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Abstract  

Mathematics anxiety is a prevalent problem: about a third of the students globally report fear 

of mathematics. Recent studies suggest that math anxiety might be negatively related to 

individuals' ability to make advantageous choices and decisions beyond classrooms. There is a 

growing need for simple, comprehensive, practical approaches available to educators, carers 

and learners to address this and overcome emotional barriers to learning mathematics.  

This paper, discusses the results of a qualitative small-scale study implementing ‘The Toolkit’, 

a new approach introduced by Johnston-Wilder at al. (2020). The research underpinning The 

Toolkit is reviewed, the notion of psychological safety introduced and the process of the 

intervention is described.  

The results report reduced levels of anxiety and development of positivity towards 

mathematics. The key themes highlight the importance of addressing emotional aspects of 

learning mathematics in the classroom. All participants have rated the Toolkit as ‘extremely 

useful’ and would advise it as a practical strategy to anyone having mathematics anxiety. This 

approach warrants further research to properly establish its efficacy in different contexts. 

 
Key words: affective barriers, mathematics anxiety, mathematical resilience, the Toolkit, 

psychological safety 

Introduction 

Poor numeracy is widespread in the UK. Government statistics suggest that 17 million 
adults in England - half of the working-age population - have everyday mathematics 
skills roughly equivalent to those expected of a primary school child (Skills for Life 
Survey, 2012). Poor numeracy affects work productivity, people’s income, health and 
wellbeing.  Although many efforts are in place to improve numeracy in the UK (How 
Can I Improve My Maths Skills? How the Multiply Programme Supports Adult 
Learners - the Education Hub, n.d.), efforts often focus on the role of the cognitive 
factors (such as increasing maths requirements, introducing novel teaching strategies 
and increasing educational standards), while the importance of the emotional and social 
factors in improving numeracy and maths achievement is mainly overlooked (McLeod, 
1992). 

Improving mathematics curriculum content addresses only part of this issue; we 
also need to address emotional factors known to affect maths learning, performance and 
interest in pursuing careers that require good numeracy skills (Beilock & Maloney, 
2015). In order to address emotional aspect, mathematics educators and learners need 
a simple and comprehensive approach that can be integrated into the existing cognitive 
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framework of learning mathematics; such an approach will remediate factors negatively 
influencing mathematical performance of maths-anxious individuals (Beilock  & 
Chang, 2016). 

Further education (FE) colleges in the UK are facing the challenges of 
delivering mathematics as a compulsory subject for those that have previously failed to 
achieve grade 4 in GCSE mathematics. Most commonly reported issues are low levels 
of motivation and engagement and affective difficulties such as low confidence and 
anxiety (Noyes & Dalby, 2020).  Teachers often comment on the need to reinforce 
attendance of students who previously experienced failure with mathematics. Seligman 
(2007) considered that repeated exposure to stress can lead to avoiding behaviour in 
order to escape a repeat psychological suffering. Johnston-Wilder et al. (2013) propose 
that it is not the mathematics as such but the accumulating effect of the repeat negative 
experiences that can result in avoidance as a form of psychological protection from 
further harm. 

Johnston-Wilder and Lee (2010) defined the construct ‘mathematical resilience’ 
as a framework to counteract mathematics anxiety and mathematics helplessness. 
Mathematics resilience (Fig. 1) involves four factors: belief in growth, personal value 
of mathematics, need for effort and struggle to achieve learning, and accessing available 
support (Johnston-Wilder et al., 2016). Building on the construct of mathematical 
resilience, Johnston-Wilder at al. (2020a, p.1) introduced the Mathematical Resilience 
Toolkit which combines four tools addressing mathematics anxiety, psychological 
safeguarding and effective response to challenge and threat in the context of learning 
mathematics. 

 

 
Whilst general resilience was investigated extensively in the past (Luthar 2006; 

Masten et al. 1990; Wagnild and Young 1993), only few studies examined resilience in 
academic settings and specifically resilience in the mathematics studies (Johnston-
Wilder and Lee 2010; Kooken et al. 2016; Ricketts et al. 2017). 

In this study, we explore the effectiveness and accessibility of the Toolkit for 
building resilience, reducing mathematics anxiety and increasing effectiveness of 
learning in the context of adult learners in a Further Education college in London. 
 

