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RESEARCH JUSTIFICATION 

Teacher preparation programmes play a crucial role in shaping the knowledge, skills, 
and attitudes of prospective mathematics teachers. However, there is considerable 
variation in the methods used to train these educators, raising concerns about the 
effectiveness and fairness of these programmes. While extensive research has been 
conducted on teacher preparation in general, the specific field of mathematics education 
remains relatively unexplored. Additionally, existing research offers some insights into 
the overall impact of teacher preparation programmes on student outcomes, but there 
is limited information on how different programme components—such as coursework, 
field experiences, forms of assessment, and mentorship—contribute to teachers' 
development and readiness to teach mathematics. In essence, this book provides a 
deeper understanding of how these elements shape the preparedness and effectiveness 
of future mathematics educators. 

There is also a significant gap in the literature regarding the incorporation of cultural 
competence and diversity training in mathematics teacher preparation programmes. In 
an era when classrooms are becoming increasingly diverse, it is imperative to investigate 
how these programmes integrate culturally responsive teaching practices, address 
implicit biases, and promote equity and social justice in mathematics education. Many 
teacher preparation models fail to adequately equip pre-service teachers with the skills 
necessary to navigate diverse learning environments, which leads to persistent disparities 
in student achievement. This book seeks to bridge this divide by exploring the 
intersections of mathematics education, social justice, and culturally relevant pedagogy, 
thereby offering a framework for fostering more inclusive teaching practices that meet 
the needs of all learners. 

To address these pressing concerns, this book presents a comprehensive overview of 
diverse approaches to mathematics teacher preparation. It offers a collection of 
empirical research, conceptual analyses, and theoretical contributions that examine 
innovative strategies for equipping pre-service and in-service mathematics teachers with 
the necessary knowledge and pedagogical competencies. This volume provides 
educators, researchers, and policymakers with evidence-based insights into effective 
mathematics teacher preparation. Furthermore, it highlights the role of technology, 
mentorship, and field-based learning experiences in shaping effective mathematics 
instruction, ensuring that teachers are better prepared to engage with contemporary 
educational challenges. 
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Ultimately, this book fills a critical gap in the discourse on mathematics teacher 
education by addressing the evolving needs of the profession and the students it serves. 
It offers a roadmap for rethinking traditional teacher preparation models and fostering 
a more equitable and effective landscape for mathematics education. As the global 
educational community grapples with issues of equity, inclusion, and technological 
transformation, this book serves as a timely contribution to the ongoing discourse on 
preparing mathematics teachers for the future. By fostering dialogue among scholars 
and practitioners, it aims to inspire innovative approaches to teacher preparation that 
will ultimately lead to improved learning experiences for students worldwide. 
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PREFACE  

The field of mathematics teacher preparation is at a pivotal moment in its evolution. As 
educational landscapes continue to shift, there is an urgent need for research and 
pedagogical strategies that embrace inclusivity, social justice, and innovation in teacher 
training. This edited volume presents a comprehensive exploration of contemporary 
challenges and solutions in preparing mathematics educators for diverse and dynamic 
classrooms. Incorporating perspectives from scholars across various contexts, this book 
provides invaluable resources for educators, policymakers, and researchers committed 
to improving mathematics instruction at all levels. 

This book comprises ten chapters, each addressing a critical aspect of mathematics 
teacher education, including equity and social justice, self-efficacy, culturally relevant 
pedagogy, technological integration, and sustainable educational practices. Through a 
blend of empirical research and theoretical discourse, the contributors highlight the 
evolving nature of teacher preparation and the necessity of equipping future educators 
with the skills and mindsets required to navigate complex learning environments. 
Therefore, foregrounding issues of diversity and inclusion, this book underscores the 
transformative potential of effective teacher preparation in fostering equitable 
educational outcomes. 

Hence, the book serves as both a catalyst for meaningful change and a reference point 
for future research in mathematics teacher education. As readers engage with the 
insights presented in these chapters, they are invited to reflect on how these perspectives 
can inform their own practices and policies. The collective responsibility is to ensure 
that mathematics education remains a space where every learner can thrive, and it is 
inspired that this book contributes meaningfully to that mission. 
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Equity and Social Justice in Mathematics Teacher Preparation: 
Diving into the Nitty-gritty 

 

Abstract: In contemporary education, the principles of 
equity and social justice have emerged as critical compo-
nents that shape the pedagogical landscape, particularly in 
mathematics teacher preparation programmes. This 
chapter examines how mathematics teacher education 
programmes prepare pre-service mathematics teachers 
for equitable and socially just classrooms. It seeks to un-
derstand how these principles are integrated into teacher 
education programmes and their impact on the develop-
ment of future educators to address diverse student needs 
in mathematics classrooms. This study employs a 
qualitative research design, utilising semi-structured in-
terviews with mathematics teacher educators, pre-service 
mathematics teachers, and heads of departments. Data 
were collected from two traditional institutions to capture 
varied perspectives on the incorporation of equity and 
social justice within mathematics teacher preparation. 
Thematic analysis was employed to identify recurring 
themes and patterns in the data, enabling a compre-

hensive understanding of the participants’ experiences and insights regarding the integration of 
these critical principles in their training. The findings indicate that integrating culturally relevant 
teaching, enhancing various field experiences, and developing community engagement can en-
able teacher preparation programmes to produce a new cohort of educators dedicated to social 
justice and equity in their classrooms. This comprehensive approach is essential for reforming 
educational processes and ensuring that all students have access to equitable learning opportu-
nities. 

1. Introduction 
The educational environment is widely regarded as a vital domain for addressing equity and 
social justice challenges, particularly in mathematics teaching and learning. As societies become 
increasingly diverse, the need for teachers who are knowledgeable in their fields and attuned to 
their students’ varied cultural, social, and economic contexts is essential. Consequently, the 
requirement for mathematics teacher education programmes to effectively prepare pre-service 
teachers for equitable and socially just classrooms has emerged as a central theme in research 
and practice (Ladson‐Billings, 1995; Gutstein & Peterson, 2005; Ladson-Billings, 2006; 
Gutiérrez, 2013; Ladson-Billings, 2021; Ladson-Billings, 2023). The foundation of equitable 
mathematics instruction is grounded in diverse theoretical frameworks that guide teacher 
education programmes. Critical pedagogy, as defined by Paulo Freire, emphasises education’s 
role as a vehicle for social reform (Freire, 1970). This perspective is particularly relevant in 
mathematics education, as conventional approaches often perpetuate structural disparities 
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(Olawale, Mncube, & Harber, 2021; Olawale, 2022; Ladson-Billings, 2023). Thus, Gutiérrez 
(2013) builds upon Freire’s concepts by advocating for a critical mathematics teaching approach 
that challenges the status quo and empowers students to use mathematics as a tool for social 
justice. 

Furthermore, the paradigm of culturally responsive pedagogy, established by Ladson-Billings 
(1995), offers a framework for analysing teacher education. Culturally relevant pedagogy 
highlights the importance of integrating students’ cultural backgrounds into the curriculum, 
fostering a sense of belonging, and promoting academic success. Studies show that pre-service 
teachers trained in culturally responsive methodologies are more adept at meeting the diverse 
needs of their learners (Villegas & Lucas, 2002; Premier & Miller, 2010; Skepple, 2014; Olawale, 
Mncube, & Harber, 2021; Davis, 2022). Therefore, equity and social justice in education involve 
recognising and addressing systemic disparities that affect student learning experiences and 
outcomes (Gutstein, 2007; Ladson-Billings, 2021). In the context of this study, the concept of 
equity in mathematics education refers to ensuring that all students have access to high-quality 
mathematical instruction, resources, and support, regardless of their background, identity, or 
circumstances. This notion encompasses equal access to advanced courses, the provision of 
appropriate resources, and the adoption of inclusive teaching approaches that address diverse 
learning needs. 

Similarly, social justice is a comprehensive concept that includes equity and seeks to rectify the 
systemic barriers and injustices preventing many students from achieving mathematical 
excellence. Consequently, equity primarily focuses on establishing equitable access and 
opportunities in mathematics education (Gutiérrez, 2013; Civil, Hunter, and Crespo, 2019), 
while social justice encompasses a broader range of societal concerns within the realm of 
mathematics education (McGee & Hostetler, 2014; Bartell, 2018). In mathematics education, 
these ideas challenge conventional teaching methods that often sustain gaps in achievement and 
engagement among students from diverse backgrounds. Therefore, incorporating equity and 
social justice into mathematics teacher preparation is essential and aligns with comprehensive 
educational reforms aimed at promoting inclusive and equitable learning environments. 

However, despite an expanding body of literature emphasising the significance of equity and 
social justice in mathematics education (Gutiérrez, 2011; National Council of Teachers of 
Mathematics, 2014; McGee & Hostetler, 2014; Leonard, 2018), notable research deficiencies 
persist regarding the pedagogical practices employed in the preparation of mathematics student 
teachers for equity and social justice classrooms within teacher training programmes. Moreover, 
the current literature often overlooks the perspectives of mathematics student teachers, who 
may provide essential insights into their readiness to foster equitable learning environments. 
Hence, the need for this chapter. 
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3.2 The concept of equity in the preparation of mathematics teachers 

The training of mathematics teachers has received significant attention in educational research, 
particularly regarding the notion of equity. Equity in mathematics education refers to the fair 
allocation of resources, opportunities, and support, ensuring that all students can excel in 
mathematics, regardless of their backgrounds (National Council of Teachers of Mathematics, 
2014). According to Gutiérrez (2011), equity in mathematics education is often contextualised 
within social justice, emphasising the need to confront institutional inequities that affect 
students’ learning experiences (Gutiérrez, 2009). Gutiérrez (2013) asserts that equity is not 
merely the allocation of equal resources but also the recognition and appreciation of the diverse 
cultural and linguistic backgrounds of students. This perspective aligns with Ladson-Billings’ 
(1998) advocacy for culturally relevant teaching, which empowers students by connecting 
mathematical concepts to their personal experiences. Thus, the notion of equity in mathematics 
education is grounded in multiple theoretical frameworks. A significant framework is the social 
justice approach, which posits that education must actively address systemic injustices 
(Gutiérrez, 2011). This perspective underscores the necessity for mathematics educators to 
recognise the socio-cultural contexts of their pupils and to adapt their instructional methods 
accordingly. Gutiérrez (2013) contends that equity in mathematics education transcends mere 
resource accessibility; it includes the quality of educational experiences provided to students. 

Therefore, the culturally relevant pedagogy paradigm emphasises the significance of integrating 
students’ cultural origins into the curriculum (Ladson-Billings, 1995). This approach promotes 
the establishment of inclusive educational environments that affirm students’ identities and 
experiences. Studies demonstrate that culturally relevant pedagogical methods can markedly 
improve student engagement and success in mathematics (Tate, 1995; Bonner, 2009; Hodge & 
Lawson, 2018; Marshall, 2023). Thus, the training of mathematics educators is essential for 
promoting equitable educational settings within teacher education programmes. The National 
Council of Teachers of Mathematics (2014) underscores the necessity for teacher educators to 
equip pre-service teachers to identify and rectify disparities in mathematics education. This 
entails preparing future educators with the expertise and competencies to implement equitable 
teaching methodologies that accommodate diverse learners (Villegas & Lucas, 2002; Ladson-
Billings, 2006; Gutiérrez, 2013). Consequently, Civil, Hunter, and Crespo (2019) highlight the 
importance of incorporating equity into the curricula for mathematics teacher preparation. The 
authors advocate for a holistic strategy that involves education on equity, practical experiences 
in diverse contexts, and opportunities for critical reflection. This approach enables pre-service 
teachers to develop a profound understanding of the barriers faced by disadvantaged children 
and to cultivate the skills necessary to address these challenges in their teaching (Civil, Hunter, 
& Crespo, 2019; Olawale, Mncube, & Harber, 2021; Olawale, 2024). Therefore, the training of 
pre-service mathematics teachers is essential for promoting equitable educational settings. 
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Numerous studies have investigated the integration of equity-focused frameworks within 
teacher education programmes (Achinstein & Athanases, 2005; Bancroft & Nyirenda, 2020; 
Grudnoff, Dixon, & Murray, 2021; Liao et al., 2022; Olawale, 2024). This entails preparing future 
educators with the expertise and competencies to apply equitable teaching methodologies that 
assist diverse learners (Civil, Hunter, & Crespo, 2019; Grudnoff, Dixon, & Murray, 2021). 
However, despite the increasing acknowledgment of the significance of equity in mathematics 
teacher education, numerous problems still exist. A major difficulty is the absence of agreement 
on the definition of equitable teaching practices. Thus, Leonard (2018) asserts that many teacher 
preparation programmes struggle to define and execute equity-focused methods effectively. This 
uncertainty may result in discrepancies in the implementation of equity among various 
programmes (Ladson‐Billings, 1995; Ladson-Billings, 2006; Ladson-Billings, 2021). Similarly, 
the structural nature of educational disparities presents a challenge for teacher preparation 
programmes. Ladson-Billings (2014) asserts that mathematics teacher educators must navigate 
intricate socio-political environments that affect their capacity to implement equitable practices. 
This entails rectifying biases in the curriculum, tackling institutional obstacles, and promoting 
governmental reforms that foster equity in mathematical education. In addition, Ladson-Billings 
(2014) notes that professional development is essential for assisting in-service mathematics 
educators in their endeavours to foster equity within their classrooms. As such, Liao et al. (2022) 
highlight the significance of continuous professional development centred on equity-oriented 
approaches, stating that professional development should offer educators opportunities for 
collaborative learning, reflection on their instructional methods, and exploration of solutions to 
meet the varied needs of their students (Ladson-Billings, 2014; Ries et al., 2024). 

1.2 The concept of social justice in the preparation of mathematics teachers 

The notion of social justice in education, particularly in the training of mathematics teachers, 
has received significant attention in recent years. Social justice is a complex concept that 
encompasses multiple elements, including equity, access, participation, and rights (Bell, 2016). 
In the field of education, social justice highlights the necessity of addressing systematic 
disparities that affect underrepresented populations. Ladson-Billings (1995) asserts that 
culturally relevant pedagogy is crucial for advancing social justice in education, as it compels 
educators to connect content to students’ cultural backgrounds and experiences. This approach 
is especially pertinent in mathematics education, where conventional teaching practices often 
overlook the diverse cultural backgrounds of students.  

Furthermore, the concept of critical pedagogy, as defined by Freire (1970), provides a 
fundamental framework for understanding social justice in education. Freire advocates for a 
dialogical method of instruction, in which students are encouraged to interrogate and challenge 
prevailing norms. In mathematics education, this can take the form of activities that enable 
students to view mathematics as a means of social transformation, rather than merely a collection 
of procedures to memorise (Gutstein, 2006; Olawale, 2021). 
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Thus, incorporating social justice themes into mathematics teaching is essential for preparing 
future educators to address disparities in the classroom. Research indicates that mathematics is 
often perceived as a neutral and objective field; however, this perspective may obscure the social 
and political implications of mathematical knowledge (Skovsmose, 1994; Skovsmose, 2019). If 
this misconception is not addressed, the practice of mathematics instruction may perpetuate 
stereotypes and reinforce existing power dynamics, particularly for students from disadvantaged 
communities (Skovsmose, 2019; Skovsmose, 2020). 

Studies such as those by Gutstein (2003), Spielman (2012), McGee & Hostetler (2014), and 
Bartell (2018) have highlighted the significance of integrating social justice into mathematics 
education. Gutstein (2007) advocates for the incorporation of real-world issues in mathematics 
education, allowing students to analyse topics such as poverty, race, and gender using 
mathematical frameworks. This method not only improves students’ understanding of 
mathematics but also cultivates critical awareness, enabling them to identify and confront social 
injustices (Gutstein, 2007; Bell, 2016; Olawale, Mncube, & Harber, 2021). 

To adequately equip mathematics teachers for socially equitable practice, teacher education 
programs must integrate pedagogical practices that foster equity and inclusivity. One approach 
employed is culturally responsive teaching, which recognises and appreciates students’ cultural 
backgrounds while incorporating them into the educational process (Gay, 2015; Gay, 2018). This 
strategy enables mathematics educators to cultivate a more inclusive classroom atmosphere that 
acknowledges and leverages students’ varied backgrounds. Furthermore, collaborative learning 
environments can significantly contribute to advancing social justice in mathematics education 
(Gay, 2018). 

Similarly, Vygotsky’s (1978) social constructivist theory underscores the significance of social 
interaction in the learning process, positing that students can collaboratively create knowledge 
(McLead, 2023). Thus, mathematics educators should promote collaborative problem-solving 
exercises to allow students to exchange viewpoints and learn from each other, thereby 
questioning prevailing narratives and cultivating a sense of community (Gay, 2018; Skovsmose, 
2019). 

Furthermore, the implementation of critical mathematics education (CME) has emerged as a 
viable method for incorporating social justice into mathematics instruction. CME urges students 
to rigorously analyse mathematical concepts and their practical applications, enabling them to 
utilise mathematics as a means for advocacy and social transformation (Skovsmose, 1994). 
Teacher preparation programmes that integrate CME concepts help prepare future educators 
with the competencies and knowledge essential for promoting a socially equitable mathematics 
education. Despite the increasing acknowledgment of the need for social justice in mathematics 
teacher training, numerous problems persist. A major obstacle is the dominant focus on 
standardised testing and accountability in education, which may restrict teachers’ capacity to 
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adopt socially equitable practices (Gonzalez, 2010). Furthermore, many teacher education 
programmes may be deficient in the resources and training required to proficiently incorporate 
social justice themes into their curricula. Additionally, the reluctance to change within 
educational institutions can obstruct the implementation of socially equitable practices in 
mathematics teaching. Educators may also experience a lack of preparation or support in 
tackling intricate social issues in their classrooms, resulting in hesitance to discuss social justice 
topics (Cochran-Smith, 2004; Olawale, Mncube, & Harber, 2021). To address these problems, 
it is imperative for teacher education programmes to offer a comprehensive teacher education 
programme for pre-service teachers and continuous professional development and support for 
educators aiming to promote socially equitable practices. Hence, this chapter seeks to examine 
how mathematics teacher education programmes prepare pre-service mathematics teachers for 
equitable and socially just classrooms. 

2. Methodology 

This study is grounded in an interpretivist paradigm, indicating that individuals develop an 
understanding of their environment through interactions with the external world (Ormston, 
Spencer, Barnard, & Snape, 2014). A qualitative methodology was employed to gain deeper 
insight into the preparation of pre-service mathematics teachers for equitable and socially just 
classrooms within mathematics teacher education programmes. A case study research design 
was utilised. As stated by Yin (2014), case studies are the most appropriate method when the 
contextual conditions are relevant to the phenomenon under investigation. The application of a 
multiple case study approach allowed the researcher to select research sites and participants from 
various backgrounds, reflecting a spectrum of experiences related to equity and social justice in 
classrooms. Consequently, two traditional South African universities offering theoretically 
oriented degree programmes were purposively chosen for this investigation. These universities 
were expected to provide unique and compelling data concerning equity and social justice issues 
in their pre-service teacher training programmes.  

