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 Abstract

Literature suggests that the UK’s pervasive negative attitude towards mathematics is the root cause of the country’s numeracy crisis (National Numeracy, 2015; 2017). These attitudes are “not helpful for the future of our children” (Orton and Frobisher, 2004, p.2) and create a major barrier to learning in the classroom that needs to be addressed. Research suggests that the key to overcoming negative attitudes towards mathematics is ‘mathematical resilience’; a positive stance towards mathematics learning characterised by holding a growth mindset, valuing the importance mathematics and understanding the need for effort and challenge (Johnston-Wilder and Lee, 2010). The current study provides an example of crucial teacher-led action research exploring literature in order to develop an intervention to improve the teaching and learning of mathematics in Wales. A case study design is utilised employing mixed methods approaches in order to evaluate the impact of the intervention in building mathematical resilience to overcome negativity towards mathematics. Analyses reveal that the intervention is successful in enhancing the mathematical resilience of learners, resulting in positive changes in behaviour and attitude towards mathematics. This research holds significant value in its potential to inform school improvement documentation and provides valuable research for educational practitioners on how to overcome negativity towards mathematics in the classroom and reduce barriers to learning.
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[bookmark: _Toc36611526]1.1 National Numeracy Crisis: The Problem

We use mathematics in every aspect of our lives: at work, home and beyond. We use mathematics when shopping, cooking, planning a holiday and managing our finances. As patients we need good numeracy skills to understand health information. As parents we require mathematical understanding to help our children learn and as everyday consumers, we need to be numerate to understand value for money or statistics. Being numerate, that is, being confident and competent with number and mathematical approaches in daily life, is essential to succeed in today’s society (National Numeracy, 2015).
However, the UK is currently experiencing a numeracy crisis (National Numeracy, 2015). UK Government statistics report that 17 million adults have a numeracy level that is no better than would be expected of a primary age child (National Numeracy, 2017). This means that nearly half (49%) of the UK’s working age population of adults are considered to have low numeracy levels and thus do not possess the basic numeracy skills required in everyday work and life (National Numeracy, 2017). Furthermore, recent research reports that many undergraduate students are lacking the required numeracy skills to fully understand their chosen university course. In fact, only 26% of the undergraduate students who participated in the research had numeracy levels considered necessary for daily life and work (National Numeracy, 2019). 
Low levels of adult numeracy come at a significant cost to both the individual and the economy. In a report for National Numeracy (2017), Pro Bono Economics (2014) estimated the cost to the UK economy (shared by individuals, employers and the government) to be £20.2 billion per year. These figures do not however include costs that were not quantifiable, including: additional costs to the health service, criminal justice costs, educational outcomes for the children of adults with poor numeracy skills and poor finance management (Pro Bono Economics, 2014). Thus, this figure is likely to be understated in the cost of low adult numeracy. Furthermore, poor numeracy skills affect more than just people’s pockets; they limit the life chances of individuals (National Numeracy, 2018).  Low levels of adult numeracy have been linked to: lower wages, higher chances of unemployment, social problems, poor health, truancy and crime (OECD, 2013, cited in National Numeracy, 2015; Pro Bono Economics, 2014). 
Adults identified as having low numeracy levels are out of reach of the education system. Charities such as National Numeracy are working to help upskill the millions of ‘barely numerate’ adults already in work in partnership with the government, employers, training providers and individuals (National Numeracy, 2017). However, in order to tackle the root of the numeracy crisis, we need to turn to schools. It is vital that we ensure all learners leave secondary school as numerate individuals, ensuring that learners understand the role that mathematics plays in the world. Learners need to be able to use and engage with mathematics in a way that allows them to succeed in everyday life. 
Statistics suggest this is currently not the case in the UK. The Programme for International Student Assessment (PISA) survey administered mathematics tests to fifteen and sixteen year olds globally, designed to show how well students can apply their mathematics knowledge to real life (OECD, 2014a; 2016). Results from both the 2012 and 2015 PISA surveys suggest that 22% of students in the UK do not reach the baseline level of proficiency in mathematics and are considered ‘low achievers’ (OECD, 2014a; 2016). This suggests that at least one in five of the UK’s fifteen and sixteen year olds cannot engage with complex reasoning without direction and will struggle to solve the types of problem that are faced by adults in daily life (OECD, 2014a; 2016). Alarmingly, there has been no significant change in the proportion of learners considered ‘low achievers’ in the UK since 2006 (20%) (OECD, 2016). 
In particular, Wales is the worst performing country in the UK, with 23% of students in Wales being considered ‘low achievers’ in mathematics in 2015 (OECD, 2016). This underachievement in Wales is supported by GCSE examination results in 2017/2018, demonstrating that only 63.6% of learners in Wales achieved grades A*-C in Mathematics or Numeracy; the expected age-related performance (Welsh Government, 2018). In light of these results, improving numeracy skills remains a key national priority for education in Wales (Welsh Government, 2017). It is essential now, more than ever, that schools and educational practitioners seek ways to improve the teaching and learning of mathematics and numeracy to ensure all learners have the required numeracy levels to succeed in life. 
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The Welsh Government recognises the need for educational reform in Wales and is committed to raising standards of education and improving learner outcomes (Welsh Government, 2014; 2017). As part of an action plan to raise education standards across Wales, the Welsh Government introduced the Education Regulations 2014. As of September 2015, all schools in Wales are required to have a ‘School Development Plan’ (SDP). These are individual to each school and present their strategic plans for development, identifying and setting targets and actions a school will take to improve learner outcomes (Welsh Government, 2014). 
The School Effectiveness (SE) movement has provided sound evidence that schools can and do make a significant difference to learner outcomes (Sammons, 2007 cited in Chapman and Sammon, 2013). This has fueled the rise in school improvement research and practice such as the Welsh Government’s (2014) Education Regulations (School Development Plans). SE research largely focuses on exploring differences between more or less effective schools and analysing them as organisations at whole school level (Chapman and Sammons, 2013). SE research typically takes a top-down approach to determine which elements of change within a school have impacted upon a schools’ journey to a destination (categorised as effective) (Chapman and Sammons, 2013). 
While SE research has contributed to our understanding of key factors associated with effective schooling, the School Improvement (SI) movement has helped us to understand more about the processes linked to improving schools. SI research adopts more of a bottom-up approach to change, arguing that the capacity to improve comes from within a school and not from organisations beyond it (Chapman and Sammons, 2013). This movement instead recognises teachers and leaders within schools as key agents of change (Macbeath, 1999). SI research and practice focuses on the journey and exploring how change happens. It is an approach to educational reform that puts the student outcomes at the heart, focusing less on whole school processes but more on the teaching and learning processes and optimal conditions to support these (Hopkins, Ainscow and West, 1994). 
The Welsh Government Education Regulations (2014) draw on ideas from both SE and SI research, however ideas from the SI movement are more prominent. For example, the Welsh Government (2014) clearly states the SDPs are to be used as part of a continuous cycle in which schools are reflecting on their performance, taking action and reviewing the impact, with learner outcomes at the heart. There is no ‘destination’ of being considered effective and it clear that school improvement is an ongoing, dynamic process. SDPs are to be seen as live documents that are regularly revisited and edited according to school self-evaluation and progress in meeting identified priorities (Welsh Government, 2014). In line with the SI movement, the Welsh Government (2014) has made it clear that all staff and governors have a role to play in the school’s plan for improvement: every school’s SDP is to be easily accessible and used as a reference point for reflection as these individuals are to be the key agents of change (Macbeath, 1999). 
The introduction of the SDPs across Wales is a key step in improving the educational outcomes of learners across Wales and overcoming the current numeracy crisis. The Welsh Government (2014) currently has three key national priorities of:
· improving the standards of education in relation to literacy
· improving the standards of education in relation to numeracy
· reducing the impact of poverty on educational attainment.
With the regulation of SDPs across Wales, every school is now required to report on how the school is addressing these national priorities (Welsh Government, 2014). This is a positive measure ensuring that all schools are now required to take active steps in reforming the teaching and learning of numeracy with the aim of improving learner outcomes and equipping learners with the required numeracy skills to succeed in life. 
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Now that all schools in Wales are required to engage in a continuous cycle of reflection upon current numeracy provision, take action and review the impact on learner outcomes, there is a call for more action research to be done in schools (Welsh Government, 2014). As educational practitioners, it is vital that 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 (Welsh Government, 2015). There is no ‘one size fits all’ approach to school improvement and it is important that the improvement process implements strategies that are specific to each learning community in order to overcome barriers to success (Welsh Government, 2014). Action research places educational practitioners in role as researchers and provides valuable opportunities for professional development to improve practice and ultimately the learning of learners (Welsh Government, 2015). Participating in action research allows practitioners to widen their expertise and engage in a reflective process that questions and evaluates strategies to discover what will and won’t work for their own learners, resulting in tailored practice for each learning community. The Welsh Government (2015) suggests 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. A focus on teacher action research is also in line with recommended activity for school improvement within the SI movement (Hopkins et al., 2011). Hopkins and colleagues (2011) recommend that phase 2 of school improvement activity should focus on teacher action research as a ‘powerful lever for change’ and a key component in sustained improvement. 
The current study will provide an example of teacher led action research. This report will discuss current debates in the literature surrounding barriers to learning mathematics and aims to develop and evaluate an evidence-based intervention to enhance the teaching and learning of mathematics in a school in South Wales. The effectiveness of this intervention will be evaluated and discussed with the potential for inclusion within school improvement documents to help schools in South Wales meet the national priority of improving the standards of education with relation to numeracy (Welsh Government, 2014).
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Staggering numbers of both children and adults in the UK have the numeracy skills expected of a primary aged child (National Numeracy 2015; 2017; OECD, 2014a; 2016).  To many, these statistics are shocking: The importance of good numeracy is understood by educationalists, economists and individuals who recognise the importance of being numerate. However, unfortunately at ‘ground level’ poor numeracy skills are often overlooked and too often accepted (National Numeracy, 2017).  
It is currently culturally acceptable in the UK to be negative about mathematics and assume low levels of numeracy as the norm. We are facing pervasive beliefs that maths is a ‘can do’ or ‘can’t do’ subject, with those who are strong in mathematics being seen as particularly intelligent (Orton & Frobisher, 2004). Being good at maths is perceived as a skill possessed only by a rare few who have the ‘maths gene’ and thus inaccessible to the general public (National Numeracy, 2015). We talk about maths in a way that we don’t talk about any other life skill: those who confess to be not so good at the subject often do so with an element of pride (Orton and Frobisher, 2004). We hear ‘I can’t do maths’ so often, it has become socially acceptable to say so (Kowsun, 2008). However, you will rarely hear people boast about poor literacy skills or being ‘rubbish at reading’ (Lewis, 2018). Unfortunately, these views are widespread and are regularly reinforced through 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 light-heartedly joked that he was ‘terrible at maths’ (National Numeracy, 2017). Poor numeracy is not something to be laughed at, dismissed or considered a proud achievement. However, by glorifying it and publicising it in the media, negative attitudes are strengthened and made acceptable; we are permitting poor numeracy skills and allowing people to not try (Lewis, 2018).
Literature suggests that this dismissive, negative attitude towards mathematics is the root cause of our national numeracy crisis, as opposed to a lack of innate talent (National Numeracy, 2015; 2017; Orton & Frobisher, 2004). It has long been understood that “something called ‘attitude’ plays a crucial role in learning mathematics” (Neale, 1969, cited in Zan & Di Martino, 2007). Attitude is defined as ‘a settled way of thinking or feeling about something’ (Oxford Dictionary, 2016). The social acceptability of saying ‘I can’t do maths’ and holding the belief that not everyone is a ‘maths person’ is creating a major barrier to learning. In order to raise numeracy levels across the UK, our attitudes need to change (National Numeracy, 2015; Lewis, 2018)

[bookmark: _Toc36611532]2.1.1 Negative Attitudes as a Barrier to Learning Mathematics

