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Abstract
Some researchers have tried to understand why some learners engage in and others disengage
from mathematics by expl or iOthgrresearaheralfaves 6 mat h
viewed mathematicsclubas contri buting to | earbuer sé enga
learnes disengagement from mathematics continues dmncerndespite these efforts.
Bringing these two important ideas togethenyestigatel the relationship betwedne ar ner s 6
mathematical identitiesnd an afteschool mathematics club.

A part of his study focuses on the colleativole ofsignificant others, whare
teachers, peers and family membersy supporting and constrainin
identities.Some researchers viewopluctive disposition as important for learners to
successfully learn mathemati&o, amwther partoftest udy f ocuses on | earn
dispositions as linked to their mathematical identities.

Building on previous definitiond,define mathematical identitybe it participative or
narrative, as constituted by personal and soca&hematicaidentities, each of which can be
robustleaning, mixed or fragildeaning.l define amathematics club as amformal
supportivespace wherkearners engage in problesolving activities.

The study is guided bye n g ¢heody oflearning asocial practiceLearning is
considered amvolving four interconnectedomponentsmutual engagement, meaning
making a sense of belonging and identity construgtaaroccurringin different
communities of practice thaeoplemove acrossThe theory guided learning in tietub and
it helped me to analyse and expltie cluband ear ner s6 i dentities.

| used dargelyqualitativedesign to explore thielentitiesof Gradel0 learnersvho
volunteered to participate in the studie first group ofLl33learners responded to a
mathematical identity questionnaire and their responses were used to purposivefpelect

learnerdor a semistructured interview about their mathematical identiffé= first group of



learners did not participate in the mathematics altivities A second group difty
learnersat a different school from the first grqygarticipated irthe mathematics club
activities The learners responded tsimilar mathematical identity questionnateelearners
in the first groupbefore they started in the club and after the club finisaedto five short
guestions about their pgctations of and experiencedhie club.Six out of the fifty learners
were purposively selected participate infwo semistructured interviews, before and after
participating in the club activities. A teacher teacHmgy of thesix interviewed learners
participated imsemist r uct ured i nterview about thehe | ear
class after the learners participated in the club activif)asstionnaire responses were
analysed using descriptive and inferential statistical technitjtesview and written
responses were analysed using deductive and induttiieg

Theanalyseshowed thamany of the learnetsnathematicaidentities were fragile
leaning and the learners had fragémhancing relationships with at least two groups of
significant othersA few of thelearneré mathematicaidentities were robudeaning and
these learnensad robusenhancing relationships with at least two groups of significant
others.Thelearners' relationships with theiignificant othergollectively contributed toher
mathematicaidentities Theclub supportedhelearners' productive dispositions and
identities.The learners preferradubdiscussionea nd t he «c | wiebdsnggiee i abi | i
information in their classesrecommend thatignificant othersvork 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 mathemati¢eind theycan advise parents on how to support their children in
mathematicsClubs and classrooms operate under different constraunteeachers 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 andloninated 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
Americabds 1996 National Assessment of Educat
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 researc
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 | earnersd mat hemati cal
(e.g., Graven, 2015; Ramohapi et al., 2015). Adtdrool mathematics clubs are an example
of communities where |l earners6é relationships

experiencing mathematics differently from regular mathematics classroomsrf(=2816;



Lampen & Brodie, 2020). The c¢clubs can i mprov
Graven, 2015), persistence (Park et al., 2@thjosser & Balzano, 2014)eliefs about

mathematics (Can et al., 20Malentine et al., 2009nd sense of belonging to mathematics
communities Papanastasiou & Bottiger, 2004; Seow & Pan, 20d4)ch for some

researchers are indicators of mathematical identities (e.g., Bishop, 2012). | 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 & Heydetzuyanim, 2019)Variousresearchers have defined and
operationalised identity differently but there is a general agreementattand present
mat hemati cal experiences contribute to | earn
Hodge, 2011, Black et al., 2010; Gee, 2001; Grootenboer & Zevenbergen, 2008; Sfard &
Prusak, 2005)-or 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). | focused on the
narrative view of identity since people usually narrate their participation.

Mar ks and O6 Ma h o n e yentityZ2sOcandtijutechby g persondl h at an
identity, which is a personal perspective, and a social identity, which is a community
construction. FoMar ks and O6 Mahoney (2014), aar@er sonbd

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

what a | earner says about themself i n relat.i
mat hemat i cal identity, influences how the | e
and choose to interact with the | earner, i . e

learner says about their interactions with their mathematics community members and how the



community members choose to interact with th

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

i.e., the |l earnerds personal mat hemati cal i d
Mc Gee (2015) argues that the strength of

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

categorises |l earners6 mat hemati cal identitie

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

learner who struggles with persistent negative mathematical experiences has a fragile

mat hemati cal identity (McGee, 2015). Linking

identitestoMar ks and O6Mahoneyds (2014) ailedreea of pe

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 . 6s (20M8aksanddea of i
Ob6Mahoneybds (2014) idea of personal and soci

and fragile identities, a personal mathematical identity can be fl@aushg, have a mix of

some robustness and fragility, or fragiganing, 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.



In this study, | 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 mat hema
considered a mathematical identity constituted by personal and social mathematical identities.
Linking with McGeeds (2015) idea of robust a
that identity is fluid, | considered personal and social mathematical identities to be robust
leaning, mixed or fragildeaning. 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
The intervention that | investigated was a mathematicsictutoluntary 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 bréiake, after school or during weekends or school
holidays and have been given different names by different researchers, for exaragie, out
school programmes and-carricular 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 problesolving 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, 2018ampen & 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 P2jihastasiou

& Bottiger, 2004.



Different researchers have shown that mat
confidence, persistence, beliefs about mathematics and sense of belonging to mathematics
communities (e.g., Amit & Naaman, 2014; Graven, 2Pdpanastasiou & Bottiger, 2004;

Prescott & PressieKilborn, 2015). For Graven (2015) astherman and Catapano (2011)
clubs offer learners extended opportunities to engage with mathematics resulting in increased
learning.Turner et al. (20113howed that a club that encourages collective proisigining

can support | earnersé6é mat hemati cal identitie

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 aribw an afterschool mathematics club supports high school

| earner s6 mat hheoogh the lena df a formbmporient socia theory of

|l earning by Wenger (1998) and |l earners6 and
experiences of mathematics. | wanted to offer a framework to conceptualise identity in

mat hematics education and insights into inf]l

identities. | explored characteristics of an aiehool mathematics club that made the club a

suitable intervention strategy for supportin
clubdés mat hemati cal activities and guiding p
mat hematics cl assrooms. | explored | earnerséb

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 s

how do they influence mathematicdéntity?



3. Cananaftes c ho ol mat hematics c¢club support higt

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

1.6 Rationale for the study

Sever al researchers have distinguished two ¢c

depending on the | ear ner OpplandCGotdell & Martm 2015 ps wi t

distinguished between a mathematical identity of participation anghaticipation

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 experichoese researchers

have argued that identity isa mudtio mponent concept (e.g., Mar ks

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

that identities are multomponent and fluid justified investigating the possibility of

di stinguishing more than two categories of |
It is well known that many learners do not like mathematics. Several researchers have

explored teacher pedagogy as |l inked to | earn

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),

sever al researchers have explored teacher pe

identities (e.g., Gardee, 2019). The scarcit

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

family members support or constrain | earners
Many of the studies on | earnersdéd mat hemat

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



such lessons. Many of the studies on mathematics clubs have shown that learners enjoy

making sense of mathematics (e.g., Brodie, 282panastasiou & Bottiger, 200&ome

studies on mat hematics clubs, though not inv

directly, have shown improvements in indicators af ar ner sé mat hemat i cal

rationale for this study was whether an aiienool mathematics club supports multiple

indicators of | earnersdé6 mathemati cal identit
Studies exploring |l earners6é mat hemati cal

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

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

mat hematics. The studies exploring | earnersbo

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

appropriate intervention for supporting | ear

this study. The study investigated the relationship between arsafteol mathematics club

and | earnersd6é mat hemati cal identities.

1.7 The papers
The study is made up of four papers that col
mathematical identities as the learners participated in ansaftenl mathematics club. In
this section, | offer a brief overview of each of the four papers with a focus on the research
guestions of each paper, which are theguéstions of the main research questions. | relate
the subquestions to the main research questions.
| conducted a pilot study to test the data collection instruments and analysis
procedures and used the findings to write the first papapfer 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 lowemmomic



status live, and many of the learners did not like mathematicarding to Yin (2009),

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

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

study.

t he

Table 1.1 shows the paper number,

mai n resear-c

h questions |inked to

Table 1.1Findings of the four papers

t

t

Paper Research question of paper Findings Main
number research
question
answered
1 1.1 What are some of the  Three kinds of mathematical identities we 1
i nfl uences o1 discussed: largely robust, modest and
mathematical identities? largely fragile identities.
Peers and family members influenced hig 2
school |l earner soé6 mi
2 2.1 What kinds of Nine kinds of mathematical identities wer: 1
mathematical identities do discussed. The identities ranged from
high school learners narrate robustleaning personal and social identiti
through mixed personal and social identit
to fragile-leaning personal and social
identities.
2.2 What kinds of Two kinds of relationships between learn: 2
relationships, with different and their significant others were discusse
groups of significant others, robustenhancing relationships, which
do high school learners supported | earner si
narrate and how do these  and fragileenhancing relationships, which
relationships collectively constrained | earneil
af ford | ear ne¢identities. Teachers, peers and family
mathematical identities? members collectively supported or
constrained | earnei
identities.
3 3.1 Does a mathematicsclu The ¢l ub supported 3
offer learners conditions for dispositions and therefore their
developing their productive mathematical identities by encouraging
dispositions? mutual engagement and meanrimgking.
4 4.1 Can an afteschool The c¢club supported 3

mathematics club support
|l earnersdé mat
identities?

identities. Robuskeaning mathematical
identities shifted toward more robust
identities and so did fragileaning
mathematical identities.

he

he

Paf

P a



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. | 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, | present the overarching theoretical framework for the study. The framework

brings together Wenger 6 sMa(rlk9s9 88 &'oMa had n et yhéeso r

theory of identity as constituted by persona

identity as robust or fragil e arBdctioHsofthe et al

framework framed each of the four papers and are further discussed in each of the papers.
Wengerés (1998) social theory of |l earning

explain the meaning and nature of | earnerso

community is characterised by pursuing enterprises deemed meaningful to the development

of the communitydés practices and we | earn an

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; meanrm@ ki ng, which i s about seeing me

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 communityés pract
Drawing on Marks and O' Mahoney (2014), | e

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

relationships with mathematics, and their social mathematical identities, which are their



feelings of belonging to mathematics communi
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 opportunitiesatbiematical

identity support which the learners accept or reject leading to the construction of different
mathematicaidentities (Aydeniz & Hodge, 2011; Epstein et al., 2010; Gardee, 2019; McGee,
2015).

Linking McGeebs (2015) and Hal l et al . o6s
(2014) theory, |l earnersodé personal-leamingd soci al
have a mix of some robustness and fragility, or fragi#éaing. The three kinds of personal
mathematicaidentities and three kinds of socrahthematicaldentities suggest that learners
can construct nine different possible combinations of personal and matie@matical
identities.Figure 1.1presents a framework showing the potential relationships between

mat hematics communities and | earnersod mat hen

10



e MATHEMATICS COMMUNITIES R
i Classroom: : I After-schoolclub: i ! Home i
! Procedure repetition i Mutual engagemen | :
! | | Meaningmaking | i |
| Teacher,Peers | | Peers ! ' Family |
¢
MATHEMATICAL IDENTITIES
PERSONAL IDENTITY
Robustleaning Mixed Fragile-leaning
Robust- Robustleaning Mixed personal Fragileleaning
leaning  personal and socia  identity and personal identity
identity robustleaning  and robusteaning
social identity social identity
SOCIAL Mixed Robustleaning Mixed personal Fragileleaning
IDENTITY personal identity and social identity personal identity
and mixed social and mixed social
identity identity
Fragile- Robustleaning Mixed personal Fragileleaning
leaning personal identity identity and personal and socia
and fragileleaning  fragile-leaning identity
social identity social identity

Figure 1.1A framework relating mathematics communities and mathematical identities.

Wengerés (1998) four component s-making,| ear ni
a sense of belonging and identity constructassisted me in analysing and explaining
|l earnersd mat hemati cal identities and the pr
classrooms and the club. The activities of the aftdéwool mathematics club were guided by

Wengerés (1998) four components of |l earning.

1.9 Research design and methodology

The study consisted of a pilot and main study that focused on understanding a social
constructmathematicaidentity. The purpose of the pilot study was to test some of the data
collection instruments and analysis procedures that | wanted to use in the main study. For

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

guantitative aspect. This means that the emphasis was on values and context, and interpreting
participantsd socially constructed realities

Schumacher, 2010). Usimggialitative and quantitative data collection methausuesd that

11



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 offe
mathematical identities before and after participating in the-sftevol mathematics club
activities. Through the qualitative desigr, b pt ur ed and uncovered s om¢
a class teacherdés perspectives on the meanin
|l earnersd mat hemati cal identities, thus comp
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
teachersNo pilot club was started but | gained the experience of running a club at another
school, as will be discussed latEhe 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 prgblemg activities under

the guidance of club mentors.

1.9.1 Samples

Schools and grade

The pilot study was conducted at a scHoobted in a township area near Johannesburg. This
was a convenience sample because the school is close to the school where | teach, which
made travelling to the site easy. | wanted to conduct the main study at the school where |
teach so | chose to work with Grade 10 learners in both the pilot and main study because it

was a grade that | did not teach that year, which minimised my attachment to the learners.

12



Another reason for choosing to work with Grade 10 learners isetkept 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 | teach, also a convenience
sample. Drawing on Merriam (2009), selecting the school where | 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
mathematical identities, convenience sampling was suitable. The pilot and main study were
thus carried out in | earnersd natur al | ear ni
participantsd usual schools so following the
Club mentors
In the main study, | took the position of the main club mentor who sourced club activities and
created an environment that encouraged mutual engagement, meaking and a sense of
belonging to mathematics communities. One teacher at the school consented tech#a co
mentor. The caclub mentor did not teach Grade 10, ensuring that club activities would only
be done in the club. The -@ub mentor assisted me in running the club by facilitating some
of the club sessions.
Learners
One hundred and thirthree learners participated in the pilot study by responding to a
guestionnaire about their mathematical identities. The questionnaire results were used to
understand | earners6 mat hemati cal identities

mathematical identities who had performed differently in their@rgrm mathematics test

13



to participate ina semistructured interview about their mathematical identities. Table 1.2
shows the four selected learnéat names are pseudonymt)je kinds of mathematical
identities they narrated and their emigterm mathematics test scores.

Table 1.2Pilot 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 -@&téiool mathematics
club and respondinp a questionnaire about their mathematical identities before and after
participating in the c| udubquéshomnaireavare anaysesld r e s
and used to understand their mathematical identities and to select six learners with different
mathematical identities for prand postclub semistructured interviews about their
mathematical identities. The six learners were selected based on the kinds of mathematical
identities observed in the potub 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 1.3Main study selected learners

Learner Mathematical identity
Rose Robustleaning
Ben Robustleaning
Kelly Fragileleaning
Neo Fragileleaning
Tom Fragileleaning
Cindy Fragileleaning

14



Teacher
The teacher teachirfigose, Ben, Kelly and Cindy responded to a teacherghaistseni
structured interview about his views of thes

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

1.9.2 The club
The club that | 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 | was a part of.
The project had three clubs around South Africa, in high sclibbésother two clubs are
reported in Brodie, 2022; Frenzel et al., 2019; Lampen & Brodie, 20B8)three clubs
shared a curriculum that was premised on dev
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
holidaysto discuss theories framing the clubs anddwelop club activities and data
collection instrumentd/Ne discussed preliminary findings from each of the clubsshaded
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.

| 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 afteclub 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.

15



Fifty learners volunteered to participate in the afigmool 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 probisaiving activities that could be solved without

involving numbers.

1.9.3 Instruments and data collection
Learners in the pilot study responded to atdgh mathematical identity questionnaire. The
guestionnaire 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 construct&.g., Bishp, 2012; Darragh, 2013) The | earnersé respon.
guestionnaire gave a general picture of their mathematical iderfitkeedundant items
were removed from the questionndiecause they were repetitivewrclearand 16 items
remained.

| also used the questionnaire responses to purposively select four learners with
different mathematical identities and having performed differently in thetoéterm
mathematics test for an audiecorded sermrstructured 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 comm@&utresitems in the

16



interview schedule were adopted from previous studies and others were constructed with the
help of colleagues who have investigated identities and related conshatis.questions,
phrases and words not fully understood by learners in the learnestseatured interview

were changed after the pilot study.

