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Abstract 

Some researchers have tried to understand why some learners engage in and others disengage 

from mathematics by exploring learners’ mathematical identities. Other researchers have 

viewed mathematics clubs as contributing to learners’ engagement in mathematics, but 

learners’ disengagement from mathematics continues to be a concern despite these efforts. 

Bringing these two important ideas together, I investigated the relationship between learners’ 

mathematical identities and an after-school mathematics club. 

A part of this study focuses on the collective role of significant others, who are 

teachers, peers and family members, in supporting and constraining learners’ mathematical 

identities. Some researchers view productive disposition as important for learners to 

successfully learn mathematics. So, another part of the study focuses on learners’ productive 

dispositions as linked to their mathematical identities.  

Building on previous definitions, I define mathematical identity, be it participative or 

narrative, as constituted by personal and social mathematical identities, each of which can be 

robust-leaning, mixed or fragile-leaning. I define a mathematics club as an informal 

supportive space where learners engage in problem-solving activities.  

The study is guided by Wenger’s theory of learning as social practice. Learning is 

considered as involving four interconnected components: mutual engagement, meaning-

making, a sense of belonging and identity construction, and occurring in different 

communities of practice that people move across. The theory guided learning in the club and 

it helped me to analyse and explain the club and learners’ identities.  

I used a largely qualitative design to explore the identities of Grade 10 learners who 

volunteered to participate in the study. The first group of 133 learners responded to a 

mathematical identity questionnaire and their responses were used to purposively select four 

learners for a semi-structured interview about their mathematical identities. The first group of 
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learners did not participate in the mathematics club activities. A second group of fifty 

learners, at a different school from the first group, participated in the mathematics club 

activities. The learners responded to a similar mathematical identity questionnaire to learners 

in the first group, before they started in the club and after the club finished, and to five short 

questions about their expectations of and experiences in the club. Six out of the fifty learners 

were purposively selected to participate in two semi-structured interviews, before and after 

participating in the club activities. A teacher teaching four of the six interviewed learners 

participated in a semi-structured interview about the learners’ mathematical identities in the 

class after the learners participated in the club activities. Questionnaire responses were 

analysed using descriptive and inferential statistical techniques. Interview and written 

responses were analysed using deductive and inductive coding.  

The analyses showed that many of the learners’ mathematical identities were fragile-

leaning, and the learners had fragile-enhancing relationships with at least two groups of 

significant others. A few of the learners’ mathematical identities were robust-leaning, and 

these learners had robust-enhancing relationships with at least two groups of significant 

others. The learners' relationships with their significant others collectively contributed to their 

mathematical identities. The club supported the learners' productive dispositions and 

identities. The learners preferred club discussions and the club’s sociability over being given 

information in their classes. I recommend that significant others work together to support 

learners' mathematical identities. Teachers can discourage learners from labelling each other 

based on their mathematical abilities by, for example, fostering the belief that any learner can 

learn mathematics, and they can advise parents on how to support their children in 

mathematics. Clubs and classrooms operate under different constraints, but teachers can try to 

promote the sharing and explanation of ideas in their classes. The teachers can volunteer to 

start clubs at their schools as complementary spaces for supporting learners' identities.  
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Chapter 1: Introduction 

1.1 Background to the study 

The context in which mathematics is presented influences how learners position themselves 

concerning mathematics. In South African high schools, mathematics lessons are 

characterised by a timetable, a prescribed Annual Teaching Plan, formal tasks and completion 

dates. As a result, the pressures of syllabus and formal task completion allow for little or no 

time for the teacher to illustrate the fun, beautiful, engaging and useful side of mathematics. 

A negative mathematics learning environment that is boring and rule-dominated is created, 

leading to negative mathematical experiences (Graven, 2015; Tachie & Chireshe, 2013).  

The challenges in mathematics education are not unique to South Africa. Bishop 

(2012) provided evidence that 50% of Grade 12 learners involved in the United States of 

America’s 1996 National Assessment of Educational Progress (NAEP) did not like 

mathematics and would quit if given a choice, reflecting a lack of confidence in mathematics. 

Darragh (2015) showed that after repeated negative mathematical experiences, learners at a 

school in New Zealand felt as if they were not good at mathematics. Darragh (2015) 

concluded that repeated negative mathematical experiences go towards explaining why 

learners lose their confidence in mathematics and choose not to identify with mathematics. 

For Darragh (2015) and several other researchers, learners’ mathematical experiences are 

related to their relationships with mathematics.  

Some researchers have argued that limited time for teacher support and negative 

beliefs about mathematics acquired through interaction with peers and family members 

negatively influence learners’ mathematical experiences and relationships with mathematics 

(e.g., Graven, 2015; Ramohapi et al., 2015). After-school mathematics clubs are an example 

of communities where learners’ relationships with mathematics can be enriched through 

experiencing mathematics differently from regular mathematics classrooms (Graven, 2015; 
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Lampen & Brodie, 2020). The clubs can improve learners’ confidence (Frenzel et al., 2019; 

Graven, 2015), persistence (Park et al., 2012; Schlosser & Balzano, 2014), beliefs about 

mathematics (Can et al., 2017; Valentine et al., 2002) and sense of belonging to mathematics 

communities (Papanastasiou & Bottiger, 2004; Seow & Pan, 2014), which for some 

researchers are indicators of mathematical identities (e.g., Bishop, 2012). I now define 

mathematical identity and then mathematics clubs.  

1.2 Mathematical identity   

Identity has become increasingly useful in exploring why many learners disengage from 

mathematics (Graven & Heyd-Metzuyanim, 2019). Various researchers have defined and 

operationalised identity differently but there is a general agreement that past and present 

mathematical experiences contribute to learners’ mathematical identities (e.g., Aydeniz & 

Hodge, 2011; Black et al., 2010; Gee, 2001; Grootenboer & Zevenbergen, 2008; Sfard & 

Prusak, 2005). For Darragh (2016), identity is constructed in social contexts and can be 

participative, i.e., constructed through participation, and narrative, i.e., constructed through 

stories. Some researchers focus on the narrative view of identity (e.g., Sfard & Prusak, 2005) 

and others focus on the participative view of identity (e.g., Darragh, 2013). I focused on the 

narrative view of identity since people usually narrate their participation.  

Marks and O’Mahoney (2014) argue that an identity is constituted by a personal 

identity, which is a personal perspective, and a social identity, which is a community 

construction. For Marks and O’Mahoney (2014), a person’s personal and social identities are 

mutually constitutive and unified in reality, although separable analytically. In other words, 

what a learner says about themself in relation to mathematics, i.e., the learner’s personal 

mathematical identity, influences how the learner’s mathematics community members view 

and choose to interact with the learner, i.e., the learner’s social mathematical identity. What a 

learner says about their interactions with their mathematics community members and how the 
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community members choose to interact with the learner, i.e., the learner’s social 

mathematical identity, influences how the learner views themself in relation to mathematics, 

i.e., the learner’s personal mathematical identity.  

McGee (2015) argues that the strength of a learner’s mathematical identity depends 

on how the learner deals with persistent negative mathematical experiences. McGee (2015) 

categorises learners’ mathematical identities as robust or fragile. A learner who deals well 

with persistent negative mathematical experiences has a robust mathematical identity while a 

learner who struggles with persistent negative mathematical experiences has a fragile 

mathematical identity (McGee, 2015). Linking McGee’s (2015) idea of robust and fragile 

identities to Marks and O’Mahoney’s (2014) idea of personal and social identities, a learner 

who has positive mathematical experiences may demonstrate a positive perspective of 

themself in relation to mathematics and therefore a robust personal mathematical identity. 

The learner may also demonstrate a positive perspective of their interactions with their 

mathematics community members during mathematical activities and consequently a robust 

social mathematical identity. Similarly, a learner with negative mathematical experiences 

may demonstrate a fragile personal mathematical identity and a fragile social mathematical 

identity.   

Drawing on Hall et al.’s (2018) idea of identity as fluid and linking to Marks and 

O’Mahoney’s (2014) idea of personal and social identities and McGee’s (2015) idea of robust 

and fragile identities, a personal mathematical identity can be robust-leaning, have a mix of 

some robustness and fragility, or fragile-leaning, and so can a social mathematical identity. 

Different researchers have used different indicators to operationalise mathematical identity. 

Cunningham (2021) used confidence and persistence, Cribbs et al. (2015) used competence, 

interest and recognition, Bishop (2012) used persistence and beliefs, and Darragh (2013) used 

confidence and a sense of belonging to mathematics communities.  
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In this study, I defined mathematical identity as how we describe ourselves, how our 

mathematics community members describe us, and how we think the community members 

describe and treat us in relation to mathematics. I drew on Marks and O’Mahoney (2014) and 

considered a mathematical identity constituted by personal and social mathematical identities. 

Linking with McGee’s (2015) idea of robust and fragile mathematical identities and the idea 

that identity is fluid, I considered personal and social mathematical identities to be robust-

leaning, mixed or fragile-leaning. Confidence and persistence in and beliefs about 

mathematics operationalised a personal mathematical identity while a sense of belonging to 

mathematics communities operationalised a social mathematical identity.  