Negative attitudes towards mathematics are particularly “not helpful for the future of our children” (Orton & Frobisher, 2004, p.2) as they are creating a major barrier to learning in the classroom. This hurdle is often in place for many learners before they enter the classroom. When learners arrive at school, they do not present themselves as a tabula rasa or blank slate. Instead all learners have previous experiences and are often predisposed to this dismissive and negative attitude displayed in society (Orton & Frobisher, 2004; Willis, 2010). Every time a parent professes to being rubbish at maths or not being a ‘maths person’, a child is granted permission to not try and accept that they too may not be a ‘maths person’ (Lewis, 2018). Negative emotional responses displayed by parents have been shown to directly affect the mathematical performance of their children, regardless of their mathematical ability, providing evidence for an intergenerational transmission of attitudes towards mathematics (Maloney et al., 2015).  The UK’s negative 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 adverse consequences in the classroom (Willis, 2010). 
A number of individuals do find it exceptionally difficult to partake in the learning of mathematics, due to phobic or anxious responses being triggered. This results in apprehension and eventually avoidance of future activities that may require mathematical skills (Ashcraft and Krause, 2007; Maloney and Beilock, 2012). This is termed ‘Maths Anxiety’ (MA) and it has been widely documented in the literature that many people approach mathematics with some degree of fear or anxiety (Ashcraft and Krause, 2007; Johnston-Wilder and Lee, 2010; Maloney and Beilock, 2012). Developing a negative and anxious association with mathematics is naturally going to compromise a person’s ability to engage with mathematics. This is supported through studies depicting a negative correlation between MA and mathematics performance, determining that as the severity of MA increases, performance in mathematics decreases (Ashcraft and Krause 2007; Maloney and Beilock, 2012). Findings of this nature are correlational and it is therefore difficult to determine the directionality of this relationship; does MA impair an individuals’ ability to do mathematics or do learners develop MA as a result of difficulties with mathematics? (Carey, Hill, Devine, & Szucs, 2016; Foley et al., 2017). 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 induces MA, which then inhibits future learning, affecting future performance (Carey, et al., 2016; Foley et al., 2017; Gunderson et al., 2018). 
Whether an individual experiences MA or holds a negative stance, research is clear that regardless of the severity of an individual’s negative emotional responses to mathematics, they are all damaging to the learning and teaching of the subject (National Numeracy, 2015; Willis, 2010; Ashcraft and Krause, 2007). Negative attitudes towards mathematics manifest themselves in a number of different obstructive behaviours 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. 
Decades of behavioural research have provided extensive evidence of the link between attitude and mathematics performance. However, more recently we are beginning to understand the psychological and cognitive factors that mediate the relationship between attitude and mathematics performance, adding weight to the literature that suggests negative attitudes are creating a barrier to learning (Chen et al., 2018; Willis, 2010).  One mechanism as to how this barrier occurs is due to the stress experienced after the perception of a threat (real or imagined) or through frustration/confusion. Research suggests this stress 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 cited in Willis, 2010). Thus, if a learner becomes stressed when learning mathematics, they cannot use their ‘thinking brain’ and a neurological 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 learners ‘I can’t do’ becomes a self-fulfilling prophecy (National Numeracy, 2015). 
Furthermore, recent neurological research from Chen and colleagues (2018) using fMRI scanning on children has provided evidence that the learning memory system is the key neurocognitive pathway that underpins the relationship between attitudes and mathematical performance. This study is the first of its kind and provides ground-breaking evidence that a positive attitude to mathematics can predict mathematics achievement even after controlling for additional factors including IQ, memory and general academic ability (Chen et al., 2018). This is key causal research demonstrating that a positive mathematics-specific attitude can enhance future performance. Identifying the key neurocognitive pathway that facilitates this relationship helps us to understand the relationship further and indicates that a positive attitude results in more efficient memory processes leading to improved learning and mathematical ability (Chen et al., 2018). In light of these findings, Chen and colleagues (2018) suggest that in order to maximise learning, educational practitioners should assess and improve children’s attitudes to mathematics. Further literature suggests that this shift towards a more positive attitude can result in a reduction in anxiety, enhanced motivation, a boost in persistence and effort as well as more efficient memory processes which will enhance learning (Singh, Granville & Dika, 2002, cited in Chen et al., 2018). 
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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). If we are to make a significant improvement to the numeracy skills of all learners the first thing that needs to be done is fostering a more positive ‘can do’ attitude (National Numeracy, 2019). It is vital that through educational research we seek ways to improve learners’ attitudes towards mathematics and develop positive ways to deliver the mathematics curriculum to ensure all learners can succeed. Firstly, we need to understand the mechanisms underlying the relationship between negative attitudes and poor outcomes in mathematics.

[bookmark: _Toc36611534]2.2.1 The importance of mindset in mathematics achievement

Dweck and Leggett (1988) produced pivotal research suggesting that an individual’s beliefs as to whether their intelligence is an unchangeable trait (entity belief) or a malleable trait (incremental belief) has significant bearing on success in life. These beliefs were referred to as implicit theories of intelligence (Dweck and Leggett, 1988) as they are largely unconscious to the individual who holds them. Decades of research has shown these theories of intelligence to have powerful effects, particularly on an individual’s academic achievement (see Costa and Faria, 2018). The theory of implicit theories of intelligence has provided a foundation for all future research in understanding the relationship between an individual’s beliefs and academic performance. This research has evolved and been adapted over decades of research and Dweck’s (2006) more recent work has sparked a ‘mindset revolution’ in the field of education (Boaler, 2013) 
In her ground-breaking book, Mindset, Dweck (2006) suggests that the mindset a learner adopts towards intelligence and learning is a crucial determining factor of educational success, particularly in mathematics (Dweck, 2008). In line with earlier research on implicit theories of intelligence, Dweck (2012) broadly distinguishes between two mindsets: a fixed and a growth mindset. Individuals who perceive their intelligence as a fixed, unchangeable characteristic (entity beliefs) are considered to possess a fixed mindset. Such individuals typically believe there is a ceiling on their abilities and nothing can alter that. In contrast, individuals with a growth mindset believe their intelligence is not stable; they believe that what you are capable of is unknown and that anyone, regardless of underlying ability can improve their intellectual capabilities through effort and instruction (incremental beliefs; Dweck, 2008; 2012). 
Dweck’s mindset theory (2006) provides a key theoretical framework for the current study to understand the relationship between attitudes towards mathematics and educational outcomes. The negative societal views and attitudes towards mathematics depicted in the literature can be likened to what Dweck (2006;2012) refers to as a fixed mindset; believing you require a certain level of intellectual ability to be good at mathematics, an innate ability you either do or do not have, and this cannot be changed. Unfortunately, Dweck (2008) recognises that most learners hold such beliefs and thus possess a fixed mindset towards their mathematics capabilities. Mindset literature confirms that negative beliefs about an individual’s mathematical abilities (possessing a fixed mindset) can have a detrimental impact on academic performance in mathematics (Blackwell et al., 2007; Boaler, 2013; Dweck, 2008). In contrast, learners who possess a growth mindset hold a more positive stance to learning mathematics, believing their mathematical abilities can be improved with effort and have been found to have an educational advantage in mathematics (Blackwell et al., 2007; Dweck, 2008). These findings therefore support the suggestion that the pervasive negative attitudes towards mathematics in the UK may be the root cause of the national numeracy crisis, as oppose to a lack of innate talent (National Numeracy, 2015;2017). Dweck’s (2006; 2008; 2012) construct of a fixed mindset provides theoretical grounding for this relationship and suggests that in order to overcome the damaging negative attitudes, learners need to experience a shift towards a growth mindset to adopt a more positive attitude towards learning mathematics.
Recent cognitive neuroscience evidence provides quantifiable support to challenge the pervasive myths believed by those who possess a fixed mindset (Boaler et al., 2018). Neuroscience research shows evidence of neuroplasticity (brain plasticity), the notion that the brain has the ability to grow and adapt in direct response to challenge and effort thus is not a fixed entity (Bunge et al., 2007, cited in Boaler, 2013). Neuroscience research shows that if something is learned deeply, lasting connections in the brain will be created, forming structural pathways. However, if a concept is only visited once, these neural connections will disappear (Boaler, 2010). Thus, visiting a concept in mathematics only once will not form strong connections in the brain and this information will be lost. However, with sufficient time, practise and effort the neural connections will strengthen. This research therefore provides sound evidence supporting the growth mindset beliefs that challenge and effort should be valued in order to increase learners’ mathematical ability (Dweck, 2007). Thus, it is evident that possessing a growth mindset is favourable and moreover encouraging learners to develop 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. Studies, pioneered by Dweck, have shown that when learners alter their beliefs about their academic potential from being rigid (fixed mindset) to malleable (growth mindset), their learning and academic outcomes improve (Dweck, 2006; Boaler et al., 2018). For example, Blackwell and colleagues (2007) conducted a two-year mindset experiment on secondary-aged learners to measure the impact of a mindset intervention on mathematical ability. The learners 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 mindset alongside this mathematics skills training (experimental group). Findings demonstrated that the learners in the experimental group performed significantly better in mathematics than the control group following the experiment (Blackwell et al., 2007). This suggests that mathematics teaching alone is not enough to succeed, learners also need to understand the principals of a growth mindset to put their skills into practice (Kooken et al., 2016). Blackwell and colleagues’ (2007) study has been criticised as it was conducted on a sample of largely minority students in New York, creating issues with generalisability (Dweck, 2008). However, similar results have been shown in differing populations of school-age learners (Bettinger et al., 2018; Good et al., 2003) and university students (Aronson, Fried & Good, 2002), supporting Dweck’s belief that a growth mindset can be instilled via training and providing encouraging support for the use of a growth mindset intervention to overcome negative attitudes to mathematics learning.
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Understanding the mechanisms as to how an individual’s mindset impacts academic achievement is vital if specific, replicable interventions are to be developed. 
Research suggests that mindset predicts mathematics achievement largely due to the way in which these implicit beliefs manifest themselves through different learning behaviours (Costa and Faria, 2018). Individuals with a fixed mindset tend to avoid situations where failure or mistakes are likely to occur utilising avoidance strategies in the face of challenge; they believe that making mistakes or feeling challenged in mathematics signifies a lack of innate ability (Boaler, 2013; Dweck, 2007). As a result, these learners are more likely to exhibit academic helpless strategies such as anger, boredom, anxiety, defiance and self-handicapping behaviours in an attempt to deflect from what they believe is failure and an inability to improve (Costa and Faria, 2018; Dweck and Leggett, 1988). Because these individuals attribute failure to a lack of innate ability, or not possessing a maths brain, they do not respond to poor performance with effort (Costa and Faria, 2018; Dweck, 2008).
While individuals with a fixed mindset struggle emotionally when faced with a challenge, those with a growth mindset see value in challenge and are more likely to seek out challenging work in an attempt to increase their mathematical ability (Dweck, 2007). These learners focus on learning goals, prioritising their intellectual development as opposed to performance goals focused on demonstrating their ability (Costa and Faria, 2018). As they believe that their mathematical abilities can be developed, learners with a growth mindset are more likely to attribute setbacks or failure to a lack of effort not ability. This therefore does not damage their self-esteem, thus providing them with the courage to try again. A typical growth mindset learner will respond to setbacks with increased effort to overcome their difficulties. This will result in a development of skills or the acquisition of new skills, seeing learning experiences as an opportunity for growth (Costa and Faria, 2018; Dweck, 2008). This is in stark contrast to learners who possess a fixed mindset, who are likely to give up when faced with adversity which will have detrimental impacts on their mathematics achievements (Dweck, 2007; 2008).
In light of this evidence demonstrating how different mindsets can trigger different patterns of learning behaviours, Dweck has turned her attention to learners’ response to challenge and adversity when studying mathematics, suggesting this is crucial 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 variances in resilience, which explains the differing academic outcomes amongst learners. For example, fixed mindset learners typically give up in the face of challenge, compared to growth mindset learners who are likely to seek alternative options and value effort and challenge in order to grow (Dweck, 2008; 2012). It can be perceived that learners with a growth mindset have developed what can be considered coping strategies when faced with challenge, they are more likely to adapt, making them resilient in the face of adversity and more likely to succeed (Costa and Faria, 2018). This suggests that resilience could be the determining factor underpinning difference in mathematical outcomes, mediating the relationship between negative attitudes towards mathematics and poor academic performance (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. In a broad sense, resilience refers to a positive response to adversity (Kooken et al., 2013). It is recognised that resilience is required for learning across all domains, however it is believed that mathematics learning requires a specific type of resilience (Lee & Johnston-Wilder, 2013). Individuals can be resilient in many aspects of their lives but some are reluctant or unable to transfer their resilience to mathematics (Johnston-Wilder et al., 2013). This may be because of the nature of the subject, the teaching methods used or the pervasive belief held by many that mathematics is a ‘can do’ or ‘can’t do’ subject (Johnston-Wilder and Lee, 2010). Regardless, a specific notion of ‘mathematical resilience’ is required to succeed in this domain.
Mathematical resilience (hereafter referred to as MR) has been constructed with the aim of enabling both learners and those engaged in helping them to understand the importance of one’s behaviours towards mathematics. Lee and Johnston-Wilder (2010; 2017) recognise the detrimental consequences of emotional states of avoidance and helpless behaviours exhibited by learners who hold negative attitudes to mathematics and fixed mindsets. They have developed this construct (MR) to equip both learners and educators with the behaviours required to mitigate the impact of negativity towards mathematics (Lee and Johnston-Wilder, 2017).
MR is grounded in Dweck’s (2012) mindset theory and builds on the theory of mindsets in the context of learning mathematics. Building on the vast evidence base on mindsets, it is recognised that a growth mindset is required to display MR (Johnston-Wilder and Lee, 2010). However, Johnston-Wilder and Lee’s (2010) work on MR importantly focuses on the emotions and behaviours in response to adversity or challenge and ensuring these are positive strategies to enable success (Kooken et al., 2013). MR is designed to work specifically against negativity and is above all characterised by a ‘can do’ attitude. For example, individuals who exhibit MR approach mathematics with a positive stance, confidence but importantly persistence. Mathematically resilient learners will persevere when faced with difficulties and are willing to invest effort to overcome challenge (Kooken et al., 2016; Lee and Johnston-Wilder, 2017). 
The construct of MR has three central dimensions: growth, value, and struggle (Johnston-Wilder, Brindley & Dent, 2014; Kooken et al., 2016; Lee & Johnston-Wilder, 2017; National Numeracy, 2015).
1.  Growth
The dimension of growth refers directly to Dweck’s (2008; 2012) work on mindsets and mathematics and the understanding that a growth mindset and the learning behaviours associated with incremental beliefs 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 and Dweck, 2012). Thus, in order to develop MR individuals must hold a growth mindset, understanding that their intellectual capabilities are not fixed and with effort and exertion they can improve their mathematics ability (Lee and Johnston-Wilder, 2017; Yeager and Dweck, 2012).
2. Value
Value refers to the degree to which learners find mathematics learning important. Individuals who have developed MR can be characterised by having an understanding of the value of mathematics. Many learners struggle to see the value of mathematics in their life and perceive mathematics as ‘hard, boring and useless’ (Lee and Johnston-Wilder, 2017; p. 11). The abstract nature of many topics taught in schools excludes some learners from the mathematics community as not only can they not see the value in what they are learning, they become disengaged and are no longer valued members of a mathematics community. This dimension of MR therefore draws on expectancy-value theory, suggesting that learners will be more engaged, interested and motivated to learn mathematics if they feel it is valuable (Johnston-Wilder, Brindley & Dent, 2014; Kooken et al., 2016). 
3. Struggle 
Struggle refers to the understanding that learning mathematics is not easy, it requires effort and everyone has barriers to overcome; experiencing struggle is universal and does not signify lack of ability (Kooken et al., 2016). This dimension is rooted in Bandura’s (1989, cited in Kooken et al., 2016) human agency theory, suggesting that individuals who understand that struggle and effort is necessary will exhibit greater resilience in the face of adversity. This dimension of MR particularly focuses on conveying the need to make mistakes in mathematics and ensuring that learners understand that mistakes indicate an opportunity to learn (Johnston-Wilder, Brindley & Dent, 2014). 
More recently, this dimension has been referred to as ‘knowing how to work at mathematics’ as Lee and Johnston-Wilder (2017) acknowledge that understanding the need for struggle is not enough. Individuals need to possess the skills to cope with the negative emotional responses that accompany struggle, particularly for those learners who have previously held negative attitudes, a fixed mindset or learned helplessness in response to mathematics. Lee and Johsnston-Wilder (2017) have therefore introduced a model called “The Growth Zone Model”, influenced by Vygotsky’s (1978; cited in Lee and Johnston-Wilder, 2018) zones of proximal development. This model is designed to help learners to begin to understand their emotions when learning mathematics (see appendix A). Johnston-Wilder, Lee and colleagues (2015; 2017) propose that this model helps learners to articulate their feelings and become more self-aware of their emotions and consider how they can overcome their barriers to spend longer periods of time experiencing struggle in their growth zone to maximise learning.
In order for learners to apply their understanding of struggle and “The Growth Zone Model”, they also need to know how to access support when experiencing struggle. MR research suggests ‘knowing how to gain support’ is a key component of MR as understanding the value of struggle is not merely enough, learners need to be able to overcome it (Lee and Johnston-Wilder, 2017). It is suggested that a collaborative learning environment where individuals can express their mathematical ideas appropriately allows for peer support when learners hit a sticking point and need assistance to overcome their barriers to learning (Johnston-Wilder et al., 2015; Lee and Johnston-Wilder, 2017).
MR founders, Lee and Johnston-Wilder (2010;2015;2017) therefore suggest that not only do learners need to possess a growth mindset towards mathematics, they must see personal value in studying mathematics and understand the importance of making mistakes and struggling as part of the learning journey. Learners must understand the components of learning mathematics and know when and how to seek support to mitigate negative emotional responses. 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).