The pilot study offered Ilittle informatio
besides their endf-term mathematics marks so | changed the focus of my study from
mathematicaidentity and academic achievementtathematicaidentity only. For the same
reason, the procedure for purposively selecting interesting learners was changed from
focusing on mathematics marks and questionmaathematicaidentity scores to
mathematical dent ity scores onl y. Learnersdéd mat hem
pilot study but after the pilot, | decided to considethematicamindsets as part of beliefs
about mathematics since beliefs are a more encompassing concept.

Learners in the main study responded to the samedbmathematical identity
guestionnaire, developed through the pilot, before the club started and after it ended
(Appendix A). The questionnaire asked learners about their persatta@maticaidentities
(i.e., their confidence and persistence in and beliefs about mathematics) and their social
mathematicaidentities (i.e., their sense of belonging to mathematics communities) and was
on a Likert scal e. Th-elubuesionmeergavé a gereslpiotures e st
of their mathematical identities before participating in the club. | also used tokipre
guestionnaire responses to purposively select six learners forragdimled preand post

club semistructured interviews. Responses to thejohgt questionnaire gave a general

picture of the | earnersé mat hemati cal i dent i
To have a deeper understanding of | earner
mat hematics club from the | earnersé perspect

participated irapre-club semistructured interview (Appendix B) and a poiib semi

17



structured interview (Appendix C). The learners were asked about their personal and social
mathematical identities and views of the club. The purpose of the learrgulpreemi
structured interview was to understand the |
afterschool mathematics club before participating in the club. The purpose of the learner
postclub semistructured interview was to determine whether there was a change in the
|l earnersd mat hemati cal identities after part
contributed to the change, i f any. | compare
club with their experiences in their regular mathematics classrooms to identify aspects of the
club that potentially made the club a suitahb
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
guestions were constructed with the help of colleagues in the mathematics club phagject.
purpose of the five questions was to add dep
mat hemati cal identities through the | earners
To contribute to rich descriptive data ab
teacher teaching four of the six selected learners was interviewed usingstrsetared
interview schedule (Appendix E). The teacher interview findings largely confirmed the
|l earnersdé mat hemati cal identities, as narrat
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 1.4Data collection methods in paper 1

Data collection method  Date Data source Nature of Main research
data guestions answered
Learner mathematical March Lear ner s 6 Quanttative 1
identity questionnaire 2017 responses
Learner semstructured March Interview notes; Qualitative 1;2
interview 2017 audio recordings

Table 1.5Data collection methods in paper 2

Data collection method Date Data source Nature of  Main research

data guestions answered
Learner preclub February L ear ner s quanttative 1
mathematical identity 2018 responses

guestionnaire
Learner preclub semi February Interview notes;  qualitative 1;2
structured interview 2018 audio recordings

Table 1.6Data collection methods in paper 3

Data collection method Date Data source Nature of  Main research
data questions
answered
Learner postlub semi September 2018 Interview notes; Qualitative 3
structured interview audio
recordings
Five short written February 2018; April L e ar n e r Qualitative 3

guestions, one question 2018; June 2018; written
per club session August 2018; responses
September 2018
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Table 1.7Data collection methods in paper 4

Data collection method Date Data source Nature of Main research
data guestions
answered

Learner preand posttlub  February 2018; L e ar n e r < Quantitative 3
mathematical identity September 201€ written

guestionnaire responses

Learner preand postlub  February 2018; Interview notes; Qualitative 3
semistructured interviews September 201€& audio recordings

Teacher postlub semi September 201€ Interview notes; Qualitative 3

structured interview audio recordings

1.9.4Trustworthiness
A study is trustworthy when there is evidence of rigour and quality in its findings. To
enhance t he st ulhgvédesctibeduhe stwdy setting, ipartieigaats and the
data collection proceduredove and in each of the papers, to convince the reader that the
findings make sense in relation to the collected data. Dalgisees procedures are discussed
in the papers.

| 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 dschalr ner sd mat h
mathematics club. Performing these roles provided opportunities for me to understand the
participants6é viewpoints (Yin, 2009), result
mathematical identities and the club. Drawing on Gay et al. (20113a@arndBaden and
Major (2013),confidence and confidentiality among participants were maintained and the
acquisition of nuanced contextual information that contributed to a deeper understanding of

|l earnersd6 mat hemati cal i dMymsupentisorarslotken d t he c |
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colleaguemsct ed as peer debriefers by providing ci
hel pful in understanding my position and its
2010, p.334). Peer debriefing sessions were carried out at various stages of the study while
being audierecorded 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 mathematicaldentity development.
| kept a field journal in which events in the club were writteurthermorefiinterim
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
|l earnersdé realitieso (McMillan & Schumacher,
| searched for, analysed and acknowl edged
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
sessionsl acknowledge that lwasanone ut r al researcher seeking

mathematical identities through a mathematics club.

1.9.5 Ethical considerations

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

responsible for protecting the rights and welfare of the participants in the study (McMillan &
Schumacher, 2010) . I applied for ethical cl e
per the Universityods policy protocd humbecis . Clear
2017ECEOQO5DAfter ethics approval, | applied to the Gauteng Department of Education

(GDE) to access the participating school, and the application was successful.
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| disclosed the purpose of the study in letters that | 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 sohapters. In thighapter ¢hapter One), | 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 | summarise the findings of the study and discuss its
contribution, implications and limitations.

For the completion of the thesis, it is required that | publish a minimum of four papers
in reputable, peereviewed journals. Of the four papers required by the University, one
should be published, one in press and two accepted for publication. | have three published
papers ¢hapters 2, 3 and 4) and oaeceptegaper ¢hapter 5). Table 1.8 shows a list of the

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

Chapter Paper Name of paper Status Reference
2 1 High school Published Gweshe, L. C., & Brodie, K. (2019). High
| earner s school |l earner sdé ms
mathematical African Journal of Research in
identities Mathematics, Science and Technology
Education 23(2), 254262.
https://doi.org/10.1080/18117295.2019.16
642
3 2 Lear ner s (Published Gweshe,L.C., & Brodie, K. (2024).
mathematical Learners6 mat hemat:i
identities: relationships between high school learner
exploring and significant otherddathematics
relationships Education Research Journ&6, 9174 944.
betweerhigh https://doi.org/10.1007/s133®MP3-004795
school learners
andsignificant
others
4 3 Learner s (Published Gweshe, L. C. (2023
productive dispositions: The case of an afsshool
dispositions: The mathematics clutDidactica Mathematica,
case of an after 45, 5-31.
school https://doi.org/10.14708/dm.v45i0.7285
mathematics club
5 4 Mathematics club Accepted  Gweshe, L. C. (2024). Mathematics club

| earner s
mathematical
identities:
Narratives of
learners and their

class teacher

|l earnersdé mat hemat. i
of learners and their class teacllaurnal of
Education97, 196i 220,
http://dx.doi.org/10.17159/2520

9868/197a10
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Chapter2Hi gh school | earnersd mat hemati ca

2.1 Introduction

In thischapter, | dewon Sfard and Prusak (200&)ddefined mathematicaidentity as

storiesaboutl e ar ner s 6 r enhtlrematicoldsoythedesrnersiand ndicated in

their confidence and persistence in and beliefs about mathernratins McGee (2015),

borrowed the concept of identity as robust or fragildsuggestedhree kinds of
mathematicaidentities largely robust, modesind largelyfragile, addressinghe first
researclguestionl drewonWenger 6s (1998) theory of | earni
of practiceand involving identity constructioend s howed how | earnersbé
their peers and family memiseinfluenced theimathematicaidentities helping me to

addresghe second research questidhe chapter helped me to have a sense of the kinds of
mathematicaidentities that learners narrdiefore participating in an intervention aimed at
supporting theimathematicaldentities andto understanavhy they construct such

mathematicaldentities.
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We investigate Grade 10 learners’ mathematical identities, with a focus on influences on the learners’
identities. A mathamatical identity questionnalre was given to learners and their test scores accessed.
Four learners wera purposively selected for interviews on the basis of interesting relationships betwean
their guestionnaire responses and test scores. The interview data were analysed for stories of the
learmers’ confidence, belisfs and persistence with mathematics, as indicators of mathematical identity.
The findings showed that learners can hold largely robust, modest or largely fragile mathematical
identities, which are related to these three indicators. Past and present mathematical experiences, what
family mambers and peers said about the learners and about mathematics, including peer labelling, weare
related to the learners’ identities. Career opportunities associated with mathematics, pleasing others and
gaining prestige contributed to how learners formed their mathematical identities.

Keywords: Mathemalical identitfes; confidence, beliefs; mindsals, parsistence

Introduction

There are concerns over South African high school leamers’ success in mathematics. Spaull (2013)
argues that ‘more pupils are opting for easier subjects like mathematical literacy, compared to more
challenging subjects like mathematics' (p. 8). Negative mathematical experences and beliefs, includ-
ing low performance, influence leamers to feel unconfident about their mathematical abilities and to
give up on achieving mathematical success (Graven, 2015). Similar leamer mathematical identities
have been found by researchers in other countries (e.g. Darragh, 2015), making negative learner math-
ematical identity development a global concern. Many researchers concede that leamers’ disengage-
ment and underachievernent in mathematics have become persistent problems, frustratingly difficult to
address (Yeager & Dweck, 2012). A disconnect between learners’ fun with interactive after-school
leisure activities and school mathematics contributes to: beliefs that school work and the formal math-
ematics cumiculum are irmelevant and boring (Aydeniz & Hodge, 2011); the formation of fragile math-
ematical identiies (McGee, 2015); and doing mathematics for career opportunities rather than for
enjoyment (Andersson, Valero, & Meaney, 2015; Boaler, William, & Zevenbergen, 2000).

We suggest that a possibility to address the problems of leamer disengagement and underachieve-
ment in mathematics may be in understanding learners’ mathematical identities and developing strat-
egies likely to positively transform their identities. However, identity is still not well conceptualised in the
mathematics education lterature (Radovic, Black, William, & Salas, 2018). Also, few studies focusing
on leamers’ identiies have been conducted in Africa (Darragh, 2016), despite the situated nature of
identities (Bishop, 2012) and the importance of socio-cultural experiences in identity formation
(McGee, 2015; Sabbah & Heyd-Metzuyanim, 2019). As an initial exploration into South African lear-
ners' mathematical identiies, this paper focuses on the question: what are some of the influences
on learners’ mathematical identities?
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Literature Review: Mathematical Identities

Identities may provide better insights into the persistent problems of mathematical disengagement and
underachievement as they encompass our life histories, affective qualities and cognitive dimensions
{Grootenboer & Zevenbergen, 2008). Confidence (Darragh, 2015), beliefs (Bishop, 2012) and persist-
ence (Bishop, 2012) are closely related to and reflect learners’ mathematical identities. Confidence is
the level of trust in one's mathematical responses (Sander & Sanders, 2009). Beliefs are personal
views and judgements formed by past experiences (Eleftherios & Theodosios, 2007), for example
that mathematics is valuable. Mathematical mindsets, which include growth and fixed mindsets, are
beliefs about mathematical intelligence (Boaler, 2013; Dweck, 2016). Growth mindsets are beliefs
that mathematical intelligence can improve through effort and engaging in challenging mathematical
activities while fixed mindsets are beliefs that mathematical intelligence cannot be changed even
through hard work (Boaler, 2013). Persistence is about not giving up on mathematics, as a subject
and when faced with challenging mathematical problems, seen by for example purposefully struggling
with a challenging problem (Boaler & Selling, 2017). We postulate that if leamers have confidence in
their mathematical abilities, they are likely to persist, leam and form positive mathematical beliefs.
Likewise, if leamers are persistent, they are likely to learn, gain confidence and develop positive math-
ematical beliefs.

Identity can be viewed as reifying, significant and endorsable stories about a person, told by her/
himself or by others (Sfard & Prusak, 2005). In this paper, we adopt the view of mathematical identity
as stories about a person's confidence, beliefs and persistence with mathematics. Two forms of math-
ematical identities, depending on the strength of a person's relationship with mathematics, have been
distinguished in the literature: robust and fragile identities (McGee, 2015). Robust identities are related
to positive mathematical experiences and are largely intrinsically motivated while fragile identities are
related to negative mathematical experiences and are extrinsically motivated (McGee, 2015). Learners
with robust identities tend to be confident and persistent and they hold positive beliefs about mathemat-
ics; those with fragile identities are less confident and less persistent and hold negative beliefs about
mathematics.

The Kinds of ldentities Constructed by Learners

Research shows that many leamers hold fragile mathematical identities, finding mathematics boring
(Andersson et al., 2015), abstract and not useful in their everyday lives (Boaler et al., 2000). Many lear-
ners give up mathematics as soon as they are given the chance to do so, despite knowing the career
opportunities associated with the subject (Boaler et al., 2000). Fear and dislike of mathematics are rife
among high school leamers such that even those performing well are likely to choose to discontinue
with the subject after high school (Hall, Towers, & Martin, 2018). Also, many learners hold a fixed
mindset (Yeager & Dweck, 2012). Some researchers have shown that leamers' identities are fluid,
contested, negotiated and closely related to significant others in their lives, who are their teachers,
peers and family members, making them complex (Hall et al., 2018). The contradictory and multifa-
ceted nature of self-narratives, and therefore identities, adds to their complexity (Hall et al., 2018).

Influences on Learners’ Identities

Identities are linked to other people and communities, and therefore are a social construction occurring
within communities of practice (Hall et al., 2018; Wenger, 1998). The kinds of social relations among
community members contribute to how members form their identities (Wenger, 1998), and social
context is central to how mathematical identities are defined (Darragh, 2016). Within different social
contexts, most researchers have focused on the influence of teachers on leamers' mathematical iden-
tities (e.g. Varelas, Martin, & Kane, 2012), arguing that the ways teachers convey mathematics in class
influence identity formation (Boaler et al., 2000; Gardee & Brodie, 2019). Some studies have focused
on the influence of family members and peers on learners’ identities but more can still be done,
especially on the extent of their influence. Past mathematical experiences have been found to influ-
ence future mathematical identities (Andersson et al., 2015).
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Despite some researchers showing that mathematical identities, learning and mathematical compe-
tence are related (Bishop, 2012; Boaler & Selling, 2017), other researchers argue that academic
achievement does not necessarly imply holding robust identities (e.g. Sfard & Prusak, 2005).
Darragh (2015), for example, notes that achievement does not always imply that all of the components
of mathematical identity are positive, meaning that a leamer may perform well and even go on to a
career that needs mathematics despite some component(s) of herfhis identity being negative. Lear-
ners’ sense of belonging within communities of practice (Wenger, 1998), has been shown to influence
their mathematical identities, rather than their ability (Boaler et al., 2000). However, other literature
shows a strong correlation between academic achievernent and mathematical identities of black lear-
ners (Varelas et al., 2012). Learners taught using a project-based approach showed robust identities
and performed better than those taught to follow rules and to memaorise, suggesting that teaching
methods have the potential to link academic achievement and mathematical identities (Boaler &
Selling, 2017). There appear to be no clear results on the relationship between mathematical identities
and academic achievernent, and evidence of the relationship between identities and achievement—as
related to leamers' test scores—is scarce.

Conceptual Framework

The conceptual framework for this study shows the relationship between mathematical identities and
communities that practice mathematics (Figure 1). It mainly draws from Sfard and Prusak's (2005) con-
struct of identity as stories that people tell and Wenger's (1998) notion of learning as identity construc-
tion, occurring within communities of practice. Influences on leamers’ identities, for example what other
people say, are found within mathematics communities. Three interelated components of identity—
confidence, beliefs and persistence—are explored. Leamers can hold varying levels of confidence,
beliefs and persistence, constructing different forms of identities.

MATHEMATICS MATHEMATICAL
COMMUNITIES .
. _ IDENTITY
Past and present E—
Pl Confidence
experiences Beliefs
What others say aruntl
Achievement EraIsener

Figure 1. A conceptual framework for mathematical identity.

We anticipate past and present mathematical experiences, achievement and what others say about
a learner and mathematics to influence the learner's mathematical identity. Reifying, significant and
endorsable stories about a learner, told by the leamer and other people, show the learner's levels of
confidence, beliefs and persistence, and therefore constitute mathematical identity. The development
of a robust mathematical identity is expected to lead to better achievernent, a change in what others
say about the learner and the learner pursuing the subject in the future.

Methodology

Given the interacting nature of identities, leaming and communities, and our stance to understand
identity construction from participants’ perspectives (McMillan & Schumacher, 2010), an interpretivist
paradigm was adopted. As learners responded to a questionnaire and an interview, they told stories
showing their confidence, beliefs and persistence with mathematics. Influences on leamers’ math-
ematical identities were revealed during story telling.

Sample and Data Collection
The school that participated in this study was selected by convenience sampling. The closeness of the
school to the first author's place of work made it easy to travel to the site. The school is located in a
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township area and serves mainly black South Africans of low socio-economic status. Ethics clearance
was granted for the study by the University’s Ethics Committee.