1.3 Mathematics clubs   

Researchers have developed interventions for supporting learners’ mathematical identities. 

The intervention that I investigated was a mathematics club – a voluntary supportive learning 

community in which learners engaged in mathematical tasks and reasoning and their learning 

experiences complemented classroom experiences (Lampen & Brodie, 2020). Mathematics 

clubs are usually conducted during break-time, after school or during weekends or school 

holidays and have been given different names by different researchers, for example, out-of-

school programmes and co-curricular activities. Key in many clubs is that the way of learning 

mathematics should be different from that in regular mathematics classrooms. Making sense 

of mathematics and problem-solving are encouraged in clubs and learners work together in 

small groups under the guidance of skilled mentors who regularly offer scaffolding (Graven, 

2015; Jacob & Jacob, 2018; Lampen & Brodie, 2020), rather than the usual procedural 

learning and individual work encouraged in regular mathematics classrooms. Many of the 

clubs encourage the enjoyment of mathematics (e.g., Lampen & Brodie, 2020; Papanastasiou 

& Bottiger, 2004).  
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Different researchers have shown that mathematics clubs can develop learners’ 

confidence, persistence, beliefs about mathematics and sense of belonging to mathematics 

communities (e.g., Amit & Naaman, 2014; Graven, 2015; Papanastasiou & Bottiger, 2004; 

Prescott & Pressick-Kilborn, 2015). For Graven (2015) and Sherman and Catapano (2011), 

clubs offer learners extended opportunities to engage with mathematics resulting in increased 

learning. Turner et al. (2011) showed that a club that encourages collective problem-solving 

can support learners’ mathematical identities.  

1.4 Purpose of the study  

The purpose of this study was to contribute to the conversation on identity in mathematics 

education by investigating if and how an after-school mathematics club supports high school 

learners’ mathematical identities through the lens of a four-component social theory of 

learning by Wenger (1998) and learners’ and a class teacher’s narratives of the learners’ 

experiences of mathematics. I wanted to offer a framework to conceptualise identity in 

mathematics education and insights into influences on high school learners’ mathematical 

identities. I explored characteristics of an after-school mathematics club that made the club a 

suitable intervention strategy for supporting learners’ mathematical identities based on the 

club’s mathematical activities and guiding principles, which differed from those in regular 

mathematics classrooms. I explored learners’ interactions with the club activities, their 

teachers, peers and family members. 

1.5 Research questions  

The following are the main research questions that guided the study:  

1. What kinds of mathematical identities do high school learners narrate? 

2. What are some of the influences on high school learners’ mathematical identities and 

how do they influence mathematical identity?  
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3. Can an after-school mathematics club support high school learners’ mathematical 

identities? If so, what are the characteristics of such a club? 

1.6 Rationale for the study  

Several researchers have distinguished two categories of learners’ mathematical identities 

depending on the learners’ relationships with mathematics. Oppland-Cordell & Martin (2015) 

distinguished between a mathematical identity of participation and non-participation 

depending on whether a learner participated or not in mathematical activities. McGee (2015) 

distinguished between a robust and fragile mathematical identity depending on whether a 

learner could deal well or not with negative mathematical experiences. Some researchers 

have argued that identity is a multi-component concept (e.g., Marks & O’Mahoney, 2014) 

and other researchers have argued that identities are fluid (e.g., Hall et al., 2018). The idea 

that identities are multi-component and fluid justified investigating the possibility of 

distinguishing more than two categories of learners’ mathematical identities.  

It is well known that many learners do not like mathematics. Several researchers have 

explored teacher pedagogy as linked to learners’ dislike of mathematics (e.g., Ramohapi et 

al., 2015). Bishop (2012) and Sfard and Prusak (2005) argue that the construct of identity, 

which has had a growing interest in the research community may help explain why many 

learners dislike mathematics. In response to Bishop (2012) and Sfard and Prusak (2005), 

several researchers have explored teacher pedagogy as linked to learners’ mathematical 

identities (e.g., Gardee, 2019). The scarcity of studies exploring other influences on learners’ 

mathematical identities besides teacher pedagogy justified exploring how teachers, peers and 

family members support or constrain learners’ mathematical identities. 

 Many of the studies on learners’ mathematical identities have been conducted in 

regular mathematics classrooms and have shown among other findings that learning in the 

classrooms is largely procedural (e.g., Boaler & Selling, 2017) and that learners do not enjoy 
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such lessons. Many of the studies on mathematics clubs have shown that learners enjoy 

making sense of mathematics (e.g., Brodie, 2022; Papanastasiou & Bottiger, 2004). Some 

studies on mathematics clubs, though not investigating learners’ mathematical identities 

directly, have shown improvements in indicators of learners’ mathematical identities. A 

rationale for this study was whether an after-school mathematics club supports multiple 

indicators of learners’ mathematical identities.  

Studies exploring learners’ mathematical identities have focused on understanding 

why many learners do not like mathematics. Studies exploring mathematics clubs have 

focused on developing an intervention for persuading learners to like and choose 

mathematics. The studies exploring learners’ mathematical identities and those exploring 

mathematics clubs have largely been conducted separately. The rationale to develop an 

appropriate intervention for supporting learners’ mathematical identities formed the focus of 

this study. The study investigated the relationship between an after-school mathematics club 

and learners’ mathematical identities.  

1.7 The papers  

The study is made up of four papers that collectively focus on high school learners’ 

mathematical identities as the learners participated in an after-school mathematics club. In 

this section, I offer a brief overview of each of the four papers with a focus on the research 

questions of each paper, which are the sub-questions of the main research questions. I relate 

the sub-questions to the main research questions. 

I conducted a pilot study to test the data collection instruments and analysis 

procedures and used the findings to write the first paper (chapter 2). The pilot study was 

conducted at a different school from the school in the main study. Even though the learners 

who participated in the pilot study were different from those in the main study, they shared 

similar characteristics: they lived in a township area where people of low socio-economic 
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status live, and many of the learners did not like mathematics. According to Yin (2009), 

carrying out a study at more than one site may provide more compelling and robust findings. 

So I decided to consider the findings of the pilot study as part of the findings of the main 

study. 

 Table 1.1 shows the paper number, the paper’s research questions and findings, and 

the main research questions linked to the paper’s questions. 

Table 1.1 Findings of the four papers 

Paper 

number 

Research question of paper Findings Main 

research 

question 

answered 

1 1.1 What are some of the 

influences on learners’ 

mathematical identities?   

Three kinds of mathematical identities were 

discussed: largely robust, modest and 

largely fragile identities.  

1 

Peers and family members influenced high 

school learners’ mathematical identities.  

2 

2 2.1 What kinds of 

mathematical identities do 

high school learners narrate? 

 

Nine kinds of mathematical identities were 

discussed. The identities ranged from 

robust-leaning personal and social identities 

through mixed personal and social identities 

to fragile-leaning personal and social 

identities.  

1 

2.2 What kinds of 

relationships, with different 

groups of significant others, 

do high school learners 

narrate and how do these 

relationships collectively 

afford learners’ 

mathematical identities? 

Two kinds of relationships between learners 

and their significant others were discussed: 

robust-enhancing relationships, which 

supported learners’ mathematical identities; 

and fragile-enhancing relationships, which 

constrained learners’ mathematical 

identities. Teachers, peers and family 

members collectively supported or 

constrained learners’ mathematical 

identities.  

2 

3 3.1 Does a mathematics club 

offer learners conditions for 

developing their productive 

dispositions?  

The club supported learners’ productive 

dispositions and therefore their 

mathematical identities by encouraging 

mutual engagement and meaning-making. 

3 

4 4.1 Can an after-school 

mathematics club support 

learners’ mathematical 

identities? 

The club supported learners’ mathematical 

identities. Robust-leaning mathematical 

identities shifted toward more robust 

identities and so did fragile-leaning 

mathematical identities.  

3 
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In summary, the first and second papers collectively combined to respond to the first 

and second main research questions. The third and fourth papers collectively combined to 

respond to the third main research question. I now describe the theoretical orientation of the 

study, followed by a discussion of the research design and methodology. 

1.8 Theoretical framing 

In this section, I present the overarching theoretical framework for the study. The framework 

brings together Wenger’s (1998) social theory of learning, Marks & O'Mahoney’s (2014) 

theory of identity as constituted by personal and social identities, McGee’s (2015) theory of 

identity as robust or fragile and Hall et al.’s (2018) theory of identity as fluid. Sections of the 

framework framed each of the four papers and are further discussed in each of the papers.