[bookmark: _Toc511598886][bookmark: _Toc36611537]2.3 Developing an evidence-based intervention

In line with recommendations from Chen and colleagues (2018), the current project aims to develop and evaluate an intervention to improve learners’ attitudes to mathematics in order to maximise learning. The construct of MR provides educational practitioners a research-grounded focus when developing interventions to overcome negative attitudes to mathematics (Johnston-Wilder and Lee, 2010; Lee and Johnston-Wilder, 2017). A positive attitude towards mathematics has been found to be a strong predictor of future mathematics performance (Chen et al., 2018), thus it seems logical to try to overcome negative attitudes by attempting to shift attitudes towards a more positive view of the subject, and thus prevent them becoming a barrier to learning. 
Johnston-Wilder & Lee (2010) have provided a sound introductory theory as to how to overcome the adverse responses associated with negative attitudes towards mathematics. However, there is limited literature providing detail on successful, replicable interventions and how educational practitioners can build MR in their learners. 
In contrast, the mindset revolution within education has resulted in a wealth of evidence of successful interventions aiming to develop a growth mindset in learners.  For example, recent experimental studies report positive changes in learners’ mindset following the delivery of a computer-based growth mindset intervention, educating learners on the malleability of the brain, when compared to learners who did not receive a growth mindset computer programme intervention (Boaler et al., 2018; Bettinger et al., 2018; Yeager et al., 2016). Boaler and colleagues (2018) found that their “massive, open, online, course” (MOOC) was particularly successful in instilling positive beliefs about mathematics, improving engagement in mathematics and achievement as a result. Yeager and colleagues (2016) also found similar patterns that were persistent three weeks after the intervention and had lasting impact on both perseverance and academic performance in mathematics specifically. These findings highlight potential implications for policy and practitioners, suggesting that a low-cost, easily scalable computer-based programme explicitly teaching growth mindset concepts could have marked improvements on the mindset and consequently learning processes for individuals.
However, when considering the attitudes and beliefs of learners, the impact of the teacher and classroom environment must not be overlooked. Teachers have the potential to make the biggest impact to the outcomes of learners (Boaler, 2013) and this reveals a potential shortcoming in the use of a computer-based mindset intervention. Teachers have a role to play in the intergenerational transfer of attitudes, as they are constantly communicating messages to learners through their practice and everyday conversations, which have considerable influence on learners’ mindsets in both a positive and negative way (Boaler, 2013). For example, research has shown that a teachers’ pedagogical practices can unintentionally instil a fixed mindset in learners (Mueller and Dweck, 1998; Rattan, Good and Dweck, 2012). Through subtle verbal feedback that may be well-intended, with the aim of comforting learners such as telling them ‘not everyone can be good at maths’ or praising their intelligence when learners have done well by calling them ‘smart’ or ‘clever’, teachers are inadvertently lowering expectations and motivation of learners and as a result fostering fixed mindsets and a negative view of their mathematics ability (Mueller and Dweck, 1998; Rattan, Good and Dweck, 2012). Furthermore, the teachers’ own attitudes to mathematics have a powerful impact on their teaching, the atmosphere and ethos of the classroom environment. Thus, negative teacher attitudes, fixed mindsets or low expectations can be a major contributor to learners’ perceptions of mathematics which shapes their attitudes and mindset, in turn having a powerful impact on outcomes in mathematics (Ernest, 1989).
On the other hand, if pedagogical practices and teacher language can have a negative impact, it can also be shaped to have a positive impact on learner mindsets. Teachers who promote and praise efforts and processes have been found to encourage growth mindsets and foster resilience in learners (Mueller and Dweck, 1998; Rattan, Good and Dweck, 2012). Boaler (2013) promotes the use of teachers over computer-based interventions, suggesting they have the potential to make a longer-term impact, reinforcing growth mindset principals daily with the right pedagogy. This has been supported by Schmidt and colleagues (2015) who found that consistent teacher modelling of growth mindset practices encourages a classroom environment that is rich in growth mindset thinking and encourages more resilience and independence in learners when compared to a computer-based intervention alone. These findings emphasise the power that the teacher has as a role model for positive attitudes towards mathematics with the potential to be a key factor in improving outcomes for learners (Ernest, 1989). Through modelling a positive attitude using growth mindset principles and careful choice of language, praise and criticism teachers have the ability to create a classroom environment that is conducive to fostering resilient learners of mathematics. 
Mathematics is not a subject to be learned without difficulty. In their work on MR, Lee and Johnston-Wilder (2017) are clear that if a learner never faces challenge when learning mathematics, they will not possess the skills required when challenge is faced later in their studies. Instead, struggle is a key part of mathematics learning and a teacher’s job is not to smooth the paths and remove the barriers to learning mathematics; it is to help learners in their struggle. Lee and Johnston-Wilder (2017) emphasise that it is a teacher’s role to help learners build the resilience required to overcome the barriers that mathematics learning presents; teachers need to help learners to develop MR (Lee and Johnston-Wilder, 2017).
Therefore, for the reasons detailed above, the current researcher has made the decision not to use a computer based MR or mindset intervention. Computer-based interventions have been found to be effective in improving mindsets in mathematics specific domains (Boaler et al., 2018; Bettinger et al., 2018; Yeager et al., 2016) and have advantages including being low cost, easily administered and easily scalable. However, the current study will utilise a teacher delivered intervention with the aim of developing a positive classroom environment where learners can build MR to overcome negative attitudes to mathematics with lasting effects.