Stratified purposive sampling of leamers was conducted. A group of Grade 10 leamers who volun-
teered to participate in the study responded to a 22-item mathematical identity questionnaire and
allowed us to access their first term’s mathematics test scores. A term test is a school-based test
written at the end of a school calendar term. Teachers are guided by previous national question
papers to set the test, which they send to district subject specialist facilitators to check for quality,
for example cognitive levels, language and mark allocation, before leamers write it. A single term's
test score, covering topics covered over about two months, was collected for each leamer. The validity
of the guestionnaire was enhanced by adapting items from previous studies that had measured lear-
ners’ confidence, beliefs and persistence (g.g. Boaler, 2013). Examples of the gquestionnaire items are:
| am confident with mathematics; if it was up to me | would continue with mathematics next year; and
working hard can make you to be good at maths. Leamers chose responses ranging from strongly
agree, coded as 5, to strongly disagree, coded as 1. Each learner's total mathematical identity ques-
tionnaire score was calculated by adding individual item scores. The learner's total identity score was
divided by the total possible identity score of 110 and converted to a percentage, which was used to
describe the identity of the learmer.

The sample of leamers was stratified into three groups based on leamers” test and identity scores.
The leamers’ identities were classified based on the guestionnaire responses as largely robust
(=70%), modest (69-50%) or largely fragile (<49%). A largely robust identity suggested that the
learmer was largely confident, largely persistent and held more positive than negative beliefs about
mathematics, or the learner showed more elements of robust than fragile identities. A largely fragile
identity suggested that the learner was largely less confident and less persistent and held more nega-
tive than positive beliefs about mathematics, or sfhe showed more elements of fragile than robust iden-
tities. A learner holding relatively equal mixes of robust and fragile identities was considered as having
a modest identity. Within each identity class, learners were separated into high, average and low achie-
vers based on their mathematics test results.

Four interesting leamers—with different mathematical identities and having performed differenthy—
were selected for interviews, which allowed us to investigate and re-analyse mathematical identities
more deeply. The test and identity scores of the four selected leamers, whose pseudonyms are
Thabo, Mpho, Themba and Fana, are shown in Table 1. Responses to a question probing the learners
on their belief about whether everyone can do mathematics (Boaler, 2013) were found to be interesting
because three of the four selected learners did not believe that everyone can do mathematics, irme-
spective of their identities.

Individual interviews were conducted before or after school, depending on what suited each leamer.
Before conducting the interviews, learners were asked to be truthful and were told that their responses
would be confidential and anonymous and they could choose not to answer any question. Follow-up
guestions were sometimes asked to gather detailed information. Examples of the interview guestions
probing learners about their confidence, beliefs and persistence are:

+ Do you think that you are good at maths?
+ Are people bomn good at maths?
+ How much effort do you put into maths?

Table 1. The four bearmers' identities based on questionnalre responsas.

Learnar Thabo Mpho Themba Fana
Test scone BE%: T3% 41% 34%
Identity score 4% 55% 32% 41%
Everyone can do mathematics Mo Mo Mo Yes
Description of identity Largely robust Modest Largaly fragile Largaly fragile
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Learners could show more than one of the components of identity in a single response. For example,
considering that mindsets are beliefs that effort (i.e. persistence) can improve intelligence, single
responses showing beliefs and persistence were expected. Questions probing learners about their sig-
nificant others were also asked, for example: what do other learmers say about you as a math leamer?

Transcribed interviews were coded for responses showing confidence, beliefs and persistence, after
which learners were classified as holding a largely robust, modest or largely fragile identity. Other sig-
nificant codes were also identified, for example peer influence. A story that was reifying and significant
was considered to be endorsed (Heyd-Metzuyanim & Sfard, 2012), therefore focus was on establish-
ing whether stories were reifying and significant, for them to be identities. Reification was operationa-
lised as utterances showing who a person is (Andersson et al., 2015; Sfard & Prusak, 2005), for
example, ‘| am good at mathematics'. A story was considered significant if it showed a learner's feel-
ings, including feelings of belonging or exclusion, or indicators of what the learner ‘presumably con-
sidered important, appropriate or desirable’ (Heyd-Metzuyanim & Sfard, 2012, p. 133), for example
‘wou regret’, which also shows how leamers may seem to be talking about others yet they will be refer-
ring to themselves (Heyd-Metzuyanim & Sfard, 2012). Quotes that best illustrate the learners' identities
are provided.

Findings

Questionnaire

The guestionnaire identity scores suggest that the four leamers held different mixes of robust and
fragile identities, except possibly for Thabo, thus revealing a broader range of identities than those
emphasised in the literature. The two high performers, Thabo and Mpho, had different mathematical
identities. Thabo held a largely robust identity while Mpho had a modest identity (Table 1). Both lear-
ners did not believe that everyone can do mathematics. Themba and Fana were the two low perfor-
mers, who both showed largely fragile identities. Themba's guestionnaire responses showed little
confidence, little persistence and largely negative beliefs about mathematics, but he claimed to be
good at mathematics, a reason why we selected him for deeper understanding. Like Thabo and
Mpho, Themba did not believe that everyone can do mathematics. Some of Fana's questionnaire
responses contradicted each other, for example, believing that everyone can do mathematics and
that he could get smarter in mathematics by trying hard, while at the same time not believing that
ability in mathematics increases when one studies hard.

Interviews

For the most par, the interviews confirmed the guestionnaire findings on identity. They also showed
that past and present mathematical experiences gained through interactions with peers and family
members were related to learners’ identities and that leamers' identities were related to what others
said about the learners. The learners showed different mixes of robust and fragile identities.

Thabao: largely robust identity

Thabo's gquestionnaire had a very high score suggesting a largely robust identity, backed by his inter-
view responses which suggested some elements of a fragile identity. Thabo showed confidence in the
way that he spoke. When asked whether he thought that he was good at mathematics he said, | don't
think that | am good, actually | know that | am good', showing that confidence was a component of his
identity. He saw himself as the best mathematics learner to whom others went when they needed help.
Thabo praised himself saying that ‘| assist others if they come to me', illustrating a relationship between
how others saw Thabo and how he saw himself with respect to mathematics. Thabo added that, ‘| am
only assisted by leamers who are as good as me, on just a few questions and not always because most
of the times | am good'. The influence of past experience in constructing future identities, as well as a
relationship between achievement and identities, was highlighted when Thabo talked about his
achieverments in mathematics from primary school up to high school saying ‘| have done well in
tests at primary and even now | still do them well, | will never drop”. Thabo's response suggested
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that his past performances were related to how he constructed his present identity. Thabo showed con-
fidence and persistence in both his questionnaire and interview responses. A change was observed in
his response about giving up on challenging problems. In the questionnaire he agreed to giving up
when stuck, but in the interview he said that ‘when stuck | don’t give up because the same problem
can come in the test and you regret why you gave up', suggesting that identity formation was a
process of constant negotiation, related to context Thabo understood that mathematics improves
creativity when he said that ‘mathematics teaches you to solve your own things', illustrating a
growth mindset and therefore a positive belief within his identity.

Elements of a fragile identity were shown when Thabo spoke about career opportunities and
mindset. When asked about the uses of mathematics, Thabo did not mention uses of mathematics
besides career opportunities, saying ‘mathematics is useful because a lot of jobs need mathematics'.
When asked about how long he would continue doing mathematics he said, ‘| will do mathematics
forever because not everyone can do mathematics, therefore | will be unigue and special’, suggesting
that the performance of others influenced him to construct an identity constituted by negative math-
ematical beliefs, a component of fragile identities. Thabo believed that people are born good at math-
ematics, and his reason was that, ‘because others try but still fail', suggesting that the academic
performance of his peers was related to his view of himself as strong in mathematics, suggesting
some potential fragility in his identity. Thabo's mathematical identity was related to what others said
about mathematics and about him. He did mathematics because he wanted to be different from
other leamers, who he said believed that mathematics was difficult. Thabo said, ‘what other leamers
say means that | have a gift others don't have which makes me unigue and is cool. It encourages me to
do what is difficult to others'. While we do not know what Thabo's career trajectory will be, it is possible
that if he confronts mathematics that he finds extremely difficult in the future, a more fragile identity will
come to the fore, given his fixed mindset.

Mpho: modest identity

Mpho's interview responses confirmed the modest identity score in the guestionnaire and identified
some robustness and some fragility in her identity. The gquestionnaire responses suggested that
Mpho did not believe that everyone can do mathematics. In the interview, Mpho said she believed
that everyone can do mathematics, suggesting a change in mindset. Mpho believed that pecple are
not bom good at mathematics ‘but can practise’. She believed in leaming as mutual engagement
saying that ‘we can challenge each other as learners, practise together and understand each other’,
demonstrating an identity constituted by some elements of a growth mindset. Mpho's belief in
working with others was further highlighted when she said, ‘we learners sometimes understand
each other more than we understand the teacher'.

Mpho showed little confidence during the interview, suggested by saying that she was a ‘little bit
good at mathematics' and ‘sometimes’ assisted others. She said that when she got stuck she some-
times left the question and waited for the teacher to assist her, suggesting little persistence and a fixed
mindset. Mpho said that she lacked practice. Doing mathematics was motivated by career opportu-
nities associated with mathematics and gaining prestige, as suggested by her saying, ‘| will carry on
doing mathematics because it is useful for jobs, may be you can get enough salary and it's like you
are doing something big'. What peers and family members said appeared related to Mpho's fixed
mindset, highlighted by saying, ‘what others say sometimes makes me think that mathematics is diffi-
cult. Mpho also said that ‘if stuck other learners laugh at me’, suggesting that what her peers said about
her negatively influenced her mathematical identity.

Themba: largely fragile identity

During the interview, Themba did not show any elements of a robust identity, underscoring that he had
a largely fragile identity. Themba felt that he was not good encugh to be doing mathematics. He said
that he was not committed to mathematics and would not do mathematics after Grade 12. Themba
seemed to change most of his questionnaire responses, for instance when he said that he did not
like mathematics during the interview. Themba said, ‘sometimes | get bored and do other homewark
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in a mathematics period’, suggesting a fragile identity, related to a particular context. When asked
about doing a job that needed mathematics he said he would not, because ‘| want to be a sound engin-
eer and that does not need mathematics’, suggesting a fragile mathematical identity constituted by a
negative belief about mathematics.

Themba believed that people are born good at mathematics and, as in the questionnaire, that not
everyone can do mathematics, arguing that ‘people have different gifts’. According to Themba,
‘making a mistake means you don't know or you are dull’, showing a fixed mindset. Themba believed
that constant practice was important to leaming mathematics but he sometimes gave up on challen-
ging problems, illustrating contradicting identities.

Like with Thabo and Mpho, Themba's interview responses showed that what peers and family
members said was related to his mathematical identity. Themba said that ‘other leamers say math-
ematics is difficult and it's for clever and special people, they say mathematics is not cool because
they believe that even if they try they won't get it right’, comments likely to have influenced Themba
to construct a fragile identity. Other learners sometimes told Themba that he was ‘dull’, did not
‘know mathematics and should change the subject’. Themba's academic achievement appeared
related to what his peers said about him, which was in tum related to his fragile identity.

Fana: largely fragile identity

Fana showed some elements of a robust identity, believing in mutual engagement and that people are
not born good at mathematics. In agreement with his questionnaire response, he believed that ‘every-
one can do mathematics if you practice’, suggesting a growth mindset.

Similarly to Themba, Fana felt that he was not good enough to be doing mathematics. He said that he
was not committed to mathematics and would not do mathematics after Grade 12. He believed that
constant practice was important to learming mathematics, but like Themba, he sometimes gave up
on challenging problems. In one of his responses he said that ‘making a mistake means | didn't
work hard’, suggesting a fixed mindset. Fana just wanted to pass mathematics because jobs need
mathematics’, even though he would have preferred not to do mathematics because ‘mathematics
is very complicated and it's difficult, | don't like doing mathematics all the time', illustrating that he
was doing mathematics because of career opportunities associated with mathematics, and a negative
belief.

Like the other three learners, Fana's interview responses suggested that what peers and family
members said was related to his mathematical identity, for example when he also said that other lear-
ners believed that mathematics was difficult, an utterance likely to have influenced him to form a fragile
identity. Fana’s family influenced him into believing that mathematics was difficult as suggested by
saying ‘my family, they don't like mathematics because they say it's difficult’.

Discussion and Conclusion

In this section, we respond to the research question and make recommendations for areas of future
study. The four leamers presented in this study, two high and two low achievers, showed different
mathematical identities, and highlighted the contestations, contradictions and therefore complexities
associated with identities (Aydeniz & Hodge, 2011; Hall et al., 2018), and the challenge of describing
them. Interconnectedness between confidence, beliefs and persistence was evident. The two low
achievers showed largely fragile identities and chose not to follow careers that need mathematics
while one of the high achievers showed a modest identity. Both high achievers incorporated some
negative components of mathematical identities (Sfard & Prusak, 2005), showing that strategies for
developing the identities of high achievers are as necessary as they are for low achievers.

Some of the influences on the learners’ mathematical identities, revealed in the interviews were
pleasing others, gaining prestige and accessing career opportunities associated with mathematics,
adding nuance to our understanding of learners’ identities. The challenge of defining leamers” math-
ematical identities, was significant Peers, especially how they labelled each other and family
members, played an important role in how leamers formed their mathematical identities.
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The leamers’ mathematical identities were related to past and present experiences gained within
mathematics communities. We found that mathematical identity formation is a constant social nego-
tiation (McGee, 2015; Varelas et al., 2012), in that learners chose to allow or refuse their past or
present mathematical experiences to influence their identities. What peers and family members said
about mathematics and about the learmers, including the academic performance of peers, contributed
to learners’ mathematical identity formation. Peers had a largely negative influence on the learners’
mathematical identities. Leamers’ views about the usefulness of mathematics were limited to good
careers, gaining prestige and pleasing others. The interviews suggested that academic achievement
might be related to how a learner was seen by others, which was related to how the leamer saw her/
himself with respect to mathematics.

Drawing on the above findings, we argue that the issue of learners labelling each other deserves
more attention from researchers. Teaching strategies that show mathematics as creative (Boaler,
2013), useful for more than career opportunities and fun might contribute to improved engagement
and formation of more robust mathematical identities. Given that all leamers showed some elements
of robust and fragile identities, strategies aimed at improving and maintaining the mathematical iden-
tities towards and at a robust level are essential for high, average and low achievers. More studies
investigating the role of peers and family members on learners’ mathematical identities are necessary.
It is now time to focus on studies that attempt to conceptualise mathematical identities more clearly,
rather than alluding to the problem, if we are to get any closer to solving the challenges of mathematical
disengagement and underachievement.
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Abstract

Many researchers have tried to understand why some learners engage in and others
disengage from mathematics by exploring learners” mathematical identities. Signifi-
cant others (i.e., teachers, peers and family members) offer learners” different oppor-
tunities for mathematical identity support, but no study has explored their collective
role in supporting or constraining learners” identities. In this paper, we explore how
relationships between high school learners and different groups of significant others
shaped learners’ narrated mathematical identities. Fifty Grade 10 learners responded
to a mathematical identity gquestionnaire. After analysing the results of the guestion-
naire, s1x learners were purposively selected for a semi-structured interview, and the
interview data were analysed thematically. [dentities are described as robust-leaning,
mixed or fragile-leaning, depending on learners’ narrated confidence, persistence,
beliefs and sense of belonging to or exclusion from mathematics communities. Rela-
tionships with teachers, peers and family members are described as robust-enhancing
or fragile-enhancing, depending on the kind of identity encouraged by the rela-
tionships. The findings show that many learners narrated fragile-leaning identities,
and all the learners showed some robustness and fragility in their identities. The
more groups of significant others a learner developed robust-enhancing relationships
with, the more likely the learner narrated a robust-leaning identity. We argue that
understanding learners’ identities requires understanding their relationships with the
three different groups of significant others as a collective.
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Introduction

Repeated negative mathematical experiences have been linked to a decline in par-
ticipation and interest in mathematics, with many learners choosing not to pursue
mathematics as they move to higher grades (Darragh, 201 5; Grootenboer & Jorgensen,
2009; Spaull, 2013). Some resecarchers have argued that the abstract nature
of mathematics supports feelings among learners that mathematics is boring and is
only useful for career opportunities (Andersson et al., 2015; Boaler et al., 2000).
Learners’ disengagement from mathematics has led researchers to investigate learn-
ers’ mathematical identities and their relationships with mathematics, as a way of
trying to understand why some learners enjoy mathematics and others hate it (e.g.,
Darragh, 2015; Hall et al., 2018; Sfard & Prusak, 2005). Understanding how learn-
ers construct their mathematical identities may suggest strategies likely to encourage
more learners to enjoy and choose mathematics.