 Wenger’s (1998) social theory of learning guided learning in the club and helped to 

explain the meaning and nature of learners’ mathematical identities. For Wenger (1998), a 

community is characterised by pursuing enterprises deemed meaningful to the development 

of the community’s practices and we learn and construct our identities through participating 

in the practices of our community. Mathematics may be viewed as a practice with which 

learners identify or do not identify and it can be practiced in regular mathematics classrooms, 

after school and home communities. Wenger (1998) argues that learning involves four 

interconnected and inseparable components: mutual engagement, which is about sharing 

ideas and resources; meaning-making, which is about seeing meaning in a community’s 

practices; a sense of belonging, which is about being a part of a community through 

participating in its practices; and identity construction, which is about developing a more 

robust relationship with a community’s practices.  

Drawing on Marks and O'Mahoney (2014), learners’ mathematical identities are 

constituted by their personal mathematical identities, which are their understandings of their 

relationships with mathematics, and their social mathematical identities, which are their 
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feelings of belonging to mathematics communities. The learners’ mathematical identities are 

constructed through interaction with their significant others who are their teachers, peers and 

family members respectively in regular mathematics classrooms, after school and at home 

(Darragh, 2015). The significant others offer learners different opportunities for mathematical 

identity support which the learners accept or reject leading to the construction of different 

mathematical identities (Aydeniz & Hodge, 2011; Epstein et al., 2010; Gardee, 2019; McGee, 

2015).   

Linking McGee’s (2015) and Hall et al.’s (2018) theories to Marks and O'Mahoney’s 

(2014) theory, learners’ personal and social mathematical identities can be robust-leaning, 

have a mix of some robustness and fragility, or fragile-leaning. The three kinds of personal 

mathematical identities and three kinds of social mathematical identities suggest that learners 

can construct nine different possible combinations of personal and social mathematical 

identities. Figure 1.1 presents a framework showing the potential relationships between 

mathematics communities and learners’ mathematical identities. 
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Figure 1.1 A framework relating mathematics communities and mathematical identities. 

Wenger’s (1998) four components of learning: mutual engagement, meaning-making, 

a sense of belonging and identity construction, assisted me in analysing and explaining 

learners’ mathematical identities and the practice of mathematics in regular mathematics 

classrooms and the club. The activities of the after-school mathematics club were guided by 

Wenger’s (1998) four components of learning.  

1.9 Research design and methodology 

The study consisted of a pilot and main study that focused on understanding a social 

construct: mathematical identity. The purpose of the pilot study was to test some of the data 

collection instruments and analysis procedures that I wanted to use in the main study. For 

both the pilot and main study, I adopted a qualitative approach that incorporated a 

quantitative aspect. This means that the emphasis was on values and context, and interpreting 

participants’ socially constructed realities from the participants’ perspectives (McMillan & 

Schumacher, 2010). Using qualitative and quantitative data collection methods ensured that 

MATHEMATICS COMMUNITIES 

Classroom: 

Procedure repetition 

 

Teacher; Peers 

After-school club: 

Mutual engagement 

Meaning-making 

Peers 

Home: 

 

 

Family 

MATHEMATICAL IDENTITIES 

 PERSONAL IDENTITY 

 

 

 

 

 

SOCIAL 

IDENTITY 

 Robust-leaning Mixed  Fragile-leaning 

Robust-

leaning 

Robust-leaning 

personal and social 

identity 

Mixed personal 

identity and 

robust-leaning 

social identity 

Fragile-leaning 

personal identity 

and robust-leaning 

social identity 

Mixed  Robust-leaning 

personal identity 

and mixed social 

identity 

Mixed personal 

and social identity 

Fragile-leaning 

personal identity 

and mixed social 

identity 

Fragile-

leaning 

Robust-leaning 

personal identity 

and fragile-leaning 

social identity 

Mixed personal 

identity and 

fragile-leaning 

social identity 

Fragile-leaning 

personal and social 

identity 

 

 

 



12 
 

each set of evidence would strengthen the weaknesses of the other set (Johnson & 

Christensen, 2012; Yin, 2009). Lodico et al. (2010) argue that researchers may use more than 

one method of data collection and compare the results to ensure thoroughness and depth in 

understanding a phenomenon.  

The quantitative aspect of the study offered a general picture of learners’ 

mathematical identities before and after participating in the after-school mathematics club 

activities. Through the qualitative design, I captured and uncovered some of the learners’ and 

a class teacher’s perspectives on the meanings of their socially constructed realities about the 

learners’ mathematical identities, thus comprehensively explaining the learners’ 

mathematical identities in the context under investigation.  

The pilot study was conducted for four weeks and learners attended their regular 

mathematics lessons during normal school hours where they were taught by their class 

teachers. No pilot club was started but I gained the experience of running a club at another 

school, as will be discussed later. The main study was conducted for eight months and 

learners attended their regular mathematics lessons during normal school hours where they 

were taught by their class teachers. Learners in the main study also attended club sessions 

once a week after school where they engaged in interactive problem-solving activities under 

the guidance of club mentors.  

1.9.1 Samples 

Schools and grade  

The pilot study was conducted at a school located in a township area near Johannesburg. This 

was a convenience sample because the school is close to the school where I teach, which 

made travelling to the site easy. I wanted to conduct the main study at the school where I 

teach so I chose to work with Grade 10 learners in both the pilot and main study because it 

was a grade that I did not teach that year, which minimised my attachment to the learners. 
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Another reason for choosing to work with Grade 10 learners is that, except for Lampen and 

Brodie (2020) who worked with Grade 10 learners, none of the studies that have focused on 

mathematics clubs in South Africa has worked with Grade 10 learners or learners in the 

Further Education and Training phase (FET), i.e., Grades 10 to 12.   

The main study was conducted at the school where I teach, also a convenience 

sample. Drawing on Merriam (2009), selecting the school where I teach was expected to 

ensure that participants were comfortable with someone whom they already knew allowing 

them to act more naturally and minimise the time it took them to adjust to the mathematics 

club environment. Drawing on McMillan and Schumacher (2010), since the main aim of the 

study was to contribute insights into how a mathematics club supports high school learners’ 

mathematical identities, convenience sampling was suitable. The pilot and main study were 

thus carried out in learners’ natural learning settings (Creswell, 2012), that is to say, at the 

participants’ usual schools so following the philosophy of a qualitative study.  

Club mentors 

In the main study, I took the position of the main club mentor who sourced club activities and 

created an environment that encouraged mutual engagement, meaning-making and a sense of 

belonging to mathematics communities. One teacher at the school consented to be a co-club 

mentor. The co-club mentor did not teach Grade 10, ensuring that club activities would only 

be done in the club. The co-club mentor assisted me in running the club by facilitating some 

of the club sessions. 

Learners 

One hundred and thirty-three learners participated in the pilot study by responding to a 

questionnaire about their mathematical identities. The questionnaire results were used to 

understand learners’ mathematical identities and to select four learners with different 

mathematical identities who had performed differently in their end-of-term mathematics test 
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to participate in a semi-structured interview about their mathematical identities. Table 1.2 

shows the four selected learners (all names are pseudonyms), the kinds of mathematical 

identities they narrated and their end-of-term mathematics test scores. 

Table 1.2 Pilot study selected learners 

Learner  Identity  Test score 

Thabo Largely robust 86% 

Mpho  Modest  73% 

Themba  Largely fragile  41% 

Fana  Largely fragile 34% 

 

Fifty learners participated in the main study by joining the after-school mathematics 

club and responding to a questionnaire about their mathematical identities before and after 

participating in the club. The learners’ responses to the pre-club questionnaire were analysed 

and used to understand their mathematical identities and to select six learners with different 

mathematical identities for pre- and post-club semi-structured interviews about their 

mathematical identities. The six learners were selected based on the kinds of mathematical 

identities observed in the pre-club questionnaire data, the number of learners who had 

narrated each kind of mathematical identity, and their willingness to participate in the 

interviews. Table 1.3 shows the six selected learners and the kinds of mathematical identities 

they narrated.  

Table 1.3 Main study selected learners 

Learner  Mathematical identity  

Rose  Robust-leaning 

Ben  Robust-leaning  

Kelly  Fragile-leaning 

Neo  Fragile-leaning  

Tom  Fragile-leaning 

Cindy  Fragile-leaning 
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Teacher 

The teacher teaching Rose, Ben, Kelly and Cindy responded to a teacher post-club semi-

structured interview about his views of these four learners’ mathematical identities in their 

regular mathematics classrooms. The teacher did not take part in club activities. 

1.9.2 The club 

The club that I started was the third club in a project carried out by a team of researchers 

from the University of the Witwatersrand and Stellenbosch University that I was a part of. 

The project had three clubs around South Africa, in high schools (The other two clubs are 

reported in Brodie, 2022; Frenzel et al., 2019; Lampen & Brodie, 2020). The three clubs 

shared a curriculum that was premised on developing learners’ mathematical reasoning based 

on their everyday reasoning and experiences and supporting their mathematical identities 

(For more detail see Lampen & Brodie, 2020). The team of researchers met during school 

holidays to discuss theories framing the clubs and to develop club activities and data 

collection instruments. We discussed preliminary findings from each of the clubs and shared 

challenges and ways of dealing with the challenges, for example, the pressure from learners 

to help them prepare for a class test or to reteach concepts not fully understood in the class 

was managed by modifying club activities to include concepts expected to be in the test or 

not fully understood in the class.  