The study primarily focused on mathematics teacher educators, pre-service mathematics 
teachers, and department heads at the two selected universities. Each university comprised a 
sample of twelve pre-service mathematics student teachers, two mathematics teacher educators, 
and one department head. The sample, utilising a purposive sampling technique, consists of 
twenty-four pre-service mathematics teachers, four mathematics teacher educators, and two 
department heads, totalling thirty participants. The selection of the study participants was based 
on the fact that they possess in-depth knowledge and experience relating to equity and social 
justice within the mathematics teacher education programmes. Data for this study were gathered 
via semi-structured interviews lasting roughly 12 to 20 minutes per participant. One-on-one 
interviews were conducted with the study participants at each university; the conversations were 
framed by informal dialogue and audiotaped. Although the interviews were conducted in 
English, participants were allowed to use vernacular if they wished to express anything in their 
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home language. The interviews were held in lecture halls, outside the building, and in any 
location where the interviewees felt at ease on their respective campuses, ensuring a tranquil 
environment free from disruptions. The nature and objective of the research were disclosed, 
and confidentiality and anonymity were guaranteed prior to and after the interviews. Verbal 
consent was obtained to record the interviews. The semi-structured interview approach 
provided participants with significant opportunities for self-expression; however, greater 
emphasis was placed on the predetermined questions to prevent meandering discourse (Datko, 
2015; Olawale, 2021). 

The data obtained from these participants were subjected to thematic analysis. The thematic 
data-analysis technique, as delineated by Braun and Clarke (2006), consists of six stages. During 
the initial step, the collected data were transcribed, systematically categorised, and thoroughly 
examined to discern relevant themes and categories. In the subsequent step, classifications, 
themes, and patterns were established. During the third phase, coding was conducted using 
names, and colours were allocated to participant responses for the systematic management of 
information. In the fourth step, emergent comprehension was assessed by employing colours to 
code content according to the subheadings, to evaluate the data’s use. In the fifth stage, the 
content was thoroughly reviewed, quotations were incorporated as needed, and subheadings 
were substituted with comments highlighting contrasts and similarities. In the final phase, the 
researcher undertakes the writing of the report, striving to diminish the authorial voice. For data 
presentation, the two traditional universities that participated in this study were designated with 
fictitious names: University A and University B. The data obtained from the interviews are 
organised according to the interview questions and the raw responses provided by the 
participants associated with those universities. This was conducted to achieve a comprehensive 
understanding of the participants’ responses. The two mathematics teacher educators from each 
of University A and B were designated as MTE1 and MTE2, while the mathematics student 
teachers were labelled as PST1 through ST12, and the Head of the Department as HOD, 
corresponding to their respective universities A or B.  

To ensure data trustworthiness, emphasis was placed on the triangulation of the unit of analysis. 
Triangulation entails utilising diverse data sources, several locations, and various data-gathering 
methods while examining analogous subjects to enhance the trustworthiness of research 
outcomes (Cohen et al., 2018). Cohen et al. (2018) assert that researchers who depend solely on 
a singular method of data collection or unit of analysis exhibit bias in assessing the actuality or 
truthfulness of the phenomenon being studied. Thus, the utilisation of several units of analysis 
(pre-service mathematics teachers, mathematics teacher educators, and Heads of Department) 
enabled the researcher to triangulate data to derive valid results. As such, the research findings 
were analysed for similarities among the data-gathering sources to enhance the study’s validity. 
Furthermore, the researcher involved participants in member-checking from the initial phases 
of data processing, including the establishment of codes and categories, the development of 
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themes, and the analysis of outcomes. To do this, individuals were contacted via telephone and 
email, while meetings were organised with other participants according to their availability. The 
researcher solicited feedback from the participants regarding the raw data, codes, themes, and 
interpretations of the data. This strategy was considered beneficial for maintaining internal 
validity (Oats, 2014). 

3. Presentation of Results 
This section presents the findings from the study on how mathematics teacher education 
programmes prepare pre-service mathematics teachers for equitable and social justice 
classrooms. The results are organised into two major themes: 

• Curriculum design and pedagogical approaches. 
• Practical experiences and community engagement. 

Each theme is examined in detail to elucidate how these programmes equip future educators 
with the necessary tools and perspectives for fostering equity and social justice in their teaching 
practices. 
3.1 Curriculum design and pedagogical approaches 

To gather stakeholders’ perspectives on the preparation of pre-service mathematics teachers for 
equitable and social justice classrooms, participants were asked, “How do curriculum design and 
pedagogical approaches enhance the preparation of pre-service teachers for equity and social 
justice?” Research findings revealed that the integration of an equity and social justice framework 
and an emphasis on culturally relevant pedagogy are ways teacher education programs promote 
equity and social justice in classrooms.  

3.1.1 Integration of equity and social justice frameworks 

To create a fairer and more inclusive classroom, mathematics teacher preparation programs must 
incorporate a social justice and equity perspective. In today’s increasingly varied world,  pre-
service teachers must possess a deep understanding of the social variables that impact student 
learning in addition to mathematical prowess and pedagogical knowledge. Improved 
instructional efficacy, more equitable access to mathematical knowledge, and better-prepared 
educators to fight for institutional reform are all outcomes of this integration. For instance, a 
participant stated: 

Incorporating equity and social justice frameworks into our curriculum has significantly shaped 
my understanding of the diverse experiences and backgrounds of my future students. By analysing 
real-world issues related to race, gender, and socio-economic status through mathematical concepts, 
I feel better equipped to create lessons that resonate with my students’ lives. This approach 
encourages me to use inclusive pedagogy, making sure every voice is heard and valued in my 
classroom. (MST 9 – University B) 

Similarly, another participant stated: 
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The focus on social justice in my mathematics training has encouraged me to think critically about 
the societal implications of mathematical practices. It has helped me realize that math is not just 
abstract numbers but can be used to tackle issues such as income inequality and access to education. 
This perspective prepares me to guide my students in using math as a tool for social change, 
promoting critical consciousness about their contexts. (MST 3 – University A) 

Another participant also asserts that: 

Equity and social justice frameworks have taught me the significance of building relationships 
and a sense of community within my classroom. Creating a space where all students feel safe to 
express their thoughts and contribute to discussions is vital. This preparation enables me to foster 
an environment where students can collaborate on math problems that address social justice issues, 
helping them to connect mathematical thinking with collective action. (MST 7 – University A) 

The above research findings reflect a thoughtful and systematic integration of equity and social 
justice in mathematics education, highlighting the importance of relevance, inclusivity, 
community, critical thinking, and empowerment in preparing future teachers. Similarly, 
mathematics teacher educators also iterate that: 

By integrating equity and social justice frameworks, I focus on contextual learning that relates 
mathematics to real-world issues affecting marginalised communities. This approach encourages 
future teachers to see mathematics not just as abstract concepts but as tools for social change. 
During our curriculum design, we incorporate projects that require students to analyse data on 
social issues, enabling them to recognise the role of math in understanding and addressing 
disparities. (MTE 2 – University A) 

In addition, another mathematics teacher educator adds: 

We encourage critical inquiry and self-reflection among our pre-service teachers regarding their biases 
and assumptions about mathematics and education. Integrating social justice frameworks prompts 
our students to question the status quo and consider how traditional curricula may perpetuate 
inequities. Assignments that require them to reflect on their mathematical identity and societal 
impact foster a mindset geared toward challenging inequitable practices in their future classrooms. 
(MTE 1 – University B) 

Thus, these responses illustrate the diverse strategies that mathematics teacher educators might 
use to incorporate equity and social justice into their teaching, preparation, and curriculum 
design. Integrating these frameworks helps shape future teachers who are mindful of the impact 
of their teaching on their learners, particularly those from underrepresented groups. Similarly, 
incorporating equity and social justice frameworks into mathematics curriculum design and 
pedagogical approaches is essential for preparing students for an equitable world, as noted by a 
head of department: 
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………Our curricula incorporate critical mathematics education, which challenges students to 
explore the social implications of mathematical concepts. We engage students in discussions about 
data representation, statistical literacy, and how mathematics can be used to both oppress and 
empower communities. By analysing real-life scenarios such as income inequality through data 
analysis, students learn to critically assess and use mathematics as a tool for social justice, 
preparing them to advocate for equitable solutions. (HOD – University B) 

The research findings reflect a commitment to equity and social justice in mathematics 
education, emphasizing the importance of relevance, collaboration, critical thinking, diverse 
assessment, and community connection in preparing students for a more equitable future. 
Additionally, the findings revealed that mathematics teacher education programs strive to 
integrate equity and social justice frameworks into their curricula. These efforts manifest through 
teachingthat addresses issues of race, class, and gender in mathematics education, providing pre-
service teachers with theoretical foundations and practical strategies to recognize and challenge 
inequities in the classroom. 

3.1.2 Emphasis on Culturally Relevant Pedagogy 

Achieving educational equality and social justice requires mathematics teacher preparation 
programsto incorporate culturally relevant pedagogy. To foster inclusive learning environments 
that empower all learners, it is crucial for mathematics teacher educators to acknowledge and 
appreciate the cultural backgrounds of pre-service mathematics teachers. In addition to 
improving classroom instruction, a commitment to culturally relevant pedagogy can drive 
broader reforms in teacher education programs. Thus, a participant stated: 

Culturally relevant pedagogy enables us to highlight diverse mathematicians and their 
contributions, showcasing role models who reflect the backgrounds of our students. This not only 
helps break down stereotypes around who can excel in mathematics but also fosters a sense of 
belonging. By seeing themselves represented in mathematical narratives, students gain the 
confidence to pursue their interests in math, ultimately supporting an equitable academic 
environment. (MTE 2 – University of B). 

Similarly, a participant added: 

By embracing culturally relevant pedagogy, we actively engage with our students’ communities, 
collaborating with families and local organisations to inform our teaching practices. This 
relationship-building helps us understand the unique challenges and strengths our students face, 
equipping us to better support their learning needs. Such an approach not only enhances equity 
but also empowers students to see mathematics as a tool for social change in their communities. 
(MTE 1 – University A). 
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The above responses highlight how culturally relevant pedagogy plays a vital role in fostering an 
equitable and socially just mathematics education. Similarly, mathematics pre-service teachers 
added: 

As a future mathematics teacher, I’ve come to appreciate how culturally relevant pedagogy 
emphasises the importance of understanding students’ backgrounds. By integrating diverse 
cultural perspectives into math lessons, I feel better equipped to create an inclusive learning 
environment. This approach allows me to connect mathematical concepts to students’ real-world 
experiences, making math more relatable and empowering for all learners, especially those from 
marginalised communities. (MST 2 – University B). 

Similarly, another participant added: 

Having a strong emphasis on culturally relevant pedagogy in my training has highlighted the 
significance of student voice in the learning process. I’ve learned to value the mathematical 
knowledge that students bring from their own cultures. For instance, when teaching geometry, I 
can include traditional architecture from various cultures. This not only validates students’ 
experiences but also fosters a deeper understanding of mathematical concepts, thereby preparing 
me to teach in a way that honours diversity. (MST 6 – University A) 

In addition, another participant stated that: 

The training I’ve received on culturally relevant pedagogy has taught me the importance of building 
relationships with my students. Understanding their cultures, interests, and experiences allows 
me to tailor my teaching approach and create a culturally responsive classroom. By doing so, I 
can address the varying needs of my students, ensuring that everyone has a fair chance to succeed 
in mathematics. This preparation is vital for fostering an equitable classroom environment where 
all voices are heard. (MST 11 – University B) 

The research findings highlight how culturally relevant pedagogy prepares pre-service teachers 
to create equitable and socially just mathematics classrooms by emphasising inclusivity, critical 
reflection, student engagement, and community connection. Similarly, the findings reveal that 
culturally relevant pedagogy stresses the importance of incorporating students’ cultural 
orientations in all aspects of learning. For instance, the head of the department added: 

In our preparation programs, we emphasise culturally relevant pedagogy and encourage educators 
to draw connections between mathematical concepts and the cultural practices/experiences of their 
students. For instance, relating geometry to architecture in various cultural contexts or using 
statistical analysis to examine local issues allows students to see the relevance of math in their 
everyday lives. By preparing teachers to implement these connections, we foster a sense of belonging 
and relevance that can motivate all students, especially those from underrepresented backgrounds. 
(HOD – University A) 
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Through the reflections above, it is clear that culturally relevant pedagogy plays a vital role in 
preparing pre-service mathematics teachers to create equitable and socially just classrooms, 
ultimately benefiting both teachers and their students. Research findings also revealed that 
mathematics teacher education programs employed teaching methods that connected 
mathematical concepts to students’ cultural backgrounds and real-world experiences. 
Additionally, teacher educators utilised culturally relevant examples and problems that resonated 
with the diverse experiences of their students, making mathematics more accessible and 
engaging. 

3.2 Practical experiences and community engagement 

To gather stakeholders’ perspectives on the preparation of mathematics teachers for equitable 
and socially just classrooms, participants were asked, “How do practical experiences and 
community engagement enhance the preparation of pre-service teachers for equity and social 
justice?” Research findings revealed that exposure to field experiences in diverse settings, as well 
as partnerships with community organisations, are ways in which teacher education programmes 
promote equity and social justice in classrooms.  

3.2.1 Field experiences in diverse settings 

Field experience in diverse settings plays a critical role in the preparation of pre-service 
mathematics teachers, particularly in fostering an understanding of equity and social justice in 
education. As classroom demographics continue to evolve, it becomes increasingly essential for 
future educators to engage with a variety of cultural, socioeconomic, and linguistic backgrounds. 
This exposure not only enriches their pedagogical skills but also equips them with the necessary 
tools to address the complex realities of their students’ lives. Thus, a participant adds: 

Field experiences such as participating in community-based projects in diverse communities and 
schools enable pre-service teachers to engage with learners from various cultural backgrounds. This 
exposure helps them understand the importance of culturally relevant pedagogy in mathematics 
education. By witnessing first-hand how different cultural perspectives influence learners’ 
understanding of mathematical concepts, pre-service teachers can tailor their teaching strategies to 
be more inclusive and equitable. In my experience, these direct interactions help future teachers 
recognize the rich mathematical knowledge that students bring from their communities, fostering 
an environment where all voices are valued. (MTE 2 – University B). 

Similarly, another participant added: 

Relationships are at the heart of effective teaching, especially in diverse settings. Field experiences 
such as school experience/school-based placements give pre-service teachers the chance to build 
relationships with students, families, and communities. This relational approach is fundamental 
for creating a supportive learning environment where learners feel valued and engaged. By working 
closely with communities, pre-service teachers can identify the unique needs of their students and 
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design mathematics instruction that is not only relevant but also empowering. These experiences 
highlight the role of trust and connection in promoting equitable learning. (MTE 1 — University 
A) 

The above responses illustrate how mathematics teacher educators perceive the impact of field 
experiences in diverse settings on the preparation of future teachers for equitable and social 
justice-oriented practices. Similarly, the head of department added: 

…….as a head of the mathematics department, I believe that field experiences in the form of 
school-based placement, intercultural exchange programmes, and partnerships with NGOs are 
essential for fostering an understanding of social justice in education among our pre-service 
teachers. These experiences allow them to recognise the varied backgrounds and lived experiences 
of their would-be learners. By engaging with communities that face systemic inequalities, they are 
able to tailor their teaching activities to be more inclusive and culturally relevant. This not only 
enhances their teaching strategies but also empowers them by connecting mathematical concepts to 
real-world issues, illustrating how math can be a tool for social change.  (HOD – University B) 

These responses highlight the transformative potential of field experiences in creating a more 
equitable and socially just education system within mathematics departments. Thus, given that 
field experiences in diverse settings are crucial for pre-service teachers, especially in mathematics 
education, as they provide opportunities to understand and implement equitable and social 
justice practices in the classroom, a mathematics pre-service teacher iterates: 

 …… During my school experience, when I was collecting information for my community-based 
project at a school with diverse learners, I observed first-hand how different cultural backgrounds 
influence learners’ engagement with mathematics. I learned that incorporating culturally relevant 
pedagogy can help bridge the gap between learners’ lived experiences and the mathematics 
curriculum. This has taught me the importance of recognising each learner’s unique perspective, 
which is essential for creating an equitable learning environment. (MST 12 – University A). 

Similarly, another participant added that: 

During my school experience, I worked closely with learners from various socioeconomic 
backgrounds. I found that building strong relationships based on trust and respect was vital in 
encouraging them to participate in math discussions. I realised that when learners feel valued and 
understood, they are more willing to share their thoughts and struggles. This has motivated me to 
prioritise relationship-building in my future classroom to foster an inclusive environment. (MST 
5 – University B). 

Also, another pre-service mathematics teacher added: 

 In a setting where community engagement was strong, I learned how to leverage local resources to 
make math more relevant to students’ lives. For instance, using local businesses for real-world 
math problems helped learners see the value in what they were learning. This experience has 
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inspired me to seek out partnerships that can enhance my teaching and provide learners with 
practical applications of math, fostering equity in learning. (MST 8 – University A) 

The research findings illustrate how field experiences, such as community-based projects, 
school-based placements, intercultural exchange programmes, and partnerships with NGOs in 
diverse educational settings, can profoundly impact pre-service teachers’ understanding of equity 
and social justice. These experiences ultimately shape their approach to teaching mathematics in 
a more inclusive and responsive manner. Additionally, the findings revealed that the teacher 
education programmes offered opportunities for field experiences in diverse educational settings 
and community organisations, which became crucial in helping pre-service teachers apply 
theoretical knowledge to real-world contexts. 

3.2.2 Partnerships with Community Organizations 

The partnership between mathematics teacher preparation programmes and community 
organisations is vital for equipping future educators with the knowledge, skills, and dispositions 
necessary to promote equity and social justice in their classrooms. By engaging with the 
community, pre-service teachers can develop a deeper understanding of the challenges faced by 
their learners, learn to advocate for systemic change and create meaningful connections between 
mathematics and their learners’ lives. For instance, a participant stated that: 

As a pre-service teacher, I’ve learned that engaging with community organisations allows me to 
understand the diverse backgrounds of my future learners. Partnering with local groups helps me 
integrate culturally relevant pedagogy into my math instruction. For example, when collaborating 
with a local cultural centre, I discovered how traditional games could be tied to mathematical 
concepts. This connection not only makes math more relatable to my learners but also honours 
their heritage, fostering a sense of belonging in the classroom. (MST 4 – University B) 

Similarly, another participant stated: 

Community engagement helps me connect mathematical concepts to real-world issues that affect 
my learners’ lives. By working with non-profits focused on social justice, I have gained insights 
into local issues such as housing inequality and food deserts. Incorporating these topics into my 
math lessons through statistics allows my learners to see math as a tool for advocacy and change, 
not just a set of abstract concepts. (MST 1 – University B) 

Also, a participant iterates that: 

…..my community engagement experiences have encouraged a reflective practice essential to my 
growth as a pre-service teacher. Participating in community forums has helped me hear voices and 
perspectives that I might not encounter in a school setting. This reflection allows me to critically 
assess my own biases and assumptions about teaching math. I believe that being aware of these 
factors is crucial for creating an equitable classroom, where every learner feels valued and capable 
of achieving success in mathematics. (MST 10 – University B) 
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These above responses illustrate how partnerships and community engagement can significantly 
enrich pre-service teachers’ understanding of equity and social justice, ultimately informing their 
teaching practices and fostering an inclusive classroom environment.  Furthermore, a 
mathematics teacher educator added: 

By partnering with local schools, we engage in co-planning and co-teaching initiatives that allow 
us to understand the unique challenges students face in different communities. This first-hand 
experience informs our approaches to teaching mathematics in ways that are culturally relevant 
and inclusive. We can draw on the diverse backgrounds of our students to make math more 
relatable and approachable, encouraging equitable participation. (MTE 1 – University B) 

Similarly, another participant posits that 

………Engaging our students in community projects allows them to take ownership of their 
learning while also addressing real-world problems through mathematics. Our pre-service teachers 
participate in local math tutoring programs where they engage with students from diverse 
backgrounds. This experience not only enhances their pedagogical skills but also deepens their 
understanding of the social context in which their future students will learn. It’s a way to empower 
our future educators to advocate for equitable practices in their own schools. (MTE 2 – 
University A) 

The above research findings illustrate the importance of collaboration and engagement with 
communities in preparing mathematics teachers to create equitable and socially just learning 
environments. This was further supported by a head of department who argued that: 

……as head of the department,  I engage with other teacher educators and community 
stakeholders to participate in professional development workshops focused on equity and social 
justice in education. These sessions often involve discussions on best practices, case studies, and 
collaborative learning opportunities. By continually improving our understanding of these vital 
issues, we can better prepare ourselves and our future teachers to foster environments where every 
learner feels empowered to succeed in mathematics, regardless of their background. (HOD – 
University A). 