[bookmark: _Toc36611538]2.3.1 Mathematical Resilience in the Classroom

The construct of MR is relatively novel and thus there is little published research examining the impact of specific interventions designed to foster a classroom environment conducive to building mathematically resilient learners. However, Lee and Johnston-Wilder (2013) have provided some vague guidance on teaching for MR. Firstly, it is recommended that teachers provide opportunities for learners to develop independence and work collaboratively to improve resilience with the aim of overcoming challenges personally and independently (without the teacher ‘smoothing’ it over). This will allow learners to make mistakes freely, understanding that they are part and parcel of optimal learning in mathematics (Lee & Johnston-Wilder, 2013). 
Secondly, with further research in this area, Lee and Johnston-Wilder (2017) recommend explicit teaching of their “Growth Zone Model” (see appendix A) to develop understanding of the potential negative emotions learners may experience with the goal of helping them to overcome these in the face of challenge. They suggest that this model (see appendix A) helps, learners to understand their emotions and eventually learn to employ strategies to help them to stay safely, for as long as possible in the growth zone to maximise learning. However, there is limited research providing evidence or detailed guidance on how best to implement these strategies to develop MR in learners.
In contrast, Dweck (2008) provides three clear recommendations for practitioners aiming to cultivate a classroom environment that can foster growth mindsets in learners. The first of Dweck’s (2008) suggestions is to explicitly educate learners on the plasticity of the brain. Understanding key tenets of growth mindset theory such as the brain’s malleability and that our brains can grow and becomes stronger each time we work hard, challenge ourselves and learn something new is a key step in developing growth mind-set (Dweck, 2008). Secondly, Dweck (2008) states that is it is vital that teachers value challenge-seeking behaviours, high effort and learning from mistakes above easy, low-effort success. This allows learners to see that it is the hard work and the ability to learn from our mistakes that is important, hopefully fostering a positive approach to challenge and moving away from avoidance as would typically be seen in learners with a fixed mindset. This recommendation is in line with MR theory and will help learners to understand the idea that struggle is a part of everyone’s mathematics journeys and mistakes are a key element in learning mathematics (Lee & Johnston-Wilder, 2013). Dweck’s (2008) final recommendation on how to instil growth mindset principles in learners is through using process praise and feedback. This involves providing praise and feedback on the processes learners have undergone, including praising strategies, effort, improvement and perseverance as opposed to the person or outcome which portrays a fixed mind-set belief that intelligence or final products are highly valued. Similarly, this recommendation will help learners to understand that struggle and challenge are vital when learning mathematics and will reinforce positive responses to barriers they encounter in the future, helping to develop MR (Johnston-Wilder & Lee, 2010; Lee & Johnston-Wilder, 2013). 

[bookmark: _Toc36611539]2.4 Purpose and Aims

The purpose of the current study is to design, implement and evaluate a MR intervention with the aim of overcoming the negative attitudes to mathematics that currently presents a barrier to learning in the classroom. The intervention will be developed using MR research by Johnston-Wilder & Lee (2010) and Dweck’s (2008; 2012) work on developing a growth mindset. This action research is therefore in line with recommendations from OECD (2014b) 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'. A case study will be used to measure the effectiveness of this original intervention in enhancing learners’ MR. It is hoped that learnerss who exhibit negative attitudes and/or a fixed mindset towards mathematics will experience a shift towards a more growth mindset and will develop MR, resulting in positive changes in behaviour, attitude and motivation in mathematics lessons. 
To the researcher’s knowledge, there are currently no published studies providing specific guidance or replicable interventions with effective strategies that can be utilised by educational practitioners to enhance MR. This action research will therefore fill a gap in the literature, exploring specific pedagogical practices and their ability to cultivate a growth mindset culture in the classroom and build MR in learners to overcome negativity towards this core subject. The use of this research-based intervention provides a sound example of utilising theory and evidence-based practice to improve learner outcomes, in line with recommendations from the Welsh Government (2015) and SI movement (Hopkins et al., 2011). 
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[bookmark: _Toc36611540]3. A Case Study: School X

This study calls reference to a group of learners based in a school in Wales which, in accordance with ethical guidelines outlined by the British Educational Research Association, will hereafter be referred to as School X and Class A, in order to protect anonymity and confidentiality of the school and learners, as well as all participants’ right to withdraw (BERA, 2011).    
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School X is an 11-18 co-educational mainstream school situated in South Wales. There are currently 1532 learners on roll. Approximately 4% of these learners are entitled to receive Free School Meals (FSM), a figure that is considerably lower than national average of 16.4% for secondary schools in Wales (Estyn, 2019). The proportion of learners in receipt of FSM is widely used as a measure of the socio-economic deprivation in the school’s local area (Estyn, 2011). These statistics therefore indicate that School X serves a relatively affluent area within South Wales and very few learners live in areas of severe economic disadvantage (Estyn, 2019)
The majority of learners at School X achieve excellent academic results. In 2017/2018, 87.7% of learners achieved a grade A*-C in 5 or more subjects including English and Maths at GCSE. This is considerably higher than both the National average (55%) and Local Authority average (66.3%). In particular, 90.7% of learners at School X achieved A*-C in either Mathematics or Numeracy GCSE. This figure is also significantly higher than the national average of 63.6% and Local Authority figure of 71.7% of learners who achieved age related expected outcomes (Welsh Government, 2018). Results therefore demonstrate that School X is a high performing school, consistently outperforming both the local and national attainment averages. 
However, differences in attainment across Wales are often within schools and not between, highlighting a challenge for schools to respond to the individual needs of learners within their schools (OECD, 2014b). Whilst School X outperforms most schools across Wales, learners within School X still achieve a wide range of grades across the full spectrum of available grades (A*-Unclassified) and some learners therefore still fail to achieve expected outcomes in mathematics or numeracy. 
The proportion of learners that underperform at School X is evidently significantly lower than other school across Wales, but with these learners being in such a small minority at School X, it could be argued that their attitudes and self-esteem towards mathematics are more negatively affected than learners in other schools. This is because the underperformance or struggles that these learners face are magnified; they are comparing themselves to over 90% of the school’s population who are seen to succeed or be on track to succeed. This is extremely damaging for the self-esteem of a small group of learners and contributes towards instilling negative attitudes towards their mathematics ability (Johnston-Wilder and Lee, 2010; National Numeracy, 2017).  
Additionally, a minority of learners at School X are entitled to FSM (4%) and are considered to be socio-economically disadvantaged. Research suggests such learners often not only perform worse in mathematics but also display lower levels of engagement, motivation and self-belief and are less likely to hold positive attitudes towards school (OECD, 2014a). Furthermore, an ‘anti-academic’ culture characterised by disengagement and cynicism towards school is reported to be widespread in deprived communities (Goodman and Gregg, 2010). 
Regardless of the cause of such negative attitudes, these attitudes are present within School X and seem to be particularly apparent in many of the learners at School X who struggle with mathematics or fail to meet age related expectations. These attitudes are evidenced regularly through proclamations from learners that they are ‘stupid’ or ‘can’t do maths’ and coupled with low motivation and effort levels to overcome their difficulties. These attitudes and behaviours typically displayed by a small group of learners in each year group at School X are in line with behaviours expected of learners who hold a fixed mindset; believing that their mathematics capabilities are a fixed entity that will not change with effort or practice (Dweck, 2008; 2012). As discussed previously, these beliefs are detrimental to their learning of mathematics and it may be that these attitudes and resulting behaviours are holding them back from achieving their true potential. 
The identification of these negative attitudes and lack of resilience in a small minority of learners in School X 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 designed to contribute to overturning such negative attitudes to enable all learners in School X to achieve their full potential.

[bookmark: _Toc36611542]3.2 School X’s Development Plan

As discussed previously, all schools in Wales are required to have a ‘School Development Plan’ (SDP), presenting strategic plans for development, identifying and setting targets and actions a school will take to improve learner outcomes (Welsh Government, 2014). Every school’s SDP will have targets that align with the Welsh Government’s national priorities (Welsh Government, 2014) and School X is no exception (see appendix F). The design and evaluation of the intervention in the current study is in line with School X’s Key Priority 1.2 (see appendix F) and thus the national priority of improving the standards of education with relation to numeracy (Welsh Government, 2014). Additionally, the current study falls in line with School X’s Key Priorities 2.3 and 2.5 with the aim of ensuring all learners’ needs are catered for to improve the outcomes of lower ability learners (2.5) and to instill a growth mindset in learners to develop resilience to cope with complex life issues (2.3; see appendix F).  The current research will therefore not only design and implement an intervention with the aim of meeting these school and national priorities, but the effectiveness of this intervention will also be evaluated and discussed with the potential for inclusion within future school improvement documents.
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[bookmark: _Toc511598890][bookmark: _Toc36611544]4.1 Design
This action research utilised a case study to evaluate the effectiveness of a classroom-based intervention, adopting methods as previously described by Hougham (2018) with the aim of developing MR in learners to overcome the adverse consequences of negative attitudes to mathematics. 
A repeated measures design was used to measure participants’ MR before and after delivery of the intervention (see appendix B for action research plan). This allowed the researcher to be confident that any statistically significant alterations in the participants’ MR was a direct result of the intervention delivered (Walker, 2010). 
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A deductive approach has been used to develop an intervention grounded in theory and based on extensive literature surrounding both growth mindset and MR (Dweck, 2012; Johnston-Wilder & Lee, 2010). To date, there is limited literature providing specific classroom techniques educational practitioners can use to build MR in learners. However, Dweck (2008) provides clear recommendations as to how practitioners can cultivate a growth mindset culture in the classroom. According to MR literature (Johnston-Wilder & Lee, 2010), possessing a growth mindset is vital to building resilience. 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 MR dimensions of struggle and value (Johnston-Wilder & Lee, 2010; Lee & Johnston-Wilder, 2013).
Historically, research has used both computer and teacher led interventions to successfully instil a growth mindset in learners (e.g. Boaler et al., 2018; Bettinger et al., 2018; Mueller and Dweck, 1998; Rattan, Good and Dweck, 2012; Schmidt et al., 2015; Yeager et al., 2016). The current researcher has chosen to deliver a teacher led intervention in line with recommendations from Boaler (2013) and Schmidt and colleagues (2015). This allowed the intervention to take place during mathematics lessons with limited disruption to the scheme of learning for participants. Additionally, this delivery style has greater potential for long-term impact through daily reinforcements of growth mindset principles (Boaler, 2013; Schmidt et al., 2015).
Over a 12-week period (one academic term) mathematical content as per the school’s scheme of learning was delivered alongside changes in teaching style, language and activity to meet the following 6 recommendations influenced by Dweck (2008) and Lee & Johnston-Wilder (2013): 
Dweck (2008) has recommended three ways in which educators can begin to implement a growth mindset culture in their classrooms:
1. Educate learners on the principles of a growth mindset, particularly neuroplasticity. 
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 learners.
In line with Lee & Johnston-Wilder’s (2013) recommendations the following was included to build MR:
4. Aid learners in understanding the value of mathematics in their lives.
5. Allow learners opportunities to work collaboratively to aid independence and resilience.
6. Educate learners on “The Growth Zone Model”.
(See appendix C for details on how the researcher embedded each of these 6 recommendations in the classroom).
[bookmark: _Toc36611546]4.3 Participants

Opportunity sampling has been used by the researcher to obtain a sample of learners currently on roll at School X. The sample of learners invited to partake in this study are currently all in the same mathematics class; Class A at School X. A purposive sampling method was also employed in order to select a non-random sample of learners who display a specific characteristic that is relevant to the current study’s research question (Bryman, 2012). Class A consists of 12 learners; 5 female and 7 male who are all currently in one of the lowest ability groups in year 9 (aged 13-14). Class A was chosen because learners are coming to the end of Key Stage 3 (KS3) and will be entering Key Stage 4 (KS4) in the coming months, thus are at a pivotal point in their academic journey: approaching their GCSEs. However, many learners in Class A are currently ‘underperforming’ in mathematics and are not predicted to meet age-related outcomes at the end of KS4. First-hand empirical evidence from the researcher suggests behaviours exhibited by many learners in Class A are in line with individuals 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 learners whilst preparing to take their GCSES. The researcher therefore felt these learners would benefit from receiving an intervention to overturn these negative attitudes and will provide an ideal sample to measure the effectiveness of the intervention. 