Mathematical identities are constructed in relation to others (Hall et al., 2018).
Significant others in learners’ lives (i.e., their teachers, peers and family members)
offer learners’ identity support which the learners can accept or reject (Gardee,
2019). Learners” mathematical identities are related to how they think their signifi-
cant others position them and how they are positioned by their significant others
(Hall et al., 2018).

A number of researchers have investigated the role of teachers in supporting
learners” identities and found that how teachers communicate with learners and how
they presenmt mathematics in class are linked to learmers” identities (e.g., Aydeniz
& Hodge., 2011; Gardee, 2019). Some researchers have explored the role of peers
and family members in how learners enact their identities and found that learners’
views of the expectations of their peers and family members support or constrain
their identities (e.g., Darragh, 2015; Hall et al., 2018; Zhang & Wang, 2021). Previ-
ous studies have tended to focus on the role of each group of significant others sepa-
rately, and the extent of the collective role played by significant others in affording
learners’ identities has not been investigated. We therefore explored relationships
between learners and three different groups of significant others: teachers, peers and
family members, and how these relationships afforded learners’ narrated identities.
The following research questions guided the study:

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

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?

In the next section, we outline our perspective on mathematical identities, fol-
lowed by a discussion of research focusing on how significant others support learn-
ers’ mathematical identities.
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Learners’ mathematical identities and relationships between learners
and their significant others

Identity is a social construct strongly linked to a person’s interactional experiences
with others. Specifically, learners” mathematical identities are shaped by their inter-
actions with their teachers, peers and families in mathematics classrooms and after-
school and home communities.

Learners’ mathematical identities

Many researchers do not precisely state what identity is and how it can be empiri-
cally studied. Identity has been difficult to define and operationalise (Fellus, 2019;
Graven & Heyd-Metzuyanim, 2019; Ntow & Adler, 2019). Wenger's (1998) social
practice theory places identity as central to practice and learning in communities of
practice. Identity is therefore enacted in community with others (see also Darragh,
2016). Sfard and Prusak (2005) argue that identity is discursive and thus is produced
as we narrate ourselves to ourselves and others (see also Bishop, 2012). These two
seemingly contrasting positions, that identity can be enacted or narrated, are inti-
mately interrelated because our actions are never separate from our discourse. Marks
and O"Mahoney (2014) argue that identity is composed of personal identity, which
is a view of the self, and social identity, which is how a person relates to the collec-
tive. Investigating both personal and social identities contributes to understanding
identity since personal identity is supported or constrained by the social identities
made available by society (Marks & O'Mahoney, 2014), and social identities are
supported or constrained by the personal identity that a person enacts or narrates.

McGee (2015) argues that a learner's identity can be robust or fragile, depend-
ing on how the learner deals with persistent negative mathematical experiences. A
learner with a robust identity is self-motivated to persist with mathematics despite
persistent negative mathematical experiences, which means that their persistence
with mathematics is intrinsically motivated, showing a strong relationship with
mathematics. A learner with a fragile identity may not like mathematics but may
persist with the subject to please others, which means that their persistence with
mathematics is extrinsically motivated, showing a delicate relationship with mathe-
matics (McGee, 2015). Intrinsically motivated persistence is motivated by a personal
desire to conguer challenging activities, while extrinsically motivated persistence is
motivated by external factors such as career opportunities, rewards or punishment or
trying to please other people (McGee, 2015; Woolfolk, 2010).

We define mathematical identities. be they enacted or narrated, as composed of
personal and social identities, which can be robust or fragile. Four different possible
combinations of personal and social identities are suggested: robust personal and
social identities, fragile personal and social identities, robust personal identities and
fragile social identities and fragile personal identities and robust social identities.

Different researchers focus on different indicators of identities. Sabbah and
Heyd-Metzuyanim (2019) focused on ethnicity and religion, Bishop (2012) focused
on beliefs and persistence, Darragh (2013) focused on confidence and a sense of
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belonging to mathematics communities and McGee (2015) focused on race and per-
sistence. Researchers who want to understand the identities of populations focus on
indicators specific to groups of people (e.g., Sabbah & Heyd-Metzuyanim, 2019},
while those who want to understand identities at a personal level focus on indicators
specific to individuals (e.g.. Bishop, 2012). Some researchers focus on both sets of
indicators (e.g., McGee, 2015).

Similarly to McGee (2015). we wanted to understand identities at both a social
and personal level so we focused on confidence, persistence, beliefs about math-
ematics and a sense of belonging to or exclusion from mathematics communities.
Confidence is a person’s trust in their mathematical responses (Sander & Sanders,
2009). Persistence is not giving up when solving mathematical problems and pur-
suing mathematics despite facing challenges (Sutherland et al., 2013). Beliefs are
personal views about mathematics formed by past experiences (Eleftherios & Theo-
dosios, 2007). A sense of belonging is a feeling of being a member of a community
of mathematics practice (Wenger, 1998), while a sense of exclusion is a feeling of
not being a member of a community of mathematics practice. Confidence, persis-
tence and beliefs are personal characteristics and are therefore indicators of personal
identities. while a sense of belonging or exclusion shows how a person relates to the
collective and is an indicator of social identities. Since personal and social identities
are mutually constitutive (Gardee, 2019; Marks & O'Mahoney, 2014), and no indi-
cator of identity operates in isolation from the other indicators (Fellus, 2019), all of
the indicators influence each other.

McGee (2015) focused on a single indicator of personal identity. persistence, and
a single indicator of social identity, race, and distinguished learners” overall identi-
ties as robust or fragile. For a deeper understanding of identity, we focus on three
indicators of personal identity and a single but more encompassing indicator of
social identity, a sense of belonging. We also make further distinctions in relation to
robust and fragile identities, which will be discussed below.

Learners” mathematical identities and significant others

Goos and Bennison (2019) argue that a person’s identity is constructed across differ-
ent mathematics communities. suggesting that understanding how these communi-
ties help produce identities will help us understand learners’ identities. While some
studies have focused on how relationships between learners and teachers afford
learners” identities {(e.g., Avdeniz & Hodge, 201 1; Boaler et al., 2000; Gardee. 20019;
Gardee & Brodie, 2022; Grootenboer, 201 3), others have focused on how relation-
ships between learners and peers or learners and family members afford learners’
identities (e.g.. Heyd-Metzuyanim & Sfard, 2012; Sfard & Prusak, 2005; Turner
et al., 2013; Zhang & Wang, 2021). We could not find any study that focused on
how relationships between learners and the three different groups of significant oth-
ers: teachers, peers and family members, support learners” identities.

Many learners find mathematics unappealing because they view the subject
as dealing only with numbers rather than with ways of thinking (Epstein et al.,
20100, suggesting fragilities in identities related to how mathematics is presented
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by teachers. Some learners pursue mathematics for career opportunities and not for
enjoyment, attributing this fragile position to the abstract nature of mathematics
(Andersson et al., 2015; Aydeniz & Hodge, 2011; Boaler et al., 2000). If teachers
teach mathematics for deep understanding, for example, by encouraging classroom
discussion and showing learners that mathematics is about making connections
between ideas, then learners” mathematical experiences may shift positively (Anderson
et al., 2018; Andersson et al.,, 2015; Boaler et al., 2018; Cnbbs et al., 2020),
leading to the creation of more robust identities. Grootenboer (2013) found that
teachers who exposed learners to tasks with multiple solutions or solution pathways
supported robust identities. He also found that some teachers were quick to assist
learners, which he argued robs learners of the opportunity to develop robust identi-
ties. He argued that teachers need to be skilled in finding a balance between protect-
ing learners’ identities and allowing learners to struggle with challenging problems
if learners are to develop more robust identities.

Teachers' social relationships with learners can also support learners’ mathemati-
cal identities (Forster, 2000; Gardee, 2019, 2021; Gardee & Brodie, 2022; Noren,
2011). Teachers who relate to their learners with care, concern and thoughtfulness,
attend to learners’ emotions and treat learners with respect and courtesy support
learners” identities (Grootenboer, 2013). A teacher’s explanation to a learner that
it is normal and necessary to struggle to understand mathematics can reduce the
learner's fears of mathematics (Braathe & Solomon, 2015), supporting the learner’s
identity. Some teachers label learners as good or weak at mathematics and believe
that these are characteristics inherent in the learners (Gardee, 2019), contributing
to the enactment of robust or fragile identities. In a follow-up paper, Gardee (2021)
argued further that if teachers offer learners similar opportunities to participate in
class irrespective of their abilities then the learners are more likely to develop more
robust identities. Some teachers still publicly compare learners with each other, and
this constrains many learners’” identities, because of feeling embarrassed and inad-
equate {Grootenboer, 201 3).

Many learners are pressured to pursue mathematics by their parents, and some
are discouraged from pursuing the subject by their peers, which constrains the learn-
ers’ identities (Gweshe & Brodie, 2019; Hall et al., 2018; McGee, 2015). Gardee
and Brodie (2023) showed that a learner can be offered an identity of high, equal or
low status by a peer and can construct their identity by affiliating with or resisting
the offered identity. Gardee and Brodie (2023) argued that the kind of identity that
a learner offers and constructs when working with others depends on the learner’s
personal and social identities.

Heyd-Metzuyanim and Sfard (2012) argued that if learners are not guided by
their teacher, they may negatively influence each other’s identities showing the
importance of the collective role of teachers and peers in affording learners” identi-
ties. In another study, teachers facilitated class discussions in which peers attended
to the explanations of problem-solving strategies of other learners. The peers were
allowed to disagree with a learner’s explanation but not in ways that positioned the
learner as not capable of contributing to a group’s discussion (Turner et al., 2013), a
response usually offered to other learners by peers that constrain identities. Instead,
the teachers encouraged peers to request clarifications and justifications in ways that
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helped each other feel capable of contributing to the discussion (Turner et al., 2013).
Langer-Osuna et al. (2020) found that learners who work on a task without guidance
from the teacher can dominate the discussion by giving commands and ideas, which
affects participation patterns and identity development. They arzued that teachers
need to teach learners how to give each other opportunities to participate fully in
a group. The studies by Heyd-Metzuyanim and Sfard (2012), Langer-Osuna et al.
(2020) and Turner et al. (2013) showed that peers usually constrain each other’s
identities, but if they receive proper guidance from their teachers, they can support
each other’s identities, strengthening the idea that teachers and peers can collectively
support learners’ identities.

Several researchers have found that family members can support or constrain
learners” identities. Sfard and Prusak (2005) found that if parents’ eduocational
expectations for their children are accompanied by family support rather than pres-
sure, then learners can develop robust identities. If parents speak positively about
mathematics, then their children will believe them, aim to meet the parents’ edu-
cational expectations and develop more robust identities (McGee & Martin, 2011).
Learners with parents who have high educational expectations are likely to develop
more positive beliefs about mathematics than learners with parents who have low
educational expectations (Zhang & Wang, 2021). Parents who praise their children
when successful and encourage them when struggling, support their children’s iden-
tities (Cunningham, 2021). Showing children the usefulness of mathematics outside
of school and telling children stories of people similar to them who pursued math-
ematics and became successful in life support the children’s identities (Cunningham,
2021). The collective role played by parents and teachers in supporting learners’
identities was suggested when a learner frequently referenced her parents” and teach-
ers’ educational expectations, which she embodied and tried to meet, leading to the
development of a robust identity (Hall et al., 2018).

The research reviewed here has shown that teachers, peers and family members
support or constrain learners” mathematical identities. Despite the importance of
these three groups of significant others for learners’” identities, and some Investiga-
tions into the collective role of two groups, no study has attempted to explore the
collective role of all three groups in affording learners’ identities.

Conceptual framework

Learners’ personal and social identities are constructed through interaction with
their teachers, peers and family members in mathematics classes, and after-school
and home communities. Significant others in these communities offer learners dif-
ferent opportunities for identity support which the learners accept or reject, leading
to the construction of different identities (Aydeniz & Hodge, 2011; Epstein et al.,
2010; Gardee, 2019; McGee, 2015).

Identities can be robust or fragile (McGee, 2015) and are fluid (Bishop, 2012), so
they can be constituted by different mixes of robustness and fragility. In this study,
we consider a range of identities—from robust-leaning identities, those constituted
by more robustness than fragility, through mixed identities. those constituted by
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___ SIGNIFICANT OTHERS IN MATHEMATICS COMMUNITIES
! Classroom: | i Afterschool: | Home
! Teacher; Peers | | Peers | Family
MATHEMATICAL IDENTITIES
PERSOMAL IDENTITY
Robust-leaning Mined Fragile-leaning
Ruobust- Fonhesr-teaning Mixed personal Fragile-leaning
leaning persanal and social fcleniiny and personal ideniny
fdenriny robusi-leaning aecd Fobusi-leamning
social identity sacial identity
SOCIAL Mixed Fobwesi-deaning Mixed personal Fragile-leaning
IDENTITY personal identity and sacial identity personal idewtity
and mived social aned mived social
idenity ideniiny
Fragile- Fohysr-teaning Mixed personal Fragile-leaning
leaning personal Tdeniiny foleniiny and personal and social
e frogrile-Teaming Sragile-Teaning ideniity
social identity social identity

Fig. 1 A framework for learners” identities

relatively equal mixes of robustness and fragility and to fragile-leaning identities,
those constituted by more fragility than robustness. Since a person’s identity is con-
stituted by personal and social identities (Marks & O'Mahoney, 2014), their per-
sonal identity can be robust-leaning, mixed or fragile-leaning, and so can their social
identity. The three kinds of personal identities and three kinds of social identities
suggest that learners can construct nine different possible combinations of personal
and social identities.

Figure | presents a framework showing relationships between learners’ signifi-
cant others and learners’ personal and social identities.

Method

As we argued above, identities can be enacted or narrated. In this study, we focus
only on narrated identities. The focus of this study was to understand how relation-
ships between learners and their significant others as narrated by learners afforded
learners” narrated personal and social identities. A gualitative research design within
an interpretive paradigm was adopted (Lodico et al., 2010) because the focus was
on learners’ socially constructed realities, and data were analysed to show how the
learners imterpreted their and others’ thoughts, actions and feelings (McMillan &
Schumacher, 200107).

Permission to conduct the study was granted by the university’s ethics committee.
The participating high school was selected because of its convenience. The schoaol
is a township school similar to many other South African schools that learners from
low socio-economic households attend. Parents do not pay school fees and learners
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Table 1 Questions assigned to cach indicator and total possible scores

Indicator Moo of Total possible Example of a question
questions sOOre

Confidence 4 20 (4= 5] I am confident in maths

Perzsisience 4 24 =5) In maths, when faced with a hard problem 1
continue trying until T get it

Belisfs 5 25(5=5) Ability in maths increases when one studies hard

Sense of belonging 3 15 (3=5) In maths, my contributions are valued

are given free lunch, textbooks and stationery. The provincial department of educa-
tion and the school principal permitted us to conduct the research at the school. All
learners and their parents gave consent for learners’ participation in the study.

Sample, instruments and data collection

Fifty out of 328 Grade 10 learners volunteered to take part in the study and were
assured of confidentiality and anonymity. For ethical reasons, we could only work
with the 50 volunteers, which we did not consider to be a setback since the purpose
of the study was to understand relationships rather than to generalise findings. The
50 learners responded to a 16-item mathematical identity questionnaire using a Lik-
ert scale, and after analysing the guestionnaire responses, we selected some of the
learners to participate in a semi-structured interview about their identities and their
relationships with significant others. The guestionnaire and interview schedules
were piloted at a similar school during the previous year, and some changes were
made to the instruments, for example, simplifying the language in the questionnaire.
Items in the guestionnaire and semi-structured interview were adapted from previ-
ous studies investigating learners’ identities (e.g., Bishop, 2012; Darragh, 2015).

The purpose of the questionnaire was twofold: to gain an overview of the fifty
learners” narrated identities and to help us purposively select learners for the semi-
structured interview. The questionnaire consisted of 13 guestions asking learners
about their personal identities (i.e.. confidence, persistence and beliefs) and 3 gues-
tions about their social identities (i.e., sense of belonging). Questionnaire responses
ranged from strongly agree, scored as 5, to strongly disagree, scored as 1. The gques-
tionnaire was answered after school, and learners ticked their responses on paper
using pencils or pens.

A total personal identity score was caleulated by adding together the scores for
confidence, persistence and beliefs. A learner’s sense of belonging score was their
social identity score. Although identities are far more complex than such quantifica-
tion allows, this was the best way to get an overview from a number of learners, and
we found that the guestionnaire data were confirmed in the interviews.

Table | shows the indicators of learners” narrated identities, the number of ques-
tions asked. the total possible score and an example of a question for each indicator.
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Table 2 shows the nine possible identity groups (see also Fig. 1). Four out of the
9 identity groups were observed in the data (as will be discussed later in the paper).
These are cells 1, 5, 8, and 9 (as in italics).