The above research findings reflect a commitment to creating inclusive and equitable 
mathematics classrooms through active community engagement and partnerships. These 
partnerships often involved collaborative projects that addressed local mathematical literacy 
needs, such as tutoring programmes, after-school initiatives, and community workshops. Such 
engagements provided pre-service teachers with first-hand experience in applying equitable 
practices outside of the traditional classroom setting. 

4. Discussion of Findings  
The findings of this study elucidate the critical importance of integrating equity and social justice 
frameworks within teacher education programmes. As the landscape of education continues to 
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evolve, it becomes increasingly essential for pre-service teachers to develop a comprehensive 
understanding of the diverse cultural, social, and economic contexts that influence student 
learning. Thus, central to this discussion is the notion that teacher education programmes must 
prioritise equity and social justice as foundational elements of their curricula (Freire, 1970; 
Ladson‐Billings, 1995; Skovsmose, 2019; Ries et al., 2024). The integration of these frameworks 
is not merely an additive process but rather a transformative approach that shapes the very ethos 
of teacher preparation. Therefore, teacher educators who are equipped with an understanding 
of systemic inequities are better positioned to foster inclusive learning environments that 
recognise and celebrate the diverse identities of their students. This understanding is particularly 
vital in light of the persistent achievement gaps that disproportionately affect marginalised 
communities. Thus, by embedding equity and social justice into the fabric of teacher education, 
we can cultivate a new generation of educators who are not only aware of these disparities but 
are also committed to enacting change within their classrooms and beyond (Gutstein, 2003; Gay, 
2015; Bell, 2016; Ladson-Billings, 2023). 

Similarly, culturally relevant pedagogy emerges as a crucial component in the findings of the 
study. Ladson-Billings (1995) posits that culturally relevant teaching is not merely about 
incorporating diverse content into the curriculum; rather, it involves creating a learning 
environment that empowers students by validating their cultural identities. This chapter also 
reinforces this notion, revealing that pre-service teachers who engage with culturally relevant 
pedagogical practices are more adept at connecting with their students and fostering a sense of 
belonging. This connection is particularly important in diverse classrooms where students may 
feel marginalised or disconnected from the curriculum. By integrating culturally relevant 
pedagogy into teacher education programmes, teacher education programmes can equip pre-
service teachers with the tools necessary to create inclusive and affirming learning spaces that 
honour the cultural backgrounds of all learners (Ladson-Billings, 2006; Gutstein & Peterson, 
2005; Gutiérrez, 2011; Olawale, Mncube, & Harber, 2021). 

Moreover, exposure to field experiences in diverse settings is essential for developing culturally 
responsive educators. The findings indicate that pre-service teachers who participate in 
practicum experiences within diverse communities demonstrate a greater understanding of the 
complexities of teaching in multicultural contexts. These experiences allow pre-service teachers 
to engage directly with the realities of their students’ lives, fostering empathy and a deeper 
appreciation for the challenges faced by marginalised populations (Gutstein, 2003; Hodge & 
Lawson, 2018). Furthermore, these field experiences provide opportunities for pre-service 
teachers to practise culturally relevant pedagogy in real-world settings, enabling them to refine 
their skills and adapt their teaching strategies to meet the needs of diverse learners (Bell, 2016; 
Bartell, 2018; Bancroft & Nyirenda, 2020). As such, teacher education programmes must 
prioritise partnerships with schools and communities that reflect the diversity of the student 
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population, ensuring that candidates are adequately prepared to navigate the complexities of 
contemporary classrooms. 

The role of partnerships with community organisations cannot be overstated in the pursuit of 
equity and social justice in education. The study highlights the potential for collaboration 
between teacher education programmes and local organisations to enhance the preparation of 
future educators. These partnerships can provide valuable resources, support, and insights into 
the unique challenges faced by students and families in the community. By working alongside 
community organisations, pre-service teachers can gain a more nuanced understanding of the 
socio-economic factors that impact student learning and develop strategies to address these 
challenges within their classrooms (Gutiérrez, 2013; Ladson-Billings, 2021). Additionally, such 
collaborations can facilitate the development of culturally relevant curricula that reflect the needs 
and aspirations of the community, thereby fostering a sense of ownership and investment in the 
educational process. 

Furthermore, the integration of equity and social justice frameworks into teacher education 
programmes necessitates a critical examination of the existing structures and practices within 
these programmes. Thus, the study findings suggest that traditional approaches to teacher 
preparation often perpetuate inequities, as they may fail to adequately address the diverse needs 
of all students. This calls for a reimagining of teacher education that prioritises social justice as 
a guiding principle. As such, teacher education programmes must critically assess their curricula, 
pedagogical practices, and assessment methods to ensure that they are aligned with the goals of 
equity and social justice. This may involve revising course content to include diverse 
perspectives, employing inclusive teaching strategies, and implementing assessment practices 
that recognise and value the different ways that students demonstrate learning (Gay, 2015; Civil, 
Hunter, & Crespo, 2019; Ladson-Billings, 2023). In addition to curricular changes, it is 
imperative that teacher education programmes engage in ongoing professional development for 
faculty and staff (Bancroft & Nyirenda, 2020; Ries et al., 2024; Olawale, 2024). Similarly, 
mathematics teacher educators within these programmes must be equipped with the knowledge 
and skills necessary to effectively teach about equity and social justice. This includes 
understanding the historical and contemporary contexts of systemic oppression, as well as the 
ways in which these issues manifest in educational settings. By fostering a culture of continuous 
learning and reflection among faculty, teacher education programmes can ensure that they are 
effectively preparing future educators to confront and challenge inequities in their classrooms. 

5. Conclusions and Recommendations 

This study explores how mathematics teacher education programs prepare pre-service 
mathematics teachers for equitable and socially just classrooms. It emphasises the critical 
importance of curriculum design, pedagogical approaches, practical experiences, and community 
engagement in preparing pre-service teachers for these classrooms.  
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Firstly, the incorporation of culturally relevant teaching practices emerged as a critical theme. 
Educators who adapt their pedagogical approaches to reflect the cultural backgrounds and lived 
experiences of their students are better equipped to engage learners meaningfully. This alignment 
not only enhances student motivation but also fosters an inclusive classroom atmosphere where 
all students feel valued and capable of succeeding in mathematics. 

Moreover, the enhancement of field experiences was identified as a crucial component of 
mathematics teacher preparation. By providing pre-service teachers with opportunities to engage 
in diverse educational settings, programs can cultivate an understanding of the varied challenges 
and strengths present in different student populations. These experiences allow pre-service 
teachers to observe and implement strategies that promote equity in practice, thereby reinforcing 
their commitment to social justice in their teaching philosophy. 

Community engagement also emerged as a significant theme in the findings. Mathematics 
teacher preparation programs that actively involve local communities in their training initiatives 
create a more holistic educational experience. Such engagement not only enriches the curriculum 
but also establishes vital connections between schools and the communities they serve. This 
synergy is essential for developing educators who are aware of the socio-economic factors 
influencing their students’ learning and are motivated to advocate for systemic change within 
their educational contexts. 

Based on the findings, the chapter concludes that the integration of equity and social justice 
principles within mathematics teacher education is not merely an additive approach; it is essential 
for preparing educators who can effectively address the needs of all students. By embedding 
culturally relevant pedagogy, promoting diverse field experiences, and fostering community 
partnerships, teacher education programs can cultivate a new generation of educators committed 
to social justice and equity in their classrooms. This holistic approach is vital for transforming 
educational practices and ensuring that all students have access to equitable learning 
opportunities. 

The implications of this study call for systemic change in teacher education, advocating for a 
curriculum that prioritizes social equity and prepares student teachers to be agents of change in 
their communities. This may encompass modules on culturally sensitive pedagogy, the historical 
background of mathematics, and the socio-political ramifications of mathematical practices. 
Mathematics teacher education programs should foster collaborative learning spaces in which 
pre-service teachers can engage in discussions and reflections on their experiences related to 
equity and social justice in mathematics teaching. Lastly, these programs should enhance field 
experience opportunities by partnering with diverse schools that serve marginalised 
communities and employing reflective evaluation methodologies that necessitate pre-service 
educators to scrutinise their biases and the effects of their instruction on varied student 
demographics. 
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Pre-Service Teachers’ Self-Efficacy in Teaching Mathematics at 
Senior Primary Phase  

 

Abstract: This chapter investigates the self-efficacy 
levels of pre-service mathematics teachers at the senior 
primary phase within a Namibian teacher education 
context. Employing a quantitative research approach 
with a descriptive design, the study examined the 
confidence levels of 27 randomly selected third- and 
fourth-year pre-service teachers from one campus of 
the University of Namibia. Data were collected using a 
closed-ended questionnaire with Likert scale items 
adapted from the Fennema-Sherman scales, focusing 
on self-efficacy attributes. The findings revealed that 
while most pre-service teachers expressed confidence in 
designing effective lesson plans, using technology, and 
managing classrooms, notable challenges persisted. 
These included limited access to teaching aids, learner 
misconceptions, and difficulties in time management. 
Self-efficacy was found to be significantly influenced by 
content knowledge, pedagogical strategies, classroom 
management skills, mentorship, and observational 
learning. The study highlights the importance of robust 
teacher training programmes that integrate technology, 
mentorship, and practical teaching experiences. 

Recommendations include expanding micro-teaching opportunities, providing access to 
teaching resources, and exploring the role of demographic factors in shaping teacher self-
efficacy. The findings aim to inform teacher education programmes and contribute to the 
preparation of confident and competent mathematics educators. 

1. Introduction 
Teacher self-efficacy is a critical factor influencing educational outcomes, defined as teachers’ 
beliefs in their ability to affect learner engagement and achievement (Lazarides et al., 2018). Mok 
and Moore (2019) highlight a positive association between teacher self-efficacy and teaching 
effectiveness, emphasising that teachers with higher self-efficacy are more effective educators. 
Rooted in Bandura’s social cognitive theory, self-efficacy is shaped by how individuals think, 
feel, and behave, as well as by the support they receive (Bandura, 2019; Verma, 2022). Teachers 
with strong self-efficacy exhibit greater openness to innovative methods, better planning, and 
adaptability when facing challenges, resulting in improved teaching quality and learner outcomes 
(Li, 2023; Holzberger & Prestele, 2021). 

Research underscores the multifaceted nature of self-efficacy. While high self-efficacy positively 
correlates with classroom management, learner motivation, and academic achievement, it can 
also mitigate teacher burnout and attrition (Bal-Taştan et al., 2018; Lazarides et al., 2020). 
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Teachers with high self-efficacy are more likely to adopt learner-centred approaches, use 
collaborative strategies, and integrate technology effectively (Mitchell, 2021). Conversely, low 
self-efficacy may hinder performance, particularly when external rewards are minimal (Tzur et 
al., 2016). Olawale and Hendricks (2024) explored mathematics teachers’ perceptions of their 
teaching practice and self-efficacy, considering factors such as educational background, teaching 
phases, school type, and gender. The findings highlight that school type and educational 
background significantly influence teachers’ performance and accomplishments. Despite strong 
subject matter knowledge, low self-efficacy in teaching practices can hinder teachers from 
achieving expected success and performance levels (Olawale & Hendricks, 2024). 

Pre-service teachers, in particular, often experience fluctuating levels of self-efficacy influenced 
by prior teaching experience, mentorship, and contextual factors (Liu et al., 2021; Zhang et al., 
2021). Effective teacher education programmes can bolster pre-service teachers’ self-efficacy by 
fostering their confidence, knowledge, and instructional skills (Hendricks et al., 2024; Ruiz, 
2024). Innovative teaching practices, such as the flipped classroom model, have been shown to 
strengthen self-efficacy among pre-service teachers (Ding et al., 2023). Furthermore, mentorship 
and positive field experiences play a crucial role in preparing pre-service teachers for the 
complexities of the teaching profession (Terfa et al., 2022). 

The importance of teacher self-efficacy extends beyond individual educators. Collective teacher 
efficacy, defined as the shared belief of a group of teachers in their ability to influence learner 
outcomes, highlights the broader impact of teacher collaboration and school-wide practices on 
student achievement (Lazarides et al., 2020). A teacher’s attitude toward their profession, 
coupled with their sense of self-efficacy, significantly affects their job satisfaction and 
professional growth, ultimately contributing to improved educational outcomes for learners 
(Kiralp & Bolkan, 2016; Segarra & Julià, 2022). 

Given the pivotal role of teacher self-efficacy in shaping educational practices and outcomes, 
this study aims to explore the self-efficacy levels of mathematics pre-service teachers in 
Namibian primary schools. By examining the factors influencing their self-efficacy, the study 
seeks to inform teacher education programmes and contribute to the preparation of effective, 
confident educators capable of fostering meaningful learner engagement and achievement. 

1.1 Problem statement 

Pre-service teachers face significant challenges in adjusting to new school environments and 
applying their subject knowledge to effective pedagogical practices. These difficulties are further 
compounded by increasing student populations and chaotic school systems (McLennan et al., 
2021). Low self-efficacy among pre-service teachers is often exacerbated by inadequate 
preparation, limited teaching experience, and negative feedback from peers or superiors 
(Mozahem et al., 2021). Additionally, individual attitudes and beliefs about education and 
learning play a crucial role in shaping self-efficacy (Hendricks et al., 2024). Self-efficacy directly 
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impacts the effort, perseverance, and resilience of aspiring teachers, particularly when faced with 
challenging tasks such as solving complex mathematics problems. It is a critical component of 
the learning process, influencing the ability to overcome obstacles and achieve success. Although 
self-efficacy has been a subject of study for decades, there is a noticeable gap in research that 
determines the level of self-efficacy among pre-service teachers specifically within a Namibian 
context. This study aims to fill that gap by measuring the self-efficacy levels of mathematics pre-
service teachers. Unveiling the self-efficacy levels of pre-service teachers could aid in developing 
the motivation, persistence, and skills needed to influence student learning outcomes and foster 
academic success positively. 

1.2 Research questions  

The following research question guided the study: What is the Self-Efficacy level of pre-service 
teachers in teaching mathematics at the Senior Primary school phase? 

2. Methodology  

This study employed a quantitative research approach with a descriptive design to measure the 
self-efficacy levels of pre-service mathematics teachers at the senior primary school phase. The 
focus was on determining the confidence levels of pre-service teachers in their ability to teach 
mathematics effectively. The target population comprised 97 third- and fourth-year students 
from one campus of the University of Namibia. This group was selected because they were in 
the final stages of their teacher education programme and had practical experience teaching 
mathematics in schools during their teaching practice. A random sampling method was used to 
select a sample of 27 mathematics pre-service teachers for the study. Data were collected using 
a closed-ended questionnaire containing Likert-scale items. The questionnaire items were 
adapted from the Fennema-Sherman Scales, specifically focusing on the self-efficacy attribute. 
It was administered online via Google Forms, allowing participants to complete and submit their 
responses electronically. Descriptive statistics were utilised to analyse the data and determine the 
self-efficacy confidence levels of the pre-service teachers in teaching mathematics. 

3. Presentation of Results  

This section presents the results of pre-service teachers’ self-efficacy. Table 1 presents the 
demographics of the participants.  

Table 1: Distribution of participants in accordance with their biographical variable 
Gender Academic year 

Male Female 3rd  4th  
13 14 4 23 

According to Table 1, 13 (48.1%) of the participants were male and 14 (51.9%) were female. 
Four (14.8%) of the respondents were third-year students, while 23 (85.2%) were fourth-year 
students. This distribution indicates that most participants were nearing the end of their teacher 
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preparation programmes and in their final year of study. Due to the more thorough education 
and hands-on experience they acquire in the later phases of their academic careers, fourth-year 
students are more likely to have greater classroom experience than third-year students, as 
indicated by their higher representation. 

Table 2: Pre-service teachers’ self-efficacy levels 
Abilities  Strong 

disagree 
Disagree Neutral Agree Strong 

agree 
 N % N % N % N % N % 

I am confident in instructing 
learners and providing an 
alternate explanation when 
students are confused about 
mathematical topics. 

 
3 

 
11 

 
- 

 
- 

 
6 

 
22 

 
11 

 
41 

 
7 

 
26 

I can design good lesson plans 
for teaching mathematics that are 
interesting and effective. 

2 7 1 4 6 22 5 19 13 48 

I am confident in my ability to 
respond to learners’ inquiries on 
mathematical subjects. 

3 11 - - 5 19 6 22 16 59 

I am confident in my ability to 
properly run a mathematics 
lesson. 

2 7 1 4 7 26 7 26 10 37 

I am skilled at teaching 
mathematics using technology. 

- - - - 8 30 10 37 9 33 

I am confident in my ability to 
prevent disruptive behaviour in 
the classroom. 

2 7 2 7 2 7 7 26 14 52 

The findings from Table 2 indicate that 11% of the pre-service mathematics teachers lack 
confidence in their competence to instruct students and give them alternative explanations in 
mathematics topics when they find themselves confused, as evidenced by the small number of 
respondents who chose “strongly disagree.” More respondents (22%) chose “neutral,” 
indicating a reasonable level of confidence among some participants. However, the majority of 
about 41% chose “agree,” indicating high trust in their communication and educational abilities. 
Of the participants, 26% chose “strongly agree,” indicating that a sizable proportion of 
respondents felt very confident in teaching mathematical concepts. Overall, the statistics show 
that most pre-service teachers are confident in their competence to instruct and respond to the 
questions of senior primary students in mathematics. 

Table 2 shows trends in the responses of pre-service teachers’ capacity to create interesting and 
successful lesson plans for teaching mathematics. According to the results, the category 
“strongly disagree” garnered only 7% of the participants, indicating that only a small percentage 
of respondents strongly disagree with the statement. Out of all the categories, the response 
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option “disagree” had the lowest frequency of 4%, suggesting that it was the least popular choice 
for this degree of disagreement. An average number of respondents (22%) chose the “neutral” 
option, suggesting that many pre-service teachers are undecided about the statement. This trend 
implies that a sizable portion of respondents might have ambivalent or neutral opinions about 
their own ability to create engaging and successful mathematics lesson plans. The “agree” 
category was chosen by 19%, suggesting that more respondents agreed with the statement. 
Finally, the “strongly agree” option had the most votes, about 48%, indicating that those who 
were extremely confident in their capacity to create such lesson plans agreed the most. With 
“strongly agree” being the most common response, these findings highlight a clear trend toward 
greater levels of agreement among respondents. 

Pre-service teachers’ confidence levels are often high when it comes to answering students’ 
questions about mathematical topics. According to the results in Table 2, “Strongly disagree” 
was the least popular response, at 11%, suggesting that few pre-service teachers who participated 
are unconfident in this area. Interestingly, there were no recorded answers for “disagree,” 
indicating that no participant expressed a lack of confidence. An average of 19% and 22% of 
the participants chose “neutral” and “agree,” respectively. This indicates that some pre-service 
teachers have mixed feelings about their confidence. Since “strongly agree” received the most 
responses, from 59% of the participants, it is clear that the majority of pre-service teachers 
strongly believe they are capable of handling senior primary-level arithmetic problems. 