[bookmark: _Toc511598893][bookmark: _Toc36611547]4.4 Data Collection

The current research employed a mixed methods approach: collecting and analysing both quantitative and qualitative data with the aim of evaluating the impact of a classroom-based intervention on learners’ MR. 
[bookmark: _Toc36611548]4.4.1 Quantitative Data: Mathematical Resilience Scale

Learners were first asked to complete a self-completion questionnaire prior to the intervention to provide a baseline measure. The same questionnaire was then re-administered at the end of the intervention period. Completing the same questionnaire at both time points, allowed the researcher to measure differences in MR as a direct result of the intervention (Walker, 2010). The researcher chose to administer self-completion questionnaires as they are advantageous in numerous ways, such as the convenience and ease at which they can be completed by participants. Furthermore, questionnaires allow the researcher to obtain valuable quantitative data from closed, pre-coded questions that are easy to analyse at a later stage (Welsh Government, 2015).
It is advantageous and common practice to utilise an existing, pre-validated research tool as the questions have already been piloted (Bryman, 2012). Whilst there is little existing research measuring MR, Johnston-Wilder & Lee (2010) have previously conducted research with a similar design to the current study, therefore the researcher initially planned to utilise the instrument they had used to measure their construct of MR. However, on closer inspection of this study, quantitative results were not reported and Johnston-Wilder & Lee (2010) utilised an instrument to measure MR that had not been thoroughly 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. 
More recently, Kooken and colleagues (2016) have developed the ‘mathematical resilience scale’ (MRS). The MRS is a 23-item scale designed to measure MR utilising a 7-point Likert scale. In line with the three dimensions of MR, the MRS has three sub-scales; 8 statements measuring value, 8 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. 
The MRS has previously undergone extensive validation using both Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) across three samples (Kooken et al., 2016). Psychometric testing confirmed the reliability and validity of the MRS in measurement of MR defined by three correlated factors: value, struggle and growth. Thus, the current researcher can be confident the MRS is a robust tool that 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, the MRS is limited in that it has only previously been validated on college students and adults in the US (Kooken et al., 2016), thus the scale may not be appropriate for use with school aged learners in the UK. Kooken and colleagues (2016) have recognised this limitation and to overcome this, they 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 has adopted the pre-existing 23 statements from the original MRS, making slight alterations to the language to make them accessible and relevant to younger learners in the UK (see appendix D). Participants completed the adapted MRS (appendix D) both pre- and post- the intervention period, allowing for a direct comparison of learners’ MR both before and after the delivery of the intervention.
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 were completed in the most convenient way for participants, learners completed both the pre- and post-intervention questionnaires during lesson time. This also meant the researcher was available to answer any questions participants had during completion. The researcher fully understood it was vital she was not involved in the completion of these questionnaires or seen to be ‘watching’ to reduce potential biases.
Whilst gathering quantitative data via questionnaires is advantageous due to the high volume of data that can be collected and analysed with simplicity, 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 also collected qualitative data via an informal focus group which allowed for triangulation of results to ensure reliability in findings (Coolican, 2009; Welsh Government, 2015). 

[bookmark: _Toc36611549]4.4.2 Qualitative Data: Focus Group

All participants were invited to take part in a focus group on a voluntary basis after the delivery of the intervention. Ten learners took part in the focus group: 6 male and 4 females. Two learners were absent from school and therefore unable to take part. 
The aim of the focus group was to generate rich qualitative data through asking open ended unstructured questions, allowing participants to discuss the impact of the intervention on their approaches to mathematics freely without constraints imposed by a questionnaire. The discussion was audio recorded with the use of the researcher’s password protected personal device to ensure the exact terms and richness of responses were captured. All data was destroyed following analysis of results.
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 learners to feel intimidated and lack confidence to oppose views (Coolican, 2009). This could have been avoided through use of a one-to-one interview. However, a group situation was favoured in this instance 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). 
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As previously discussed by Hougham (2018), the researcher recognises and understands that all research must be conducted in an ethical manner, seeking to benefit others and prevent harm (BERA, 2011; Welsh Government, 2015). It is understood that 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 study was conducted in accordance to BERA (2011) ethical guidelines at all times. 
Full ethical approval was granted from the University of Wales, Trinity Saint David ethics committee on the 13.07.2018, before any research was conducted. Following ethical approval, informed consent was obtained from every participant prior to the research process commencing. Prior to signing consent, all participants were given information regarding the nature of the research as well as what was to be involved and required of them. Participants were made aware that their participation was voluntary and that they had the right to withdraw themselves and their data at any point throughout the research process. All participants were made aware that all data was to be stored securely, anonymously and treated with confidentiality in order to protect the learners’ rights and privacy (BERA, 2011). Furthermore, in accordance with ethical guidelines, all data was destroyed following analysis and reporting of results. 
Research methods employed throughout this study are non-invasive, non-inconveniencing and do not single out any participants as all research was conducted anonymously and during lesson time. Thus, no harm to participants was anticipated or caused. Moreover, participants were thoroughly debriefed and provided with the opportunity to have an open discussion with the teacher/researcher and ask any questions they had regarding the research after the intervention period.
This research was therefore conducted 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).
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Both quantitative and qualitative data has been collected and analysed in order to evaluate the impact of a classroom-based intervention on developing learners’ MR. 

[bookmark: _Toc36611552]5.1 Quantitative Results: Mathematical Resilience Questionnaire

Participants completed the Mathematical Resilience Scale (MRS) to measure MR before and after delivery of the intervention (see appendix D). Participants were asked to respond accordingly to 23 items on a 7-point Likert scale for each statement. Items were coded on a scale of 1, strongly disagree to 7, strongly agree to provide a total MR score. Six items of the scale (items 3,7,10 14, 18, 22) are negative and were inversely scored. A high total score achieved in the scale indicates that the individual displays a high level of MR (Kooken et al., 2016). 
In line with the three dimensions of MR, the MRS has three sub-scales; 8 statements measuring value, 8 statements measuring struggle and 7 statements measuring growth. Results have been analysed to measure the impact of the intervention on each dimension of MR (see appendix E for raw data).



[bookmark: _Toc36611553]5.1.1 Value

Eight statements on the MRS were used to measure the extent to which participants understand the value of learning mathematics and find the learning of the subject important in their lives, for example item 12 “Maths will be useful to me in my life’s work” (see appendix D). A high score on this subscale indicates participants highly value mathematics. The maximum available score on this subscale is 56.
Pre-intervention results suggest that the value learners see in the learning of mathematics is extremely varied. Figure 1 indicates there are a range of scores from 12 to 41. The median score for this sub-scale is 26. When interpreting results on a scale of low value (0) to high value (56), this average indicates over 50% of learners are situated on the lower end of the scale, suggesting they place little value on the learning of mathematics. 
Following the intervention period, results indicate a slight increase in participants’ score on the value subscale. The average total increase from pre to post is 2.5 points. The median score has increased by 2 points to 28. All but 3 learners experienced an increase in their score suggesting 9 out of 12 learners now place more value on the learning of mathematics in their lives as a direct result of the intervention. 
Figure 1. 	A graph depicting learners scores on the Value sub-scale both pre and post intervention.





[bookmark: _Toc36611554]5.1.2 Struggle

The subscale of struggle measures the extent to which learners understand that learning mathematics is not easy and that everyone has barriers to overcome (Kooken et al., 2016).  Eight statements on the MRS were used to measure this dimension of MR, for example item 5 “Everyone struggles with maths at some point” (see appendix D). A good understanding that experiencing struggle and difficulty with maths is universal will score highly on the MRS. The maximum available score on this subscale is 56.
Pre-intervention results show the median score for this sub-scale is 25. This score is relatively low and indicates that many learners have disagreed with statements suggesting everyone experiences difficulty when learning mathematics. However, following the intervention period, every participant’s score has increased (see Figure 2) by an average of 6.25 points. It can therefore be concluded that as a direct result of the intervention, participants now have a greater understanding that every individual will have barriers to overcome when learning mathematics and struggling does not signify a lack of innate ability. 

Figure 2. 	A graph depicting learners scores on the Struggle sub-scale both pre and post intervention.

[bookmark: _Toc36611555]5.1.3 Growth

The dimension of growth refers directly to Dweck’s (2008; 2012) work on mindsets. Lee and Johnston-Wilder (2017) suggest that in order to develop MR individuals must hold a growth mindset, understanding that their intellectual capabilities are not fixed.
Seven statements on the MRS were used to measure learners’ mindset and the extent to which they understand that an individual’s mathematical ability is not a fixed trait. For example, item 10 “People are either good at maths or they aren’t” (see appendix D). Six of these items are negative and have been inversely coded. Interpreting results on a mindset scale from fixed to growth, a low score indicates a more of a fixed mindset whereas a high score signifies the individual possesses more growth mindset traits. The maximum available score on this subscale is 49.
Prior to the intervention period, results indicate that 1/3 of learners are considered to be on the lower end of the fixed-growth mindset scale, suggesting they possess beliefs that would be characteristic of an individual with a fixed mindset. However, following the intervention period, every participant’s score has increased (see Figure 3) by an average of 5.8 points. This implies that every learner has experienced a positive shift in their beliefs regarding mathematical ability being malleable as opposed to fixed and have moved up the fixed-growth mindset scale. Whilst there is still some variation in learners’ mindset results (see Figure 3), the repeated measures nature of the study allows us to conclude that the intervention delivered has had a positive effect on moving learners closer to the growth mindset end of the fixed to growth mindset spectrum.


Figure 3. 	A graph depicting learners scores on the Growth sub-scale both pre and post intervention. 








[bookmark: _Toc36611556]5.1.4 Mathematical Resilience

The MRS’ three subscales of value, struggle and growth together provide an overall score for learners’ MR. Similar to Dweck’s (2008; 2012) mindset work, MR can be interpreted on a spectrum from low to high resilience. A high total score achieved in the scale indicates that the individual displays a high level of MR (Kooken et al., 2016). The maximum score available is 161.
Figure 4 demonstrates that every single participant experienced an increase in their MR by an average of 16 points following the intervention period. The minimum increase was 6 points (participant 9) compared to the maximum increase of 25 points (participant 5). 

Figure 4. 	A graph depicting learners total MR scores both pre and post intervention.











Figure 5. 	A boxplot to demonstrate the MR scores both pre and post intervention.

Figure 5 is a boxplot shown on a scale from 0 to 160 to represent the MR spectrum from low to high (min available MRS score of 0 and max available MRS score of 161). 
Pre intervention MRS results show the median value is 78.5, thus over 50% of the participants are on the lower end of the MR spectrum (characterised by a score below 80.5, marked in red) prior to the delivery of the intervention. In comparison, following the intervention period the median value is 91. This suggests that now over 50% of learners are above the mid-point of 80.5 and are closer to the higher end of the MR spectrum. 
Only one learner has achieved a score above 120 on the MRS (participant 3; see Figure 4). This means that 92% of learners are still in the lowest 3 quartiles of the resilience spectrum and only one learner displays the characteristics of an individual with strong MR. 
Despite this, the boxplot displayed in Figure 5 clearly visually represents the shift all learners have taken up the scale towards higher levels of MR as a direct result of the intervention delivered. Learners may still have a way to go until they are considered to have high MR, but conclusions can still be drawn on the short term impact of a 12 week intervention in altering the mindsets, improving the MR and overcoming possible barriers to the learning of mathematics for a group of learners.

[bookmark: _Toc36611557]5.2 Qualitative: Focus Group

Qualitative data was collected via an unstructured focus group with learners. The MRS was utilised to measure any changes in participants MR only. In contrast, the focus group allowed learners to discuss impact of the intervention on other topics such as their approaches to mathematics without constraints imposed by a structured questionnaire.
An inductive thematic analysis of the qualitative data obtained from the focus group was conducted, allowing for data-driven themes to be generated as opposed to using a pre-existing coding framework or preconceived theoretical ideas as used in a deductive approach (Braun & Clarke, 2006). Following preliminary analysis of the qualitative data, two themes emerged relating to the impact of the MR intervention;
1. Attitudinal Changes
2. Behavioural Changes



[bookmark: _Toc36611558]5.2.1 Attitudinal Changes

During the focus group, learners clearly discussed alterations in attitudes surrounding mistakes in mathematics. Many expressed that they felt that making mistakes was now more acceptable when learning mathematics and it has become a part of their learning process:
“I always used to hate getting questions wrong, I thought it meant I was stupid. But now I know that it is actually fine in maths. Sometimes I only get 10 out of 15 or something but it doesn’t matter because I only got some wrong.”