Figure 1 Mathematical Resilience 

https://link.springer.com/article/10.1007/s13138-020-00177-w#ref-CR68
https://link.springer.com/article/10.1007/s13138-020-00177-w#ref-CR71
https://link.springer.com/article/10.1007/s13138-020-00177-w#ref-CR103
https://link.springer.com/article/10.1007/s13138-020-00177-w#ref-CR53
https://link.springer.com/article/10.1007/s13138-020-00177-w#ref-CR58
https://link.springer.com/article/10.1007/s13138-020-00177-w#ref-CR85
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Methodology 

Approach 

This is a small-scale action research study undertaken with a group of 8 pre-GCSE 
mature students, in FE college in London. Two researchers (Sue and Masha) 
collaborated closely throughout the whole process of the study, including data 
presentation, interpretation and collaboration on the structure and timeline of the 
intervention. One of the researchers (Masha) was also the mathematics teacher of this 
class. The originality of this approach is that the effectiveness of the intervention is 
examined from more than one perspective, providing a more holistic grasp of the issue, 
as data is gathered from all parties related to the applications, such as students, teacher, 
academic researcher, and wider community. 

Intervention components 

Listening to prior experience 

In the first session, after introductions and procedure agreements, each participant was 
invited to share their personal maths story, i.e. good and bad examples, and their coping 
strategies. All participants identified negative past experience from learning 
mathematics; some stories described painful emotional experiences, i.e. “In class all 
other students understood the topic, and I would still not understand. It made me very 
sad and discouraged” and physiological elements, i.e. ‘heart beating very fast’, ‘feeling 
dizzy’. Two participants remembered being physically punished by their teachers for 
not understanding and would miss their classes to avoid punishment and shame. 

Psychological education 

The session following maths stories, involved learners understanding mathematical 
anxiety and the role of the brain and emotions in learning. The learners were presented 
with examples of connection between negative feelings about mathematics and low 
confidence and explored the effect of safety on learning. All learners confirmed that 
MA was a new concept and that they were not aware that fear of mathematics can 
disrupt their learning by overloading their working memory and causing mathematics 
avoiding behaviours (Dowker et al., 2016). Many learners had established beliefs in 
their inherent inability to learn mathematics. 

Visual representations were used to summarise recent neuroscience research so 
that students can understand how anxiety affects the brain and why maths avoidance is 
common. The usage of brain images makes psychological arguments more convincing 
(McCabe and Castel, 2008), which strengthens the notion that the students’ anxieties 
are due to neurological factors, rather than a notion that they “can’t do maths”. 

The Toolkit 

The Toolkit comprises four tools (Fig 2): the hand model of the brain (HMB; Siegel, 
2010), the relaxation response (RR; Benson, 2000) and the growth zone model (GZM; 
Johnston-Wilder et al., 2020b, p.10) and The Ladder model (Bruner, 1966). 
Desensitisation and gradual exposure to anxiety triggers (Petronzi et al., 2021) were 
integrated into maths lessons and students were encouraged to practise managing 
anxiety and developing persistence outside the classroom. 
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Figure 2 The Toolkit 

Data collection 

The qualitative data was collected through different means: field notes during classes, 
semi-structured individual or small group interviews, students’ mathematics stories, 
and two surveys assessing mathematical wellbeing and motivation. The quantitative 
data included a 2-part questionnaire (confidence and anxiety), the Betz (1978) 
Mathematics Anxiety Scale (BMAS) and the Mathematical Resilience Scale (MRS) 
(Kooken et al., 2013), administered at the start (Assessment 1) and then repeated after 
5 months of the intervention (Assessment 2). We concluded all observations and 
interviews in June 2022. 
  

Results 

Quantitative 

Item responses in the Betz Maths Anxiety Scale were obtained on a 5-point Likert scale; 
responses ranged from 1 (strongly disagree) to 5 (strongly agree). Half the items 
measured confidence (Fig. 3) while the other half measured MA (Fig. 4).  
The mean scores of the MAS at the first and second surveys were compared and showed 
2 out of 8 improved scores in confidence and positivity towards their own maths 
progress.  
 

 
Figure 3 Confidence scores comparison 
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The mean scores of MA showed that 5 out of 8 participants had reduced scores in 
mathematics anxiety (Fig. 2)  with the average decrease in MA of 0.09%  in the second 
assessment in January 2022. However, the sample size was too small for making 
statistical inferences based on the quantitative data as small sample size does not allow 
for generalisation. 
 