The results in Table 2 show that, among those who are confident in their ability to conduct a 
mathematics lesson, 7% of the participants chose “strongly disagree,” while 4% indicated the 
“disagree” category. Both “neutral” and “agree” received 26% of the responses, while “strongly 
agree” had the highest percentage, at 37%. This trend suggests that having a strong belief in 
one’s ability to teach mathematics can boost confidence in delivering successful lessons. 
However, subject knowledge and prior teaching experience are likely additional factors that 
influence confidence in teaching mathematics at the senior elementary level. Therefore, a 
thorough evaluation should consider these influencing factors, even if self-belief plays a major 
role in teaching confidence. 

The results from Table 2 show how pre-service teachers’ self-assessed proficiency in using 
technology to teach mathematics was distributed among five degrees of agreement. “Strongly 
disagree” and “disagree” were not chosen at all, indicating that none of the respondents were 
unconfident in their ability to use technology to teach mathematics. About 30% of the 
participants chose “neutral,” suggesting that a sizable percentage of respondents remain unsure 
or unconvinced of their competence in this area. Interestingly, 37% and 33% chose “agree” and 
“strongly agree,” respectively, indicating that many pre-service teachers have a favourable 
opinion of their use of technology in mathematics classes. Overall, these results point to a range 
of viewpoints, with many respondents indicating varying or neutral degrees of confidence in 
their abilities. 
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Based on the statement regarding confidence in preventing disruptive behaviours in the 
classroom, 7% of participants chose “strongly disagree,” “disagree,” and “neutral,” respectively. 
A larger proportion, 26%, chose “agree,” while 52% chose “strongly agree,” indicating that most 
pre-service teachers have confidence in preventing disruptive behaviour in the classroom. 

3.1 Discussion of findings 

The findings of this study provide valuable insights into the self-efficacy levels of pre-service 
mathematics teachers at the University of Namibia, particularly regarding their confidence to 
instruct students, develop lesson plans, manage classroom behaviour, and use technology in 
teaching mathematics. These results align with existing literature, emphasising the critical role of 
teacher self-efficacy in shaping educational outcomes (Lazarides et al., 2018). 

The results revealed that most participants exhibited high levels of confidence in their ability to 
instruct students and provide alternative explanations when learners encountered confusion. A 
combined 67% of respondents (41% “agree” and 26% “strongly agree”) indicated confidence 
in their instructional capabilities. These findings align with Mok and Moore (2019), who 
highlight the positive correlation between teacher self-efficacy and teaching effectiveness. High 
self-efficacy levels equip teachers to engage learners effectively and adapt their teaching 
strategies to diverse learning needs (Li, 2023). 

The participants displayed a strong belief in their capacity to create engaging and successful 
lesson plans for teaching mathematics, with 48% selecting “strongly agree.” However, the 
neutral response rate of 22% suggests that a portion of respondents were uncertain about their 
skills in this area. This ambivalence might reflect a need for enhanced training in lesson planning 
during teacher education programmes (Ruiz, 2024). The strong confidence expressed by the 
majority supports the findings of Holzberger and Prestele (2021), who assert that teachers with 
high self-efficacy are better planners and more adaptable in their teaching approaches. 

A notable 59% of participants expressed strong confidence (“strongly agree”) in their ability to 
address learners’ mathematical queries, while no participants selected “disagree.” This result 
reflects the participants’ preparedness to tackle classroom challenges, corroborating findings by 
Bal-Taştan et al. (2018) and Lazarides et al. (2020), which emphasise that high self-efficacy 
enhances classroom management and academic achievement. 

The majority of participants demonstrated confidence in leading mathematics lessons, with 37% 
choosing “strongly agree” and an additional 26% selecting “agree.” However, a significant 
proportion (30%) reported neutral or lower confidence levels. These findings suggest that while 
self-belief is crucial, other factors, such as subject knowledge and teaching experience, may also 
influence confidence levels, as noted by Zhang et al. (2021). Effective mentorship and hands-
on teaching opportunities during teacher training can address this variability (Terfa et al., 2022). 
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The findings indicated a favourable view of technology integration in mathematics instruction, 
with 33% “strongly agreeing” and 37% “agreeing.” However, the 30% neutral response rate 
suggests that some pre-service teachers remain uncertain about their proficiency in this area. As 
Mitchell (2021) and Ding et al. (2023) highlight, incorporating innovative practices such as 
technology use in teacher education programmes can enhance confidence and instructional 
quality. 

The study found that most participants (78%, combining “agree” and “strongly agree”) were 
confident in their ability to prevent disruptive behaviour in the classroom. This result aligns with 
Lazarides et al. (2020), who underscore the role of teacher self-efficacy in fostering effective 
classroom management. The findings also emphasise the importance of equipping pre-service 
teachers with strategies to maintain a positive learning environment, as noted by Kiralp and 
Bolkan (2016). 

These findings highlight the generally high levels of self-efficacy among pre-service mathematics 
teachers at the University of Namibia, particularly in instructional competence, lesson planning, 
and classroom management. However, areas such as technology integration and lesson planning 
still show variability, suggesting a need for targeted interventions in teacher education 
programmes. Aligning with Bandura’s (2019) social cognitive theory, these results affirm that 
fostering self-efficacy through mentorship, field experiences, and innovative teaching practices 
is essential to preparing effective, confident educators who can positively influence learner 
outcomes. 

4. Conclusions and Recommendations  

This study investigated the self-efficacy levels of pre-service mathematics teachers at the senior 
primary phase in Namibia, revealing both challenges and strengths in their preparation for 
teaching mathematics. The findings indicate that while pre-service teachers expressed 
confidence in key areas such as lesson planning, conducting mathematics lessons, and integrating 
technology into instruction, they also faced notable challenges. These included the limited 
availability of teaching resources, learner misconceptions, and time management difficulties. 

The study underscores the multifaceted nature of self-efficacy, shaped by factors such as content 
knowledge, pedagogical strategies, classroom management skills, personal teaching experiences, 
and mentorship. These findings align with Bandura’s social cognitive theory and existing 
research that highlights the importance of teacher self-efficacy in fostering educational outcomes 
(Lazarides et al., 2018; Mok & Moore, 2019). Despite these challenges, the participants’ 
confidence in their teaching abilities suggests that targeted interventions can significantly 
enhance their self-efficacy and teaching effectiveness. 

To enhance pre-service teachers’ self-efficacy in teaching mathematics, teacher education 
programmes should provide comprehensive training in the use of teaching aids and technology 
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through workshops, seminars, and hands-on practice. Structured mentorship programmes 
should be established, enabling experienced educators to guide pre-service teachers in lesson 
planning, classroom management, and addressing learner misconceptions. Opportunities for 
micro-teaching and reflective practice should be expanded, allowing pre-service teachers to build 
confidence and refine their instructional skills through practical experience. Access to adequate 
teaching resources, including study guides and digital tools, must be ensured to support effective 
teaching. Additionally, future research should explore how factors such as gender and academic 
background influence pre-service teachers’ self-efficacy and examine the long-term impact of 
teacher education programmes on their professional development and teaching performance. 
These measures collectively aim to prepare confident, competent educators capable of fostering 
meaningful learner engagement and achievement in mathematics. 
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 Visualising Mathematical Concepts through Dual Digital and 
Non-Digital Teaching Tools on Preservice Teachers’ Pedagogical 

Content Knowledge 
 

Abstract: This chapter explores how dual digital and 
non-digital visualisation tools contribute to the 
formation of robust pedagogical content knowledge 
(PCK) in PSTs, enhancing their PCK and ability to 
teach mathematics effectively in diverse classroom 
settings. Grounded in the TPACK framework, the 
study examines the influence of these tools on PSTs’ 
PCK. An interpretive qualitative approach was adopted, 
focusing on a cohort of 20 third-year PSTs from one 
class. Initially, their PCK was assessed using 
observational tools and focus group discussions during 
their microteaching sessions. Thereafter, design-based 
interventions were implemented during lectures, 
allowing PSTs to explore, develop, and integrate digital 
and non-digital tools in teaching Grade 10 mathematics 
topics (functions, measurements, and analytical 
geometry) over a semester. In the post-intervention 
phase, their PCK was re-evaluated as they integrated 
digital and non-digital tools into their microteaching. 
The same observational tools and focus group 
discussions were utilised to assess any changes in their 

PCK. Finally, semi-structured interviews were conducted to gather their reflections. Data were 
collected through observational tools, focus group discussions, and semi-structured interviews. 
The data were analysed using the TPACK framework as the analytical tool, intertwined with 
thematic analysis. The findings show that integrating digital and non-digital teaching tools to 
visualise mathematics concepts can significantly enhance PSTs’ PCK and their ability to teach 
mathematics effectively. Therefore, this chapter recommends that mathematics teacher 
education programmes highlight the need for a balanced integration of diverse instructional 
tools to better prepare teachers for the challenges of contemporary mathematics education. 

1. Introduction 
Mathematics teaching and learning remain critical areas of focus in education, with the persistent 
challenge of effectively communicating abstract concepts across educational levels. According 
toOlawale(2024), pre-service teacher (PST) education programmes significantly influence 
mathematics teachers’ ability to instruct mathematical content in accordance with curriculum 
standards, augment their subject knowledge, and bolster their confidence. Nevertheless, the 
programmes exert negligible impact on their capacity to execute differentiated instruction within 
their instructional methodologies.For pre-service mathematics teachers, developing Pedagogical 
Content Knowledge (PCK), which integrates subject matter knowledge and pedagogical 
strategies, is essential for presenting complex ideas in ways that students can understand 

Keywords:  Digital teaching tools, mathematics education, mathematics - 31 -aption- 31 -ing- 31 -o, 
non-digital teaching tools, pedagogical content knowledge. 

Abongile Ngwabe1*   

Sakyiwaa Boateng2   
 
AFFILIATIONS 
1&2Faculty of Education, Walter Sisulu 
University, Mthatha, South Africa. 
 
CORRESPONDENCE 
Email: angwabe@wsu.ac.za*         
 
Reference Formats (APA 7th Edition) 
Ngwabe, A., & Boateng, S. (2025). Visualising 
mathematical concepts through dual digital 
and non-digital teaching tools on preservice 
teachers' pedagogical content knowledge. In 
B. E. Olawale (Ed.), Building the Foundations: 
Effective Approaches in Mathematics Teacher 
Preparation (pp. 31-56). ERRCD Forum. 
https://doi.org/10.38140/obp3-2025-03  
 
Copyright:  
© The Author(s) 2025.  
Published by ERRCD Forum. 
This is an open access article distributed 
under Creative Commons Attribution (CC 
BY 4.0) licence. 

 
 

CHAPTER THREE 

mailto:angwabe@wsu.ac.za
https://doi.org/10.38140/obp3-2025-03
https://protect.checkpoint.com/v2/___http:/www.errcd.com/___.YzJlOnVuaXNhbW9iaWxlOmM6bzo4MDMxY2M2MmVmZDA4ZWY3YzcxNWU3NzlmYTUyMjZiNzo2OmM4ZWI6NTdmYmU5NzI5ZGJkOThiOGFlODEwMjdkZTgxMmQ3NmMzNzYwYTlhN2E0NmY3ZTE3YjVjNGZlMzM4MmUzZDNhNDpwOlQ
https://protect.checkpoint.com/v2/___https:/creativecommons.org/licenses/by/4.0/___.YzJlOnVuaXNhbW9iaWxlOmM6bzo4MDMxY2M2MmVmZDA4ZWY3YzcxNWU3NzlmYTUyMjZiNzo2OjkwYzU6ZTg1OGI5Yjg4Mzc1Yzc3NmRkMzM1Yzg2NGYxOTUzODY4NDNlNzdiN2M5MjAzMzc4ZmU1OWE5ZmYwZDFiNGM5MzpwOlQ
https://protect.checkpoint.com/v2/___https:/creativecommons.org/licenses/by/4.0/___.YzJlOnVuaXNhbW9iaWxlOmM6bzo4MDMxY2M2MmVmZDA4ZWY3YzcxNWU3NzlmYTUyMjZiNzo2OjkwYzU6ZTg1OGI5Yjg4Mzc1Yzc3NmRkMzM1Yzg2NGYxOTUzODY4NDNlNzdiN2M5MjAzMzc4ZmU1OWE5ZmYwZDFiNGM5MzpwOlQ
https://orcid.org/0000-0002-8915-5521
https://orcid.org/0000-0002-1604-5487


 

 - 32 -                                                                                                                                                  ERRCD Forum, 2025                                                                                   

(Shulman, 1986). Microteaching serves as a vital component of teacher education, offering pre-
service teachers (PSTs) structured opportunities to practice and refine their teaching skills in a 
controlled environment (Fki, 2023; García-Esteban et al., 2016). Through cycles of teaching, 
feedback, and reflection, this approach enhances instructional techniques and fosters the 
development of PCK (Setyaningrahayu et al., 2019; Ramadhanti & Yanda, 2021). 

Visualisation, as a pedagogical strategy that includes self-made visual representations, visual arts, 
and technology-based tools (An et al., 2023), further supports this development by bridging the 
gap between abstract mathematical theory and practical application, thereby improving PCK 
(Shulman, 1986). Digital tools, such as GeoGebra and augmented reality (AR), have been shown 
to facilitate the visualisation of complex mathematical concepts through dynamic and interactive 
features (Muslim, 2023). GeoGebra, for example, supports learning in calculus and geometry by 
providing dynamic representations that enhance conceptual clarity (Muslim, 2023). Similarly, AR 
enriches the learning experience by enabling students to manipulate and visualise mathematical 
objects in three dimensions, fostering deeper comprehension (Cirneanu & Moldoveanu, 2024). 
In contrast, non-digital tools, including manipulatives and visual aids, remain indispensable in 
resource-limited contexts, providing concrete experiences that aid in transitioning from tangible 
to abstract understanding (Urrutia et al., 2019). 

While these tools offer unique benefits, there is limited research on their combined use in 
improving PSTs’ PCK. Existing studies predominantly focus on either digital tools or traditional 
methods without examining their synergistic effects (Sangwin, 2021). Moreover, research tends 
to emphasise the impact of these tools on learners’ understanding, leaving a significant gap in 
understanding their effects on PSTs’ instructional capabilities, particularly during microteaching 
sessions. Furthermore, studies often overlook how PSTs’ attitudes toward technology and 
pedagogical beliefs influence the integration of these tools into teaching practices (Voogt et al., 
2012). Against this background, this chapter investigates how the combined use of digital and 
non-digital tools influences PSTs’ PCK during microteaching sessions. Specifically, it explores 
how PSTs visualise and teach mathematical concepts before and after an intervention 
programme utilising tools like GeoGebra alongside manipulatives and visual aids. This research 
seeks to inform teacher education programmes about the optimal integration of these tools to 
enhance mathematics teaching and learning, equipping future teachers to navigate diverse 
classroom contexts effectively. 

1.1 Research questions 

This chapter, therefore, seeks to answer the following questions: 

• In what ways do visualising mathematical concepts using both digital and non-digital 
tools influence preservice teachers’ PCK during their microteaching sessions? 

• What are preservice teachers’ experiences of using dual digital and non-digital tool 
approaches during their microteaching sessions? 
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2. Literature  

2.1 Pedagogical content knowledge in mathematics teacher education 

Pedagogical Content Knowledge (PCK) is a vital construct in mathematics teacher education, 
enabling teachers to integrate mathematical content and pedagogical strategies effectively 
(Marshman & Porter, 2013). It plays a critical role in fostering student understanding and 
addressing misconceptions, yet, research highlights that pre-service teachers (PSTs) often 
struggle to develop robust PCK (Ekiz-Kiran et al., 2021; Wakhata et al., 2022). Studies emphasise 
that combining general pedagogical knowledge with mathematics-specific approaches enhances 
teaching efficacy and student outcomes (Charalambous et al., 2020; Sarama et al., 2021). This 
suggests that effective teacher training programmes should offer targeted experiences that 
cultivate both content knowledge and pedagogical knowledge, as these are essential for impactful 
instruction, as confirmed by Ball et al. (2008) and Tröbst et al. (2018). As noted by Olawale 
(2023), teachers’ experience, academic qualifications, and pedagogical content knowledge are 
integral to teacher quality, which significantly influences learners’ academic achievement by 
enhancing the teacher’s capacity to engage students, deliver instruction effectively, and facilitate 
meaningful learning experiences. This highlights the need to explore how tools like visualisation 
technologies influence PSTs’ PCK development. 

2.2 Digital and non-digital tools in mathematics education  

A wide range of concepts is utilised to delineate digitisation in relation to the investment, 
adoption, and application of advanced technologies in educational practices and research. These 
concepts include digital instruments, digital technologies, information technology (IT), 
information and communication technology (ICT), and educational technology. Typically, these 
terms are employed interchangeably, as a clear distinction between them is absent (Salavati, 
2016). As noted by Griffin (2003), these technologies hold considerable promise for educational 
purposes, with the effectiveness and applicability of digital technology being dependent on the 
teacher’s proficiency and passion. The educator ultimately plays a pivotal role in enhancing the 
learning environment, contingent upon their adept utilisation of technology to their advantage 
(Griffin, 2003). Tondeur et al. (2008) contend that teachers are more predisposed to adopt 
innovations that align with their individual philosophies and beliefs concerning teaching and 
learning. 

The integration of digital and non-digital visualisation tools, such as GeoGebra, is critical in 
developing PSTs’ PCK by blending content knowledge with effective teaching strategies 
(Shulman, 1986). GeoGebra, in particular, offers dynamic and interactive learning opportunities, 
enabling preservice teachers to explore and teach complex mathematical concepts effectively 
(Dockendorff & Solar, 2018; Bakar et al., 2020; Marange & Tatira, 2023). Non-digital tools, such 
as physical models and diagrams, complement this by fostering hands-on engagement and 
enhancing conceptual understanding (Samuel, 2019; Vladušić et al., 2020). Together, these tools 
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encourage diverse instructional strategies tailored to learners’ needs (Rice & Kitchel, 2015; 
Wooditch et al., 2018). 

GeoGebra’s integration into teacher training programmes significantly enhances teachers’ ability 
to employ technology in the classroom (Buchori & Puspitasari, 2023). Research indicates that 
pre-service teachers (PSTs) who use GeoGebra improve their instructional skills and gain a 
better understanding of the intersection between pedagogy and technology (Marange & Tatira, 
2023; Bueno et al., 2021). Additionally, GeoGebra supports inquiry-based learning, which 
fosters student self-efficacy and motivation, enabling more engaging, student-centred teaching 
approaches (Zakariya, 2022; Barçin & Yenmez, 2023). Studies have also shown its potential in 
addressing misconceptions in mathematics and enhancing PSTs’ professional growth (Dağlı & 
Elif, 2021; Horzum & Ünlü, 2017; Putra et al., 2021). Beyond its impact on teaching, GeoGebra 
positively influences student learning by making abstract mathematical concepts accessible and 
enjoyable. Students demonstrate improved attitudes towards mathematics and greater 
conceptual understanding when GeoGebra is used in lessons (Uwurukundo et al., 2022; Muslim, 
2023). The tool’s ability to foster visualisation and simplify complex ideas supports deeper 
engagement with mathematical content, particularly in areas such as geometry and three-
dimensional models (Dahal et al., 2022). 

GeoGebra’s transformative role in modern mathematics education is evident in its capacity to 
foster innovative instructional practices and deepen understanding among both teachers and 
students. For PSTs, it offers a robust platform to develop TPACK and equips them to create 
active, learner-centred environments (Kuzu, 2021; Nzaramyimana et al., 2021). These findings 
underscore GeoGebra’s crucial role in preparing pre-service teachers for effective mathematics 
instruction in technology-rich educational contexts. 