I gained the experience of club mentoring by taking part in one of the first two clubs, 

which was run by a team of researchers from the University of the Witwatersrand and led by 

Professor Karin Brodie, before establishing the third club. As a team, we took turns to lead 

the club sessions. During group work, we moved around providing scaffolding to learners. 

We carried out after-club reflection sessions where we discussed whether the goals of the 

club session had been achieved, challenges and possible improvements, and prepared for the 

next session.   
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Fifty learners volunteered to participate in the after-school mathematics club which 

was conducted once a week for one and a half hours. The actual total attendance per session 

ranged between 25 and 50 learners. The weather and clashes with other school and 

community activities affected attendance on some days. Eighteen club sessions were 

conducted and each learner attended an average of 15 sessions. The club venue had posters 

with messages that encouraged learners to persist in mathematics and believe that they could 

learn mathematics, i.e., positive mathematical identity messages. The school principal gave 

the club space on a bulletin board outside the club venue where we posted additional 

messages. To dispel some of the myths around mathematics, for example, that mathematics is 

only about numbers, we posted problem-solving activities that could be solved without 

involving numbers. 

1.9.3 Instruments and data collection  

Learners in the pilot study responded to a 22-item mathematical identity questionnaire. The 

questionnaire asked the learners about their confidence and persistence in and beliefs about 

mathematics, and their sense of belonging to mathematics communities and was on a Likert 

scale. Questions were adopted from previous studies that had investigated identities and 

related constructs (e.g., Bishop, 2012; Darragh, 2013). The learners’ responses to the 

questionnaire gave a general picture of their mathematical identities. Six redundant items 

were removed from the questionnaire because they were repetitive or unclear and 16 items 

remained. 

I also used the questionnaire responses to purposively select four learners with 

different mathematical identities and having performed differently in their end-of-term 

mathematics test for an audio-recorded semi-structured interview about their mathematical 

identities. The four learners were asked about their confidence and persistence in and beliefs 

about mathematics, and sense of belonging to mathematics communities. Some items in the 
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interview schedule were adopted from previous studies and others were constructed with the 

help of colleagues who have investigated identities and related constructs. Some questions, 

phrases and words not fully understood by learners in the learner semi-structured interview 

were changed after the pilot study.  

The pilot study offered little information about the learners’ academic achievement 

besides their end-of-term mathematics marks so I changed the focus of my study from 

mathematical identity and academic achievement to mathematical identity only. For the same 

reason, the procedure for purposively selecting interesting learners was changed from 

focusing on mathematics marks and questionnaire mathematical identity scores to 

mathematical identity scores only. Learners’ mathematical mindsets had been a focus in the 

pilot study but after the pilot, I decided to consider mathematical mindsets as part of beliefs 

about mathematics since beliefs are a more encompassing concept. 

Learners in the main study responded to the same 16-item mathematical identity 

questionnaire, developed through the pilot, before the club started and after it ended 

(Appendix A). The questionnaire asked learners about their personal mathematical identities 

(i.e., their confidence and persistence in and beliefs about mathematics) and their social 

mathematical identities (i.e., their sense of belonging to mathematics communities) and was 

on a Likert scale. The learners’ responses to the pre-club questionnaire gave a general picture 

of their mathematical identities before participating in the club. I also used the pre-club 

questionnaire responses to purposively select six learners for audio-recorded pre- and post-

club semi-structured interviews. Responses to the post-club questionnaire gave a general 

picture of the learners’ mathematical identities after participating in the club.  

To have a deeper understanding of learners’ mathematical identities and the 

mathematics club from the learners’ perspectives, six purposively selected learners 

participated in a pre-club semi-structured interview (Appendix B) and a post-club semi-
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structured interview (Appendix C). The learners were asked about their personal and social 

mathematical identities and views of the club. The purpose of the learner pre-club semi-

structured interview was to understand the learners’ mathematical identities and views of the 

after-school mathematics club before participating in the club. The purpose of the learner 

post-club semi-structured interview was to determine whether there was a change in the 

learners’ mathematical identities after participating in the club and how the club had 

contributed to the change, if any. I compared the learners’ mathematical experiences in the 

club with their experiences in their regular mathematics classrooms to identify aspects of the 

club that potentially made the club a suitable intervention strategy for supporting learners’ 

mathematical identities.  

The learners responded in writing to five short questions about their views of the club, 

with one question being asked at the end of each of five club sessions (Appendix D). The 

questions were constructed with the help of colleagues in the mathematics club project. The 

purpose of the five questions was to add depth to understanding the club and learners’ 

mathematical identities through the learners’ productive dispositions. 

To contribute to rich descriptive data about learners’ mathematical identities, a 

teacher teaching four of the six selected learners was interviewed using a semi-structured 

interview schedule (Appendix E). The teacher interview findings largely confirmed the 

learners’ mathematical identities, as narrated by the learners.   

Tables 1.4, 1.5, 1.6 and 1.7 summarise the data collection methods discussed in each 

of the four papers, the main research questions answered by the data, and from whom, how 

and when the data were collected.  
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Table 1.4 Data collection methods in paper 1  

Data collection method Date  Data source Nature of 

data 

Main research 

questions answered 

Learner mathematical 

identity questionnaire 

March 

2017 

Learners’ written 

responses 

Quantitative  1 

Learner semi-structured 

interview 

March 

2017 

Interview notes; 

audio recordings 

Qualitative  1; 2 

Table 1.5 Data collection methods in paper 2 

Data collection method Date  Data source Nature of 

data 

Main research 

questions answered 

Learner pre-club 

mathematical identity 

questionnaire 

February 

2018 

Learners’ written 

responses 

quantitative 1 

Learner pre-club semi-

structured interview 

February 

2018 

Interview notes; 

audio recordings 

qualitative 1; 2 

Table 1.6 Data collection methods in paper 3 

Data collection method Date  Data source Nature of 

data 

Main research 

questions 

answered 

Learner post-club semi-

structured interview 

September 2018 Interview notes; 

audio 

recordings 

Qualitative  3 

Five short written 

questions, one question 

per club session 

February 2018; April 

2018; June 2018; 

August 2018; 

September 2018 

Learners’ 

written 

responses 

Qualitative  3 
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Table 1.7 Data collection methods in paper 4 

Data collection method Date  Data source Nature of 

data 

Main research 

questions 

answered 

Learner pre- and post-club 

mathematical identity 

questionnaire 

February 2018; 

September 2018 

Learners’ 

written 

responses 

Quantitative  3 

Learner pre- and post-club 

semi-structured interviews 

February 2018; 

September 2018 

Interview notes; 

audio recordings 

Qualitative  3 

Teacher post-club semi-

structured interview 

September 2018 Interview notes; 

audio recordings 

Qualitative  3 

1.9.4 Trustworthiness 

A study is trustworthy when there is evidence of rigour and quality in its findings. To 

enhance the study’s trustworthiness, I have described the study setting, participants and the 

data collection procedures above and in each of the papers, to convince the reader that the 

findings make sense in relation to the collected data. Data analyses procedures are discussed 

in the papers.  

I was the main club mentor, interviewer and researcher, which drawing on Yin 

(2009), minimised chances of disrupting the natural flow of events while increasing chances 

of gaining more insights into learners’ mathematical identities and an after-school 

mathematics club. Performing these roles provided opportunities for me to understand the 

participants’ viewpoints (Yin, 2009), resulting in a more accurate portrayal of the learners’ 

mathematical identities and the club. Drawing on Gay et al. (2011) and Savin-Baden and 

Major (2013), confidence and confidentiality among participants were maintained and the 

acquisition of nuanced contextual information that contributed to a deeper understanding of 

learners’ mathematical identities and the club was promoted. My supervisor and other 
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colleagues acted as peer debriefers by providing critical comments and “searching questions 

helpful in understanding my position and its role in the study” (McMillan & Schumacher, 

2010, p.334). Peer debriefing sessions were carried out at various stages of the study while 

being audio-recorded for further use. Changes to the study were made, where appropriate, for 

example, focusing on the collective role of significant others rather than their separate roles 

in mathematical identity development. 

I kept a field journal in which events in the club were written. Furthermore, “interim 

data analyses, including preliminary comparisons and corroborations of findings were carried 

out during data collection to refine ideas and ensure a match between the study findings and 

learners’ realities” (McMillan & Schumacher, 2010, p.331).  

I searched for, analysed and acknowledged participants’ views and situations that 

contradicted common themes. Plausible explanations for such disconfirming evidence were 

investigated and recorded, where necessary, for example, despite many of the learners saying 

that they enjoyed learning in the club, a few learners said that they enjoyed learning in their 

regular mathematics classrooms because for them, classroom lessons where shorter than club 

sessions. I acknowledge that I was a non-neutral researcher seeking to transform learners’ 

mathematical identities through a mathematics club.  