 
Figure 4 Maths Anxiety comparison 

Qualitative  

Braun and Clarke’s thematic analysis (Braun & Clarke, 2006) was conducted to analyse 
qualitative data. Four key themes reflecting students’ experience of the intervention, 
emerged from the thematic analysis: (1) role of the students (positive and negative self-
appraisal), (2) role of emotions (fear prevents and safety promotes learning), curriculum 
(pace faster negative, slower positive impact on learning), (3) the role of curriculum in 
cognitive overload, (4) role of teacher. Each theme was subdivided into subthemes that 
reflected increase and decrease in resilience in the context of the intervention 
addressing mathematics anxiety (Fig 5) 

 

 
Figure 5  Themes and subthemes 

 

2
.8

6 3
.2

9

2
.7

1

2
.8

6

2
.8

6

2
.8

6

3
.4

3

2.
1

4 2
.5

7

2
.2

9

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

Qu 6 Qu 7 Qu 8 Qu 9 Qu 10

Anxiety Comparison (Betz)

Oct-21

Jan-22

Oct-21 Mean

Jan-22 Mean

Decrease in resilience 

Subthemes 
Themes 

Increase in resilience 

Subthemes 

Negative view of challenge 

Giving up early 

Fixed mindset 

Theme 1: Students 

Value of challenge 

Deliberate effort 

Growth mindset 

Fear and danger 

Negative about future 
Theme 2: Emotions 

Feeling safe 

Positive about future 

Fast pace 

High curricular content 

Lack of support 

Theme 3: Curriculum 

Slower pace 

Less content at a time 

Varied support 

Criticism 

Strict 

Poor teaching 

Theme 4: Teacher 

Kind 

Open to listening 

Good teaching 

 

Internal 

External 



Proceedings of the DMR International Conference 

 

 

All subthemes that indicated increased resilience were grouped together and 
coloured green, while those with decreased resilience were grouped together and 
coloured orange. Notably, we arranged the themes and their associated subthemes from 
internal to external to reflect the relationships and interactions between them. 
 
Role of the students 
 
When asked to evaluate the tools in the Toolkit most of the students made statements 
about the positive impact that Growth Zone and ladder models had on their beliefs about 
the role of learners in the learning process, and specifically developing self-efficacy in 
learning mathematics. They commented that they avoided challenge as a negative 
aspect of learning, believed that mathematical ability cannot be developed and felt 
helpless and hopeless in the face of challenge. The GZM provided the students with a 
model of barriers and opportunities for overcoming those, which they can use 
independently to understand their current learning mode and plan how to move to the 
next level. They also reported feeling more in control over own progress and used it to 
remind themselves that growth is possible. One of them said: 
 

“Now, I use Growth model at work, it helps me to come out of the comfort zone and strive for 
more with confidence. I even share it with my colleagues, when they go for promotions” 
(Mathilde) 

The ladder tool used to remind them of gaps in knowledge and need to seek a 
specific support, the students evaluated it as a useful tool encouraging them to break 
down difficult questions into manageable tasks. 
They concluded that having those tools gave them a set of “go to” strategies in the face 
of difficulties of maths, which had a positive impact of their confidence to have an 
active say in maths learning. 
 
Role of emotions 
Students expressed that their repetitive failure and apparent lack of ability increased 
feelings of fear and hopelessness to achieve a required pass grade for a vocational 
qualification or a degree. In response to that they opted for career choices reflective of 
those attitudes and often opted for low paid and low skilled jobs. Challenge 
corresponded with fear, defeat and low self-esteem followed by avoidant behaviour. 
When asked about their feedback on psychological safety and discussions about the 
impact of emotions on learning, they admitted that speaking about emotions in maths 
lesson was a new experience: 

“Talking about how I feel in maths class seemed very unusual way to learn maths. I thought to 
give it a go and to my surprise it helped me learn!” 

The learners valued the Toolkit highly as a practical strategy for addressing fear 
and hopelessness.  

 
“I used to see mixed up numbers in maths problems and felt really stupid. I am not stupid, my 
brain can’ t learn when I am scared” (Anthony) 

The GZM allowed students to distinguish between the range of emotions from 
nervousness to fear and to communicate those emotions without feeling stupid.  
 