In contrast, non-digital tools such as manipulatives, visual aids, and traditional paper-and-pencil 
methods significantly enhance students’ understanding of mathematical concepts. These tools 
facilitate a tactile and visual approach to learning, which can be particularly beneficial for 
students who struggle with abstract mathematical ideas. Traditional resources, such as textbooks 
and physical manipulatives, provide tangible experiences that can enhance understanding and 
retention of information (Clark-Wilson, 2020). For instance, the use of physical objects in 
mathematics education has been shown to improve students’ conceptual understanding by 
allowing them to visualise and manipulate abstract concepts (Clark-Wilson, 2020). Research has 
indicated that the use of physical manipulatives can lead to a deeper conceptual understanding 
and improved problem-solving skills among students (Hussein & Khoiruzzadittaqwa, 2024; Ng 
& Tsang, 2021).  

One of the primary advantages of non-digital tools is their ability to promote active learning. 
When students engage with physical objects, they can explore mathematical concepts in a hands-
on manner, fostering engagement and motivation. For example, using blocks to teach addition 
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and subtraction allows students to visualise the process, making it more concrete and 
understandable. This approach aligns with the principles of Realistic Mathematics Education 
(RME), which emphasises the importance of context and real-life applications in learning 
mathematics (Agustina et al., 2018; Sari & Mutmainah, 2018).  

Moreover, non-digital tools encourage collaborative learning. In a classroom setting, students 
can work together to manipulate objects, discuss their strategies, and share their findings. This 
collaborative approach enhances mathematical understanding and develops critical social skills 
such as communication and teamwork (Ersozlu et al., 2022). Studies have indicated that 
cooperative learning strategies, which often utilise non-digital tools, can significantly improve 
students’ mathematical performance and attitudes towards the subject (Shah, 2023; 
Bhagwonparsadh, 2024). The dual-tool approach enhances content knowledge and promotes a 
constructivist mindset, encouraging pre-service teachers to view mathematics as a dynamic and 
interconnected discipline rather than a series of isolated facts (Carbonneau et al., 2018). The 
integration of both tool types can create a balanced learning environment that caters to diverse 
learning styles and preferences. 

2.3 Theoretical frameworks  

2.3.1  Technological pedagogical content knowledge 

TPACK is a framework that integrates three fundamental domains of knowledge: technological 
knowledge (TK), pedagogical knowledge (PK), and content knowledge (CK). This integration 
is essential for effective instruction, particularly as teachers grapple with the complexities of 
incorporating both digital and non-digital tools into their pedagogical methodologies. The 
framework was originally introduced by Mishra and Koehler in 2006, highlighting the interaction 
among these knowledge domains to improve teaching and learning outcomes (Koehler et al., 
2013). Furthermore, the TPACK framework comprises various components that further 
elucidate the interactions between technology, pedagogy, and content. These include 
Technological Content Knowledge (TCK), Technological Pedagogical Knowledge (TPK), and 
Pedagogical Content Knowledge (PCK) (Saubern et al., 2020; Raihanah, 2024). Technological 
Content Knowledge (TCK) pertains to understanding how technology can be employed to 
effectively represent specific content. In contrast, Technological Pedagogical Knowledge (TPK) 
encompasses the understanding of how technology can be leveraged to enhance pedagogical 
approaches. Conversely, Pedagogical Content Knowledge (PCK) emphasises the adaptation of 
pedagogical strategies to facilitate the effective instruction of specific content areas (Stapf & 
Martin, 2019; Padmavathi, 2017). The interaction of these elements is crucial for PSTs as they 
acquire the skills necessary to navigate the intricacies of teaching mathematics within a 
technology-enhanced environment. 
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Figure 1: The TPACK Framework (adopted from Koehler & Mishra, 2009) 

The TPACK framework, as shown in Figure 1 above, is particularly relevant in the education of 
pre-service teachers (PSTs), as these student teachers must cultivate competencies to integrate 
technology effectively into their pedagogical practices. Research indicates that engaging PSTs in 
TPACK-focused training can significantly improve their capacity to devise and execute 
technology-integrated teaching (Chai et al., 2020; Valtonen et al., 2020). For instance, studies 
have shown that PSTs participating in TPACK-based professional development programmes 
demonstrate increased confidence and competence in using technology to facilitate student 
learning (Admiraal et al., 2016; Chai et al., 2018). This is especially important in mathematics 
education, where visualising mathematical concepts through various teaching tools can lead to 
deeper understanding and engagement among students (Rohmitawati, 2018). 

3. Materials and Methods 

The study adopts an interpretivist qualitative approach, characterised by its focus on 
understanding the subjective experiences and perspectives of individuals within their specific 
contexts. Interpretivism highlights the significance of context and the meanings attributed by 
participants to their experiences, making it particularly suitable for examining the intricacies of 
PSTs’ perceptions and practices regarding the utilisation of digital and non-digital tools in 
teaching mathematics (Mohajan, 2018). Participants were selected through purposeful sampling, 
a method frequently employed in qualitative research to identify individuals who possess specific 
characteristics relevant to the research question. Six PSTs from a cohort of twenty were sampled 
to take part in the study. Data collection was conducted through observations, focus group 
discussions, and semi-structured interviews, guided by the analytical framework. 

Data collection occurred in three phases: 

• Pre-Intervention Phase: PSTs’ baseline PCK was assessed during microteaching sessions 
using observational tools and focus group discussions. 
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• Intervention Phase: A design-based intervention was conducted during lectures, 
exposing PSTs to digital tools like GeoGebra and opportunities to create non-digital 
solid objects. The intervention focused on teaching Grade 10 mathematics topics, 
including functions, measurements, and analytical geometry, over a semester. 

• Post-Intervention Phase: PSTs’ PCK was re-evaluated through microteaching sessions, 
utilising the same observational tools and focus group interviews. Lastly, we conducted 
semi-structured interviews to gather reflections on the tools’ impact on their teaching 
practices and their ability to visualise mathematical concepts. 

Observation data were analysed using a Likert scale checklist to assess PSTs’ PCK, with scores 
converted into qualitative criteria based on established intervals (Widyoko, 2014; Sugiyono, 
2013). The TPACK framework was applied to code and analyse data, categorising it into CK, 
PK, PCK, and TPACK. Emerging themes from the semi-structured interviews were integrated 
into the framework to enrich the analysis. This dual approach ensured a comprehensive 
understanding of how digital and non-digital tools influenced PSTs’ instructional strategies and 
PCK. 

The data analysis procedure is based on research instruments utilising a Likert scale presented 
as a checklist, as indicated in Table 1. Sugiyono (2019) asserts that Likert scales are employed to 
assess the attitudes, views, and perceptions of individuals or groups regarding social issues. The 
questionnaire employs the Likert scale presented as a checklist. The obtained data are then 
converted into qualitative criteria displayed in Table 2. The data gathered from the pre-and post-
observations of the PSTs were analysed using the TPACK framework. The framework was also 
utilised to systematically analyse the data collected from observations by categorising it into the 
following domains: CK, PK, PCK, and TPACK. 

Table 1: Likert scale categories 
Interval Criteria 
1.00  < score < 1.75 Very low 
1.75 < score < 2.50 Low 
2.50 < score < 3.25 Good 
3.25 < score < 4.00 Very good 

Source: (Adopted from Widyoko, 2014) 
Table 2: The Percentage range values and qualitative criteria 

Value Range Qualitative Criteria 
1 0 — 20  Very low 
2 21 — 40  Low 
3 41 — 60 Fair 
4 61 — 80 Good 
5 81 — 100 Very good 

Source: (Adopted from Sugiyono, 2013) 

Emerging themes from the interview data were identified and integrated into the analytical 
framework to comprehensively understand how digital and non-digital tools influenced 
preservice teachers’ PCK. This approach ensured a nuanced analysis by linking the participants’ 
observed and expressed experiences to the theoretical components of the TPACK framework. 
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This chapter establishes the study’s trustworthiness through credibility, transferability, 
dependability, and confirmability. The study’s credibility was augmented in multiple ways. We 
employed an effective approach involving the implementation of member checking (Lincoln & 
Guba, 1985). In this study, following the preliminary analysis of interviews and observations, 
the PSTs were solicited to reflect on the findings and verify the accurate representation of their 
experiences. This technique authenticates the data and enables participants to rectify any 
misconceptions, thus augmenting the study’s credibility. We utilised various data collection 
methods, including interviews, lesson observations, focus group discussions, and video 
recordings of micro-teaching sessions. This facilitated the triangulation of results (Creswell & 
Poth, 2018). Observations of the micro-teaching sessions supplemented the interview data, 
enabling the researchers to discern how the PSTs implemented their knowledge of GeoGebra 
and other tools in practice. This comprehensive approach ensures that the findings are not 
derived from a singular perspective but instead represent a more holistic understanding of the 
participants’ experiences. 

To improve transferability, we included comprehensive descriptions of the research context, the 
training programme, the tools used (GeoGebra and non-digital instruments), and the 
instructional strategies implemented during micro-teaching (Merriam & Tisdell, 2016). This 
enabled other researchers to assess the applicability of the findings to their contexts. 

The researchers upheld a detailed audit trail during the study to guarantee confirmability 
(Shenton, 2004). This comprises documentation of the research process, the decisions 
undertaken, and the modifications to the technique as the study advanced. By ensuring 
transparency in the research design and execution, the researchers enable others to replicate the 
techniques and evaluate the trustworthiness of the results. Lastly, we involved colleagues in 
mathematics education to evaluate the research methodology and offer insights on 
methodological coherence and data analysis (Creswell & Creswell, 2017). This provided an 
external viewpoint that aids in recognising potential biases or preconceptions that may have 
impacted the analysis. This collaborative method enhances the thoroughness of data analysis 
and bolsters the study’s overall trustworthiness. 

4. Presentation of Results 

4.1 Biographic profile of pre-service teachers 

The study involved six PSTs specialising in mathematics teaching in their third year. These 
participants, with an average age of 21 years, were part of a cohort of 21 PSTs, which included 
6 males and 15 females from one class. For the sake of anonymity, they were assigned the 
following codes: PSTB, PSTD, PSTE, PSTI, PSTK, and PSTO. Each participant demonstrated 
a strong commitment to advancing their pedagogical and content knowledge in mathematics, 
aspiring to become effective teachers in diverse classroom settings. Their academic training 
included theoretical coursework and practical teaching components, equipping them with the 
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necessary skills to integrate digital and non-digital teaching tools into their practice. This group 
was selected to represent various perspectives within the programme. 

4.2 Pre-service teachers PCK on visualisation of mathematics concepts before and after 
the intervention 

Interview transcripts and observation codes have been analysed to provide a narrative version 
of pre-service teachers’ visualisation and teaching of mathematics concepts before and after the 
interventions. 

4.2.1 Content Knowledge (CK)  

CK is an understanding of the subject matter that does not consider the pedagogical aspects of 
teaching the subject (Chai et al., 2013). CK is essential as it shapes the distinctive cognitive 
approach to the discipline within each field of study. The analysis of CK competencies among 
PSTs prior to the interventions yielded an average score of 42, categorising their performance 
as fair. Table 3 indicates that PSTB, with a score of 54, and PSTO, with a score of 58, are 
classified within the satisfactory category. Nonetheless, PSTD (scoring 22), PSTE (scoring 39), 
PSTE (scoring 46), and PSTK (scoring 34) are all classified within the low category. The results 
suggest that the PSTs have not yet attained proficiency in the mathematical concepts necessary 
to effectively visualise and teach students (see Table 3). Moreover, the ratings for each 
component within the CK section for all PSTs are distinctly presented in Table 4. The data 
indicates that the performance of each component is classified as low, with an average score of 
2.13 within the low category (refer to Table 4). 

This was evident during the interview. When pre-service teachers were asked how they visualise 
and teach mathematics concepts, most indicated that they used traditional, low-tech methods to 
visualise mathematical concepts and found it difficult to explain some complex concepts in 
mathematics. Two pre-service teachers indicated the following: 

I explained verbally and wrote on the board to visualize concepts.” I wrote on the board to 
explain concepts and described visualizing a triangle to help illustrate the topic being taught. I 
also struggled to explain some concepts and hence I confused my students (PSTO).  
“I used the traditional method of teaching...I focused on the distance, gradient, and midpoint.” I 
used only verbal explanations to teach the concept of calculating the distance between two points 
and the midpoint without any visualisation tool (PSTK).  

Freehand drawings, although a common substitute, were often imprecise and prone to causing 
misconceptions. PSTs recognised that this hindered their ability to accurately demonstrate 
mathematical associations. PSTK expressed his frustration: 

The main challenge was that my drawings were freehand, not to scale, which could easily cause 
misconceptions. I could not demonstrate the parameters’ impact visually, especially if they were 
negative.  
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These challenges highlight the need for access to both digital and non-digital tools to improve 
clarity, accuracy, and engagement in mathematical teaching. 

This chapter presents an analysis of content knowledge abilities among pre-service teachers 
post-intervention, revealing an average score of 79, categorised as good. Table 3 indicates that 
PSTB, with a score of 82, and PSTO, with a score of 86, are classified in the very good category. 
PSTD (score: 78), PSTE (score: 80), PSTI (score: 78), and PSTK (score: 72) are all classified 
within the good category. The results demonstrate that the PSTs have effectively mastered the 
mathematical content, facilitating their ability to visualise and teach mathematics to students 
(Table 3). Furthermore, Table 4 presents the scores for each component in the CK section post-
intervention for all PSTs. The data indicate that each component’s ability is classified as efficient, 
with an average score of 3.44 in the very good category (Table 4). Tables 3 and 4 provide an 
overview of the preparedness of PSTs in developing professional competencies pertinent to the 
mastery of the material intended for student instruction. 

Table 3: Pre-service teachers; CK abilities  

No Pre-service 
teacher Code 

CK Score before 
intervention 

Qualitative 
Criteria 

CK Score after 
intervention 

Qualitative 
Criteria 

1 PSTB 54 Fair 82 Very good 
2 PSTD 22 Low 78 Good 
3 PSTE 39 Low 80 Good 
4 PSTI 46 Fair 78 Good 
5 PSTK 34 Low 72 Good 
6 PSTO 58 Fair 86 Very good 
Average   42 Fair 79 Good 

Table 4: Pre-service teachers’ average scores of CK abilities  
No CK Component Average score before 

intervention 
The average score 
after intervention 

CK1 Accuracy in explaining mathematical concepts using 
digital and non-digital visualisation tools. 

2.00 3.4 

CK2 Depth of understanding of the mathematical content 
demonstrated through their use of tools. 

2.00 3.3 

CK3 Sufficient knowledge of mathematics concepts 1.75 3.2 
CK4 Use mathematical way of thinking 2.50 3.9 
CK5 Use various ways and strategies of developing 

understanding of mathematics  
2.40 3.4 

 Average                                                                       2.13                             3.44 

The results of the data analysis indicate that the CK component of PSTs in preparing learning 
tools to assist students in visualising and learning mathematical concepts falls into the very good 
category. Therefore, it can be concluded that PSTs with strong content knowledge positively 
influence their competencies in other areas. PSTE correctly explained concepts related to 2D 
and 3D shapes using both digital and non-digital tools, demonstrating robust content knowledge 
in his explanation of the concepts.  
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Figure 2: Authors own illustrations of PSTE 

The field notes indicated that the digital tools available to PSTE were relevant to each 
mathematical concept he explained throughout his lesson. He seamlessly transitioned from 
discussing the properties of basic rectangular paper to a rectangular box and further performed 
dynamic visual demonstrations using GeoGebra software. 

This observation was supported during the interview, where it was found that most PSTs (e.g., 
PSTE, PSTB) emphasised that using both digital and non-digital tools deepened their 
understanding of the content and enhanced their ability to teach effectively. This demonstrates 
that integrating these tools positively impacts both content mastery and pedagogical practices. 
Teachers such as PSTB, PSTO, and PSTK highlighted that tools like GeoGebra allowed for 
dynamic visualisation of abstract concepts, enriching their ability to connect mathematical ideas 
to the world as they explained algebraic functions and their graphical representations using both 
digital and non-digital methods. 

The responses reveal significant improvements in the PSTs’ content knowledge for teaching 
mathematics, emphasising the dynamic and interactive capabilities provided by digital tools like 
GeoGebra. Two pre-service teachers shared their joy by narrating: 

I used points with coordinates to illustrate concepts dynamically, such as showing faces on a 3D 
net, which unfolded and closed dynamically (PSTK).  
With GeoGebra, I could click on a tool for the gradient, select the line, and immediately see the 
gradient displayed. I displayed triangles on the screen and used the formula for calculating distance 
directly within the GeoGebra window, which dynamically showed how the distance values changed 
(PSTD). 

Pre-service teachers noted that the interactive nature of the tools contributed to a deeper 
connection with the mathematical content. This finding aligns with a growing body of literature 
that emphasises the positive impact of digital tools on content knowledge (CK) development. 
This observation is supported by Rabi et al. (2021), who highlight that GeoGebra improves 
students’ mathematical representation skills, enabling them to see and manipulate mathematical 
concepts in dynamic ways. Such interaction deepens the pre-service teachers’ understanding of 
the content and equips them with the skills to present abstract mathematical ideas in more 
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accessible and engaging ways. Moreover, these findings are consistent with research by Bakar et 
al. (2020), which found that using digital tools like GeoGebra enhanced pre-service teachers’ 
ability to connect mathematical concepts with real-life applications. This capability to connect 
theory with practice is vital for effective teaching, as it encourages students to see the relevance 
of mathematics in their daily lives.  

4.2.2 Pedagogical Knowledge (PK) 

PK delineates the distinctive “general purpose” knowledge pertinent to pedagogy. It comprises 
a set of competencies that teachers must cultivate to effectively manage and organise 
instructional activities to achieve specified learning goals (Koehler et al., 2013). Analysis of PK 
abilities among the PSTs in visualising and teaching mathematical concepts using both digital 
and non-digital tools prior to the interventions revealed an average score of 28, placing them in 
the low category. Table 5 indicates that PSTB, with a score of 20, falls into the very low category. 
PSTD (score: 32), PSTE (score: 28), PSTI (score: 30), PSTK (score: 32), and PSTO (score: 26) 
are categorised as low. The results suggest that PSTs possess limited pedagogical knowledge 
necessary for effective student instruction (Table 5). In addition, Table 6 presents a clear 
overview of the scores for each component in the PK subsection across all PSTs. The data 
indicates that the performance of each component is classified as low, with an average score of 
2.14 within this category (Table 6). 

As indicated by the results, the low scores across all components of PK suggest that PSTs are 
inadequately prepared to deliver subject content effectively to their students. This was also 
evident during the interviews. Some PSTs indicated that they relied solely on traditional 
methods, such as freehand drawings, and expressed lower confidence in their ability to explain 
complex mathematical ideas effectively. They identified the absence of appropriate visualisation 
tools as a significant barrier. One PST lamented during the interview: 

I was not that confident; I could not visually explain complex concepts. My confidence was a bit 
low because I lacked visualisation tools. I think this lack of tools might have impacted the overall 
effectiveness of my lesson (PSTD). 

The analysis of PK abilities among the PSTs post-intervention yielded an average score of 75, 
categorising it as good. Table 6 indicates that PSTB (score of 68), PSTO (score of 70), PSTD 
(score of 80), PSTE (score of 78), PSTI (score of 76), and PSTK (score of 75) are also categorised 
as good. The results demonstrate that the PSTs effectively mastered teaching following the 
intervention (see Table 5). Additionally, Table 6 presents a clear overview of the scores for each 
component of the PK aspect following the intervention for all PSTs. The data indicate that each 
component’s ability is classified as efficient, with an average score of 3.44 falling within the very 
good category (see Table 6). 
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Table 5: Pre-service teachers’ PK ability  

No Pre-service teacher 
Code 

PK Score before 
intervention 

Qualitative 
Criteria 

PK Score after 
intervention 

Qualitative 
Criteria 

1 PSTB 20 Very less 68 Good 
2 PSTD 32 Less 80 Good 
3 PSTE 28 Less 78 Good 
4 PSTI 30 Less 76 Good 
5 PSTK 32 Less 75 Good 
6 PSTO 26 Less 70 Good 

Average   28 Less 75 Good 

Table 6: Pre-service teachers’ average scores for PK ability  

No CK Component 
Average score 
before 
intervention 

The average 
score after 
intervention 

PK1 Ability to implement effective teaching strategies that 
integrate visualisation tools. 