1.9.5 Ethical considerations 

Educational research focuses primarily on human beings and as such, I was ethically 

responsible for protecting the rights and welfare of the participants in the study (McMillan & 

Schumacher, 2010). I applied for ethical clearance from the University’s Ethics Committee, 

per the University’s policy on ethics. Clearance was provided and the protocol number is 

2017ECE005D. After ethics approval, I applied to the Gauteng Department of Education 

(GDE) to access the participating school, and the application was successful.  
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I disclosed the purpose of the study in letters that I wrote to the parents and guardians 

of participating learners, the school principal, a representative of the School Governing Body 

(SGB) and the participating teachers and learners. The parents and guardians of participating 

learners, the school principal and representative of the SGB, and participating teachers and 

learners were assured of confidentiality, anonymity, protection, voluntary participation and 

exit before taking part in the study.  

1.10 An overview of the thesis 

The thesis is divided into six chapters. In this chapter (chapter One), I provided the 

background to the study, the study purpose, the research questions and the rationale for the 

study, theoretical framing and the research design and methodology for the study. The next 

four chapters consist of interrelated manuscripts that form the central body of the thesis. 

Chapter 6 is the conclusion, where I summarise the findings of the study and discuss its 

contribution, implications and limitations.  

For the completion of the thesis, it is required that I publish a minimum of four papers 

in reputable, peer-reviewed journals. Of the four papers required by the University, one 

should be published, one in press and two accepted for publication. I have three published 

papers (chapters 2, 3 and 4) and one accepted paper (chapter 5). Table 1.8 shows a list of the 

papers, their statuses and references. 
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Table 1.8 Details of manuscripts that make up the Chapters of the thesis. 

Chapter  Paper  Name of paper Status  Reference  

2 1 High school 

learners’ 

mathematical 

identities  

Published Gweshe, L. C., & Brodie, K. (2019). High 

school learners’ mathematical identities. 

African Journal of Research in 

Mathematics, Science and Technology 

Education, 23(2), 254-262. 

https://doi.org/10.1080/18117295.2019.1662

642  

3  2 Learners’ 

mathematical 

identities: 

exploring 

relationships 

between high 

school learners 

and significant 

others 

Published  Gweshe, L.C., & Brodie, K. (2024). 

Learners’ mathematical identities: exploring 

relationships between high school learners 

and significant others. Mathematics 

Education Research Journal, 36, 917–944. 

https://doi.org/10.1007/s13394-023-00479-5  

 

4  3 Learners’ 

productive 

dispositions: The 

case of an after-

school 

mathematics club 

Published  Gweshe, L. C. (2023). Learners’ productive 

dispositions: The case of an after-school 

mathematics club. Didactica Mathematica, 

45, 5-31. 

https://doi.org/10.14708/dm.v45i0.7285 

 

5  4 Mathematics club 

learners’ 

mathematical 

identities: 

Narratives of 

learners and their 

class teacher   

Accepted  Gweshe, L. C. (2024). Mathematics club 

learners’ mathematical identities: Narratives 

of learners and their class teacher. Journal of 

Education, 97, 196 – 220, 

http://dx.doi.org/10.17159/2520-

9868/i97a10   

 

 

https://doi.org/10.1080/18117295.2019.1662642
https://doi.org/10.1080/18117295.2019.1662642
https://doi.org/10.1007/s13394-023-00479-5
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Chapter 2: High school learners’ mathematical identities 

2.1 Introduction 

In this chapter, I drew on Sfard and Prusak (2005) and defined mathematical identity as 

stories about learners’ relationships with mathematics told by the learners and indicated in 

their confidence and persistence in and beliefs about mathematics. From McGee (2015), I 

borrowed the concept of identity as robust or fragile and suggested three kinds of 

mathematical identities: largely robust, modest and largely fragile, addressing the first 

research question. I drew on Wenger’s (1998) theory of learning as occurring in communities 

of practice and involving identity construction and showed how learners’ interactions with 

their peers and family members influenced their mathematical identities, helping me to 

address the second research question. The chapter helped me to have a sense of the kinds of 

mathematical identities that learners narrate before participating in an intervention aimed at 

supporting their mathematical identities, and to understand why they construct such 

mathematical identities. 
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Chapter 3: Learners’ mathematical identities: Exploring relationships 

between high school learners and significant others        

3.1 Introduction 

In this chapter, I brought together Marks and O'Mahoney’s (2014) idea of identity as 

constituted by personal and social identities, McGee’s (2015) idea of mathematical identity as 

robust or fragile, and Bishop’s (2012) idea of identity as fluid, addressing the first research 

question. Drawing on Wenger’s theory of communities of practice, I developed a framework 

for understanding mathematical identity that links three communities of mathematics 

practice: the classroom, after-school and home communities, with nine different 

mathematical identity combinations. Two kinds of relationships between learners and three 

different groups of significant others (i.e., teachers, peers and family members): robust-

enhancing and fragile-enhancing relationships were defined and explored. I showed how the 

three different groups of significant others collectively supported and constrained learners’ 

mathematical identities thus addressing the second research question. The chapter showed 

how the developed framework can be used to analyse and describe learners’ mathematical 

identities. 
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Chapter 4: Learners’ productive dispositions: The case of an after-school 

mathematics club 

4.1 Introduction 

In this chapter, I aimed to understand mathematical identity as linked to productive 

disposition. I considered confidence and persistence in and beliefs about mathematics as 

indicators of productive disposition and explored an after-school mathematics club as an 

intervention strategy for positively influencing the learners’ mathematical identities described 

in chapters 2 and 3, which are usually largely fragile. Wenger’s (1998) theory of learning as a 

social practice that involves mutual engagement, meaning-making, a sense of belonging and 

identity construction guided the design and running of the club.  

Chapter 4 was the beginning of finding answers to the third research question. I asked 

learners to compare how they learned mathematics in their regular mathematics classrooms 

and in the club. Comparisons included the kinds of problems that learners solved in the class 

and club and how they solved the problems, teacher-to-learner interactions and peer-to-peer 

interactions. Many of the learners liked that the club helped them to understand mathematics. 

The learners’ descriptions of learning in the club, which they enjoyed, was in line with 

Wenger’s (1998) four interconnected components of learning while learning in the classroom, 

which they did not enjoy, was teacher-dominated. The findings discussed in chapter 4 suggest 

that clubs can support learners’ productive dispositions and therefore their mathematical 

identities. 
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Chapter 5: Mathematics club learners’ mathematical identities: Narratives 

of learners and their class teacher  

5.1 Introduction 

Chapter 5 consolidated the finding discussed in chapter 4, that a mathematics club can 

support learners’ mathematical identities. A change in learners’ mathematical identities as 

they participated in the club was shown in the learners’ responses to a mathematical identity 

questionnaire answered before and after participating in the club, learners’ pre-and post-club 

semi-structured interview responses and a class teacher’s post-club semi-structured interview 

responses about the learners’ mathematical identities. Through chapter 5, I showed that an 

after-school mathematics club that encourages mutual engagement, meaning-making and a 

sense of belonging to mathematics communities can support learners’ mathematical 

identities.  
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Chapter 6: Conclusion 

6.1 Introduction 

In this chapter, I discuss the empirical and theoretical contributions that the study makes in 

the field. I explore the implications of the study and note the study’s limitations.  

The research questions addressed are:  

4. What kinds of mathematical identities do high school learners narrate? 

5. What are some of the influences on high school learners’ mathematical identities and 

how do they influence mathematical identity?  

6. Can an after-school mathematics club support high school learners’ mathematical 

identities? If so, what are the characteristics of such a club? 

I wanted to understand the relationship between high school learners’ mathematical identities 

and an after-school mathematics club. First, I needed to understand learners’ mathematical 

identities more generally so with research question 1, I addressed the kinds of mathematical 

identities constructed by learners and with research question 2, I addressed how teachers, 

peers and family members support or constrain learners’ mathematical identities. I then 

explored an after-school mathematics club as an intervention strategy for supporting the 

learners’ mathematical identities. 

In chapter 2 (paper 1), I used figure 6.1, which reveals the relationship between 

mathematical identities and mathematics communities of practice to help me answer the first 

and second research questions. The figure draws on Wenger’s (1998) social theory of 

learning. The focus of chapter 2 was on learners’ mathematical identities as indicated by their 

confidence, persistence and beliefs about mathematics. Three kinds of mathematical identities 

were discussed in chapter 2: largely robust, modest and largely fragile. 
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Figure 6.1 A Conceptual framework for mathematical identity  

In chapter 3 (paper 2), I used figure 6.2, which reveals the different kinds of 

mathematical identities that learners constructed as they interacted with their teachers, peers 

and family members to help me answer the first and second research questions in greater 

detail than in chapter 2. Through continuously reading the literature as the study progressed, I 

developed figure 6.2 from figure 6.1 by relating Marks & O'Mahoney’s (2014) theory of 

identity as composed of personal and social identities, McGee’s (2015) theory of 

mathematical identity as robust or fragile and the idea of identity as fluid to Wenger’s (1998) 

social theory of learning, allowing for a more detailed analysis and description of learners’ 

mathematical identities. I focused on learners’ personal mathematical identities (i.e., 

confidence, persistence, beliefs) and their social mathematical identities (i.e., a sense of 

belonging), and nine kinds of mathematical identities, which was deeper than focusing on 

learners’ personal mathematical identities and three kinds of mathematical identities only, as 

I did in chapter 2. Modest identity, in chapter 2, was renamed mixed identity in chapter 3 but 

the meaning remained the same. 
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Figure 6.2 A framework relating mathematics communities and mathematical identities. 