“When I am stuck doing MathsWatch at home, I can ask myself - what zone I am in, and when I 
am in the RED, I know that I am stressed, I need to relax, do something else and then come back 
to my task. I often can do my tasks very well after that as I start thinking clearly” (Seye) 
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When asked about their view on relaxation response and micro-mindfulness, the 
students commented that was a refreshing break ‘like a reset’ when they felt 
overwhelmed by mathematical rules and numbers. They commented that fear of failure 
and shame negatively impacted their mathematical abilities and positive affirmations 
encouraged feelings of hope in own progress in mathematics. 
 
Role of the curriculum 
When asked about the elements of learning that had negative impact on their confidence 
and safety feelings many students associated those with fast pace of going through 
curriculum, high saturation of content and hopelessness in case of falling behind due to 
fast pace.  

One participant said: 
“it feels like you are running fast but teacher is moving even faster. So that your fast is never fast 
enough in maths” 

Ther participants expressed the feelings of ‘left behind’ when everyone else 
moved on, they used to believe there is something wrong with them as everyone one 
else seemed getting on with the pace which prevented them from reaching out for help. 

“I always was scared of being behind and not catching up with other students. It made it only 
worse. This year was different because I knew I can always reach out for help” 

 
Role of the teacher 
The students noted that teacher’s role in facilitating the intervention during maths 
lessons was very important. The students found it valuable that the teacher came across 
with empathy rather than critical and judgemental approach. They added that teacher 
was sensitive to their feelings, fears and worries and they felt that teacher considered 
their emotional difficulties with maths in lesson planning. Theu felt validated and safe 
to continue to open up and speak about their experience with the teacher. Other positive 
comments included organised resources in most convenient for learners way and 
multiple ways of conveying mathematical ideas. They expressed that support was 
explicit and they felt comfortable asking for help. 
 

“I always was scared of being behind and not catching up with other students. It made it only 
worse. This year was different because I knew I can always reach out for help” (Ariana) 

 
Discussion and Conclusion 
 
This study was first of its kind to address barriers to learning mathematics by 
embedding a set of tools (Johnston-Wilder et al. 2020) for mathematical resilience in 
mathematics classroom. A unique collaboration between one of the authors of 
mathematical resilience, Sue Johnston-Wilder, and mathematics teacher, brought the 
experiment into a real classroom by implementing psychological safety as a core 
teaching value and constructing mathematics delivery around the value of resilience, 
growth and safety (Johnston-Wilder & Marshall, 2017).. The teacher had high intrinsic 
motivation to extend teaching mathematics beyond standard cognitive methods of 
delivery and engage in practitioner research of emotional factors in learning. 

Two-semester long intervention was conducted with a group of learners and 
results were analysed over the length of the intervention to examine the effect in the 
context of regular classroom teaching. The results suggest that the participants reported 
lower maths anxiety scores. The qualitative data conveyed a positive shift in students’ 
attitudes towards challenge and struggle as necessary components of learning. Students 
communicated that the tools were easy to use outside of class and reported their 
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application in work-related contexts. They quoted that positive affirmations, relaxation 
and distraction strategies helped them manage anxiety and fear of failure during 
independent work and during assessments. It has been noted that all students in class 
attempted and completed homework and were actively seeking support from classroom 
community and online resources; they shared feelings of empowerment and confidence 
in overcoming own barriers and failures.  

It is worth noting that one of the themes highlighted the role of teacher’s 
empathy and teaching skills. This intervention calls to explore further implementation 
of the Toolkit with other practitioners in similar settings to explore the effect of the 
teacher in developing mathematical resilience and the effectiveness of the tools with 
different practitioners. 

The possible explanation of small effect in quantitative data might be the small 
sample size and the interpretation of the questions’ language, and in future interventions 
it could be modified to accommodate specific audience. 

This pilot research was conducted to determine if the intervention was effective 
on a smaller scale before replication and expansion to other courses. The replication of 
the study with larger sample size is recommended to increase power and social validity.  

Student retention and achievement on mathematics courses is a crucial goal in 
further education institutions and it significantly predicts sustainability and success of 
further education sector. Notably, mathematics anxiety and avoidance are powerful 
psychological barriers affecting many students’ vocational performance in FE (Tobias, 
1991), which warrants the need for further research of the mechanisms that generate 
those barriers and the interventions that can be easily accessible to students and 
educators. (Lyons&Beilock, 2013)  
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