We intended to select two learners from each of the four identity groups observed
in the data to participate in a semi-structured interview. The two learners narrating
robust-leaning personal and social identities, Rose and Ben (all names are pseudo-
nyms ), agreed to participate in the interview. None of the learners narrating mixed
personal and social identities or mixed personal identities and fragile-leaning social
identities {cells 5 and 8 in Table 2} agreed to participate in the interview. Since many
of the learners had narrated fragile-leaning personal and social identities (cell 9 in
Table 2}, we felt that it was reasonable to select four learners from cell 9: Kelly, Neo,
Tom and Cindy. The purpose of the interview was twofold: to understand the learn-
ers’ narrated identities more deeply and to understand the relationships between the
learners” significant others and the learners’ narrated identities, from the learners’
perspectives.

Individual interviews were conducted after school in the learners” classrooms.
The interviews lasted for about 40 min each, and they were audio-recorded and tran-
scribed. Before conducting the interview, learners were put at ease regarding the
purpose of the interview and informed that no one except the researcher would see
their responses, and their responses would not affect their school results. They were
asked to answer honestly and told that they could choose not to answer any guestion.
Some examples of the interview guestions were:

How do you see yourself as a maths learner?

Please tell me about how you relate with your teacher in maths.
How do you relate with other learners in maths in your class?
What does your family say about you as a maths learner?

Data analysis
The guestionnaire

Since we had 13 questions asking learners about their personal identities and each
question’s score ranged from 5 =strongly agree to | =strongly disagree, we con-
sidered the minimum total score indicating robustness in personal identities to be
13x4=52 and the maximum to be 13x5=65. 50, learners in the personal identity
score range of 52-65 were considered having more robustness than fragility in their
personal identities and were therefore narrating robust-leaning personal identities.
The score range indicating fragile-leaning personal identities was from 13x1=13
to 132 =26, suggesting more fragility than robustness in personal identities. Total
personal identity scores of 27-51 indicated relatively equal mixes of robusiness and
fragility in personal identities, and learners in this score range were considered nar-
rating mixed personal identities. Learners in the social identity score range of 12-15
were considered narrating robust-leaning social identities. The score range indicat-
ing fragile-leaning social identities was 36, while social identity scores of 7-11
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Table3 Score ranges for

narrated identitics Idemtity Score range

Personal identity

Robust-leaning 5265

Mlizeed 27-51

Fragile-lcaning 13-26
Social identity

Robust-leaning 12-15

Mlicwed T-11

Fragile-leaning 36

indicated mixed social identities. Table 3 shows the score ranges indicating the dif-
ferent learners’ personal and social identities.

The interview

The learners’ interview responses were thematically analysed, and the coding pro-
cess took place in two stages. First, to understand learners” narrated identities,
we coded for responses indicating confidence, persistence, beliefs and a sense of
belonging to mathematics communities. Second, we coded for responses indicat-
ing relationships between learners and significant others. Two kinds of relationships
were considered: robust-enhancing relationships, which encouraged the narration of
robust-leaning personal and social identities; and fragile-enhancing relationships,
which encouraged the narration of fragile-leaning personal and social identities.
Table 4 shows the codes for relationships between learners and significant others,
code descriptors and examples of learner quotes. The codes in Table 4 are pre-
determined codes drawn from the literature. The reported codes are not exhaustive since
codes considered insignificant in relation to the study were left out.

Findings
All of the learners” narrated identities were constituted by some robustness and fra-

gility. Relationships between learners and their significant others collectively sup-
ported or constrained learners” narrated identities.

Learners’ narrated identities
The questionnaire
Table 5 shows the nine different possible combinations of learners’ personal and

social identities and the learners who narrated each identity combination. Four out
of the nine possible combinations were seen in our data and five were not.
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Tabled Seclected leamers’ identity scores

Identity Learner code  Confidence Persistence  Beliefs Personal Social
20 (200 (25) identity (65)  identity
(15}
Robust-leaning Rose (L26) 15 17 23 56 14
personaland g, ) 50) 18 18 23 59 15
social identi-

ties

Fragile-leaning Kelly (L7} 5 8 E 22 5
personal and g0 o7 13 6 7 9 22 5
ﬁ'ﬂ Wenti- o (L28) 5 5 & 16 4

Cindy (L2) 9 7 8 24 4

The majority of learners in the study were in cell 9, with some in cells 5 and 8
and two in cell 1. Each learner’s personal and social identity score combination fits
into one of the nine cells allowing for the differentiation of the learners’ identities
(see also in the Appendix). All the learners showed different mixes of robustness
and fragility in their narrated identities suggesting that identities are narrated along a
continuum. For example, L42 in cell § and L22 in cell 9, respectively, had personal
identity scores of 27 and 26 and social identity scores of 6 each.

Six learners were selected for the semi-structured interview based on the gues-
tionnaire data. They were Rose (L26) and Ben (L50), narrating robust-leaning per-
sonal and social identities, and Kelly (L7), Neo (L18), Tom (L28) and Cindy (L2},
narrating fragile-leaning personal and social identities (Table 6). Findings from the
interview, which we discuss in the next section. confirmed these six learners’ nar-
rated identities from the questionnaire.

The interview

Robust-leaning personal and social identities The interviews showed that Ben
and Rose narrated robust-leaning personal and social identities. The two learners
described their mathematical experiences as follows:

Ben: I'm very good at maths because there is nothing that I think I'm unable
to do. I'm willing to do more work and [ put much effort into maths that 1
never believed I could because it seems like a fun subject. My teacher has been
teaching me since last year so he understands how 1 do things. Maths is useful
except for doing classwork.

Fose: Maths increases my confidence, when I get a sum right [ want to do
another one. 1 find it [maths] interesting because sometimes we just say maths
is difficult and we find something right and we laugh in class. You can even do
it [maths] just for fun. We [peers] help each other because we know each other
from primary.
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These two learners trusted their mathematical capabilities, and the trust was linked
to past experiences with mathematics. Both learners suggested a personal desire to
pursue mathematics. Positive descriptions of previous experiences with mathemat-
ics by the two learners suggested positive beliefs about mathematics. The learners’
positive comments about mathematics, their teacher and peers indicated a sense of
belonging to their classroom mathematics community and the narration of robust-
leaning social identities. Ben's negative views of classwork suggested that learners
narrating robust-leaning personal and social identities can show some fragility in
their narrated identities.

Fragile-leaning personal and social identities The interviews showed that Kelly,
Tom, Neo and Cindy narrated fragile-leaning personal and social identities. Kelly,
Tom and Neo described their mathematical experiences as follows:

Kelly: Sometimes I feel that I can’t do maths but I work hard because I want to
make my teacher proud. [ feel like my teacher doesn’t know me very well, he
doesn't talk to me that much. My mind says maths is boring and difficult.
Tom: I'm not so good at maths. [ don’t think I will pass maths this term, even
if I try it"s just hard. My family says that [ can’t do anything without maths so
I have to put in the effort, but maths is a hard and horrible subject that can’t be
conquered. [ don't talk with other learners that much, 1 believe I'm an intro-
vert.

Meo: 1 don't think I'm good at maths because I failed last vear. Some [peers]
say [ won't make it, and it discourages me. I'm the only one with Grade 10 in
my family and [ feel that I have to carry on doing maths and make my parents
proud.

These learners” comments showed that they had low confidence in mathematics.
External factors. such as teachers and family members, influenced the learners to
pursue mathematics, suggesting the narration of extrinsically motivated persistence.
The learners’ past experiences with mathematics were unpleasant for them. possibly
leading to the development of negative beliefs about mathematics. The learners sug-
gested that they did not feel a connection with other members of their classroom
mathematics communities, indicating a sense of exclusion from their classroom
mathematics communities. Tom constantly described mathematics as a subject that
could not be “congquered”. which meant that for him. mathematics could not be
understood.

Cindy’'s narrative did not indicate low confidence but it indicated extrinsically
motivated participation:

Cindy: 1 participate because | look forward to succeeding and making a for-
tune. If maths is not needed for jobs [ won't focus on it, I will focus on the
job. My family says I can’™t go anywhere without maths so 1 try by all means
to practice and love maths. I can say that maths is difficult, that's why I dont
compromise on my time for maths. Other learners are selfish, they don't share
what they know with me but I share everything with them.
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Table ¥ Robust-enhancing relationships related to teacher pedagogy
Learner  Teacher pedagogy

Ruose He encourages us to try harder and not leave a problem incomplete. Sometimes 1 get it right
and that makes me feel that [ can be an achiever. When we don’t get it he helps us. [ would
say I'm improving and gaining conhdence because of my teacher

Ben He gives clues and explains things a hittle bat further and that makes me put in effort. He
praiscs me and that strengthens me to do more challenging problems

Moo If I don't know a sum, my teacher gives me examples so that [ can understand. It helps me to
try harder. He says maths is easy if you practice. [t makes me think that [ have to try harder
because when I iry | find new ways of solving problems. If he can do it then 1 can also do it

Cindy's participation was motivated by a desire to get a well-paying job, and her
persistence was motivated by family pressure. Since extrinsically motivated persis-
tence contributes to fragility in identity (McGee, 2015), we argue that extrinsically
motivated participation contributes to fragility in identity. Believing that mathemat-
ics was difficult influenced Cindy to put effort into mathematics, indicating persis-
tence motivated by negative beliefs about mathematics and fragility in her narrated
identity. Cindy felt a sense of exclusion from her classroom mathematics commu-
nity linked to not sharing ideas with her peers, indicating a narrated fragile-leaning
social identity.

Relationships between learners and their significant others

We wanted to understand the role of teachers, peers and family members in support-
ing or constraining learners’ narrated identities. In this section, we present learners’
narratives about their relationships with their different groups of significant others.
We do not have the significant others’ narratives about the learners.

Learner-teacher relationships

Three learners, Rose, Ben and Neo, had robust-enhancing relationships with their
teachers. Rose and Ben narrated robust-leaning personal and social identities while
Neo narrated fragile-leaning personal and social identities. The other three learners,
Kelly, Tom and Cindy. had fragile-enhancing relationships with their teachers, and
they narrated fragile-leaning personal and social identities. Rose, Ben, Kelly and
Cindy were taught by the same teacher, with Fose and Ben in the same class while
Kelly and Cindy were in another class.' Neo and Tom were in the same class and
were taught by a different teacher from the other four learners.

Robust-enhancing relationships with teachers Rose, Ben and Neo felt that their
teachers taught mathematics for understanding. The learners appreciated their

! Ability grouping was not practiced at the participating school.
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Table 8 Fragile-enhancing relationships related o teacher pedagogy
Learmer Teacher pedagogy

Kelly He tells us the method of solving a problem and we work on the problem. 1 don’t connect with
him most of the time. . _he doesn’t say much about me. He says maths is fun and challenging
but that makes me scared to face challenging problems

Cindy I fizel like most learners don't understand the teacher. I don’t share my methods with him
because he says it's not the right method. He tells us that if you practice you will understand
maths and if you love maths you will pass it 1 try to love it but it's difficult

Tom When the teacher teaches us it's boring, it's just equations and sums. He says maths is easy
if you work on it every day. It makes me think [ can do it bat most of the time 1 just think 1
can't do it

teachers” pedagogies, and their comments indicated that teachers’ pedagogies can
support or constrain learners” narrated confidence and persistence (Table 7).

The teachers allowed learners to struggle with problems, which encouraged the
leamners to “do more challenging problems™ and to feel successful. The teachers
explained and the learners felt supported by their teachers” pedagogies. Because
depth in teaching mathematics is related to positive beliefs about mathematics
(Boaler et al., 2018), we argue that these learners’ experiences of their teachers’
pedagogies strengthened their beliefs about mathematics. Neo's comment indi-
cated that teachers can act as learners’ role models.

Fragile-enhancing relationships with teachers Kelly and Cindy felt that their teacher
did not teach mathematics for understanding (Table 8). Tom felt that his teacher did
not assist him to like mathematics.

Kelly and Cindy felt that their teacher insisted on particular methods and did
not explain why and did not give learners a chance to ask guestions or give their
methods, which negatively affected their participation and sense of belonging to
their classroom mathematics community. Tom suggested that his teacher did not
change his teaching style, leading to boredom. Not teaching mathematics for deep
understanding leads to learners not understanding and developing negative beliefs
about mathematics (Boaler et al., 20018). The learners’ comments suggested that
telling learners that mathematics is fun or easy may not be sufficient to support
leamers" narrated identities.

Learner-peer relationships
Two learners, Rose and Ben, had robust-enhancing relationships with their peers,
and they narrated robust-leaning personal and social identities. Four learners,

Neo, Kelly, Tom and Cindy had fragile-enhancing relationships with their peers
and they narrated fragile-leaning personal and social identities.
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Table 8 Peer belicfs and responses

Learner Peer beliefs Feer responses

Rise (ther learners say that maths 15 hard. I find it When we are given homework we
interesting because somelimes we just say stay after school and help each
maths is difficult and we find something other, we don’t laugh at cach
right and laugh in class other. Some learners say I'm

gond at maths and 1t increases
my confidence, I try o work
harder and help other Kids

Een They say maths is difficult. I see that they We work together, sit in groups
don’t understand what they are saying and and share everything related to
what maths is maths. They praise and encour-

age me o do more and that
cnoourages me to help more
learners

Robust-enhancing relationships with peers Rose and Ben had good relation-
ships with their peers and resisted their peers’ negative beliefs about mathematics
(Table 9).

Rose and Ben's beliefs about mathematics were different from their peers” beliefs,
indicating different experiences with mathematics from their peers. For Rose, strug-
gling with a problem and eventually solving it was an interesting experience. Ben's
comment suggests that not understanding what mathematics is can contribute to
developing a negative view of mathematics.

Despite Rose and Ben's peers having negative beliefs about mathematics, they
worked together on homework. Rose and Ben were encouraged and praised by their
peers, which supported their narrated confidence, persistence and sense of belong-
ing to the classroom and after-school mathematics communities.

Fragile-enhancing relationships with peers Peers’ negative beliefs and attitudes
constrained MNeo, Kelly, Cindy and Tom’s narrated identities (Table 10). These
learners’ comments suggested that they did not believe in their mathematical capa-
bilities and they felt that their peers’ attitudes discouraged them from participating
in mathematical activities.

Peers’ megative beliefs about mathematics supported these learners’ negative
beliefs. The learners felt excluded from their classroom mathematics communities,
linked to being laughed at and made fun of when stuck on problems. The learners’
narrated confidence in and beliefs about mathematics were constrained.

Learner-family relationships
Two learners, Rose and Kelly, had robust-enhancing relationships with their fami-

lies. Rose narrated robust-leaning personal and social identities while Kelly narrated
fragile-leaning personal and social identities. Four learners, Neo, Tom, Cindy and
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Table 11 Supportive familics Le Family s ot

Rose Sometimes when [ get something
wrong I ory but my mom tells
mee that I'm good at maths. She
enCourages me mot to stop bt o
keep trying. Sometimes [ teach
hier some sums and that makes
mie feel that I'm growing up in
maths and should not quit

Kelly My tamily says they are prowd
of me and will still love me
whether 1 pass or fail. When
I get stuck on a problem my
brother helps me

Ben had fragile-enhancing relationships with their families. Neo, Tom and Cindy
narrated fragile-leaning personal and social identities while Ben narrated robust-
leaning personal and social identities.

Robust-enhancing relationships with family members Rose and Kelly felt that their
families supported them., which was robust-enhancing (Table 11). There were no
indications of family pressure from Rose or Kelly's responses.

Rose and Kelly's comments indicated that they were encouraged and helped
when struggling by their family members. Rose’s narrated persistence and confi-
dence were supported and related to a robust-enhancing learner-family relationship.

Fragile-enhancing relationships with family members Family members pressured
Neo, Tom and Cindy to pursue mathematics but offered little support (Table 12).
The sources of pressure were family members’ past experiences with mathematics
and the assumption that success in mathematics was a gateway to a better socio-
economic status. Family members’ past experiences with mathematics and their busy
schedules limited the amount of support given to the learners. Ben's family pres-
sured him not to pursue mathematics.

Meo, Tom and Cindy’s comments indicated that coming from a family that his-
torically did not study mathematics in the higher grades and the assumption that
mathematics is a gateway to a better socio-economic status by family members
can contribute to a narrative of extrinsically motivated persistence in mathematics.
The learners felt that they were not being supported by their families, which was
fragile-enhancing.