2.00 3.25 

PK2 Use of formative assessment strategies through the 
integration of visualisation tools. 

1.75 3.50 

PK3 I know how to organise and maintain classroom 
management. 

2.50 3.72 

PK4 I am familiar with common student understandings 
and misconceptions. 

1.25 3.00 

PK5  I can adapt my teaching based-upon what students 
currently understand or do not understand. 

2.00 3.25 

This finding was evident during the interviews. PSTs indicated that the intervention programme 
had improved their efficiency and accuracy in concept representation, enhanced their 
pedagogical knowledge, and simplified the demonstration of complex mathematical ideas. This 
reduced the effort required for explanations while improving the accuracy of visualisations. This 
marked a significant improvement over their previous reliance on freehand drawings or static 
visuals. PSTD shared her joy: 

I could immediately see the gradient displayed with GeoGebra, which was a big improvement. 
Extending and reducing a triangle’s vertices, I could dynamically show how the distance values 
changed as the points were moved. 

PSTs diversified their instructional approaches by combining technology tools like GeoGebra 
with interactive elements like Mentimeter. This broadened their pedagogical repertoire and 
allowed for more engaging lessons. PSTB concurred with PSTD: 

I used GeoGebra software to visualise concepts and an interactive tool, Mentimeter, at the start to 
engage learners. In addition, I also incorporate physical non-digital objects as well in my 
instructions.  

The intervention programme significantly transformed the PSTs’ approaches to teaching 
mathematics. Integrating GeoGebra and other digital tools enabled dynamic and precise 
visualisations, improved student engagement, and enhanced the clarity of explanations. The shift 
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from static or traditional methods to interactive and technology-based approaches marked a 
critical development in their teaching practices. The literature supports this finding. Research 
has consistently demonstrated that the use of GeoGebra in mathematics education facilitates a 
deeper understanding of mathematical concepts. For instance, Putra et al. (2021) highlight that 
prospective elementary teachers who integrated GeoGebra into their training were able to 
construct their mathematical knowledge of three-dimensional shapes, thereby enhancing their 
understanding of complex mathematical theories and practices. This aligns with findings from 
Barçin and Yenmez (2023), who noted that GeoGebra software aids in developing mathematical 
language and self-efficacy among students, suggesting that teachers trained in such technologies 
can better facilitate communication in mathematics classrooms.  

4.2.3 Pedagogical Content Knowledge (PCK)  

PCK refers to the integration of content knowledge with teaching approaches. It encompasses 
more than mere content expertise or familiarity with general pedagogical principles; it involves 
comprehending the specific interactions between content and pedagogy (Koehler et al., 2013). 
The analysis of PCK abilities among PSTs in visualising and teaching mathematical concepts, 
both digital and non-digital, prior to the interventions yielded an average score of 27, 
categorising it as low. Table 7 indicates that PSTB, with a score of 17, and PSTO, with a score 
of 19, are classified in the very low category. Nonetheless, PSTD (score of 28), PSTE (score of 
24), PSTI (score of 35), and PSTK (score of 38) are all classified within the low category. 
Furthermore, Table 8 presents a clear overview of the scores for each component in the PCK 
aspects across all PSTs. The data indicates that the performance of each component is classified 
as very low, with an average score of 1.85 falling within the low category (Table 8). 

The low scores across all components of PCK, as indicated by the results, suggest that PSTs are 
inadequately prepared to effectively deliver subject content to their students. This finding 
highlights the urgent need for targeted intervention programmes that focus on building PCK. 
This conclusion was evident during the interviews, where PSTs indicated that they relied on 
verbal explanations to communicate their ideas to students. Two PSTs lamented:  

I relied solely on the traditional method of teaching without incorporating any visual aids or 
technological tools and that made me struggle to teach the concept. When teaching Analytical 
Geometry, I focused on explaining concepts like distance, gradient, and midpoint through verbal 
explanations and writing on the board. I didn’t explore using diagrams, graphs, or software to 
help students visualise these concepts, which might have limited their understanding (PSTI). 

PSTO concurred with PSTI: 
“In my lesson on Analytical Geometry, I focused on calculating the distance between two points 
and finding the midpoint of a line. I didn’t use any technology or interactive tools to demonstrate 
these concepts. My approach was primarily verbal, and I didn’t provide any visual representations 
or practical examples that could help students relate to the material more effectively.  
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This finding indicates that PSTs’ reliance on traditional, verbal-only teaching methods suggests 
insufficient preparation for modern classrooms where technology integration is essential. This 
may limit their ability to meet diverse learner needs and leverage digital tools to enhance 
engagement and comprehension. 

The analysis of PCK abilities among the PSTs following the interventions yielded an average 
score of 77, categorising it as good. Table 7 indicates that PSTB (score of 69), PSTO (score of 
68), PSTE (score of 72), and PSTI (score of 78) are all classified within the good category. Both 
PSTK, with a score of 83, and PSTD, with a score of 89, are classified within the good category. 
The results demonstrate that the PSTs effectively mastered the material, enabling them to 
visualise and teach mathematics using technology proficiently (Table 8). Additionally, Table 7 
presents a clear overview of the scores for each component in the PCK aspects following the 
intervention for all PSTs. The data indicates that each component’s ability is classified as 
efficient, with an average score of 3.40 falling within the very good category (Table 7). Tables 7 
and 8 provide an overview of the PSTs’ preparedness to visualise and instruct mathematics 
concepts, demonstrating robust PCK competencies pertinent to the mastery of the material 
intended for students. 

Table 7: Pre-service teachers’ PCK ability  

No Pre-service 
teacher Code 

PCK Score 
before 

intervention 

Qualitative 
Criteria 

PCK Score after 
intervention 

Qualitative 
Criteria 

1 PSTB 17  69 Good 
2 PSTD 28  89 Very good 
3 PSTE 24  72 Good 
4 PSTI 35  78 Good 
5 PSTK 38  83 Very Good 
6 PSTO 19  68 Good 

Average  27  77 Good 
 

Table 8: Pre-service teachers’ average score for PCK ability  

No CK Component 
Average score 
before intervention 

Average score after 
intervention 

PCK1 Ability to explain complex mathematical ideas using 
both digital and non-digital visualisation tools to 
enhance learners’ understanding. 

2 3.45 

PCK2 Adaptability in using visual tools to address common 
learner misconceptions. 

2.20 3.25 

PCK3 Ability to select effective teaching approaches to guide 
student thinking and learning in mathematics. 

1.34 3.50 

The data from the field notes concurred with the data from the observation schedules. This 
finding is also consistent with the results from the interviews. PSTs indicated that the 
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intervention enhanced their PCK, enabling them to explain complex mathematical concepts 
using both digital and non-digital visualization tools to improve learners’ understanding.  

PSTB narrated: 

I used GeoGebra to illustrate how algebraic changes affect graphical outputs and employ physical 
models to reinforce the same concept. The GeoGebra and 2D/3D shapes visually and dynamically 
helped me to explain complex concepts such as the total surface area. Then again, I managed also 
to recognize if my learner struggles, then I would switch to a different visualization tool to clarify 
and target any misconceptions. For instance, when learners struggled to understand the surfaces of 
a rectangular prism, I would shift from using a non-digital box to a GeoGebra window, which 
dynamically unpacked/unfolded the box into 6 faces.   

This finding suggests that the intervention programme has significantly impacted the 
development of PSTs’ PCK. It is consistent with studies by Dağlı and Elif (2021), which found 
that GeoGebra helps PSTs better identify and address common misconceptions in mathematics. 
Misconceptions are a frequent barrier to student learning in mathematics, and the ability to 
diagnose and correct them requires a deep understanding of both the content being taught and 
the pedagogical methods that can make that content more accessible. By using GeoGebra, PSTs 
are not only enhancing their own understanding of mathematical concepts but also developing 
strategies to help students overcome difficulties in learning these concepts. Additionally, the 
findings from Tröbst et al. (2019) reinforce the idea that instruction focused on PCK improves 
content knowledge and pedagogical strategies. This suggests that the intervention aimed at 
enhancing PCK through GeoGebra is effective not only in developing technical proficiency with 
the tool but also in deepening PSTs’ overall understanding of how to teach mathematics.  

4.2.4 Technological Pedagogical and Content Knowledge (TPACK)  

TPACK is a framework that delineates the knowledge required by teachers to enhance 
pedagogical practices and conceptual understanding through the integration of technology 
within the learning environment (Koehler & Mishra, 2009). The analysis of TPACKabilities 
among Pre-Service Teachers (PSTs) in visualising and teaching mathematical concepts, both 
digital and non-digital, prior to the interventions yielded an average score of 25, categorising it 
as low. Table 9 indicates that PSTB, with a score of 38, is classified in the low category. PSTD 
(21), PSTE (24), PSTI (20), PSTK (28), and PSTO (18) are categorised as very low scores. 
Furthermore, Table 9 presents a clear overview of the scores for each component within the 
TPACK framework for all PSTs. The data indicates that the performance of each component is 
classified as low, with an average score of 1.61, falling within the very low category (Table 10). 

The analysis of TPACK abilities among PSTs post-intervention yielded an average score of 75, 
categorising the results as good. Table 9 indicates that PSTB (score: 84), PSTO (score: 69), PSTD 
(score: 72), PSTE (score: 70), PSTI (score: 74), and PSTK (score: 78) are all classified within the 
good category. The results indicate that the PSTs effectively mastered the material, enabling 
them to utilise technological tools for visualising and teaching mathematical concepts. 
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Additionally, Table 10 presents a clear overview of the scores for each component in the 
TPACK aspect following the intervention for all PSTs. The data indicates that each component’s 
ability is classified as good, with an average score of 3.24, falling within the very good category 
(Table 10). Tables 9 and 10 present an overview of the preparedness of PSTs in utilising 
technology to visualise and teach mathematical concepts. 

Table 9: Pre-service teachers’ TPACK ability  

No Pre-service 
teacher Code 

TPACK 
Score before 
intervention 

Qualitative 
Criteria 

TPACK Score 
after 
intervention 

Qualitative 
Criteria 

1 PSTB 38   84 Very good 
2 PSTD 21  72 Good 
3 PSTE 24  70 Good 
4 PSTI 20  74 Good 
5 PSTK 28  78 Good 
6 PSTO 18  69 Good 

Average   25   75 Good  
 

Table 10: Pre-service teacher’s average score for TPACK ability  

No TPACK Component 
Average score 
before 
intervention 

Average score after 
intervention 

TPACK1 
Mastery in integrating technology and 
pedagogy to enhance content delivery and 
learner engagement.  

1,48 3.20 

TPACK2 Ability to teach lessons that appropriately 
combine algebraic functions, technologies and 
teaching approaches  

1.38 3.50 

TPACK3 Ability to teach lessons that appropriately 
combine analytical geometry, technologies and 
teaching approaches 

1.27 3.25 

TPACK4 Ability to teach lessons that appropriately 
combine measurements, technologies and 
teaching approaches 

2.32 3.00 

ACK4 ility to teach lessons that appropriately comb  
asurements, technologies and teaching approaches 

2 0 

This finding was also evident during the interviews. PSTs indicated that they selected 
technologies for use in their microteaching classrooms that enhance what they teach, how they 
teach, and what students learn. The findings resonate with studies showing that preservice 
teachers who participate in TPACK-based professional development programmes demonstrate 
increased confidence and competence in using technology to support student learning (Admiraal 
et al., 2016; Chai et al., 2018). This is particularly important in mathematics education, where 
visualising mathematical concepts through various teaching tools can lead to deeper 
understanding and engagement among students (Rohmitawati, 2018). This finding further aligns 
with the study by Bueno et al. (2021), which discussed how an online course incorporating 
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GeoGebra facilitated the development of TPACK among mathematics teachers, emphasising 
the importance of blending technology with pedagogical strategies. This integration prepares 
PSTs to use digital tools effectively, enhancing their teaching efficacy. 

  

 
 
 

Figure 3: Pre-service use of digital tool in teaching (Author’s own illustration) 

Figure 3 shows that PSTs employed technologies such as GeoGebra and Mentimeter to enhance 
learners’ participation and conceptual understanding, thereby influencing student learning 
outcomes. Studies have demonstrated that when PSTs effectively utilise GeoGebra in their 
teaching, their students exhibit improved understanding and engagement in mathematics (Putra 
et al., 2021). This reciprocal relationship between teacher preparation and student learning 
underscores the importance of equipping PSTs with the necessary tools and knowledge to foster 
positive learning experiences. 

4.3 Pre-service teachers’ experiences using dual digital and non-digital tools approaches 
during their microteaching 

PSTs reflected on their experiences integrating digital and non-digital tools during microteaching 
sessions after the intervention. Their responses highlight a mix of positive outcomes, personal 
growth, and challenges encountered in balancing these approaches. Several participants (PSTE, 
PSTB, PSTD) described their overall experience as transformative, emphasising increased 
confidence and an appreciation for the importance of tool integration in teaching practice. Some 
specifically mentioned a shift in perspective, viewing the dual approach as essential for their 
future teaching. GeoGebra was repeatedly highlighted as a powerful digital tool for enhancing 
teaching and learning. PSTs noted its ability to provide precise, dynamic visuals, which helped 
explain abstract concepts such as distance and midpoint. Although digital tools were highly 
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effective, some participants (PSTI, PSTO) emphasised the continued importance of non-digital 
tools for accessibility and foundational teaching, particularly for students who struggle with 
digital technologies. 

Some PSTs highlighted how the dual approach boosted their teaching confidence, allowing them 
to engage students dynamically while maintaining clarity in explanations. This combination was 
seen as making their lessons more effective and adaptable. PSTD had this to say:  

I employed both digital and non-digital tools during my microteaching. Both tools helped me reach 
diverse learners and encouraged interaction, as students could better relate to the practical, visual 
aspects. Using GeoGebra encouraged more questions from my students, as they could see changes 
immediately, making them curious and interactive and encouraging them to participate actively. 

This finding indicates that the approach benefits PSTs during teaching practice. Several studies 
align with these findings, emphasising the transformative impact of such an approach on PSTs’ 
confidence and pedagogical effectiveness. Using digital tools like GeoGebra, which facilitates 
dynamic visualisation of mathematical concepts, enhances PSTs’ teaching confidence. Research 
by Dintarini et al. (2024) supports this, noting that GeoGebra enables PSTs to present abstract 
concepts interactively, making lessons more engaging and student-centred. Similarly, 
Mentimeter allows real-time student feedback and interaction, creating a two-way 
communication channel that fosters engagement and responsiveness (Kohnke & Moorhouse, 
2021). When combined with non-digital tools, such as physical shapes for tactile learning, PSTs 
reported feeling more in control and capable of delivering clear and comprehensive 
explanations. 

Nevertheless, PSTs’ responses revealed technical and practical challenges when integrating 
digital and non-digital tools into their microteaching sessions. These challenges were related to 
technical difficulties, time constraints, tool familiarity, and accuracy in teaching methods. Some 
PSTs faced connectivity issues with GeoGebra, which initially hindered their teaching ability. 
Once resolved, however, they felt more confident in using digital tools. Others also mentioned 
challenges related to students’ familiarity with GeoGebra, which required additional effort to 
ensure all students could effectively engage with the tool. PSTs lamented: 

My biggest challenge was ensuring that all students could interact with the digital tools, as not all 
students were familiar with using GeoGebra at first. That took most of my time to navigate through 
with the students.  

Some PSTs found that switching between tools (digital and non-digital) required careful time 
management and planning, making it difficult to focus on one method fully. Moreover, the time 
needed to become comfortable with GeoGebra limited what they felt they could achieve with 
the tool. PSTO shared her frustration: 
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The main challenge was the time and effort to switch between tools that required planning. Also, 
becoming comfortable with GeoGebra took time, so I felt limited in what I could achieve without 
more practice.  

Some PSTs expressed challenges related to their lack of proficiency in using GeoGebra, as they 
had limited exposure to the tool during the microteaching preparation phase. PSTI narrated: 

I was not really skilled in GeoGebra, probably because of my short time exposure to the tool. 

The challenges faced by PSTs when integrating digital and non-digital tools were primarily 
related to technical issues (e.g., connectivity and tool familiarity), the need for careful planning 
to balance both methods, and the lack of accuracy in traditional tools, such as freehand drawings.  

5. Conclusions and Recommendations 

In concluding this chapter, it is essential to reflect on the main arguments presented throughout 
the text, the key findings regarding the enhancement of pedagogical content knowledge (PCK) 
among preservice teachers (PSTs), and the broader implications of these findings for 
mathematics education. The chapter establishes that integrating digital and non-digital tools in 
mathematics education significantly enhances PSTs’ PCK. This dual approach allows PSTs to 
experience a richer pedagogical repertoire, equipping them with diverse strategies to address 
various learning styles and needs in future classrooms. The findings indicate that PSTs who 
engage with various teaching tools develop a more profound understanding of mathematical 
concepts and their instructional implications, which is critical for effective teaching (Tröbst et 
al., 2019). Using manipulatives and visual aids, alongside digital resources, fosters a more 
comprehensive grasp of mathematical principles, enabling PSTs to visualise and convey complex 
ideas more effectively. Moreover, the chapter highlights the importance of mathematics teaching 
modules in shaping PSTs’ beliefs, attitudes, and self-efficacy regarding mathematics instruction. 
The dual-tool approach enhances content knowledge and promotes a constructivist mindset, 
encouraging PSTs to view mathematics as a dynamic and interconnected discipline rather than 
a series of isolated facts (Carbonneau et al., 2018). This shift in perspective is crucial for 
developing future teachers who can inspire and engage their students in meaningful 
mathematical teaching and learning.  

The findings also underscore the role of collaborative experiences in the development of PCK. 
Engaging preservice teachers in group activities that utilise both digital and non-digital tools 
fosters a community of practice where they can share insights, strategies, and challenges. This 
collaborative learning environment enhances their ability to reflect on their teaching practices 
and adapt their approaches based on peer feedback and shared experiences (Ersozlu et al., 2022). 
Such interactions are vital for building a supportive network that can sustain preservice teachers 
throughout their professional journeys. Furthermore, the chapter addresses the broader 
implications of these findings for teacher education programmes. In order to keep up with the 
changing nature of education, teacher preparation programmes need to incorporate hands-on 
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experience with both digital and traditional teaching resources to prepare PSTs to meet the 
demands of contemporary classrooms and equip them with the skills necessary to foster critical 
thinking and problem-solving abilities in their students, as advised by Mouza et al. (2017). 

In conclusion, the chapter has demonstrated that using both digital and non-digital teaching 
tools significantly enhances pre-service teachers’ (PSTs) Pedagogical Content Knowledge 
(PCK), ultimately leading to improved mathematics instruction. Integrating these tools fosters a 
deeper understanding of mathematical concepts, promotes positive attitudes towards teaching 
mathematics, and encourages collaborative learning experiences. As teacher education programs 
continue to evolve, it is essential to prioritise the development of PSTs’ PCK through the 
strategic use of diverse teaching tools, ensuring they are equipped to inspire and educate future 
generations of learners. 

This chapter highlights the transformative potential of integrating digital tools, such as 
GeoGebra and Mentimeter, alongside non-digital tools like physical objects, to enhance pre-
service teachers’ PCK in mathematics. The findings emphasise the need for teacher education 
programs to prioritise blended pedagogical approaches that combine technology with hands-on 
materials. This integration equips pre-service teachers with diverse strategies to effectively 
explain abstract mathematical concepts and address various student learning styles. 