“I think I answer more questions now because I’m not scared to get it wrong. Miss always says it’s better to have a go”. 

Understanding the importance of struggle and having this reinforced each lesson has clearly resonated with learners. Qualitative results support the findings of the MRS in that learners seem to have experienced a shift in beliefs surrounding the notion that everyone has barriers to overcome in mathematics. Over half of learners expressed an understanding that struggling, making mistakes or finding mathematics challenging was acceptable:
“Loads of people find maths hard”
“Sitting in your comfort zone means you won’t learn new things” 
“If I don’t get it, I just have to try a bit harder” 

In response to the above comment, learners sparked a discussion about the principles of adopting a growth mindset and the need to exert effort in order to grow. Learners reflected on the videos they were shown during explicit teaching of the growth mindset principles.
	“Yeah, we have to try and have a growth mindset”
“Because the harder we work, the more our brains will grow like that video”
[bookmark: _Toc36611559]5.2.2. Behavioural Changes

Some learners in Class A have clearly identified that the way in which they now approach their mathematics learning has changed. In particular, learners acknowledged how their understanding of the importance of mistakes and principles of neuroplasticity has given them more drive to work through problems with less fear of failure. One learner expressed with pride that they are less likely to give up and admit defeat:
“I don’t get frustrated and stop anymore! I definitely try a bit harder now than before.”

Discussion about the Growth Zones (see appendix A) during the focus group unveiled that learners valued having an open dialogue about the different emotions often experienced in each zone when learning mathematics. Learners suggested that this helped them to know when they needed to ask for help:
“When I get really stuck and feel like giving up or I panic a bit that’s when I ask you (the teacher). Sometimes I just need it to be explained again and I can do it then.”

Similarly, learners discussed being more willing to help each other having overcome feelings of shame or embarrassment at needing help. Learners spoke with enthusiasm about how collaboration has helped them to progress:
“Me and _____ (learner) have worked so well together. She helps me when I get stuck and we check answers together.”

“I don’t ask Miss too much anymore as me and ____(learner) work together instead.” 

Overcoming the feelings of embarrassment when making mistakes has impacted on learners’ confidence to participate actively in lessons. Learners appear more comfortable asking for help, participating in lessons due to an increase in respect between learners. One learner highlighted this:
“I don’t mind answering questions more now. I used to get scared people would laugh but they don’t anymore.”

The research was designed with the hope of not only improving learners’ MR but that overtime this would contribute to improvements in mathematics achievement. No attainment results were measured in the current study therefore the impact cannot be commented on. Naturally, some learners still hold onto deep rooted negative self-esteem regarding their mathematics achievement:
“But I always forget things in tests. I panic and just my mind goes blank”

However, some learners are more positive regarding their mathematics understanding and are already noticing changes in their understanding as a result of increased participation:
“I think I’m getting things a bit more… like I do more questions in my book so I get it a bit better”

The current researcher hopes that long-term, attitudinal changes will bring about alterations in behaviour for learning such as an increase in participation, positive help-seeking and collaborative behaviours which will translate into improved academic outcomes. 


[bookmark: _Toc36611560]6. Discussion

[bookmark: _Toc36611561]6.1 Analysis of Results 

It can be seen from both quantitative and qualitative data that the intervention designed and delivered as part of this action research brought about positive gains for learners. Quantitative results indicate clearly that all leaners have become more mathematically resilient as a result of the intervention implemented as part of the study. 

[bookmark: _Toc36611562]6.1.1 Growth and Struggle 

Quantitative results taken from the MRS indicate that following the intervention, the most profound impact was made in the MR dimensions of growth and struggle. Whilst these dimensions are separate according to MR theory (Johnston-Wilder, Brindley & Dent, 2014; Kooken et al., 2016; Lee & Johnston-Wilder, 2017; National Numeracy, 2015), both struggle and growth are key tenets of Dweck’s (2006; 2008) work on developing a growth mindset. Therefore, gains in these dimensions are expected to go hand in hand as a result of the current intervention being grounded in Dweck’s (2008) theory and recommendations on how to foster a growth mindset culture in the classroom. 
Both the quantitative and qualitative results suggest the learners have experienced a shift in beliefs towards the growth mindset end of the fixed-growth mindset spectrum. Every participant’s score on the MRS increased in the struggle and growth dimensions by an average of 6.25 and 5.8 points respectively. This suggests that following the intervention, learners have an increased understanding that experiencing struggle and challenge when leaning mathematics is universal and does not signify a lack of ability (Kooken et al., 2016; Johnston-Wilder, Brindley and Dent, 2014). Moreover, it suggests that learners understand the principles of a growth mindset by beginning to believe that these mistakes, struggles and difficulty are necessary in order to learn mathematics and for our brains to develop (Lee and Johnston-Wilder, 2017; Yeager and Dweck, 2012). This is further supported by qualitative discussions from learners during the focus group, highlighting the understanding that mistakes are necessary in order to learn mathematics and that this does not signify an innate lack of ability. Additionally, qualitative data indicates that learners have a greater understanding that everyone experiences some level of challenge in mathematics and that instead of giving up, hard work is the key to overcoming such barriers to learning. Thus, it can be concluded that as a direct result of the intervention learners in Class A now hold beliefs that indicate they are closer to the growth mindset end of the fixed-growth mindset spectrum. These findings are extremely promising for the learners of Class A as literature states that the mindset a learner adopts towards intelligence and learning is a crucial determining factor of educational success, particularly in mathematics (Blackwell et al., 2007; Boaler et al., 2018; Dweck, 2006; 2008). Moreover, holding a growth mindset is a vital component in developing MR (Lee and Johnston-Wilder, 2017; Yeager and Dweck, 2012).
When considering these results critically, it may be that the increase in scores on both the growth and struggle dimensions are a result of explicit teachings over the course of the intervention to target these statements presented in the MRS (see appendix D). Literature recommends interventions should involve explicit teachings on the key principles of growth mindset theory, including the notion of neuroplasticity (Dweck, 2008) and the need for struggle when learning mathematics through use of “The Growth Zone Model” (Lee and Johnston-Wilder, 2013). These lessons are designed to challenge some of the fixed mindset beliefs that an individuals’ intellectual capabilities are unchangeable and determined at birth and to highlight the value of mistakes, challenge and struggle. The intervention reinforced this through discussions, changes in language and feedback (see appendix C). Quantitative and qualitative results indicate that these lessons (see appendix C) have resonated with learners and they now hold more of a growth mindset stance towards these beliefs. However, the statements in the MRS measuring the impact of the intervention on the dimension of growth (questions 3, 4, 7, 10, 14, 18, 22) and struggle (questions 2, 5, 8, 9, 11, 12, 15, 20) almost all refer to these very specific areas of each dimension. Thus, it may be overstated to suggest that all learners have experienced a shift from a fixed to a growth mindset. Nevertheless, is clear to see all learners have taken these important lessons on board, bringing about a positive change towards more of a growth mindset stance towards mathematics. 
However, literature suggests changes in knowledge or beliefs alone will not enhance the learning of mathematics for Class A; mindset predicts mathematics achievement largely due to the way in which these implicit beliefs manifest themselves through different learning behaviours (Costa and Faria, 2018). Learners with a fixed mindset typically struggle emotionally, exhibit academic helpless strategies such as anger or boredom and utilise avoidance strategies in response to challenge (Boaler, 2013; Costa and Faria, 2018; Dweck, 2007; 2008). In contrast, learners who hold growth mindset beliefs respond to setbacks with increased effort and exhibit challenge seeking behaviours in an attempt to increase their mathematical ability (Costa and Faria, 2018; Dweck, 2007; 2008).  Thus, researchers have instead turned their attention to learners’ response to challenge and adversity when studying mathematics, suggesting this is crucial in predicting future mathematic success (Kooken et al., 2016). Learners need to know ‘how to work at mathematics' and ‘how to gain support’ in order to see gains in academic performance (Lee and Johnston-Wilder, 2017). 
The MRS does not offer quantitative evidence on how learners’ behaviours have changed as a result of the intervention, only their beliefs. However, analysis of the qualitative data generated from the focus group indicates that one of the key themes was changes in learner behaviour. Learners identified that they persevere more as a result of increased understanding of neuroplasticity and the importance of mistakes in order to help their brains grow. These findings are in line with previous research that has reported gains in active participation in class, engagement (Boaler et al., 2018), perseverance and resilience (Schmidt et al., 2015; Yeager et al., 2016) following a mindset intervention. 
The qualitative findings also indicate that the explicit teaching of “The Growth Zone Model” has helped learners understand the emotions they feel when studying mathematics and that these are normal and necessary to grow and staying in the comfort zone for too long will not allow growth. Moreover, having an open dialogue about the emotions experienced in each zone when learning mathematics helped them to know when they needed to ask for help; a positive response to setbacks. These findings are in line with those from Lee, Johnston-Wilder and colleagues (2015; 2017) who found that an understanding of the growth zones helped learners articulate their feelings and overcome barriers to learning to avoid entering into the panic zone. These positive help-seeking behaviours have been reinforced by resilient behaviours from frameworks such as the ‘Brain, Book, Buddy’ scheme implemented during the intervention. During the focus group, learners in class A spoke with enthusiasm about how collaboration with peers has helped changed the way they approach mathematics. Collaboration is important in developing MR as individuals can gain support in the face of adversity but independently without the teacher ‘smoothing’ it over (Johnston-Wilder et al., 2015; Lee and Johnston-Wilder, 2017). Through providing learners with models to understand their emotions when facing difficulties in mathematics learning and frameworks for support when required, results suggest that learners in Class A are showing promising signs that the intervention has impacted their beliefs and behaviours when faced with challenge. 

The alterations in learning behaviour discussed here suggest the intervention has been successful in developing behaviours indicative of MR. Literature suggests that resilience is the determining factor mediating the relationship between negative attitudes towards mathematics and poor academic performance (Yeager & Dweck, 2012). Thus, it is likely that these changes in Class A’s beliefs followed by alterations in learner behaviour are likely to result in the removal of potential barriers for learning and eventual improvements in mathematics attainment. 