In chapter 4 (paper 3), I used figure 6.3 to investigate the relationship between 

mathematics clubs and learners’ productive dispositions. The chapter helped me to answer 

the third research question.  

 

 

 

Figure 6.3 A framework relating a mathematics club and productive disposition. 
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Science and Technology Education (SAARMSTE) conference held in 2023. While reading 

the literature, I noticed a link between productive disposition and mathematical identity 

resulting in writing a conference paper that was later developed into the journal paper in 

chapter 4.  

Kilpatrick et al. (2001) consider learners’ confidence, persistence and beliefs about 

mathematics as indicators of their productive dispositions. Researchers, for example, Bishop 

(2012), consider learners’ confidence, persistence and beliefs about mathematics as among 

indicators of their mathematical identities, suggesting that productive disposition can be 

considered a part of mathematical identity. Drawing on Marks & O'Mahoney’s (2014) idea of 

personal identity as a self-view and social identity as about social relations, I considered 

learners’ confidence, persistence and beliefs about mathematics as indicators of their personal 

mathematical identities. So, productive disposition was a part of personal mathematical 

identity.  

In chapter 5 (paper 4), I used figure 6.4, which reveals the relationship between 

mathematics clubs, regular mathematics classrooms and learners’ mathematical identities to 

help me answer the third research question. I compared the learners’ mathematical identities 

before and after participation in the club. I also compared the learners’ mathematical 

identities in the class with their mathematical identities in the club. 

 

 

 

 

 

Figure 6.4 A framework relating mathematics clubs, classrooms and mathematical identities. 
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6.2 The study’s contribution and answers to the research questions 

In this section, I describe how chapters 2 to 5 holistically contribute to answering the research 

questions and I present some key contributions to the field. 

Research question 1   

In chapter 2 (paper 1), Wenger’s (1998) theory of learning as involving mutual engagement, 

meaning-making, a sense of belonging and identity construction was presented as suitable for 

analysing and describing learners’ narrated mathematical identities. The chapter considered 

mathematical identity as robust or fragile (McGee, 2015) and fluid (Hall et al., 2018). The 

learners reported on in chapter 2 narrated largely robust, modest or largely fragile 

mathematical identities.  

Chapter 3 (paper 2) built on chapter 2 by considering mathematical identity as 

composed of personal and social identities (Marks & O’Mahoney, 2014), as well as robust or 

fragile (McGee, 2015) and fluid (Hall et al., 2018). Through chapter 3, I showed that learners 

can narrate different combinations of personal and social mathematical identities, which has 

not been shown before. Many learners, reported on in chapter 3, narrated fragile-leaning 

personal and social mathematical identities. A few learners narrated robust-leaning personal 

and social mathematical identities, mixed personal and social mathematical identities, or 

mixed personal mathematical identities and fragile-leaning social mathematical identities. 

Only four of the nine possible cells in figure 6.2 were narrated by the learners in this study. 

The study supported other studies showing that many learners construct fragile mathematical 

identities (e.g., Hall et al., 2018).  

Research question 2 

Many researchers have explored the role of teachers in learner mathematical identity 

development. Not many researchers have explored the role of peers or family members in 
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learner mathematical identity development. The studies focusing on teachers, peers or family 

members as contributing to learners’ mathematical identities have largely been conducted 

separately despite Wenger’s (1998) argument that people move across different communities 

in which their identities are constructed. Given this background, chapter 2 (paper 1) explored 

how peers and family members constrain learners’ mathematical identities while chapter 3 

explored how teachers, peers and family members, i.e., three groups of significant others, 

support or constrain learners’ mathematical identities together.  

Chapter 3 showed that teachers, peers and family members supported learners’ 

mathematical identities in the following ways: 

• Teachers: explaining and giving examples when learners got stuck on problems.  

• Peers: encouraging and praising each other. 

• Family members: encouraging and helping learners when struggling with problems. 

The teachers, peers and family members constrained learners’ mathematical identities in the 

following ways:  

• Teachers: encouraging one strategy of solving problems, not allowing interaction and 

giving learners information. 

• Peers: expressing their negative views of mathematics to others and labelling others. 

• Family members: constantly telling learners about their past negative mathematical 

experiences but expecting the learners to carry on doing mathematics, pressuring 

learners to carry on doing mathematics because of the belief that mathematics is a 

gateway to a better life but offering little support and having little time to check on 

learners’ schoolwork because of busy schedules. 

Most importantly, chapter 3 showed that teachers, peers and family members collectively 

supported or constrained learners’ mathematical identities, a finding that has not been shown 

before. Having robust-enhancing relationships with two groups of significant others helped to 
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resist a fragile-enhancing relationship with the third group. A learner having robust-

enhancing relationships with at least two groups of significant others narrated a robust-

leaning mathematical identity. A learner having fragile-enhancing relationships with at least 

two groups of significant others narrated a fragile-leaning mathematical identity. 

Together, chapters 2 and 3 showed that teachers sometimes supported learners’ 

mathematical identities while peers and family members rarely did. Teachers sometimes 

constrained learners’ mathematical identities while peers and family members often did. I, 

therefore, argue that understanding learners’ mathematical identities requires understanding 

their relationships with their three different groups of significant others as a collective. 

Research question 3 

Chapters 4 and 5 (papers 3 and 4) focused on an intervention, an after-school mathematics 

club, intended to support learners’ mathematical identities. The functioning of the club drew 

on Wenger’s (1998) social theory of learning as involving mutual engagement, meaning-

making and a sense of belonging to mathematics communities, Lampen and Brodie’s (2020) 

responsive club curriculum and explicitly stating and explaining positive mathematical 

identity messages (i.e., messages for supporting learners’ mathematical identities). In chapter 

4, I explored the relationship between learners’ productive dispositions and the after-school 

mathematics club. As discussed above, I considered productive disposition a part of learners’ 

personal mathematical identities. The learners reported on in chapter 4 said that they: 

• felt helped to understand mathematics in the after-school mathematics club, 

suggesting a sense of belonging and meaning-making;  

• were not discouraged from participating by their club peers, which was often the case 

in their regular mathematics classrooms, suggesting a sense of belonging in the club; 

• worked together on problems, suggesting mutual engagement; 

• shared and explained ideas to each other, suggesting mutual engagement. 
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Kilpatrick et al. (2001) have suggested that mutual engagement and a sense of belonging are 

linked to confidence and beliefs about mathematics, and that meaning-making is linked to 

persistence. So, these learners’ responses suggested that the after-school mathematics club 

had supported their confidence, persistence and beliefs about mathematics and therefore their 

productive dispositions and personal mathematical identities. 

In chapter 5, I explored the relationship between learners’ mathematical identities and 

the after-school mathematics club and showed that learners’ mathematical identities, both 

robust-leaning and fragile-leaning, can shift towards more robust mathematical identities 

after participating in an after-school mathematics club. A statistically significant difference 

between the learners’ mean personal and social mathematical identity scores before and after 

participating in the after-school mathematics club was shown by two paired samples t-test 

analyses. The learners’ mean personal and social mathematical identity scores improved after 

the learners participated in the after-school mathematics club. The learners said that they: 

• enjoyed the way of learning mathematics in the club because it was different from that 

in their regular mathematics classrooms, suggesting that the club supported their 

mathematical identities; 

• got ideas on how to solve challenging problems from the club, suggesting meaning-

making. 

A class teacher teaching some of the interviewed learners reported a positive shift in the 

learners’ participation, confidence and persistence in and beliefs about mathematics, and 

sense of belonging to their classroom mathematics communities indicating a shift in the 

learners’ personal and social mathematical identities towards more robust identities.  

Chapters 4 and 5 showed that learners’ productive dispositions and mathematical 

identities can strengthen despite persistent negative mathematical experiences. Positive 

mathematical experiences in the after-school mathematics club helped resist the negative 
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mathematical experiences in regular mathematics classrooms suggesting that clubs can be 

complementary spaces to classrooms, for supporting learners’ productive dispositions and 

mathematical identities (see also Brodie, 2022). Characteristics of the club, linked to 

supported learner productive dispositions and mathematical identities were mutual 

engagement, meaning-making, a sense of belonging to mathematics communities, and 

regularly stating and explaining positive mathematical identity messages.  

6.3 Implications of the study 

Empirical  

Learners in the study narrated four out of the nine possible combinations of personal and 

social mathematical identities (see figure 6.2). I am interested in finding out the combinations 

of personal and social mathematical identities that might be narrated by learners in other 

situations, including in other grades. It would also be interesting to explore the combinations 

of personal and social identities narrated by learners in other subjects.   