Ben felt that he was not being supported in dealing with the challenges that
come with studying mathematics, which possibly constrained his narrated identity.
Ben's family did not support him and they pressured him not to pursue mathemat-
ics. Ben resisted this pressure, illustrating robustness in his narrated identity which
was supported by his teacher and peers, and indicated the collective role played by
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Table 13 Leamers” relationships

with significant others and their  ooeer__ Rese  Benm Neo  Kelly Cindy Tom

romrrstv] kentsties Teacher  RE RE RE FE FE FE
Peers RE RE FE FE FE FE
Family RE FE FE RE FE FE
Identity RL RL FL FL FL FL

RE robust-enhancing relationship, FE fragile-cnhancing relationship,
RL robust-leaning, FL fragile-leaning

significant others in supporting or constraining learners” narrated identities. Ben had
a fragile-enhancing relationship with his family but narrated robust-leaning personal
and social identities, suggesting that having a fragile-enhancing relationship with
only one group of significant others does not necessarily support the narration of
fragile-leaning personal and social identities.

Summary

Table 13 shows that Rose had robust-enhancing relationships with all three groups
of significant others while Ben had robust-enhancing relationships with two groups
of significant others, his teacher and peers. Rose and Ben narrated robust-leaning
personal and social identities. Neo and Kelly each had a robust-enhancing relation-
ship with one group of significant others, Neo with his teacher and Kelly with her
family. Tom and Cindy did not have robust-enhancing relationships with any of the
three groups of significant others. Neo, Kelly, Tom and Cindy narrated fragile-
leaning personal and social identities.

Discussion and conclusion

In discussing our findings, we address our two research questions. The first ques-
tion is as follows: What kinds of mathematical identities do high school learners
narrate? We found that while all the learners” narratives indicated some robustness
and fragility in identities, more than half of the learners narrated fragile-leaning per-
sonal and social identities. This study resonates with other studies that have found
that many learners enact fragile identities (Aydeniz & Hodge, 201 1; Bishop. 2012;
Epstein et al., 20010; Hall et al., 2018). The leamers’ narrated identities arose from
their experiences with mathematics and social interactions with their teachers, peers
and family members in different communities of mathematics practice.

The second research guestion is as follows: 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? Many
researchers have investigated the relationships between teachers and learners, peers
and learners and family members and learners separately, despite learners being in
constant interaction with all three groups of significant others {e.g., Boaler et al.,
2000; Gardee, 2019; McGee, 2015; MoGee & Martin, 201 1). We moved forward
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by trying to understand how these three groups of significant others afford learners’
narrated mathematical identities collectively. The findings showed that the relation-
ships between learners and their significant others, as narrated by the learners, were
either robust- or fragile-enhancing. Robust-enhancing relationships with at least
two groups of significant others supported the narration of robust-leaning personal
and social identities while fragile-enhancing relationships with at least two groups
of significant others supported the narration of fragile-leaning personal and social
identities.

Two learners, Rose and Ben. reported that they had robust-enhancing relation-
ships with their teacher and peers, and they narrated robust-leaning personal and
social identities. Three learners, Kelly, Cindy and Tom, reported that they had frag-
ile-enhancing relationships with their teacher and peers, and they narrated fragile-
leaning personal and social identities. This finding supports studies that have shown
that teachers can work with peers to support more robust identities (Heyd-Metzuyanim
& Sfard. 2012; Turner et al., 2013).

Peers’ and family members’ relationships with learners were usually fragile-
enhancing for the learners. This finding, coupled with the finding that more than
half of the learners narrated fragile-leaning personal and social identities, shows the
importance of peers and family members in supporting learners’ narrated identities.
Some peers supported each other by working together on homework and praising
each other. Ben was not supported and pressured to pursue mathematics by his fam-
ily, and he developed a fragile-enhancing relationship with the family.

Ben's case suggests that a learner can resist a fragile-enhancing relationship with
one group of significant others because of the support that they get from the other
two groups of significant others. Neo and Kelly's cases suggest that having a robust-
enhancing relationship with only one group of significant others may not be enough
to overcome the other fragile-enhancing relationships.

This study examines learners’ narrated identities by analysing learners” narratives
about their relationships with their teachers, peers and family members. Confidence,
persistence, beliefs and a sense of belonging to mathematics communities are part
of learmers’ narrated identities and are supported or constrained through the kinds
of relationships that learners develop with their teachers, peers and family members.
Teachers” pedagogies and peers’ and family members" experiences with mathemat-
ics are key to the kinds of relationships developed between learmners and these three
groups of significant others and therefore key to the kinds of identities that learners
narrate.

We recognise some limitations in our study. Our findings depend on our choice and
definitions of the indicators of identities and are based on a limited number of learners
at one school and from one grade. The fifty learners who volunteered to participate in
the study may have been more mathematically confident than those who did not volun-
teer. Future research may investigate other indicators or work with a larger sample and
several grades, providing a broader range of experiences and allowing for more general
results. Separating questionnaire scores indicating robustness and fragility in identity
led to learners with score differences of only one or two points located in different iden-
tity cells. However, this approach, of guantifying a qualitative construct and creating
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groups based on this guantification, did help to gain an overview of learners’ identities
based on their narrated personal and social identities.

We relied on the learners’ narrations of their interactions with their significant oth-
ers, and we did not observe the actual relationships. We did not interview significant
others about the learners, which could have added depth to our findings. Interviewing
the significant others about their personal and social mathematical identities might have
helped us to understand why they offered learners the social identities they offered.

Owr study is the first to try to understand the relationship between learners’ iden-
tities and learners’ relationships with their teachers, peers and family members as a
collective. The study shows that a deeper understanding of identity requires analysing
learners” collective relationships with the three groups of significant others, indicating
the importance of all three groups of significant others to learmers” identities. We have
broadened McoGee's (2015) definition of identity, which considers two identity indica-
tors and two identity groups. by considering four identity indicators and nine identity
groups. The collective role of significant others in identity and the broader definition of
identity can be used by educators and researchers to better understand the development
of learners” mathematical identities.

Appendix

Learners’ questionnaire scores and narrated identities

Cell number Identity Learmer Confidence  Persistence  Beliefs Persomal Social
code (200 (20 {25} identity identity
(B3} {15}
1 Raobust-leaning L26 15 17 24 56 14
personal and L5D 1% 18 23 59 15
social identi-
ties
5 Mixed personal L1 B 12 18 38 B
j‘:: wocial L19 8 10 19 37 8
Haentities L24 12 12 14 38 7
L3D 12 12 15 39 T
L4 B 12 158 38 9
H Mixed personal L3 13 il 9 28 4
identitics and L5 7 12 Q et 1 A
fragile-lcaning
¥
social identi- L12 12 10 T it 5
tes L27 9 7 11 7 5
L29 10y 9 B 7 5
L32 7 12 7 5
L37 B [1] x7 5
L42 B 10 x7 [}
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Cell number  Identity Learner Confidence Persistence  Beliefs Persomnal Saocial
code (20 (20} (25) identity  identity

(635) (15}
9 Fragile-leaning L2 @ 7 B 24 4
personal and g 4 6 6 9 21 5
:Tﬁml 1denti- L& 5 - , 32 6

LT 5 -] 9 2 5
Ly G 7 9 x2 4
LY -] ] 7 23 L]
L1 ] & 7 21 L]
L1l 7 7 6 a0 L]
L13 i 7 5 18 3
L14 -] i 9 ] 3
L15 G -] 7 21 L]
L16 il 7 5 18 5
L17 5 9 B 2 5
L1E G 7 9 x2 5
L2 -] 7 6 21 5
L21 4 9 7 i ] L]
L2 o -] 9 26 L]
L24 1 4 11 25 L]
L23 -] 11 6 25 L]
L2E 5 5 6 16 4
L31 -] o 9 26 L]
L33 ] 9 9 6 6
L34 <] 5 11 24 3
L35 11 ] 7 6 L]
L36 11 -] 7 6 5
L38 k] -] L] 6 L]
L39 -] ] 11 25 4
L4 -] i B 2 4
L41 k] o B 6 3
L43 7 -] 1] 5 L]
L45 7 7 7 21 5
L6 o -] 9 26 L]
LAT k] B B 15 6
L4E -] i 7 21 3
L4492 <] o L] 6 5

Acknowledgements We would like to thank Aarifah Gardee for her helpful ideas in the initial conceptu-

alisation of the paper.

Funding Open access funding provided by University of the Witwatersrand. Funding for this study was
provided by the National Rescarch Foundation. Opinlons expressed and conclusions arrived at are those

of the anthors and not necessanly attmbuted to the National Research Foundation.

@ Springer

64



942 L. C. Gweshe, K. Brodie

Data availability The data are available from the authors upon reasonable request and with the permis-
sion of the University of the Witwatersrand. Example from: hitps:/fdolorg/ DOC 107 51 3394023004 79-5.

Declarations

Consent to participate All participants and their parents consented that the participants would participate
in the siudy after having been assured of confidentiality and anonymity. Ethical clearance was granted by
the University of the Witwatersrand Ethics Committee. Protocol Mumber: 200 TECEOOSD.

Conflict of interest The authors declare no competing interests.

Open Access This article 15 licensed under a Creative Commons Adiribution 4.0 International License,
which permits usc, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original authon(s) and the source, provide a link to the Creative
Commons licence. and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commaons licence, unless indicated otherwise in a credit line
o the material. If material is not included in the article™s Creative Commaons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted wse, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this licence, visit httpo/fcreativecommons.org/
licenses byl 000

References

Anderson. B. K., Boaler, )., & Dieckmann. J. A (2013). Achieving elusive teacher change through chal-
lenging myths about learming: A blended approach. Edwcation Sciemces, 3(98). https2fdoi.org/10.
339 WeduwesciHOI009E

Andersson, A, Valero, P, & Meancy, T. (2015). 'l am [not always] a maths hater™: Shifting studenis”
rlentity narratives in context. Edwcanional diudies in Mathemarics, 90, 143-161. https2fdod.org/ 10
107/ 10649-015- 95 17-x

Aydeniz, M., & Hodge, L. L. (200 1). Identity: A complex structure for researching studenis” academic
behaviour in science and mathematics. Celtwral Studies of Education, &, 308-523. https:{doi.org/
L 1007 =1 1422-00 1-933 -9

Bishog, 1. P. (2012). *5he’s always been the smart one. 've abvays been the dumb one’™: Identities in the
mathematics classroom. Jowrnal for Research in Mathematics Educartion, 43(1), 34-74. hupihaww.
Jstororgfstable/hitps:Vdoi.org! 1595 ljresematheduc 4 3. 100034

Boaler, 1., Dieckmaan, J. AL, Pérez Nadez, G, Sun, L. K., & Williams, C. (2018). Changing studenis’
minds and achievement in mathematics: The impact of a free online student course. Frowfiers in
Educarion, 3{26). https:/dol.org/ 10 3380 Feduc 20018 00026

Boaler, 1., William, [0, & Zevenbergen, R. (2000). The construction of idenrity in secondary mathenai-
ics. Paper presented at the International Mathematics Education and Society Conference, Mon-
techaoros, 26—31 March.
Braathe, H. J., & Solomon, Y. (2015). Choosing mathematics: The narrative of the self as a site of agency.
Educarional Studies in Mathemaiics, 89, 151-166. hitps/doi.org/ 10, 1007/s 1 0649-00 4-9585-8
Cnbbs, 1., Hazari, Z., Sonneri, G., Sadler. P, & M. (2020). College siundents” mathematics-related carcer
intentions and high school mathematics pedagogy through the lens of identity. Mathemarics Educa-
tion Research Journal. hitps:#doi.org 10, VKT s 13 39900200003 1 9-w

Cunningham, J. A. (2021). *We made math!™: Black parcnts as a guide for supporiing black children’s
mathematical identitics. Journal of Urban Mathemartics Edwcarion, T4(1), 24—44. hitps2doi.org/10.
21423 jume-v 14 la4 14

Darragh, L. (201 3). Constructing confidence and identities of belonging in mathematics at the transition
to sccondary school. Research in Mathematics Educarion, 15(3). 215-229. hitps:/doiorg/10. 10300
14794802 2013 #3TTS

@ Springer

65



Learners’ mathematical identities: exploring relationships... 943

Darragh, L. (2015). Recognising ‘good at mathematics™: Using a performative lens for identity. Marh-
emaiics Education Research fowrnal, 27, 83—102. https2fdoiorg/ 10, 10075 1339401 4-01 20-0

Darragh, L. (2016}, ldentity research in mathematics education. Educarional Studies in Mathematics, 93,
19-33. hups:Mdodorg/ 100 1007/ 1H649-01 6-9696-5

Eleftherios, K., & Theodosios, Z. (2007). Students” beliefs and attitudes abowt studying and learning
mathematics. In Woo, 1. H., Lew, H. O, Park. K. 5. & Seo, D. Y. (Eds.). Proceaedings af ohe 3151
Conference of the International Group for the psyvchiology of mathematics education, 3, 97-104.
Seoul, South Korea: PME.

Epstein, I, Mendick, H., & Moreaw, M. (20100, Imagining the mathematician: Young people talking
about popular representations of maths. Discourse Stedies i the Culteral Politics of Educarion,
A1), 45-60. httpsdoiorg 10 10RO S96300M34654 19

Fellus, . 0. (2019). Connecting the dots: Toward a networked framework to conceptualizing iden-
tity in mathematics edocation. DM — The Tnternarional Jowenad on Mathemartics Education.
The Special Issue on ldeniity in Mathematics Education, 51, 445455, hitpsydoi org/ 100 1007/
s11858-019-01053-9

Forster, P. A (20000, Katie thought she couldn’t do it but now she knows she can. Educarional Studies
in Mathemarics, 43(3), 225242 htips:Adolorg/ 101023 AC 101 1903213430

Gardee. AL (20019). Social relationships between tcachers and learners, learners’ mathematical identi-
ties, and equity. African fowrnal of Research in Mathematics, Science and Technology Educa-
fion, 23(2), 233243 https:/fdoi.org/ 10, 10307181 17295 2019, 166264 1

Gardee., A. (2021). Relationships between teachers” practices and learners’ mathematical identities.
International fowrnal of Marhemarical Educarion in Science and Techmology, 52(3), 377-403.
hitps:/doi org/ 10 TOBMTOZ07393_ 201491 6ER403

Gardee. AL, & Brodie, K. (2022). Relationships between teachers’ interactions with learner errors and
learners” mathematical identities. Inrernarional Jowrnal of Science and Mathematics Educartion,
20, 193214 htips:fdoi.org! 10 K74 10763 -020-10142-1

Gardee, A & Brodie, K. {2023). A framework for analysing the relationships between peer interac-
tions and learners” mathematical identities: Accounting for personal and social identities. Eduwca-
tional Studies in Mathematics, 113, 443473 hups:/doi.org/ 10, 10075 1064 9-022- 10201 -0

Goos, M., & Bennison, A. (2019}, A zone theory approach to analysing identity formation in
mathematics education. ZIOM — The Internarional Jowrnal on Mathematics Educarion. The
Special fssue on IMdentity in Mathematics Educaftion, 31, 405-4138. htips:ffdoi.org/ 1010407/
s11H5H-015-1001-8

Graven, M., & Heyd-Metzuyanim, E. (Z001%). Mathematics identity research: The state of the ant
and fumre directions. ZDM — The International Jowrnal on Mathemarics Edwcation. The
Special fssue on IMdentity in Mathematics Educaftion, 31, 361-377. htips:ffdoi.org/ 10. 10407/
1 TH5H-019-01050-y

Grootcnboer, P (2013). The praxis of mathematics teaching: Developing mathematical identitics. Pedla-
gogy, Culiure & Sociery, 21(2), 321-342. hitps:/fdoiorg/10. 10801 468 1 366, 20127591 31

Grootenboer, P.. & Jorgensen., R, (2009, Towards a theory of identity and agency in coming to learn
mathematics. Ewrasia Jowrnal of Marhematics, Science & Techmology Edwcarion, 5(3), 255-266.
htpes:/dod.org 10, 1 297 Wejmstes 75277

Gweshe, L. C., & Brodie, K. (2019). High school learners” mathematical identitics. African Jowrnal of
Research in Mathemarics, Science and Techmology Education, 23(2), 254-262. https2fdoi.org/140.
IOBINVIEL 1 T295 2009 1662642

Hall, I.. Towers, 1., & Martin, L. C. {2013). Using [ poems to illuminate the complexity of students’
mathematical identities. Eduwcarniona Studies in Mathematics, 99, 181-196. hups:aww. jstororg!
stablef45 1 84656

Heyd-Metzuyanim, E., & Sfard, A. (2012}, Identity struggle in the mathematics classroom: On learning
mathematics as an interplay of mathematising and identifying. farermational Jowrnal of Edwcarional
Research, 51-52, 128-145. hups:/fdoiorg/ 1010168 gjer. 201112005

Langer-Osuna. J., Munson, 1., Gargroetzi, E., Williams, L, & Chavez, R, (2020). S0 what are we work-
ing on?”: How student authority relations shifi during collaborative mathematics activity. Edica-
ticwtal Studies in Mathemarics, 104, 333-349. httpsfdoi.org/ 10 TO0T /s DG S-020-(195962 - 3

Lodico, M. G_, Spaulding, . T., & Voecgtle, K. H. (2010} Methods in educational research: From theory
to practice. (24 &d.). John Wiley & Sons. Inc.