[bookmark: _Toc36611563]6.1.2 Value

Whilst both quantitative and qualitative results indicate learners in Class A have made clear gains in the dimensions of growth and struggle, MR consists of three key dimensions: growth, struggle and value. The quantitative results indicate that the dimension of value experienced the lowest gains. Results from the MRS reveal that the intervention only induced small improvements in the value learners see in mathematics in three quarters (9 out of 12) of participants. 
Positive findings in the dimensions of growth and struggle are likely to be as a result of explicit teachings of both growth mindset and MR principles. The dimension of value does not have myth busting evidence to aid the implementation of this into a classroom-based intervention. Lee and Ward-Penny (2017) report that teachers have previously utilised learning tasks to show learners that mathematics has value in the real world. This is in line with the strategies employed by the current researcher (see appendix C). However, challenges arise in highlighting to every learner how each mathematics topic will impact their future and you cannot explicitly teach learners that their work is of significant value to them. Learners need to believe this. Overcoming deep rooted negativity and having little value for mathematics in an individuals’ life is not as easy to overcome with a 12-week intervention.
The influence of value on MR, perseverance and mathematical outcomes is mediated by motivation. One of the most difficult tasks a teacher faces is motivating students to learn. Intrinsic motivation refers to motivation from within, learning for learnings sake or engaging in an activity because it is interesting or helps to achieve ones’ goals (NASEM, 2018). If learners understand the value of mathematics and can see it will be important in their lives, they are likely to experience a shift towards more intrinsically motivated learning which will result in higher levels of engagement and persistence; key behaviours of MR. However, if learners perceive the work they are completing to be of little value to them, they are unlikely to persevere in the face of adversity as they lack motivation to do so.
The limited changes in the value dimension following the intervention may have hindered the development of MR in learners in Class A. Individuals might know how and when to respond to challenge and possess the knowledge and beliefs to justify these actions, however unless individuals see value in the lessons they are being taught, they will not be motivated to employ these strategies and persist. Learners will only show higher levels of engagement, interest and motivation to learn mathematics if they feel it is valuable to them (Johnston-Wilder, Brindley & Dent, 2014; Kooken et al., 2016). 
These findings may provide an explanation as to why only one learner was found to be highly resilient on the MRS following the intervention. Thus, in order to overcome this barrier to developing MR in learners, future research should consider placing more emphasis on the dimension of value when delivering the intervention. Further research should be conducted on how best to implement strategies that demonstrate to learners that mathematics is valuable and of significant importance in their lives. 
[bookmark: _Toc36611564]6.1.3 Mathematical Resilience

Despite the limited gains in the dimension of value, both quantitative and qualitative results demonstrate clearly that the intervention has had a profound impact for all learners in the dimensions of growth and struggle. All learners have gained knowledge and understanding of the key principles of growth mindset and MR and the intervention has been successful in altering both learner beliefs and behaviours indicative of more mathematically resilient learners. Quantitative results from the MRS support that overall every learner has experienced a positive shift towards the higher end of the MR spectrum. Learners in Class A may still have a way to go until they are considered to be extremely resilient mathematicians, but these results present an encouraging impact following a 12-week intervention to overcome negative attitudes to mathematics that currently present a barrier to learning for many schools across the country. 
The ultimate goal of any educational research is to improve learning and teaching which will hopefully result in improved educational outcomes (Welsh Government, 2015). Conclusions on the impact of the current intervention on learners’ mathematical understanding cannot be drawn from the current study as no attainment data was collected pre or post the delivery of the intervention. However, a positive attitude towards mathematics is a strong predictor of future mathematics performance (Chen et al., 2018). A significant body of evidence suggests that this is largely due to the resilient behaviours exhibited by learners with a positive attitude towards mathematics including: an increased participation in lessons, a boost in persistence, enhanced effort as well as more efficient memory processes which will enhance mathematics learning (Boaler et al., 2018; Chen et al., 2018; Kooken et al., 2016; Lee and Johnston-Wilder, 2017). It is therefore understood that resilient behaviours are key in mediating the relationship between negative attitudes towards mathematics and poor academic performance (Yeager & Dweck, 2012). Thus, while firm conclusions cannot be drawn, it is likely that the change in learner beliefs and behaviours that can be seen in Class A will have positive impacts on the understanding of mathematical content and thus improvements in learner outcomes. Future research may wish to consider measuring attainment data pre and post the delivery of an intervention in order to drawn concrete conclusions on the impact of an intervention not only on learner attitudes and behaviours but also on raising educational outcomes.

[bookmark: _Toc36611565]6.2 Evaluation of Research

The researcher has engaged in extensive literature exploring negative attitudes and found limited literature providing research informed replicable interventions that educational practitioners can use to develop mathematical resilience in learners. Thus, the researcher has developed a research-grounded intervention employing recommendations from Dweck (2008) and Lee & Johnston-Wilder (2013) that has been successful in altering both learner beliefs and behaviours indicative of a positive shift towards more mathematically resilient learners. A strength of this research is that it will add to a limited field 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 that it has limited generalisability outside of the context in which the study was conducted. This research was conducted on a small sample of learners that were selected via purposive sampling due to their attitudes towards mathematics and the ability of all learners (underperforming and not predicted to meet age related outcomes at KS4). Class A is therefore not only a small, but a very specific sample of individuals. Moreover, School X is a very unique context within South Wales with a very small proportion of learners entitled to FSM (considerably lower than national averages) and excellent results that consistently outperform both local and national attainment averages. This therefore means the effectiveness of this intervention cannot be generalised not only to other samples such as different age ranges and ability, but also to differing contexts (Bryman, 2012). 
To overcome this, future research would need to be conducted in different settings, with a larger sample size and results compared to draw conclusions as to the generalisability of the intervention developed as part of this action research. There is also potential to explore the effectiveness of this intervention on improving MR in high attaining learners. The benefits of this intervention may not be limited to low attainers or individuals seen to exhibit negative attitudes as MR is measured on a spectrum. This highlights a possible area for future research to determine the generalisability of the current intervention in order to improve mathematical understanding and raise educational outcomes for all learners, irrespective of ability
The research methods used throughout this project were carefully chosen, considering the advantages and disadvantages of each. The researcher believes the quantitative data collection via the MRS was invaluable in demonstrating changes in learner beliefs and attitudes. Collection of qualitative data provided triangulation of quantitative data, adding weight to the findings (Coolican, 2009; Welsh Government, 2015) and also allowed for the exploration of changes in learner approaches to learning mathematics. Qualitative data highlighted key findings in alterations of learner behaviour that were not possible with qualitative data alone. This allowed for sound conclusions to be drawn on the extent to which the intervention successfully brought about changes in learners MR. 
However, the researcher holds good working relationships with the learners in Class A, 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 in order to ‘look favourable’, please the researcher or provide the answers they feel she is looking for (Coolican, 2009). Social desirability bias has the potential to skew results if learners have not provided an accurate account of the impact of the intervention. For example, the nature of data collection using a focus group provides learners opportunities to give unstructured answers which are largely subjective opinions and perceptions. There is the potential that learners have overstated the ways in which the intervention has changed their behaviours when learning mathematics. The researcher took steps to overcome this through triangulation of data through collection of both quantitative and qualitative data. This will not only overcome the limitations of each data collection method as previously discussed, it will also help to reduce the potential for bias to skew results. This also eradicates additional concerns over validity and increases the reliability of results, adding weight to the conclusions of the research (Welsh Government, 2015; Bryman, 2012). 
Despite this, on reflection, the researcher was in a valuable position as the teacher/researcher delivering the intervention and empirical teacher observations could have added considerable support to any conclusions drawn. 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. Future research may wish to consider collecting further qualitative data via structured teacher observations looking for evidence of specific alterations in learner beliefs or behaviours such as challenge-seeking behaviours, patterns of perseverance and resilience in learners. These teacher observations and reflections would allow for further triangulation of both quantitative and qualitative data to ensure reliability and credibility of results (Welsh Government, 2015). 
Additionally, while the current study reports that learners in Class A have made positive gains in their MR, helping to overcome negative attitudes towards mathematics, the extent to which learners value the study of mathematics saw little improvements. This has the potential to inhibit future gains in MR as learners may lack the intrinsic motivation to persist when they experience difficulties in mathematics due to the lack of value they see in it (Johnston-Wilder, Brindley & Dent, 2014; Kooken et al., 2016). It may be that the 12-week intervention period is not long enough to bring about significant changes in the MR dimension of value, presenting a limitation of the current study. Literature suggests that reversing negative attitudes may take months depending on the pervasiveness of the negativity (Willis 2010). In light of this, future research may wish to conduct a longitudinal study in which MR is measured at different time points to determine the optimal intervention length. Furthermore, conducting longitudinal research will allow researchers to evaluate the long-term impact of the intervention in overcoming negative attitudes to mathematics and how this influences mathematics attainment.

[bookmark: _Toc36611566]6.3 Conclusion 

[bookmark: _GoBack]The purpose of this action research was to develop, implement and evaluate the impact of an intervention designed to develop resilience in learners to overcome the negative attitudes towards mathematics that present a barrier to learning in the classroom. The intervention developed was grounded in MR research by Johnston-Wilder & Lee (2010) and Dweck’s (2008; 2012) work on developing a growth mindset. A positive attitude towards mathematics has been found to be a strong predictor of future mathematics performance (Chen et al., 2018). Therefore, the research-grounded intervention was designed to instil a positive stance towards mathematics in a specific group of learners with the aim of developing resilient learning behaviours that will ultimately enhance attainment in mathematics.
An in-depth analysis of both qualitative and quantitative data indicates that despite varied gains across the three dimensions of MR, learners have gained an understanding and knowledge on the principles of both growth mindset and MR theory. Such changes in learner beliefs surrounding the malleability of intelligence and the universal nature of struggle within mathematics has brought about changes in behaviours indicating learners are now more equipped and likely to persist in the face of challenge when studying mathematics.
Thus, it can be concluded that the intervention was successful in meeting the intended aim of enhancing the MR of learners, resulting in positive changes in behaviour and taking steps to overcome negative attitudes to mathematics. 

[bookmark: _Toc36611567]6.4 School Improvement Documents

The current study holds significant value in that it is adding to a limited body of educational enquiry in providing valuable research for educational practitioners on how best to develop MR in the classroom to overcome negative attitudes to mathematics. Moreover, this research also has the potential to inform essential school improvement documents in order to develop teaching and learning processes in schools, placing learner outcomes at the heart (Hopkins, Ainscow & West, 1994; Welsh Government, 2014). The Welsh Government (2014) clearly states that SDPs are to be live documents, regularly revisited as schools are required to engage in a continuous cycle of reflection. Research clearly supports the role that teachers have in this cycle of reflection as key agents for change in schools (Macbeath, 1994). It is highly recommended that teachers engage in action research to ensure evidence-based practice, tailored to the needs of learners in each learning community is informing school improvement documents (Welsh Government, 2015). The current study is therefore a key example of how teacher-led action research can provide specific research-informed strategies that are proven to enhance outcomes of learners in School X’s specific learning community. For this reason, the current study holds valuable potential for inclusion in School X’s improvement documents. 
Improving the teaching and learning of numeracy remains a key national priority for education in Wales (Welsh Government, 2017). This target will be at the heart of all school improvement documents across Wales in which schools are required to present strategic plans as to how they will improve learner outcomes in numeracy and mathematics (Welsh Government, 2014). School X’s key priority 1.2 (see appendix F for SDP) aligns with the purpose and aims of the current study in aspiring to improve the teaching and learning of numeracy. Additionally, the findings from the current study have the potential to inform actions to meet School X’s key priorities 2.3 and 2.5 with the aims of instilling a growth mindset and resilience in learners and improving outcomes for lower ability learners. Therefore, the MR intervention designed as part of this action research has the potential to be of significant value to School X in helping to meet a number of key priorities to enhance the outcomes of many learners within the school.
However, the intervention has been developed and evaluated in order to develop MR in the context of mathematics lessons. These findings are specific to a mathematics context and implementation is not designed to be generalisable to develop numeracy skills across the curriculum. In light of this, it is more appropriate for the current study to firstly add to the mathematics Department Improvement Plan (DIP) at School X. In schools, each department is required to develop improvement plans that provide details on how each department will help to meet the SDP targets and key priorities relevant to them. The mathematics department therefore is central in actioning the improvement of teaching and learning of numeracy (key priority 1.2). Moreover, the mathematics DIP at School X also includes strategic plans to meet key priorities 2.3 and 2.5, (among others) as they are the collective responsibility of all departments across the school. It is therefore proposed that is it more appropriate for the current research findings to inform actions as part of the mathematics DIP at School X in order to meet key priorities 1.2, 2.3 and 2.5.  
This research provides detail of a replicable intervention that has been proven to enhance MR of learners in this specific context. Sharing this practice with other teachers within the mathematics department at School X provides an invaluable opportunity for professional development to improve practice (Welsh Government, 2015). Moreover, implementing the research-informed teaching strategies (see appendix C) in the teaching of mathematics in School X has the potential to develop many resilient mathematicians that will hopefully in turn develop positive learning behaviours and as a result improve learner outcomes. 
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[image: ]This model is taken from the work of Lee and Johnston-Wilder (2017; 2018). It consists of three zones: comfort, growth and danger.