The study showed that teachers, peers and family members collectively supported or 

constrained learners’ mathematical identities. Understanding the kinds of mathematical 

identities constructed by teachers and family members through, for example, exploring the 

influences on teachers’ and family members’ own mathematical identities in the different 

communities of mathematics practice that these two groups of significant others participate in 

may help to understand further learners’ mathematical identities.  

Theoretical 

I developed a framework consisting of two inseparable components (Figure 6.1):  

• Component 1: different groups of significant others in different communities of 

mathematics practice collectively contribute to how learners construct their 

mathematical identities.  
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• Component 2: nine combinations of robust-leaning, mixed and fragile-leaning 

personal and social mathematical identities that learners can construct, and therefore 

nine kinds of mathematical identities.  

The framework drew on Wenger’s (1998) social theory of learning, Marks & O'Mahoney’s 

(2014) theory of identity as composed of personal and social identities, McGee’s (2015) 

theory of mathematical identity as robust or fragile and the idea of identity as fluid. The 

framework implies that understanding learners’ mathematical identities requires 

understanding the relationships between learners and their different groups of significant 

others and that mathematical identities are constituted by personal and social mathematical 

identities and are fluid. Drawing on Gardee (2019), learners can narrate different 

combinations of personal and social mathematical identities depending on offered 

opportunities for mathematical identity support and the learners’ choices to accept or reject 

the opportunities, which are dependent on the learners’ past and present mathematical 

experiences. The framework may be used to understand learners’, teachers’ and family 

members' mathematical identities and their identities in other subjects. 

Practical   

The study was part of a larger project with three after-school mathematics clubs in high 

schools, which showed that after-school mathematics clubs can support learners’ 

mathematical identities (see Brodie, 2022; Lampen & Brodie, 2020).  Lampen and Brodie’s 

(2020) club focused on designing a club curriculum responsive to learners’ strengths and 

weaknesses.  The club that I established followed Lampen and Brodie’s (2020) club 

curriculum. Brodie’s (2022) club, which also followed Lampen and Brodie’s (2020) club 

curriculum, compared learners’ relationships with mathematics in the club and their regular 

mathematics classrooms. Brodie (2022) found that learners expressed positive relationships 

with mathematics in the after-school mathematics club and negative relationships with 
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mathematics in their regular mathematics classrooms, a finding supported by my study, as 

discussed in chapters 4 and 5. 

Given the scale of the larger project and its findings, after-school mathematics clubs 

can be considered as extra-curricular activities similar to sports. Wenger’s (1998) four 

components of learning, Lampen and Brodie’s (2020) responsive club curriculum, and 

regularly and explicitly stating and explaining positive mathematical identity messages can 

be used as a guide for developing club activities and running the clubs. Teachers can 

volunteer to run the clubs. Training on how to run the clubs is required since the way of 

learning in the clubs should be different from the way of learning in regular mathematics 

classrooms. As a way of giving back to the community, community businesses may be asked 

to assist the clubs by providing club learners with snacks and possibly transportation. 

The different constraints in clubs and classrooms make it difficult to fully implement 

club activities in classrooms but clubs can run side-by-side with classrooms (see Brodie, 

2022). The idea of regularly and explicitly stating and explaining positive mathematical 

identity messages to learners can however be adopted in regular mathematics classrooms. 

There is a need to find ways of discouraging peers from labelling and embarrassing each 

other in mathematics, and these ways can be regularly stated and explained by teachers to 

learners in the class. Parents who believe that they need to know mathematics to support their 

children in mathematics and busy parents need advice on how to support children in 

mathematics and this advice can be communicated to the parents by teachers.  

6.4 Limitations 

Limitations of a study may be viewed as weaknesses in the methodology that may 

compromise the utilisation of the study’s findings (Rosa, 2010). The limitations do not 

invalidate a study’s findings but they offer opportunities for further studies. In this study, 

participating learners were from a township area where people of low socio-economic status 
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reside. Working with learners of a different socio-economic status to those reported in the 

study and from a different location may lead to a deeper understanding of learners’ 

mathematical identities and after-school mathematics clubs since the learners may have 

different experiences of mathematics.   

My findings depend on the questionnaire responses of fifty learners, between six and 

twenty-six written responses per five short questions, and narratives of six learners and one 

class teacher. Working with a bigger sample size in the quantitative design of the study and 

more than one class teacher in the qualitative design may add depth to the findings. My 

findings are based on written responses and narratives, so they depend on participants’ 

recollections of events. I regularly observed the six interviewed learners in their regular 

mathematics classrooms and in the club so that I could see their mathematical identities 

develop. The observation data was video recorded, but I later lost the data when my laptop 

crashed. The observation data might have added depth to the findings.  I do not have written 

responses or narratives of peers and family members, which may add depth to the findings. I 

did not exhaust all the possible influences on learners’ mathematical identities. Other studies 

may explore the other influences on learners’ mathematical identities, for example social 

media. Additional limitations of the study are provided in each of the four papers.  

6.5 Final conclusion  

Learners constantly move across different communities of mathematics practice where they 

interact with different groups of significant others. The different groups of significant others 

offer learners different opportunities for mathematical identity support, some of which are 

accepted and others rejected by the learners, leading to learners showing different 

mathematical identities. 

Since many learners have fragile-leaning mathematical identities, I explored an after-

school mathematics club as an intervention strategy for shifting learners’ mathematical 
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identities towards more robust identities. Findings showed that the club supported the 

learners’ mathematical identities. 
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Appendix A Learner pre- and post-club mathematical identity questionnaire 

School name:    Learner Name:   Date: _______________ 

Gender:   Age:       Grade:_______________    

This questionnaire is voluntary AND confidential. 

You may skip any question that you do not wish to answer. 

Please write your School name, your name, date, gender, age and grade in the spaces above. 

Carefully read each question and then put a tick in the appropriate box. 

Please be as TRUTHFUL as you can. 

 

  Strongly  

agree 

Agree Uncertain  Disagree Strongly 

disagree 

1 I am confident with  maths      

2 I can do hard  maths problems      

3 I raise my hands during maths 

lessons 

     

4 I am good at  maths       

5 In maths, when faced with a hard 

problem I continue trying  until I  

get it 

     

6 Even if I fail maths this term, I 

will try again next term 

     

7 In class, if I make a mistake I 

work until I have corrected it 

     

8 If it was up to me, I would 

continue with maths next year 

     

9 Maths is a worthwhile and 

necessary subject 

     

10 I study maths because I know 

how useful it is 
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11 Practicing can improve my 

ability in maths 

     

12 I can get smarter in class maths 

if I try hard 

     

13 Ability in math increases when 

one studies hard 

     

14 In maths, I feel important      

15 I feel there are people who can 

help me with maths 

     

16 In maths, my contributions are 

valued 
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Appendix B Learner pre-club semi-structured interview schedule 

This interview is voluntary and confidential. 

You can refuse to answer any question that you do not want to answer. 

You may ask me to clarify on a question that you do not understand. 

Please be as truthful as you can. 

Can you please tell me the following information about yourself? 

Your school name; Your name; Your age; Gender; Your grade.  

Interview questions 

1. What can you tell me about your confidence in mathematics? Please explain while 

giving a few examples. 

a. Do you think that you are good at mathematics? Why? 

b. Do you assist other learners in mathematics? Please explain? 

c. Do you think that you will pass mathematics this term? Why? 

2. Please tell me about how you relate with your teacher in mathematics? 

a. Do you think you can convince your teacher to use your methods in math? Why? 

b. Does your teacher assist you when you need help? Please explain? 

c. What does your teacher say about you as a math learner? 

d. How has that made you to think about yourself? 

3. How do you relate with other learners in mathematics? 

a. Do you think you can convince them to use your methods? Why? 

b. Do they assist you when you need help? Please explain? 

c. What do they say about you as a math learner? 

d. How has that made you to think about yourself? 

4. What does your family say about you as a math learner? 

a. How has that made you to think about yourself? 
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5. When you are stuck on a mathematics problem or when you get something wrong, 

what do other learners say?  

a. How has that made you to think about mathematics?  

b. How has it made you to think about yourself? 

6. What does your teacher say when you are stuck?  

a. How has that made you to think about mathematics?  

b. How has it made you to think about yourself? 

7. What does your family say when you are stuck?  

a. How has that made you to think about mathematics?  

b. How has it made you to think about yourself? 

8. What do you think about mathematics? Please explain. 

a. Is it difficult or challenging? Why? 

b. Can it be understood? Why? 

c. Is it fun or boring? Why? 

d. Is it useful or it is a waste of your time? Why? 

9. Besides being needed at good jobs, are there any other uses of mathematics? 

10. What do other learners say about mathematics? 

a. Do they think of mathematics as something that is “cool” to do or not? Why? 

b. How has that made you think about mathematics? 

11. What does your teacher say about mathematics? 

a. Does your teacher think of mathematics as something that is “cool” to do or not? 

Why? 

b. How has that made you think about mathematics? 

