/teacher will deliver mathematics lessons to Class B with alterations as she sees fit in teaching style, activity choice and language in order to meet the 5 recommendations from literature to build mathematical resilience.


Post-Intervention Questionnaire


Learners will complete the MRS for the second time to obtain mathematical resilience scores following the intervention period.


Focus Group


Willing participants will be invited to take part in an informal unstructured focus group to obtain rich qualitative data on pupils' mathematical resilience and the impact of the intervention.


Participant Debrief


The teacher/researcher will make observations of learners' attitude and behaviours throughout the intervention period that may indicate alterations in learners' mathematical resilience.


Participants will be thoroughly debriefed and will have the opportunity to have an open discussion with the teacher/researcher and ask any questions they may have regarding the research.


Data Analysis


Both quantitative and qualitative data will be analysed to determine the impact of the intervention on learners' mathematical resilience. Conclusions will be drawn on the effeciveness of the intervention comparing pre-and post-intervention MRS scores and qualitative data will be used to triangulate findings.