66



G444 L. C_ Gweshe, K. Brodie

Marks, A, & O'Mahoney, I. (2004). Rescarching identity: A critical realist approach. In P. K. Edwards,
J. " Mahoney, & 5. Vincent (Eds_), Siedving organizations wsing critical realism: A praciical guwide
(pp. 66—85). Oxford University Press.

McGee, E. Q. (2015). Robust and fragile mathematical wdentities: A framework for exploring racialised
experiences and high achievement among black college stwdents. Jourral for Research in Math-
ematics Education, 46(5), 599-625. https2doi.orgf10.5395 Lfresematheduc 4650599

McGee, E. O., & Martin, D. B. (2011). **You would not believe what 1 have to go through to prove my
intelleciual value!™ Sterectype management among academically successtul black mathematics and
engincening students. American Educational Research Journal, 48(6), 1347-1389. https:#dol.org!
103 POEANNZEI L2 1423972

McMillan, J. H., & Schumacher, 5. (20010). Research in edpcation: Evidence-based inguiry (Tth ed. ).
Pearson Education Inc.

Noren, E. (2011). Students” mathematical identity formation in a Swedish multlingual mathematics
classronm. Nondic Stedies in Mathematics Educarion, J16{1-2), 95-113.

Ntow, F. [, & Adler, J. {2019). ldentity resources and mathematics teaching identity: An exploratory
study. ZDM — The internarional Fournal on Mathemarics Education. The Special Tsswe on Tdentity
in Mathematics Edwcation, 51, 419432 hitps2doi.org/ 1010751 TESE-019-01025-2

Rabhah, 5., & Heyd-Metzuyanim, E. (20019). Agency and idensity of female Arab students enrering a rech-
nological university. Paper presented at the 11th Congress of the European Society for Research in
Mathematics Education, Lirecht, (6—10 Febrmuary.

Sander, P, & Sanders, Lo (2008]). Measuring academic behavioural confidence: The ABC scale revisited.
Studies in Higher Educanion., 34(1), 19-35. https2ifdoi.orgf 10, 1MOE07 507802457058

Sfard, AL & Prusak. A (2005). Telling identitics: In scarch of an analytic tool for investigating learning
as a culturally shaped acuvity. Educarional Researcher, 3443, 14-212. hupsy/doiorg/10.3 102/
O3 T E9X 0340001 4

Spaull, N. (2013). South Africa’s education crisis: The guality of educarion in South Africa T9%4-200 1.
Johannesburg: Centre for development and enterprise (CDE)L

Sutherland, .. Dienhart, A, & Turner. J. (20013} Responsive persisicnce part I1. Practices of postmod-
ern therapists. Jourmal of Marital and Family Therapy. hitps:ffidoiorg/IO11 1L 1752-0606. 2012,
334 x

Turner. E., Dominguez, H.. Maldonado, L., & Empson, 5. (20013). English lcarners’ parficipation in
mathematical discussion: Shifting positionings and dynamic identities. Jowrnal for Research in
Mathematics Edwcation, 44(1), 199-234. Equity Special Issue. hitps:Mdoiorg/ 10595 jresematheduc.
44, 1.0019%

Wenger., E. (1998). Communiries of practice. Learning, meaning, and idenriry. Cambridge University
Press.

Woolfolk, A (20010). Educational psyehology. (11" ed.). Pearson Education International.

Zhang, 5., & Wang. G. (2021). Different contributions of parental expectations and teacher™s behaviors
tor students” mathematics-related beliefs. In Vollstedt, M. (Ed.). Procesdings of the ICME- 14 Topic
Srudy Group I8 Students’ identity, morivation, and arfifede towards mathemartics and itx stedy.
Shanghai, China

Publisher's Note Springer MNature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

67
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mathematics club

4.1 Introduction
In this chapter | aimed to understandathematicaidentity as linke to produtive
disposition | considered confidence and persistencanih beliefsabout mathematicas
indicators of productiveisposition anexplored an afteschool mathematics club as an
intervention streegyfor positivelyinfluenang thelearnes tathematicaidentitiesdescribed
in chaptes 2 and 3which are usually largely fragile Wenger 6s (1998a theor
social practice that involves mutual engagement, meanaigng, a sense of belonging and
identity construction guided theesign andunning of the club.
Chapter 4 was the beginning of finding answers tdhhd research questiohasked
learnerdo compae how they learnedhathematicsn their regulamathematicglassrooms
and in the club. @mparisons included the kinds of probletinatlearners solved in the class
and cluband how they solved the problems, teadbdearner interactions and peerpeer
interactionsMany of thelearners liked that the cluielpedthem to understanshathematics
The | ear ne sdléarnthgirstoerclujgwhich thayenjoyed, wasn line with
Wengerdés (1998) four i nt ewhdedearnimge thecthsom mp on e n
which they did not enjoywas teachedominated The findings discussed in chapter 4 suggest
that c¢clubs can support | earnersd6 productive

identities.
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Learners’ productive dispositions:
The case of an after-school mathematics club

Abstract: Productive dispositions are an important yet neglected part of
mathematical proficiency developed through learners’ experiences with
mathematics, Mathematics clubs are usually intended to develop learn-
ers' mathematical proficiency through problem-solving and sense-making
activities in mathematics. In this paper, I explore learners' productive
dispositions in an after-school mathematics club that encourages learn-
ing in the forms of mutual engagement, meaning-making, belonging and
identity construction. The study employed a wualitative research design
with two data sources. First, club participants responded to five questions
about their expectations of and experiences in the club. Second, six learn-
ers volunteered to engage in a semi-structured interview so that I could
understand their experiences in the club more deeply. Results show that
many of the learners preferred challenging club activities solved through
discussions and in a friendly club environment rather than being given
notes and corrections in their regular mathematics classes. The learn-
ers felt that the club had helped them to understand mathematics and
that learning mathematics in the club was fun compared to learning
mathematics in their regular classes, These results go some way towards
explaining why learners tend to struggle with and not like mathematics.

1 Introduction

It is well known that many learners struggle with and do not like mathematics,
and researchers are trying to understand why this is the case. Strongly related

Key words: mathematics club; productive disposition.
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to learners’ struggles with and dislike of mathematics are their mathematical
experiences, particularly in their regular mathematics classrooms. Some re-
searchers have explored mathematics clubs as informal spaces for supporting
regular class learning and for developing learners’ interest in and engagement
with mathematics (e.g., Graven, 2012; Lampen & Brodie, 2020). The clubs
have been found to offer learners experiences with mathematics that are differ-
ent from regular classroom experiences by encouraging learners to relate their
everyday experiences and reasoning with their mathematical reasoning (Lam-
pen & Brodie, 2020), rather than the drill and practice often encouraged in
regular classrooms. Learners have said that clubs are fun and relaxing com-
pared to regular mathematics classes (Amit & Naaman, 2014; Brodie, 2022;
Graven, 2015; Papanastasiou & Bottiger, 2004).

Mathematical proficiency describes what is needed for learners to learn
mathematics successfully (Kilpatrick et al., 2001). Mathematical proficiency
involves five interconnected strands: conceptual understanding, procedural flu-
ency, strategic competence, adaptive reasoning and productive disposition (Kil-
patrick et al., 2001). The five strands are interconnected and are equally im-
portant for mathematical proficiency (Allsopp et al., 2017, Kilpatrick et al.,
2001), but researchers have focused on trying to understand the first four
strands such that little is known about the fifth strand - productive disposition
(Gilbert, 2014; Graven, 2012). An emphasis on passing examinations that mea-
sure learners’ procedural fluency and to some degree, conceptual understanding
arguably compels teachers to focus on procedural fluency (Brodie, 2017). Con-
ceptual understanding, strategic competence and adaptive reasoning are rarely
taught while productive disposition is completely neglected (Brodie, 2017).
So, researchers, examination bodies and teachers have not usually attended
to learners’ productive dispositions. Since the five strands are intertwined, it
means that ignoring any one of the strands compromises the development of
the other strands (Brodie, 2017). A growing number of researchers are now
trying to close this gap with the hope of understanding why many learners
are struggling with and do not like mathematics. Some researchers have tried
to understand how productive dispositions may be developed in mathematics
clubs (e.g., Brodie, 2022; Graven, 2012).

2 Productive Disposition
Productive disposition is the “tendency to see sense in mathematics, to per-

ceive it as both useful and worthwhile, to believe that steady effort in learn-
ing mathematics pays off, and to see oneself as an effective learner and doer
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of mathematics” (Kilpatrick et al., 2001, p. 131). Learners with developing
productive dispositions believe that with perseverance they can make sense
of mathematics (Kilpatrick et al., 2001). Learners’ confidence in and beliefs
about mathematics can contribute to productive dispositions, particularly if
they feel comfortable exploring challenging problems and sharing ideas (Kil-
patrick et al., 2001). So, productive disposition is about the affective aspects
of learning mathematics, which is key for the development of the other strands
of mathematical proficiency.

Learners' emotions contribute to their productive dispositions (Gilbert,
2014). Negative emotions such as anxiety, irritation and exhaustion influence
learners to lose focus when learning, which limits the development of their
productive dispositions (Gilbert, 2014). Since experiencing negative emotions
may be difficult to prevent, learners need to develop ways of managing negative
emotions. Frenzel et al. (2019) show that when learners are encouraged to talk
about and process their negative emotions, their levels of engagement with
mathematics are likely to increase. If learners experience positive emotions,
for example, feeling comfortable and happy, then they are likely to develop
productive dispositions.

Learners with developing productive dispositions focus on learning and
understanding rather than on performance (Gilbert, 2014) or task comple-
tion (Jansen, 2012). Such learners believe that confidence is not fixed but can
change and they have a feeling of autonomy (Jansen, 2012). The learners see
mathematics as interesting and they attribute their success in mathematics to
perseverance and understanding (Gilbert, 2014).

Drawing on the reviewed research, I chose the concept of productive dispo-
sition because when learners believe that effort leads to success, they are more
likely to persevere with challenges, make efforts leading to sense-making, and
see mathematics as worthwhile and interesting.

3 Mathematics clubs

After-school mathematics clubs, also called out-of-school programmes, extracur-
ricular activities or pull-out programmes, are voluntary and informal sup-
portive mathematics learning communities where learners engage in problem-
solving activities. Club sessions are mainly characterised by pair and small
group interactions facilitated by mentors who encourage all five strands of
mathematical proficiency, particularly strategic competence and adaptive rea-
soning (Lampen & Brodie, 2020). Not having formal tests creates less pressure
on learners to perform than in regular mathematics classes { Papanastasiou &
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Bottiger, 2004; Schlosser & Balzano, 2014), creating the opportunity for devel-
oping learners’ productive dispositions. Mathematics clubs convey messages to
learners that support perseverance and productive struggle, making mistakes,
doing challenging problems, making connections between ideas, justifying an-
swers and methods, and assisting others and sharing ideas (Boaler et al., 2018;
Brodie, 2022; Lampen & Brodie, 2020).

Some researchers argue that club tasks should be different from regular
class tasks but linked to the formal curriculum (e.g., Lampen & Brodie, 2020).
Tasks that ensure a feeling of success for all the learners while encouraging
everyone to reach new limits are encouraged (Brodie, 2022; Lampen & Brodie,
2020). The tasks are interesting and challenging and they encourage active
engagement and mathematical thinking (Brodie, 2022; Scholsser & Balzano,
2014). Learners can sometimes contribute to selecting the club tasks since this
has the potential to develop the learners’ sense of belonging to and ownership
of the club (Stott & Graven, 2013).

The majority of studies that [ found focused on after-school mathematics
clubs for Grade 2 to 9 learners and most of these studies have reported that
learners expressed positive views of learning in the clubs (e.g., Papanastasiou &
Bottiger, 2004; Prescott & Pressick-Kilborn, 2015; Schlosser & Balzano, 2014;
Sherman & Catapano, 2011). Grade 10, 11 and 12 learners' views of their
experiences of learning in after-school mathematics clubs are under-researched.
Darragh (2013) asks why learners who previously had positive relationships
with mathematics choose to give up on mathematics post-secondary schooling,.
Brodie (2022), who followed club learners from the time they were in Grade
8 until they reached Grade 10, found that clubs have the potential to develop
high school learners’ enjoyment of mathematics.

Clubs encourage learners to share, explain and justify their ideas as they
solve interesting and challenging problems, which is necessary for developing
their productive dispositions. Exploring club learners’ productive dispositions
may therefore suggest ways of dealing with learners’ struggles with and dislike
of mathematics. This paper focuses on a mathematics club developed for Grade
10 learners in a school near Johannesburg. I investigate: Does a mathematics
club offer learners conditions for developing their productive dispositions?

4 Conceptual framework
Wenger's (1998) theory of learning as social practice argues that learning occurs

as we participate in communities of practice, and involves four interconnected
components, which I discuss here in relation to learning mathematics:
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o Mutual engagement: Involves learners interacting with others and in the
process sharing mathematical ideas and negotiating meanings. The learn-
ers give and request help and they explain to and request explanations
from others. Agreeing and disagreeing is a part of mutual engagement.

» Meaning-making: Making sense of mathematical ideas by connecting
them into a structured network of ideas. Guided bv past and present
mathematical experiences gained through participating in communities
of mathematics practice, learners continually renegotiate the meanings
of old ideas while adding new ideas and they use these ideas to solve
problems.

o Belonging: A feeling of being a part of a mathematics community. The
three modes of belonging are engagement, imagination and alignment
(Wenger, 1998). Engagement, which should be mutual, is described above.
Imagination is about having images of what learning mathematics can
be. These images could be positive or negative. Alignment is about lin-
ing up with the norms and expectations of a community of mathematics
practice, making visible and broader contributions to the practice, for
example, when a learner indicates to the class how a particular problem-
solving strategy may be easier to use than another strategy.

o Identity construction: Changing how a person defines themself or is de-
fined by others in relation to mathematics. Learners’ mathematical iden-
tities are a negotiation of their past, present and anticipated experiences
of participating or not participating in communities of mathematics prac-
tice, their talk and actions, and their competence in mathematics.

Wenger’s four components guided the running of the club and the research.
The club involved a group of learners who participated in challenging math-
ematics activities to develop engagement, meaning-making and mathemati-
cal identities. Since learners with developing productive dispositions focus on
sense-making and need to feel comfortable enough to explore challenging prob-
lems and share ideas (Kilpatrick et al., 2001), Wenger's (1998) theory of learn-
ing as social practice was a suitable lens for understanding learners’ productive
dispositions as they participated in the club.

Drawing on Kilpatrick et al. (2001), I considered confidence and persever-
ance in and beliefs about mathematics as indicators of productive dispositions.
Confidence is trust in personal mathematical capabilities, for example, being
good at mathematics. Perseverance is not giving up on mathematics or math-
ematical problems despite facing challenges. Beliefs are views of mathematics,
for example, that mathematics makes sense or that it is useful. Figure 1 shows
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the possible relationships between a mathematics club and learners’ productive
dispositions.

MATHEMATICS CLUB
Mutual engagement

PRODUCTIVE DISPOSITION

1 : Confidence
Meaning-making = Perseverance
Belonging Beliefs

I[dentity construction

Figure 1. A Framework relating a mathematics club and productive disposition.

Learners are often unconfident in mathematics as they feel that they are
not good enough, they believe that mathematics is boring and if given the
chance, they disengage from mathematics (Aydeniz & Hodge, 2011; Bishop,
2012; Darragh, 2015). If a club offers learners opportunities to mutually en-
gage, they can make sense of mathematics and possibly develop confidence
in and positive beliefs about mathematics. The learners’ sense of belonging
to mathematics communities, which entails engaging with mathematics, imag-
ining themselves as effective learners and doers of mathematics and aligning
with the club’s principles and expectations, may develop. Belonging and iden-
tity construction are closely linked to learning (Darragh, 2013; Wenger, 1998).
Identity construction is linked to perseverance, which is linked to confidence
and beliefs (Bishop, 2012). So, if learners’ sense of belonging to a club devel-
ops then their mathematical identities will develop, and so will their productive
dispositions.

In summary, as learners learn mathematics they also learn what it is like
to be effective learners and doers of mathematics and may begin to see them-
selves as such. Learners’ mathematical experiences and participation patterns
in the club can contribute to their productive dispositions. A change in learn-
ers’ productive dispositions points to a change in how they mutually engage,
their sense-making and views of mathematics, their sense of belonging to math-
ematics communities and their mathematical identities.

5 Previous research on mathematics clubs and learn-
ers’ productive dispositions

Research on mathematics clubs has gained insights into how learners act and
interact when in a community of mathematics practice different from their
regular mathematics classes. The characteristics of mathematics clubs and the
definition of productive disposition suggest that clubs can offer conditions for
developing learners’ productive dispositions. In this section, I discuss themes
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that came out of previous research on mathematics clubs and learners’ pro-
ductive dispositions. Some studies focusing on mathematics clubs have shown
that clubs develop learners’ productive dispositions, while other studies have
focused on learners’ productive dispositions but not on clubs.