12. What does your family say about mathematics? 

a. Do they think of mathematics as something that is “cool” to do or not? Why? 
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b. How has that made you think about mathematics? 

13. Can everyone do mathematics? Please explain. 

a. What do you think is required to be good at mathematics? 

b. Is being good at math something that a person is born with? Why? 

c. Can practice make someone to be good at math? Why? 

d. If a person is good at memorising math rules can you say that person is good at 

math? Why? 

e. Can an after-school mathematics club make someone to be good at math? Why? 

14. What does making a mistake mean to you in mathematics? Please explain?  

a. Is making mistakes a good thing? Why? 

b. What do you do about the mistakes in your classwork book?  

15. Are you committed to mathematics? Please explain how. 

a. How much effort do you put in mathematics? Please explain. 

16. How do you deal with hard mathematical problems? 

a. What do you do when you get stuck? 

b. Do you give up or you continue trying? Why? 

17. If you get low marks in mathematics, what do you do? 

18. If it was your choice, for how long would you want to carry on doing mathematics? 

Why? 

a. So, if you fail this term what would you do? Why? 

b. After grade 12, would you continue doing math? 

c. Do you see yourself doing a job that needs mathematics? Why? 

d. If math was not needed in a job that you wanted to do, would you still do math? 

Please explain. 

e. What are some of the reasons why you chose to do mathematics? 
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19. Please tell me about your primary school mathematics 

a. Did you enjoy it or not? Why? 

20. Please tell me about Grade 8 and 9 mathematics 

a. Did you enjoy it or not? Why? 

21. What do you think about joining a mathematics club? Please explain why? 

22. What is the “coolest” thing about your school? 

23. What is the “coolest” thing about your class? 

24. Is being good at mathematics a “cool” thing or not? Why? 

25. Do you have anything else you would like to tell me about you and mathematics?  

 

Thank you very much.  
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Appendix C Learner post-club semi-structured interview schedule 

This interview is voluntary and confidential. 

You can refuse to answer any question that you do not want to answer. 

Please understand that some questions relate to the club and others to the classroom.  

You may ask me to clarify on a question that you do not understand. 

Please be as truthful as you can. 

Can you tell me the following information about yourself? 

School name; Your name; Your age; Gender; Your grade.  

Interview questions 

1. What do you think about the after-school mathematics club? Please explain. 

a. What did you enjoy the most? Why? 

b. What did you enjoy the least? Why? 

c. Did you gain anything by joining the club? 

d. Has anything about you changed? 

e. How has the club made you to think about mathematics? 

f. How has the club made you to think about yourself? 

2. What do other learners say about the club? 

a. How has that made you to think about mathematics? 

3. What does your teacher say about the club?  

a. How has that made you to think about mathematics? 

4. What does your family say about the club? 

a. How has that made you to think about mathematics? 

5. What can you say about the kind of mathematics that you do at the club? 

a. Is the math that you do at the club a waste of time or useful? Please explain. 

b. Is the math that you do at the club fun or boring? Why? 
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6. Is there anything that you think may be changed to make mathematics at the club fun 

and educational at the same time? 

7. What do you think about doing mathematics in your usual mathematics classroom? 

Please explain. 

a. What do you enjoy the most in your usual math class? Why? 

b. What do you enjoy the least in your usual math class? Why? 

c. Is doing math in your class fun or boring? 

d. Is there anything that you think may be changed to make mathematics in the 

classroom fun and educational at the same time? 

8. What do other learners think about the mathematics they do in class? 

a. Does that affect how you think about math? Please explain. 

9. Can you compare your days before joining the club and the days after joining the 

club? 

10. If people want to do well in mathematics what can they do? 

a. Does making mistakes help? Why? Please explain. 

b. Does doing hard problems help? Why? Please explain. 

c. Does memorising rules help? Why? Please explain. 

d. Does joining an after-school mathematics club help? Why? Please explain. 

11. If given a choice, would you continue doing mathematics? Why?  

a. Until when? 

b. Would you do a job that needs mathematics? Why? 

c. Would you consider continuing to attend the math club? Why? 

12. What do you think about what you do in a mathematics class and what you do at a 

mathematics club? 

a. Are there any differences? Please explain. 
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b. Are there any similarities? Please explain. 

c. Which one would you prefer and why? 

13. Can you tell me about your confidence in mathematics? Please explain. 

a. Why is your confidence like that?  

b. Do you think that you will pass mathematics this term? Why? 

14. Can you tell me about your beliefs about mathematics? 

a. Why are your beliefs like that? 

b. Can everyone do mathematics? Please explain. 

c. Can math be understood or not? Why? 

d. Is mathematics challenging or difficult? Why? 

15. Are you committed to mathematics? Please explain why. 

16. If you are asked to solve a hard mathematical problem, would you give up or continue 

trying? Please explain why. 

17. Would you give up or continue with mathematics? Please explain why. 

18. How is your performance in mathematics? Please explain why. 

19. Please tell me about how you solve mathematical problems. 

a. What are some of the methods that you use? Please explain.  

b. Do you use formulas, tables, graphs, diagrams, form equations or expressions? 

c. Where do you get the methods from? From your class teacher, textbooks, your 

class friends or from the club? 

d. Do you sometimes make or think of your own methods? Please explain how. 

20. Can one problem be solved by many methods? 

a. If so, how do you decide on the best method to use? 

21. Can one problem have more than one answer? 

a. If so, how do you decide on which answer makes sense? 
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22. How do you feel about the mathematics club? Please explain.  

23. How has the club affected you? 

24. Did you gain anything at the club which changed you in the class? Please explain. 

a. What about confidence in mathematics? 

b. Did the way you participate at the club change how you participate in class? 

Please explain. 

c. Has your view about giving up or continuing when solving hard problems 

changed by participating in the club? Why? 

d. Has your view about giving up or continuing with mathematics in the future been 

changed by participating in the club? Why? 

e. Did the mathematics done at the club change your beliefs about mathematics? 

Please explain. 

25. Depending on whether you are at the club or in class: 

a. Does your confidence in mathematics change? Please explain. 

b. Do your feelings about helping others and getting help from others change? Please 

explain. 

c. Do your beliefs about mathematics change? Please explain. 

d. Does your desire to continue trying even after failure or after facing difficulty 

change? 

26. Which mathematics is “cool”, the one done in class or the one done at the club? Why? 

27. Is it “cool” to be good at mathematics? Why? 

28. In your class, does what other learners say about mathematics affect you? How? 

29. Does what your teacher say about mathematics affect you? How? 

30. Does what your family say about mathematics affect you? How? 

31. In your class, does what other learners say about you in math affect you? How? 
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32. Does what your math teacher say about you affect you? How? 

33. Does what your family say about you affect you? How? 

34. In relation to mathematics, is there anything else you would like to tell me? 

 

Thank you very much.  
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Appendix D Learner short written questions 

School name:     Name:    Date:   

Gender:   Age:     Grade:     

This reflection prompt sheet is voluntary AND confidential. Please be as TRUTHFUL as 

you can. 

1) Why do you come to the club? 

2) If you were a grade 10 maths teacher what would you do? 

3) What are the differences between the club and your maths class? 

4) Which do you like, club or class? Why? 

5) Do you want the club to continue next year? Why? 
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Appendix E Teacher post-club semi-structured interview schedule 

This interview is voluntary and confidential. 

You can refuse to answer any question that you do not want to answer. 

You may ask me to clarify on a question that you do not understand. 

Please be as truthful as you can. 

Can you please tell me the following information? 

School name:   Teacher name:   Learner name:   

Interview questions 

1. Please describe the learner before and after joining the maths club.  

a. What about the learner’s confidence? Please explain. 

b. What about participation in class? Please explain. 

c. What about how the learner relates with others, including yourself? Please 

explain. 

d. Does s/he assist others when they need help? 

e. What does the learner now say about mathematics? 

i. In terms of it being useful or a waste of time? 

ii. What about mathematics being fun or boring? 

iii. Being difficult or challenging? 

iv. Being understandable or not? 

f. What does s/he now say about making mistakes? 

g. Please tell me about the learner’s persistence in mathematics. 

h. Does the learner complete given activities? Please explain. 

i. How does s/he deal with hard problems? Please explain. 

j. Does s/he sometimes do extra work besides the one that you give them? 

k. When stuck what does s/he do? 
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2. Do you see the learner pursuing mathematics in the future? Please explain. 

a. Up to what level? 

b. What about doing a job that needs mathematics? 

3. Please tell me about the learner’s performance in mathematics. Please explain. 

a. Has it changed in any way since joining the club? 

b. Has anything changed about the learner using different methods to solve the same 

problem? Please explain. 

c. Does the learner show the understanding that some problems can be solved using 

more than one method? Please explain. 

d. Does the learner accept or suggest other methods in class? Please explain. 

4. Do you have anything else you would like to tell me about the learner pertaining to 

mathematics? 

5. What are your views about the mathematics club? Why? Please explain? 

  

Thank you very much. 

 

 

 

 

 

 

 

 

 

 

 