The successful use of tools like GeoGebra facilitates dynamic visualisations, promoting a deeper 
conceptual understanding of mathematical ideas. In contrast, non-digital tools allow for tangible 
manipulation, which is especially beneficial for foundational learners. Intervention training 
programs that stress the complementary use of both types of tools can help pre-service teachers 
design engaging lessons, accommodate diverse learners, and build confidence in adopting 
innovative teaching practices. 

Furthermore, this chapter underlines the importance of incorporating targeted professional 
development workshops into teacher education curricula. These workshops should provide 
hands-on experience with both digital and non-digital tools, ensuring that pre-service teachers 
can seamlessly integrate them into their lesson plans. Such training enhances PCK and prepares 
future teachers to create inclusive, interactive, and resource-rich mathematics classrooms. This, 
in turn, contributes to improved learning outcomes and addresses the demands of 21st-century 
education. 

6. Declarations  

Funding: This research did not receive any external funding. 

Acknowledgements: We extend our heartfelt gratitude to the pre-service teachers who 
enthusiastically participated in the research intervention during their microteaching sessions. 

Conflicts of Interest: The authors declare no conflict of interest. 



 

 - 52 -                                                                                                                                                  ERRCD Forum, 2025                                                                                   

References  
Admiraal, W., Vugt, F. v., Kranenburg, F., Köster, B., Smit, B., Weijers, S., & Lockhorst, D. 

(2016). Preparing pre-service teachers to integrate technology into K–12 instruction: 
Evaluation of a technology-infused approach. Technology, Pedagogy and Education, 26(1), 105–
120. https://doi.org/10.1080/1475939x.2016.1163283 

Agustina, L., Utomo, B., & Chikita, L. (2018). Improving mathematical ability and student 
learning outcomes through realistic mathematic education (RME) approach. International 
Journal of Engineering & Technology, 7(2.10), 55. https://doi.org/10.14419/ijet.v7i2.10.10954 

Bakar, A. R., et al. (2020). Enhancing pre-service teachers’ mathematical understanding through 
GeoGebra. International Journal of Mathematical Education in Science and Technology, 51(3), 391–407. 

Ball, D., Thames, M., & Phelps, G. (2008). Content knowledge for teaching. Journal of Teacher 
Education, 59(5), 389–407. https://doi.org/10.1177/0022487108324554 

Barçın, N., & Yenmez, A. A. (2023). GeoGebra software on the mathematical language 
developments and self-efficacy perceptions of students. International e-Journal of Educational 
Studies, 7(15), 682–704. https://doi.org/10.31458/iejes.1340349 

Bhagwonparsadh, Y. (2024). The effects of educators’ mathematics pedagogical content 
knowledge on the mentoring of grade 12 students using problem-based learning. Journal of 
Culture and Values in Education, 7(1), 99–117. https://doi.org/10.46303/jcve.2024.7 

Buchori, A., & Puspitasari, G. D. (2023). Development of mathematics learning media assisted 
by the MathcityMap to improve students’ critical thinking skills. Journal of Higher Education 
Theory and Practice, 23(10). 

Bueno, R. W. d. S., Lieban, D., & Ballejo, C. C. (2021). Mathematics teachers’ TPACK 
development based on an online course with GeoGebra. Open Education Studies, 3(1), 110–119. 
https://doi.org/10.1515/edu-2020-0143 

Carbonneau, K. J., Xue, Z., & Ardasheva, Y. (2018). Preservice educators’ perceptions of 
manipulatives: The moderating role of mathematics teaching self‐efficacy. School Science and 
Mathematics, 118(7), 300–309. https://doi.org/10.1111/ssm.12298 

Chai, C. S., Koh, J. H. L., & Tsai, C. C. (2013). A review of technological pedagogical content 
knowledge. Journal of Educational Technology & Society, 16(2), 31–51. 

Chai, C., Koh, J., & Teo, Y. (2018). Enhancing and - 52 -aption- 52 -i teachers’ design beliefs and 
efficacy of technological pedagogical content knowledge for 21st-century quality learning. 
Journal of Educational Computing Research, 57(2), 360–384. 
https://doi.org/10.1177/0735633117752453 

Chai, C., Rahmawati, Y., & Jong, M. (2020). Indonesian science, mathematics, and engineering 
pre-service teachers’ experiences in STEM-TPACK design-based learning. Sustainability, 
12(21), 9050. https://doi.org/10.3390/su12219050 

Charalambous, C. Y., Hill, H. C., Chin, M. J., & McGinn, D. (2020). Mathematical content 
knowledge and knowledge for teaching: Exploring their distinguishability and contribution to 
student learning. Journal of Mathematics Teacher Education, 23(6), 579–613. 

Clark-Wilson, A. (2020). Mathematics education and technology (pp. 1126–1134). 
https://doi.org/10.1007/978-3-030-10576-1_96 

Cirneanu, A. L., & Moldoveanu, C. E. (2024). Use of digital technology in integrated mathematics 
education. Applied System Innovation, 7(4), 66. 

Creswell, J. W., & Creswell, J. D. (2017). Research design: Qualitative, quantitative, and mixed methods 
approaches. Sage Publications. 

https://doi.org/10.1080/1475939x.2016.1163283
https://doi.org/10.14419/ijet.v7i2.10.10954
https://doi.org/10.1177/0022487108324554
https://doi.org/10.31458/iejes.1340349
https://doi.org/10.46303/jcve.2024.7
https://doi.org/10.1515/edu-2020-0143
https://doi.org/10.1111/ssm.12298
https://doi.org/10.1177/0735633117752453
https://doi.org/10.3390/su12219050
https://doi.org/10.1007/978-3-030-10576-1_96
https://doi.org/10.1007/978-3-030-10576-1_96


 

 - 53 -                                                                                                                                                  ERRCD Forum, 2025                                                                                   

Creswell, J. W., & Poth, C. N. (2018). Qualitative inquiry and research design: Choosing among five 
approaches. Sage Publications. 

Dağlı, H., & Elif, D. (2021). The relationship between preschool teachers’ pedagogical content 
knowledge in mathematics, children’s math ability and liking. Research in Pedagogy, 11(2), 359–
376. https://doi.org/10.5937/istrped2102359d 

Dahal, N., Pant, B. P., Shrestha, I. M., & Manandhar, N. K. (2022). Use of GeoGebra in teaching 
and learning geometric transformation in school mathematics. International Journal of Interactive 
Mobile Technologies (iJIM), 16(08), 65–78. https://doi.org/10.3991/ijim.v16i08.29575 

Dintarini, M., Budiarto, M. T., & Fuad, Y. (2024). From concept to assessment: Developing a 
GeoGebra assisted mathematics test to measure semiotic-spatial thinking using abstraction in 
context framework. In Proceedings of the 2024 8th International Conference on Education and Multimedia 
Technology (pp. 162–170). 

Dockendorff, M., & Solar, H. (2018). ICT integration in mathematics initial teacher training and 
its impact on visualization: The case of GeoGebra. International Journal of Mathematical Education 
in Science and Technology, 49, 66–84. https://doi.org/10.1080/0020739X.2017.1341060 

Ekiz-Kiran, B., Boz, Y., & Oztay, E. S. (2021). Development of pre-service teachers’ pedagogical 
content knowledge through a PCK-based school experience course. Chemistry Education 
Research and Practice, 22(2), 415–430. 

Ersozlu, Z., Blake, D., Uşak, M., & Hawken, S. (2022). Addressing pre-service teacher’s reasons 
for mathematics and test anxiety. European Journal of Educational Research, 11(3), 1715–1728. 
https://doi.org/10.12973/eu-jer.11.3.1715 

Fki, N. (2023). Towards more effective feedback strategies to enhance microteaching for pre-
service teachers at Iseah Mahdia. Studies in Applied Linguistics and TESOL, 23(2). 
https://doi.org/10.52214/salt.v23i2.12090 

García-Esteban, S., Laborda, J. G., & Llamas, M. R. (2016). ICTs, ESPs and ZPD through 
microlessons in teacher education. In New Perspectives on Teaching and Working with Languages in 
the Digital Era (pp. 105–113). https://doi.org/10.14705/rpnet.2016.tislid2014.426 

Griffin, J. D. (2003). Technology in the teaching of neuroscience: Enhanced student learning. 
Advances in Physiology Education, 27(3), 146–155. 

Horzum, T., & Ünlü, M. (2017). Pre-service mathematics teachers’ views about GeoGebra and 
its use. Acta Didactica Napocensia, 10(3), 77–90. https://doi.org/10.24193/I.10.3.8 

Hussein, S., & Khoiruzzadittaqwa, M. (2024). The effectiveness of the generative learning model: 
Student understanding and engagement in mathematics learning. AB-JME: Al-Bahjah Journal 
of Mathematics Education, 2(1), 148–162. https://doi.org/10.61553/abjme.v2i1.152 

Koehler, M., & Mishra, P. (2009). What is technological pedagogical content knowledge 
(TPACK)? Contemporary Issues in Technology and Teacher Education, 9(1), 60–70. 

Koehler, M., Mishra, P., & Cain, W. (2013). What is technological pedagogical content knowledge 
(TPACK)? Journal of Education, 193(3), 13–19. https://doi.org/10.1177/002205741319300303 

Kohnke, L., & Moorhouse, B. L. (2021). Adopting HyFlex in higher education in response to 
COVID-19: Students’ perspectives. Open Learning: The Journal of Open, Distance and E-Learning, 
36(3), 231–244. https://doi.org/10.1080/02680513.2021.1906641 

Kuzu, Ç. I. (2021). Views of mathematics teacher candidates on the use of GeoGebra in 
probability teaching. Asian Journal of Contemporary Education, 5(1), 45-56. 
https://doi.org/10.18488/journal.137.2021.51.45.56 

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic inquiry. Sage Publications. 

https://doi.org/10.5937/istrped2102359d
https://doi.org/10.3991/ijim.v16i08.29575
https://doi.org/10.1080/0020739X.2017.1341060
https://doi.org/10.12973/eu-jer.11.3.1715
https://doi.org/10.12973/eu-jer.11.3.1715
https://doi.org/10.52214/salt.v23i2.12090
https://doi.org/10.14705/rpnet.2016.tislid2014.426
https://doi.org/10.24193/adn.10.3.8
https://doi.org/10.61553/abjme.v2i1.152
https://doi.org/10.1177/002205741319300303
https://doi.org/10.1080/02680513.2021.1906641
https://doi.org/10.18488/journal.137.2021.51.45.56


 

 - 54 -                                                                                                                                                  ERRCD Forum, 2025                                                                                   

Marange, I. Y., & Tatira, B. (2023). Teaching Euclidean geometry with GeoGebra: Perceptions 
for in-service mathematics teachers. Eurasia Journal of Mathematics, Science and Technology 
Education, 19(12), em2367. https://doi.org/10.29333/ejmste/13861 

Marshman, M., & Porter, G. (2013). Pre-service teachers’ pedagogical content knowledge: 
Implications for teaching. Mathematics Education Research Group of Australasia. 

Merriam, S. B., & Tisdell, E. J. (2016). Qualitative research: A guide to design and implementation. Jossey-
Bass. 

Mohajan, H. (2018). Qualitative research methodology in social sciences and related subjects. 
Journal of Economic Development Environment and People, 7(1), 23. 
https://doi.org/10.26458/jedep.v7i1.571 

Mouza, C., Huí, Y., Pan, Y., Ozden, S. Y., & Pollock, L. (2017). Resetting educational technology 
coursework for pre-service teachers: A computational thinking approach to the development 
of technological pedagogical content knowledge (TPACK). Australasian Journal of Educational 
Technology, 33(3). https://doi.org/10.14742/ajet.3521 

Muslim, N. (2023). A systematic review of GeoGebra in mathematics education. International 
Journal of Academic Research in Progressive Education and Development, 12(3). 
https://doi.org/10.6007/ijarped/v12-i3/19133 

Ng, O., & Tsang, W. (2021). Constructionist learning in school mathematics: Implications for 
education in the fourth industrial revolution. ECNU Review of Education, 6(2), 328-339. 
https://doi.org/10.1177/2096531120978414 

Nzaramyimana, E., Mukandayambaje, E., Iyamuremye, L., Hakizumuremyi, V., & Ukobizaba, F. 
(2021). Effectiveness of GeoGebra towards students’ active learning, performance and 
interest to learn mathematics. International Journal of Mathematics and Computer Research, 9(10). 
https://doi.org/10.47191/ijmcr/v9i10.05 

Padmavathi, M. (2017). Preparing teachers for technology-based teaching-learning using 
TPACK. I-Manager’s Journal on School Educational Technology, 12(3), 1. 
https://doi.org/10.26634/jsch.12.3.10384 

Putra, Z., Hermita, N., Alim, J., Dahnilsyah, D., & Hidayat, R. (2021). GeoGebra integration in 
elementary initial teacher training: The case of 3-D shapes. International Journal of Interactive 
Mobile Technologies (IJIM), 15(19), 21. https://doi.org/10.3991/ijim.v15i19.23773 

Olawale, B. E. (2023). Teacher quality and learner achievement in South African schools. 
IntechOpen. https://doi.org/10.5772/intechopen.113774 

Olawale, B. E. (2024). Impact of pre-service teacher education programme on mathematics 
student teachers’ teaching practices during school experiences. Education Sciences, 14(7), 762. 
https://doi.org/10.3390/educsci14070762 

Rabi, F., Feng-qi, M., Aziz, M., Ullah, M. I., & Abduraxmanovna, N. H. (2021). The impact of 
the use of GeoGebra on students’ mathematical representation skills and attitude. European 
Journal of Education Studies, 8(12). https://doi.org/10.46827/ejes.v8i12.4007 

Raihanah, D. (2024). Analysis of technological pedagogical content knowledge (TPACK) ability 
for prospective chemistry teacher students and chemistry teachers: A literature review. Jurnal 
Pijar Mipa, 19(1), 67-74. https://doi.org/10.29303/jpm.v19i1.6395 

Ramadhanti, D., & Yanda, D. (2021). The strategy of observing, imitation, and modification in 
the preparation of lesson plan in microteaching practice. Edukatif Jurnal Ilmu Pendidikan, 3(6), 
5202-5212. https://doi.org/10.31004/edukatif.v3i6.1664 

https://doi.org/10.29333/ejmste/13861
https://doi.org/10.26458/jedep.v7i1.571
https://doi.org/10.14742/ajet.3521
https://doi.org/10.6007/ijarped/v12-i3/19133
https://doi.org/10.1177/2096531120978414
https://doi.org/10.47191/ijmcr/v9i10.05
https://doi.org/10.26634/jsch.12.3.10384
https://doi.org/10.3991/ijim.v15i19.23773
https://doi.org/10.5772/intechopen.113774
https://doi.org/10.3390/educsci14070762
https://doi.org/10.46827/ejes.v8i12.4007
https://doi.org/10.29303/jpm.v19i1.6395
https://doi.org/10.31004/edukatif.v3i6.1664


 

 - 55 -                                                                                                                                                  ERRCD Forum, 2025                                                                                   

Rice, A., & Kitchel, T. (2015). Preservice agricultural education teachers’ experiences in and 
anticipation of content knowledge preparation. Journal of Agricultural Education, 56(3), 90–104. 
https://doi.org/10.5032/jae.2015.03090 

Rohmitawati, R. (2018). The implementation of the TPACK (technology, pedagogy, and content 
knowledge) framework on Indonesian online mathematics teachers training. Southeast Asian 
Mathematics Education Journal, 8(1), 61-68. https://doi.org/10.46517/seamej.v8i1.64 

Salavati, S. (2016). Use of digital technologies in education: The complexity of teachers’ everyday practice 
[Doctoral dissertation, Linnaeus University Press]. 

Samuel, J. (2019). Developing a theoretical framework for visualization-based pedagogical 
content knowledge (V-PCK) based on middle school teachers’ views and uses of visualisations 
as an instructional tool. Dissertations. 1669. https://aquila.usm.edu/dissertations/1669 

Sangwin, C. (2023). Running an online mathematics examination with STACK. International 
Journal of Emerging Technologies in Learning (iJET), 18(03), 192–200. 
https://doi.org/10.3991/ijet.v18i03.35789 

Sarama, J., Clements, D. H., & Guss, S. S. (2021). Longitudinal evaluation of a scale-up model 
for professional development in early mathematics. In Early Childhood Teachers’ Professional 
Competence in Mathematics (pp. 163–186). Routledge. https://doi.org/10.4324/9781003172529-
10 

Sari, W., & Mutmainah, S. (2018). Increased motivation and results of student math learning 
through realistic mathematics education. Journal of Mathematics Education, 3(1). 
https://doi.org/10.31327/jomedu.v3i1.479 

Saubern, R., Henderson, M., Heinrich, E., & Redmond, P. (2020). TPACK – time to reboot? 
Australasian Journal of Educational Technology, 36(3), 1-9. https://doi.org/10.14742/ajet.6378 

Setyaningrahayu, I., Widhi, P., & Murtisari, E. (2019). The use of video-based reflection to 
facilitate pre-service English teachers’ self-reflection. Indonesian Journal of English Language 
Teaching, 14(2), 147-165. https://doi.org/10.25170/ijelt.v14i2.1443 

Shah, Y. (2023). Analytical study of cooperative learning in mathematics. Patan Pragya, 12(02), 
120-126. https://doi.org/10.3126/pragya.v12i02.64211 

Shenton, A. K. (2004). Strategies for ensuring trustworthiness in qualitative research projects. 
Education for Information, 22(2), 63-75. 

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational 
Researcher, 15, 4-14. 

Stapf, K., & Martin, B. (2019). TPACK + mathematics: A review of current TPACK literature. 
International Journal on Integrating Technology in Education, 8(3), 13-20. 
https://doi.org/10.5121/ijite.2019.8302 

Sugiyono. (2019). Metode penelitian kuantitatif (Cetakan ke-2). Alfabeta. 
Sugiyono. (2013). Metode penelitian - 55 -aption- 55 -in: Pendekatan kuantitatif, kualitatif, dan R&D. 

Bandung: Alfabeta. 
Tondeur, J., Hermans, R., van Braak, J., & Valcke, M. (2008). Exploring the link between 

teachers’ educational beliefs and profiles and different types of computer use in the classroom. 
Computers in Human Behaviour, 24, 2541-2553. 

Tröbst, S., Kleickmann, T., Heinze, A., Bernholt, A., Rink, R., & Kunter, M. (2018). Teacher 
knowledge experiment: Testing mechanisms underlying the formation of preservice 
elementary school teachers’ pedagogical content knowledge concerning fractions and 

https://doi.org/10.5032/jae.2015.03090
https://doi.org/10.46517/seamej.v8i1.64
https://aquila.usm.edu/dissertations/1669
https://doi.org/10.3991/ijet.v18i03.35789
https://doi.org/10.4324/9781003172529-10
https://doi.org/10.4324/9781003172529-10
https://doi.org/10.31327/jomedu.v3i1.479
https://doi.org/10.14742/ajet.6378
https://doi.org/10.25170/ijelt.v14i2.1443
https://doi.org/10.3126/pragya.v12i02.64211
https://doi.org/10.5121/ijite.2019.8302


 

 - 56 -                                                                                                                                                  ERRCD Forum, 2025                                                                                   

fractional arithmetic. Journal of Educational Psychology, 110(8), 1049-1065. 
https://doi.org/10.1037/edu0000260 

Urrutia, F. Z., Loyola, C. C., & Marín, M. H. (2019). A tangible user interface to facilitate learning 
of trigonometry. International Journal of Emerging Technologies in Learning (iJET), 14(23), 152. 
https://doi.org/10.3991/ijet.v14i23.11433 

Uwurukundo, M., Maniraho, J., & Tusiime, M. (2022). Enhancing students’ attitudes in learning 
3-D geometry using GeoGebra. International Journal of Learning Teaching and Educational Research, 
21(6), 286-303. https://doi.org/10.26803/ijlter.21.6.17 

Valtonen, T., Leppänen, U., Hyypiä, M., Sointu, E., Smits, A., & Tondeur, J. (2020). Fresh 
perspectives on TPACK: Pre-service teachers’ own appraisal of their challenging and 
confident TPACK areas. Education and Information Technologies, 25(4), 2823-2842. 
https://doi.org/10.1007/s10639-019-10092-4 

Vladušić, R., Bucat, R., & Ožić, M. (2020). Evidence of the development of pedagogical content 
knowledge related to chemical bonding during a course for preservice chemistry teachers. 
Center for Educational Policy Studies Journal, 10(1), 59-81. https://doi.org/10.26529/cepsj.783 

Voogt, J. (2012). Are teachers ready to teach in the knowledge society? Considerations based on 
empirical findings. Jahrbuch Medienpädagogik, 9, 17-28. 