Figure 6. 	The Growth Zone Model (Lee & Johnston-Wilder, 2017;2018)

1. Comfort Zone (green)
The comfort zone is where learners will feel comfortable working at mathematics that they can do independently, consolidating ideas and developing fluency in particular mathematical skills. However, if learners stay in the green zone for too long, they will not learn as much as they could and it is likely that they will lack stimulation and become bored.
2. Growth Zone (amber)
The growth zone is where the learner is experiencing some degree of challenge. The learner needs to understand that challenge is normal, it should be high but not too high. The learner should have enough adrenalin to persevere when things are challenging. The more time an individual can spend in this zone, the more the individual will learn and progress with their mathematics. The learner needs to understand that this is a positive zone to be in, but that it can be exhausting and they may choose to resort to the green zone when they become tired to consolidate their new knowledge.
However, within this zone there is always the risk that the challenge becomes too high and the learner may not feel able to pause and control these emotions and may begin to feel they cannot safeguard themselves from entering the danger zone.
3. Danger Zone (red)
This zone is characterized by anxiety and panic experienced by the learner; they may experience a ‘fight or flight’ response where they are unable to control their emotions or rational thinking. This zone is not conducive to mathematics learning and learners need to understand how to gain support, articulate which zone they are in to overcome the negative feelings within this zone.
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A flow chart depicting the research process undertaken with participants.

12 Week Intervention Period


[bookmark: _Toc36611572]8.3 Appendix C: A Mathematical Resilience Intervention in the Classroom

Over a 12-week period, the current researcher delivered mathematics lessons to Class A with alterations in teaching style, activity choice and language in order to meet the following 6 recommendations influenced by Dweck (2008) and Lee & Johnston-Wilder (2013): 
1. Educate learners on the principles of a growth mindset, particularly neuroplasticity. 
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 learners.
4. Aid learners in understanding the value of mathematics in their lives.
5. Allow learners opportunities to work collaboratively to aid independence and resilience.
6. Educate learners on “The Growth Zone Model”.

Explicit Teaching of Growth Mindset Principles and the Growth Zone Model.
A standalone lesson was delivered to learners in Class A including tasks to educate learners explicitly on the key principles of growth mindset theory and “The Growth Zone Model” in line with recommendations from Dweck (2008) and Lee and Johnston-Wilder (2013).
Learners participated in a ‘genius’ activity, as recommended by Dweck (2008) who suggests it is important to educate learners on the failures of ‘geniuses’, as too often they are portrayed as having an innate talent which supports fixed mindset beliefs. This activity is designed to reinforce the notion that no individual is born a genius and highlight the importance of hard work and dedication in achieving one’s full potential. This activity is also in line with the struggle dimension of MR in that learners need to understand that struggle is universal, and effort is required by all in order to learn. Dweck (2008) also emphasises that learners should be taught about neuroplasticity. Animated videos designed for delivery to children were used to demonstrate the importance of perseverance, challenge and effort in order to help their brains to grow. 
Understanding the need for struggle and effort is not enough to improve MR. Learners need to know how to cope with the emotional responses that accompany struggle, such as fear or anxiety. Lee and Johnston-Wilder (2017; 2018) recommend explicit teaching of the principles of the “The Growth Zone Model” helps learners to understand emotions and feelings and when to access support to overcome these. Thus, learners in Class A were educated on this model following recommendations from Lee and Ward-Penny (2017) and documents were printed and positioned on the classroom wall as a visual stimulus to reinforce principles of this model.

Growth Mindset Language and Process Praise
Dweck (2008) recommends that teachers place high value on challenge-seeking behaviours, high effort and learning from mistakes. Teachers need to ensure they are providing feedback to learners on the processes learners have undergone including praising strategies, effort, improvement and perseverance. Previous research has found that teachers who regularly utilise process praise and feedback have been found to encourage growth mindsets and foster resilience in learners (Mueller and Dweck, 1998; Rattan, Good and Dweck, 2012). This allows learners to see that it is the hard work and the ability to learn from our mistakes that are important and will reinforce positive responses to barriers they encounter in the future, helping to develop mathematical resilience (Johnston-Wilder & Lee, 2010; Lee & Johnston-Wilder, 2013). Therefore, during the intervention period every effort was made to ensure acts of perseverance, resilience and challenge seeking behaviour were praised and constructive feedback was given to those who were not displaying such behaviours.

Moreover, learners were encouraged to ‘change their words to change their mindset’. Learners were educated on the differing language styles often used by individuals who hold a growth or fixed mindset and encouraged to consider how they could make the language they use when referring to their difficulties in maths more positive. To reinforce the importance of this, a display was created which was regularly referred to in lessons (figure 6).
[image: ]Figure 7. Growth Mindset language classroom display







The Value of Mathematics
Literature suggests that learners will be more engaged, interested and motivated to learn mathematics if they feel it is valuable and important to their lives (Johnston-Wilder, Brindley & Dent, 2014; Kooken et al., 2016). Often learners struggle to see the value of many mathematical topics in their lives due to their abstract nature. To overcome this, and aid learners in seeing the importance of mathematics in their daily lives, the researcher endeavoured to link abstract topics to real-life scenarios where possible in line with recommendations from Lee and Ward-Penny (2017). This is particularly important given that learners will be entering into study for their GCSE Numeracy course in September which places high importance on the real-life applications of maths. Therefore, during the course of the intervention the teacher/researcher endeavoured to incorporate GCSE Numeracy style questions into the scheme of learning. Furthermore, discussion about cross-curricular applications was encouraged, as well as applications in careers and every-day life situations. 

Encouraging Collaboration and Independence
Both MR and Growth Mindset theory emphasise the need to convey the message that mistakes in maths are an opportunity to learn, persist and not give up (Dweck, 2008; Lee & Johnston-Wilder, 2018). However, understanding this is not enough, learners also need to know how to seek help when it is required. Research recommends that providing opportunities for learners to work collaboratively as well as independently will improve resilience (Lee & Johnston-Wilder, 2018; Lee & Penny, 2017). To promote high expectations of effort and resilience a ‘three before me’ system was implemented during the intervention period with Class A to provide learners a framework of what to do in the face of adversity when they experience struggle (see Figure 8). The Brain, Book, Buddy system ensures learners think the problem through, look up the solution in their book, or ask their partner before giving up and asking the teacher for help. This sets a minimum expectation of effort for learners, discourages giving up and encourages resilience and independence.
Figure 8. Posters used to reinforce the Brain, Book, Buddy system.
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A copy of the MRS questionnaire completed by participants both pre- and post-intervention. 
[image: ]
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Table 1.  Learners scores on the value sub-scale both pre and post intervention.
	Participant
Number
	Value
PRE
	Value
POST

	01
	29
	32

	02
	12
	18

	03
	41
	46

	04
	30
	38

	05
	27
	28

	06
	35
	35

	07
	14
	16

	08
	20
	20

	09
	36
	36

	10
	25
	27

	11
	13
	16

	12
	17
	18



Table 2.  Learners scores on the struggle sub-scale both pre and post intervention.
	Participant
Number
	Struggle
PRE
	Struggle
POST

	01
	25
	34

	02
	24
	32

	03
	32
	40

	04
	21
	31

	05
	27
	28

	06
	32
	39

	07
	26
	33

	08
	25
	27

	09
	27
	31

	10
	21
	25

	11
	22
	29

	12
	22
	30




Table 3.  Learners scores on the growth sub-scale both pre and post intervention.

	Participant
Number
	Growth
PRE
	Growth
POST

	01
	28
	35

	02
	21
	25

	03
	32
	42

	04
	24
	31

	05
	29
	34

	06
	35
	40

	07
	20
	26

	08
	30
	34

	09
	32
	39

	10
	38
	39

	11
	25
	31

	12
	22
	30




Table 4.  Learners total MR scores both pre and post intervention.

	Participant
Number
	Total MR
PRE
	Total MR
POST

	01
	82
	101

	02
	57
	75

	03
	105
	128

	04
	75
	100

	05
	83
	90

	06
	102
	114

	07
	60
	75

	08
	75
	81

	09
	95
	106

	10
	84
	91

	11
	60
	76

	12
	61
	78



8.6 Appendix F: School X Development Plan 

Below is an extract from School X’s Development plan. The following is a summary page used to represent the ‘Big Picture’ in School X’s plans for development.





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 MR scores prior to the intervention period.





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


Post-Intervention Questionnaire


Learners will complete the MRS for the second time to obtain MR 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 the impact of the intervention.


Participant Debrief


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' MR. Conclusions will be drawn on the effectiveness of the intervention comparing pre-and post-intervention MRS scores and qualitative data will be used to triangulate findings.


PRE Value	01	02	03	04	05	06	07	08	09	10	11	12	29	12	41	30	27	35	14	20	36	25	13	17	POST Value	01	02	03	04	05	06	07	08	09	10	11	12	32	18	46	38	28	35	16	20	36	27	16	18	Participant Number





PRE Struggle	01	02	03	04	05	06	07	08	09	10	11	12	25	24	32	21	27	32	26	25	27	21	22	22	POST Struggle	01	02	03	04	05	06	07	08	09	10	11	12	34	32	40	31	28	39	33	27	31	25	29	30	Participant Number





PRE Growth	01	02	03	04	05	06	07	08	09	10	11	12	28	21	32	24	29	35	20	30	32	38	25	22	POST Growth	01	02	03	04	05	06	07	08	09	10	11	12	35	25	42	31	34	40	26	34	39	39	31	30	Participant Number





PRE	01	02	03	04	05	06	07	08	09	10	11	12	82	57	105	75	83	102	60	75	95	84	60	61	POST	01	02	03	04	05	06	07	08	09	10	11	12	101	75	128	100	90	114	75	81	106	91	76	78	Participant Number
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Questionnaire (Pre)

Read each statement carefully and circle one numerical response to indicate how strongly you agree or disagree with each statement.

Statement
1 | Maths s very helpful no matter what | decide to study.
2 | Struggle is a normal part of working in Maths.
3 | If someone is not good at Maths, there is nothing that can be done to change that.
4 | Maths can be learned by anyone.
5 | Everyone struggles with Maths at some point.
6 | Mathsis essential for my future.
7 | If someone is not a Maths person, they won't be able to learn much Maths.
8 | Good Mathematicians experience difficulties when solving problems.
9 | People who work in Maths-related fields sometimes find Maths challenging.
10 | People are either good at Maths or they aren’t.
11 | Everyone makes mistakes at times when doing Maths.
12 | Maths will be useful to me in my life’s work.
13 | People in my peer group sometimes struggle with Maths.
14 | Everyone's Maths ability is determined at birth.
15 | When someone struggles in math, it doesn’t mean they have done something wrong
16 | Knowing Maths contributes greatly to achieving my goals.
17 | Having a good understanding of Maths helps me understand topics in other subjects.
18 | Some people cannot learn Maths.
19 | Learning Maths develops good thinking skills that are necessary to succeed in any career.
20 | Making mistakes is necessary to get good at Maths.
21 | Thinking mathematically can help me with things that matter to me.
22 | Only smart people can do Maths.

23

It would be difficult to succeed in life without Maths.

gf:;ﬂ: Disagree sl;’l':::,':' Neutral 5“:;::“ Agree s;':,"i'y
1 2 3 4 s G 7
1 2 3 4 B 6 7
1 2 3 4 s 6 7
1 2 3 4 B 6 7
1 2 3 4 B 6 7
1 2 3 4 B 6 7
1 2 3 4 s 6 7
1 2 3 4 s 6 7
1 2 3 4 s 6 7
1 2 3 4 s 6 7
1 2 3 4 B 6 7
1 2 3 4 B 6 7
1 2 3 4 B 6 7
1 2 3 4 B 6 7
1 2 3 4 s 6 7
1 2 3 4 B 6 7
1 2 3 4 s 6 7
1 2 3 4 s 6 7
1 2 3 4 s 6 7
1 2 3 4 B 6 7
1 2 3 4 s 6 7
1 2 3 4 B 6 7
1 2 3 4 s 6 7

1 = Strongly Disagree

2 = Disagree

3 = Somewhat Disagree
4 = Neutral

5 = Somewhat Agree

6 = Agree

7 = Strongly Agree
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