I found two studies focusing on mathematics clubs and learners’ productive
dispositions. Brodie (2022) found that club learners’ productive dispositions
improved and so did their school results, suggesting a possible relationship be-
tween after-school mathematics clubs, mathematics achievement and produc-
tive dispositions. Since school tests usually measure learners’ procedural flu-
ency, Brodie's (2022) finding supports Kilpatrick et al.’s (2001) argument that
the strands of mathematical proficiency are interconnected. The learners were
willing to learn from their mistakes rather than trying to avoid them (Brodie,
2022), indicating a possible link between beliefs about making mistakes and
productive dispositions. The club encouraged discussion and talking through
ideas, to deepen understanding, and learners attended the club from the time
they were in Grade 8 until they reached Grade 10 (Brodie, 2022). Graven
(2012) established a club for Grade 3 learners, intending to interrupt teacher-
dominated mathematics learning in regular mathematics classes. Learner-led
interactions in which learners allowed each other to contribute ideas and expla-
nations, and active engagement, were encouraged in the club. Graven (2012)
found that when learners believe that they should only do what is required
and do not feel free to explore and draw on their sense-making they are likely
to develop restricted productive dispositions.

Other studies showed that clubs can develop indicators of productive dispo-
sitions, such as confidence, perseverance and beliefs. Reporting about the same
club as in Graven (2012), Graven (2015) found that the club developed learn-
ers’ confidence in mathematics. Learners in Sherman and Catapano’s (2011)
club were in Grades 2 to 5 and they were more confident to take mathemat-
ics tests than non-club learners. Papanastasion and Bottiger's (2004) study
which involved Grade 5 to 8 learners found that learners who participated in
club games and contests experienced mathematical success and despite doing
well, the learners continued to want to do even better, indicating developing
perseverance in mathematics. In four studies attended by learners aged be-
tween 8 and 17 years, learners said that learning mathematics in clubs was
fun, particularly the club activities and informal environment, compared to
learning mathematics in their regular classes [ Amit & Naaman, 2014; Brodie,
2022; Graven, 2015; Papanastasiou & Bottiger, 2004), indicating that clubs
offer learners opportunities to strengthen positive beliefs about mathematics.

Some studies not focusing on clubs but on learners working in small groups
have explored conditions for developing learners’ productive dispositions. Gil-
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bert (2014), focusing on Grade 6-8 learners, found that learners who can: man-
age their emotions, are encouraged to reason and critique each other's rea-
soning, and believe that understanding mathematics is more important than
performance are likely to develop confidence in their mathematical competence
and positive beliefs about mathematics, for example, that mathematics is fun.
Such learners are not worried about being seen as incompetent in mathematics
by others (Gilbert, 2014), suggesting that they believe in the importance of
making mistakes in learning mathematics. Jansen (2012) interviewed Grade G
learners working in small groups and the learners’ comments indicated that
their productive dispositions were developed in an environment that encour-
aged independent thinking and taking ownership of learning. Encouraging con-
ceptual understanding and multiple strategies for solving problems and offering
strategic scaffolding that does not lower cognitive demand were found to con-
tribute to developing learners’ productive dispositions (Jansen, 2012).

In summary, mathematics clubs that offer learners opportunities to discuss
their ideas and explore alternative methods for solving problems can support
learners’ productive dispositions. Researchers have largely focused on clubs
attended by learners in Grades 2 to D and shown that clubs can improve learn-
ers’ confidence, perseverance and beliefs about mathematics. Small group work
that involves fun activities and encouraging mistakes, reasoning, independent
thinking and multiple strategies for solving problems have been shown to sup-
port learners’ productive dispositions.

6 Method

I wanted to understand learners’ productive dispositions from learners’ per-
spectives, so [ adopted a qualitative research design within an interpretive
paradigm. Several studies have explored learners’ productive dispositions from
the learners’ perspectives, for example, Jansen (2012) interviewed learners and
Graven (2012) asked learners to respond to written questions, in writing, My
interest was to describe characteristics of learners’ productive dispositions and
conditions for developing learners’ productive dispositions.

6.1 Sample, participant selection

The study is part of a larger research project focusing on a mathematics club

at a high school whose catchment area is low socio-economic status households
such that parents do not pay school fees and the government offers a nutrition

programme where learners receive free lunch every school day. The school had
328 Grade 10 learners enrolled and fifty of them wvolunteered to take part in
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the study and joined the club. I chose this school because it was where [ was
teaching and it was convenient for me to carry out my study there. Similar
to other schools, many of the learners at the school struggle and choose to
disengage from mathematics the moment they are given the chance to do so.
[ chose to work with Grade 10 learners because they had just chosen to do
mathematics instead of the alternative subject, mathematical literacy', but
this did not mean that they had strong productive dispositions since learners
often choose to pursue mathematics to please their teachers or families.

Ethical clearance was provided by the university’s ethics committee. The
provincial education department allowed me to carry out the study and the
school principal allowed me to talk to the Grade 10 learners about the study.
[ told the learners that I intended to set up a mathematics club at the school,
where they would learn mathematics differently from their regular classes, and
was asking them to join. I would also conduct a study on their participation
in the club and would ask them to respond to short written questions and
an interview about their experiences in the club. The learners were assured
of confidentiality and anonymity through learner consent letters, that all par-
ticipation was voluntary and that they could withdraw at any time. All the
learners who agreed to participate, and their parents, returned signed consent
forms.

6.2 The club

The club was established at a township? school located near Johannesburg that
enrols about 2500 learners from Grades 8 to 12 each year. The school is similar
to other township schools in that it is poorly resourced and many learners
struggle with and do not like mathematics. The club started with 50 Grade 10
learners, who gave consent to participate. For this reason, no learners joined
the club after it started. The club took place after school to avoid disrupting
the formal school activities.

I conducted a total of 18 club sessions, for one and a half hours each. The
total learner attendance per session varied from 25 to 50 learners (see Table
1, below). Some reasons for non-attendance included initial beliefs that the
club taught mathematical literacy® instead of mathematics, the weather, and
violent protests in the community around the school, such as the demand for

proper housing,.

'In South Africa, mathematical literacy is a subject that Grade 10, 11 and 12 learners
opt to take when they do not want to take mathematics,

In South Africa, townships are occupied hy people of low socio-economic status.

*IMathematical literacy draws heavily on real-life situations and is less abstract than
mathematics.
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Drawing on Lampen and Brodie (2020), I wanted the learners to experience
mathematical ideas learned or to be learned in regular classrooms differently
80 the club activities supported the formal curriculum, while not following
it. The activities encouraged using different strategies to support meaning-
making and to develop learners’ productive dispositions. Learners worked in
groups of three or four on problem-solving activities and they chose who to
work with. After solving a given question, groups created similar questions
for each other or they came to the front and presented their ideas to the
club. Explaining ideas did not necessarily have to be done using numbers, and
critiquing others’ ideas was encouraged. Persevering in challenging problems,
sharing ideas and representing thinking in different ways, for example, using
words, diagrams and tables, were encouraged in the club. When requested and
after seeing indications of productive struggle, club mentors offered assistance
but not solutions.

6.3 Instruments and data collection

Two data sources were drawn upon for this study: responses to written ques-
tions after club sessions, and a semi-structured interview with learners. Both
instruments aimed to understand changes, if any, in the learners’ productive
dispositions as they participated in the club and the conditions for developing
learners’ productive dispositions from the learners’ perspectives.

Written guestions

The learners were asked to respond to five short questions in writing at the
end of five club sessions, one question at the end of each session. The questions
asked the learners about their expectations of and experiences in the club
since these indicate learners’ productive dispositions, which were the focus of
the study. The questions were answered five minutes before the end of five
of the club sessions so that the learners would not have to rely on recalling
their club experiences when responding to the questions. The five sessions were
selected to have an even spread across 18 sessions:

(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?

(3) Do you want the club to continue next year? Why?
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Table 1 shows the session when each question was asked, the responses
received and the total number of attendees. Responding to the questions was
voluntary so not every learner who attended a session responded to the ques-
tion.

Question number
One Two Three' Four Five

Session number 3 G 12 15 18
Total responses received 22 14 6 15 26
Total attendance 29 42 47 25 27

Table 1. Session attendance and responses.

Semi-structured interview

Six learners representing the bigger sample, Tom, Ben, Neo, Rose, Cindy and
Kelly (all names are pseudonyms) volunteered to respond to a semi-structured
interview after participating in the club activities (For a detailed selection
process, see Gweshe & Brodie, 2023). Drawing on McMillan and Schumacher
(2010}, as a qualitative researcher, I considered every learner's word important
and contributing to deeply understanding productive disposition, so [ expected
the responses of the six learners to strengthen rather than nullify the findings
of the study. The purpose of the interview was to understand the learners’
productive dispositions (i.e., their confidence, perseverance and beliefs) and
conditions for developing learners’ productive dispositions more deeply.

The semi-structured interviews, which lasted for about 40 minutes and
were audio-recorded, were conducted after school in the learners’ classrooms.
Some of the interview questions were similar because [ wanted to determine
whether there would be consistency in the learners’ responses to the questions.
Examples of semi-structured interview questions are:

(1) Can you compare your days before and after joining the club?
(2) Would you consider continuing to attend the maths club?

(3) What have you learned in the club?

(4) What did you enjoy the most about the club?

"There were few responses to question 3 compared to the number of learners who attended
the session. During that session we spent more time on the activity than expected, due to
exciting discussions among learners, and there was little time left for the learners to respond
to the question. Most of the learners needed to leave to get home.
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6.4 Data analysis
Written responses

The written responses were inductively coded. The procedure involved cycles
of carefully reading and highlighting words and phrases considered meaning-
ful in relation to learners’ productive dispositions. Similar words and phrases
were highlighted with the same colour, forming codes that were then grouped
into themes. Some of the words and phrases were repeatedly said by many of
the learners while others were not repeated but were considered significant.
Some codes were inferred from what the learners had written, for example,
confidence. Other codes were exact words written by the learners, for exam-
ple, understand. Drawing on the definition of productive disposition (Gilbert,
2014; Jansen, 2012; Kilpatrick et al., 2001), I considered these codes signifi-
cant for understanding productive disposition but acknowledge that learners’
understanding of the words may differ from mine. The leamners’ responses were
usually multidimensional such that more than one code could be assigned to a
response. Table 2 shows the codes that came out of the data and were signifi-
cant to the study, the meanings of the codes, examples of responses containing
the codes and the associated themes.

Themes Codes & meanings  Examples of responses
Lewmers’  Confidence: self-trust I'm now able to solve, interpret and
productive analyse problems.
dispositions  Perseverance: not giving It [maths] just needs practice and de-
up termination.
Beliefs: personal views  The maths club has helped me lnow
that maths isn’t difficult.
Lemmers’  Understand: know how It's [club] very useful and you get to
views of to solve problems understand, ask questions and get an
learning explanation more and more,
m the club  Solve challenging prob- I'm now able to tackle problems with-

lems: find solutions to
challenging problems
Share ideas: mutually en-

gage

Think:
ideas

come up with

out fear and doubt. Now I know that
[ can solve word problems.

In the club, we work together with other
children from other classes, so we learn
how to communicate and socialise with
others.

The club helps educate us more on what
we don't know... and ways of thinking
in maths. In the club, I can make up my
own method and it is correct.
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Additional learning time: Yes, the club has helped me to under-

more time to learn stand more than my teacher does be-
cause sometimes the time is so little
that he can’t explain everything.

Fun: enjoyable The club is more fun because we work
in pairs or groups and work with each
other.

Marks: test scores Yes, the maths club has helped me im-

prove my maths marks.

Belong: be a part of I like that the club is friendly.

Helps: assists The club has helped me and other
learners to communicate and under-
stand maths, Some things I now under-
stand because of the club.

Learners’ Learning in the class: In the class, there is less communica-
views of regular classroom learn- tion... only one method comes out.
learning in ing style

the closs

Table 2. Themes, assigned codes and examples of responses.

Semi-structured interview

The interview data were transcribed and thematically analysed. Since data
from the semi-structured interview were more substantive and could add depth
to data from the written responses, I conducted deductive and inductive coding.
Deductive coding involved assigning codes created from the analysis of the
written responses to the interview data. For inductive coding, | created new
codes as [ carefully read the interview data. Both deductive and inductive
coding were repeated multiple times, in the process, | adjusted the codes until
I was satisfied that they fit the data. Table 3 shows the assigned codes and
examples of learners’ quotes exemplifying the codes.

Codes Examples of guotes

Confidence [ think | will pass maths because I'm attending the club and starting
to see the importance of maths.

Persistence In the club, some posters emcournge us to earry on with maths.
I have learned that maths is all about moking connections and not
qiving up but trang to solve problems.

Beliefs I did not like to do mistakes but the club has tought me that in
maths you have to do mistakes, that’s the important part, you don't
have to fake perfection for you to do maths.

Shareideas We work together. ..

Helps It [club] helps me get a better understanding.
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Fun Maths can be done just for fun.

Solve In the club, we do challenging problems.

challenging

problems

Think In the club, we do chollenging problems and it helps you develop

a mindset of a problem solver. If something is difficult it pushes
you to think more and be creative.

Additional  In eloss, you only have one hour for maths and I dom't think that's
learning enough for every learner to grasp what he needs to understand

time maths so the after-school cdub will help that individual learner to
understand what he couldn’t understand in class.
Useful The club has taught me that maths is about learning new things and

it gives you the ability to create stuff. You can moke bridges and
skyscrapers using maths.

Sensible The club has taught me that maths is about solving and connecting
things. [When stuck] | don't just stay and say | got stuck. I look
around af how [ con connect that thing with something else.

Table 3. Assigned codes and examples of quotes,

Two new codes coming out of the interview data were: useful, which I de-
fined as the belief that mathematics is beneficial; and sensible, which I defined
as the belief that mathematics is about connecting and using ideas to solve
problems. For transparency and to enhance the confirmability of the analyti-
cal procedures used, extracts of the interview text have been included.

7 Findings

Many of the learners’ responses, both written and spoken, centered on solving
challenging problems, sharing ideas and understanding mathematics. Some of
the learners felt that the club offered them additional time to learn mathemat-
ics and that learning mathematics in the club was fun. Many of the learners
showed developing confidence and perseverance in and positive beliefs about
mathematics. The learners felt that learning in the club was different from
learning in the class, with many of them preferring to learn in the club. The
learners’ responses suggested that they took on a passive role in their classes
and an active role in the club.

[ now discuss the findings in detail according to the three themes: learners’
productive dispositions, learners’ views of learning in the club, and learners’
views of learning in the class. For each theme, [ begin with a discussion of the
findings from the written responses. I document the learners’ expectations

*Learners who responded to the written responses were not given pseudonyms and were
described as learners, while learners who responded to the interview were given pseudonyms,
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of the club, captured in their responses to questions 1 and 2, and then their
experiences in the club, captured in their responses to questions 3, 4 and 5.
[ then add depth by discussing the findings from the semi-structured interview.

7.1 Learners’ productive dispositions

Table 4 shows the codes assigned to the written responses in relation to learn-
ers’ productive dispositions, the number of each question where the codes were
evident and the number of learners whose responses were assigned the codes.
Not every learner who attended a session responded to the question and some
codes could not be created from some responses.

Codes Question Total
1 2 3 4 4
Confidence, perseverance, beliefs 0 10 0 1 14 25

Table 4. Codes and mumber of responses.

Ten responses to question 2 indicated that the learners hoped that the club
would develop their perseverance in or beliefs about mathematics, reflected by
talking about, for example, hoping to be encouraged to “never give up” and
hoping “to realise how fun maths is". There is evidence that the club offered
conditions for developing learners’ confidence and perseverance in or beliefs
about mathematics, reflected by the responses to questions 4 and 5. Some
learners talked about being “able”, one learner talked about no longer wanting
to “leave maths” and another said that the club had helped them “know that
maths isn’t that difficult”.

Similar to the written responses, the learners’ responses in the semi-structured

interview indicated that the club had created opportunities for developing
learners’ productive dispositions. Tom and Ben had this to say in relation
to their confidence in mathematics:

Tom: I think [ will pass maths because I'm attending the club and starting
to see the importance of maths. I'm not sure about being good at maths
because I haven't given it 100% focus but I will now continue doing maths
for the rest of my life because you always learn something new in maths.

Ben: When I'm in the club, in one problem I get many ideas and getting
all these ideas makes me feel like I'm the man.

These learners’ comments indicated that the club had offered them condi-
tions for developing their confidence in mathematics, a component of produc-
tive disposition. Tom's confidence in mathematics changed related to seeing
mathematics as worthwhile, suggested by talk of seeing “the importance of
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