Wakhata, R., Mutarutinya, V., & Balimuttajjo, S. (2022). Pedagogical content knowledge of 
mathematics teachers: A focus on identifying and correcting sources of students’ 
misconceptions in linear programming. The International Journal of Pedagogy and Curriculum, 29(2), 
23. 

Widyoko, E. P. (2014). Teknik penyusunan - 56 -aption- 56 -in penelitian. Yogyakarta: Pustaka Pelajar. 
Wooditch, A., Rice, A., Peake, J., & Rubenstein, E. (2018). The development of preservice 

agriculture teachers’ pedagogical content knowledge through a greenhouse for teachers 
course. Journal of Agricultural Education, 59(3), 1-14. 

Zakariya, Y. (2022). Improving students’ mathematics self-efficacy: A systematic review of 
intervention studies. Frontiers in Psychology, 13. https://doi.org/10.3389/fpsyg.2022.986622 

Disclaimer: The views, perspectives, information, and data contained within all publications 
are exclusively those of the respective author(s) and contributor(s) and do not represent or 
reflect the positions of ERRCD Forum and/or its editor(s). ERRCD Forum and its editor(s) 
expressly disclaim responsibility for any damages to persons or property arising from any ideas, 
methods, instructions, or products referenced in the content.   

 

 

 

 

 

https://doi.org/10.1037/edu0000260
https://doi.org/10.3991/ijet.v14i23.11433
https://doi.org/10.26803/ijlter.21.6.17
https://doi.org/10.1007/s10639-019-10092-4
https://doi.org/10.26529/cepsj.783
https://doi.org/10.3389/fpsyg.2022.986622


 

 - 57 -                                                                                                                                                  ERRCD Forum, 2025                                                                                   

Exploring Shifts in Pre-Service Teachers’ Perceptions of 
Mathematicians: From First Year to The End of Second Year 

 

Abstract: This study examines how pre-service mathemat-
ics teachers perceive mathematicians’ roles and practices, 
emphasising the shifts in their epistemic and social under-
standings during their teacher education programme. Using 
Legitimation Code Theory (LCT) and variation theory, data 
were collected from 60 pre-service teachers at a South Afri-
can university, comparing their views from their first to sec-
ond year. Initial perceptions often conflated mathematicians 
with educators, focusing on societal roles and pedagogical 
functions. However, by their second year, after engaging in 
a mathematics methodology course rooted in variation the-
ory, participants demonstrated an increased appreciation for 
mathematicians’ epistemic practices, including problem-
solving, abstraction, and theoretical application. Despite 
these advancements, many participants continued to frame 
their understanding through a pedagogical lens, with limited 
attention to the social dimensions of mathematical work, 
such as collaboration and interdisciplinarity. These findings 
underscore the need for teacher education programmes to 
balance epistemic and social dimensions, enabling future ed-
ucators to view mathematics as both an intellectual disci-
pline and a collaborative, dynamic field. This study contrib-

utes to understanding how theoretical frameworks can inform and transform pre-service teach-
ers’ conceptions of mathematicians’ roles, bridging the gap between classroom teaching and 
authentic mathematical practices. 

1. Introduction 
Pre-service mathematics teachers (PSTs) face the challenge of mastering the complexities of 
teaching mathematics within a four-year programme. Although they have spent years observing 
mathematics teachers, they have not observed mathematicians engaged in authentic 
mathematical practices. Moreover, PSTs are only formally introduced to theoretical perspectives 
on teaching and learning mathematics during their second year of teacher education. This delay, 
coupled with the well-documented gap between theory and practice in teacher education, often 
results in novice teachers abandoning theoretical insights. Instead, they conform to established 
school norms or resist integrating theory into their teaching practices (Mårtensson & Ekdahl, 
2021). Past school experiences heavily shape teaching decisions (Lortie, 1975; Sugrue, 1997). 
Without encountering practical challenges during training, PSTs may perceive theories as 
irrelevant, reverting to familiar methods of teaching (Mårtensson & Ekdahl, 2021; Olawale, 
2024). While traditional instruction from mathematicians may not directly support research-
based, student-centred teaching (Wagner, Speer & Rossa, 2007), robust mathematical knowledge 
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acquired through university training is considered essential for successful teaching (Leikin, 
Zazkis & Meller, 2018; Hofman & Even, 2018). Therefore, mathematicians’ work must expand 
PSTs’ knowledge beyond the school curriculum, exposing them to deeper mathematical 
thinking. Understanding mathematicians’ practices helps PSTs integrate these approaches into 
their teaching. Mathematicians solve challenging problems—those that are “perplexing or 
difficult” (Schoenfeld, 2016). Pólya (1954, in Schoenfeld, 2016) describes problem-solving as 
engaging with unfamiliar tasks where solutions are not immediately known. In contrast, 
emphasising procedural drills can inhibit students’ ability to develop broader problem-solving 
skills. This practice risks portraying mathematics as a set of rigid facts and procedures (Boaler et 
al., 2022). Students often internalise the misconception that mathematics lacks creativity or 
reasoning, reducing it to rote memorisation. When PSTs adopt such classroom routines, they 
risk perpetuating this limited view of mathematics, conflating the roles of mathematics teachers 
and mathematicians. 

1.2 Problem statement and research questions 

PSTs must develop both mathematical content knowledge and mathematical practices to 
address these challenges. Content knowledge encompasses concepts, skills, and applications, 
while practices involve disciplinary habits such as argumentation, precision, and problem-solving 
(Lai & Ahrens, 2022). However, applying theoretical learning to practice remains a significant 
challenge (Korthagen, 2010; Sugrue, 1997). Treating theory as a “solution” to bridge the gap 
between research and practice is insufficient. Instead, Lampert (2010) argues that theory should 
deepen reasoning about practice, integrating with practical knowledge to generate new insights. 
This study examines how integrating theoretical frameworks with lesson planning in a 
mathematics education course transforms PSTs’ understanding of their roles as mathematicians. 
At the outset, first-year PSTs primarily identified personal attributes in their teacher identities. 

The following are the research questions that guided the study:  

• How do pre-service mathematics teachers’ perceptions of mathematicians change 
throughout their teacher education programme? 

• What changes occur in pre-service mathematics teachers’ understanding of the epistemic 
dimensions of a mathematician’s work? 

• How do pre-service mathematics teachers’ perspectives on the social and relational 
aspects of mathematicians evolve over time? 

Through iterative processes such as lesson planning, critical analysis, and revisions rooted in 
variation theory (Marton, 2015) and mathematical proficiency theory, second-year PSTs 
developed a deeper appreciation for specialised knowledge. By the conclusion of the course, 
their epistemic understanding had notably advanced, highlighting the critical role of linking 
mathematical theory to teaching practice (Beswick, 2011). 
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2. Literature Review  

Mathematics, unlike fields such as Biology, History, or English, presents a unique challenge in 
education due to the inherent nature of the subject. Taylor (2018) argues that the limited 
technical scope of the school mathematics curriculum is a direct result of the complexity and 
abstractness of mathematics. While other disciplines engage learners with sophisticated 
questions and creative works that interest professionals, school mathematics often falls short of 
providing such experiences. This disconnection represents a fundamental difference between 
mathematics and other fields, where learners can directly relate to and engage with professional-
level inquiries. 

The discrepancy between learners’ and mathematicians’ perceptions of mathematics is well 
documented. Cirillo and Herbel-Eisenmann (2011) explore how classroom practices shape 
learners’ views of mathematicians, revealing that teachers’ mathematical backgrounds and 
portrayals significantly influence these perceptions. They emphasise the need for preservice 
teachers to reflect on their beliefs about mathematicians’ roles and behaviours to present a more 
accurate and inspiring image of the profession. Latterell and Wilson (2012) reinforce this 
perspective by noting that mathematicians create new theorems and apply existing results to 
practical problems, a viewpoint rarely conveyed in traditional mathematics education. Building 
on this, researchers (Boaler, 2016; Schoenfeld, 2016) highlight the contrast between learners’ 
view of mathematics as a collection of calculations, procedures, and rules and mathematicians’ 
view of it as the study of problems, emphasising creativity and elegance. Together, these studies 
suggest the need for classroom practices that cultivate a deeper understanding and appreciation 
of the true nature of mathematics. 

Most learners’ mathematical experiences occur in the classroom, making these experiences 
critical in forming their images of mathematics and mathematicians (Schoenfeld, 1985). For 
example, Rock and Shaw (2000) found that learners primarily believed mathematicians solved 
“hard problems that other people don’t know,” reflecting a limited understanding of the 
profession’s scope. Similarly, Picker and Berry (2000) identified various stereotypes in learners’ 
drawings of mathematicians, such as the mathematician as coercive or foolish, indicating a need 
for more accurate representations in education. Studies by Burton (2004) and Nardi (2008) delve 
into the perspectives of mathematicians on mathematics education, revealing insights that could 
bridge the gap between university mathematics and school teaching. 

2.1 Collaboration between mathematicians and educators 

Blanton and Stylianou (2009) advocate for collaboration between mathematicians and 
mathematics educators to develop effective teaching strategies, a sentiment echoed by Wagner 
et al. (2007), who found traditional instructional practices insufficient for supporting learner-
centred teaching. Research by Hagenkötter et al. (2022) investigates the role of professional 
mathematicians in training secondary school mathematics teachers. The study highlights the 
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need for integrating meta-mathematical skills into core coursework and fostering collaboration 
between mathematicians and educators to improve teacher education. Overcoming barriers to 
collaboration is crucial for bridging the gap between university-level mathematics and school 
teaching. 

Hagenkötter et al. (2022) found that learners commonly believe mathematical scientists primarily 
engage in advanced calculations, reflecting their classroom experiences. This limited perception 
overlooks critical activities such as reasoning, modelling, and problem-solving. While many 
studies explore learner conceptions of mathematicians, few implement interventions explicitly 
aimed at demonstrating the diverse and creative nature of mathematical work, leaving a gap in 
effectively addressing these misconceptions. 

Pre-service teachers, like other social actors, become “knowers” by adopting a new perspective 
that allows them to identify and understand what defines “authentic reality” (Bernstein, 2000, p. 
164 in Langsford & Rusznyak, 2024). This perspective, as Maton (2014) explains, is shaped 
through exposure to new concepts, relevant experiences, and interactions with key individuals. 
For pre-service teachers aspiring to become mathematicians, developing this perspective is a 
more intricate process that extends beyond simply “noticing and understanding” the “intentions 
and actions of teachers” (Langsford & Rusznyak, 2024, p. 5). It requires immersion in the 
intellectual work of mathematicians, which is often abstract, complex, and not typically visible 
in traditional classroom settings. This process demands that pre-service teachers go beyond 
reflecting on “the study of teachers’ practices through live or recorded lessons” and begin to 
“practice the theory in real situations, as they conduct lessons based on theoretical concepts” 
(Mårtensson & Ekdahl, 2021).  

The variation theory of learning emphasises structuring critical aspects in patterns of variation 
and invariance, allowing students to discern them rather than being explicitly told (Pang & 
Marton, 2003; Marton, 2015). Watson and Mason (2006) suggest that this approach helps 
teachers design tasks that encourage students to identify these critical aspects. This approach is 
closely linked to problem-solving, as the curriculum aims to foster learners’ critical and creative 
thinking skills through tasks that reflect the practices of mathematicians. For pre-service 
teachers, engaging with variation theory cultivates a “mathematical gaze,” helping them develop 
a nuanced understanding of mathematical practices. This enhances their ability to think about 
and teach mathematics in ways that go beyond basic pedagogical strategies (Maton, 2014).  

While it is well-documented that pre-service teachers’ ability to interpret teachers’ intentions and 
actions is crucial for pedagogical learning and understanding effective teaching choices 
(Langsford & Rusznyak, 2024), this alone is insufficient for pre-service teachers to become true 
mathematics educators. Developing a “mathematical gaze” through variation theory is essential 
for their growth into effective mathematics teachers, enabling them to engage deeply with the 
complexities of mathematical practices. 



 

 - 61 -                                                                                                                                                  ERRCD Forum, 2025                                                                                   

3. Methodology  

This study employed a qualitative research design, specifically a basic interpretive approach, as 
described by Merriam (2002). This approach seeks to understand how participants create 
meaning from their experiences and to identify common themes or patterns within the data. 
The analytical framework used was Legitimation Code Theory (LCT), which focuses on codes 
and legitimation to analyse curriculum, pedagogy, and assessment practices. The study 
population comprised 60 pre-service teachers (PSTs) enrolled in a Bachelor of Education (BEd) 
programme, majoring in mathematics, at a South African university. These PSTs were in their 
first and second years of study. Participants were selected based on their enrolment in the 
programme and their willingness to participate in the research. A purposive sampling technique 
was used to select the participants. This approach was appropriate as it allowed the researcher 
to focus on PSTs who were directly engaged in the mathematics education courses relevant to 
the study’s objectives. Data were collected through written responses to the prompt, “What do 
you think it will be like to work as a qualified mathematician?” The responses were gathered at 
two points: at the beginning of the first year and at the end of the second year. These responses 
provided insights into the participants’ evolving conceptions of mathematicians. Additionally, 
lesson plans and reflections uploaded to the university’s learning management system were 
analysed to understand how PSTs applied theoretical concepts to their teaching practices. 

Legitimation Code Theory (LCT) offers sophisticated tools for analysing curriculum, pedagogy, 
and assessment practices, focusing on codes and legitimation. Codes signify the principles that 
guide a practice’s legitimacy, but implicit codes may exclude certain practices or perspectives. 
LCT reveals these underlying codes, enhancing comprehension of their influence on educational 
practices. Two crucial codes within LCT—knowledge and knower codes—are founded on the 
notion that “practices and beliefs are about or oriented towards something and by someone” 
(Maton, 2014, p. 29). This enables an analytical distinction between two sets of relations.: 
epistemic and social. Epistemic relations pertain to “what can be legitimately described as 
knowledge,” while social relations concern “who can claim to be a legitimate knower” (p. 29). 
These relations indicate “what counts” in each practice (Luckett & Hunma, 2014, p. 183). 

Epistemic relations in the work of mathematicians encompass practices such as investigation, 
problem-solving, critical thinking, generalisation, and justification, with PSTs leveraging this 
knowledge to tackle complex problems (author, 2024). Social relations, on the other hand, relate 
to teachers’ perceived legitimacy as knowers within the work of mathematicians. These relations 
involve traits associated with analytical, creative, and critical thinking, as well as persistence, 
mathematical proficiency, collaboration, adaptability, confidence, curiosity, and reflection. 
Enhanced social relations correlate with PSTs demonstrating expertise and confidence in the 
work of mathematicians. According to Maton (2014), knowers can be differentiated based on 
both their identity (kinds of knowers) and their method of knowing (ways of knowing). When 
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legitimacy in becoming mathematicians derives from how students know, it mandates specific 
gazes:  

• Cultivated gaze — recognising what is valued in the work of a mathematician. 
• Social gaze — emphasises the type of knower based on their social position, resulting in 

a social gaze. Born gaze — a specific type of knower and a particular way of knowing. 
• Trained gaze — practices that require neither a specialised knower nor a specific way of 

knowing cultivate knowers with a trained gaze. 

If the work of a mathematician forms part of the training for mathematics teachers, then the 
conceptions that PSTs hold should reveal a trained gaze. This study offers insights into this issue 
by examining the roles of both knowledge and knower codes in facilitating epistemological 
access to the work of mathematicians within the BEd programme at one university in South 
Africa. Table 1 outlines the translation device utilised to analyse the PSTs’ conceptions.  

Table 1: Translation device to analyse the Epistemic and Social relations of the PSTs conceptions 
 ER +  

Knowledge of the 
work of 
mathematicians 

 

SR –  
No Attributes of a 
mathematician 

 SR +  
Some Attributes of 
a mathematician 

 ER –  
No Knowledge of 
the work of 
mathematicians 

 

                    Adapted from Jina Asvat (2024) 

According to Maton and Chen (2020), four specialisation codes illustrate the interplay between 
epistemic relations (ER) and social relations (SR): 

Élite Code: Characterised by strong ER and SR, this code emphasises both the knowledge of 
mathematicians’ work and the attributes of a mathematician as a knower. It represents the ideal 
balance for understanding mathematical practices. 
Knowledge Code: Defined by stronger ER and weaker SR, this code highlights knowledge of 
mathematicians’ work over personal attributes. Pre-service teachers (PSTs) focus more on 
expertise than on the social identity of mathematicians. 
Knower Code: Marked by weaker ER and stronger SR, this code prioritises the social attributes 
and personal characteristics of mathematicians over their knowledge and work. 
Relativist Code: With both weak ER and SR, this code reflects general or non-specific 
responses, showing little emphasis on either the knowledge or the personal attributes of 
mathematicians. 

Through coding, the strengths of epistemic and social relations were assigned, allowing for a 
comparison of specialisation among first- and second-year PST data. Extracts from the 
interviews were then utilised to delineate overarching patterns. 
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Ethical clearance was obtained from the University of the Witwatersrand Human Research 
Ethics Committee (Education) under approval number H23/11/09. The research was classified 
as minimal risk. Informed consent was obtained from all participants to ensure their voluntary 
participation and the confidentiality of their responses. Data were anonymised to protect 
participants’ identities. The dataset is restricted to one university and includes the written 
conceptions provided by PSTs at the start of their first year and at the end of their second year. 
It is acknowledged that they may have observed additional aspects that were not included in 
their writings. Nonetheless, their submitted responses can be regarded as the most significant 
elements of their understanding of the work of mathematicians, which they deemed important 
enough to express in writing. Additionally, interviews with the PSTs were not conducted, so 
further probing was not possible. 

4. Presentation of Results   

The students’ perceptions of a mathematician’s work in the first year of the BEd programme, in 
March 2023, revealed that their views were heavily skewed towards ER- (42%) and SR- (39%), 
with much less emphasis on ER+ (13%) and SR+ (7%). However, in the second year of the 
BEd programme, after completing the teaching mathematics methods course, a shift in their 
perceptions occurred. The data show a more balanced distribution, with ER- at 27%, ER+ at 
23%, and SR+ at 11%. Notably, SR- remained consistent across both years at 39%. These 
changes represent a shift from weaker to stronger forms of epistemic and social relations in 
students’ descriptions of what they imagine the work of a qualified mathematician to be like. 

 
Figure 1 Shifts in the epistemic and social relations of the conceptions of the work of mathematicians 
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Figure 2 Shifts in the specialisation codes of the conceptions of the work of mathematicians 

The graphs reveal a shift in pre-service teachers’ (PSTs) perceptions of mathematicians from 
Year 1 (March 2023) to Year 2 (October 2024). Initially, the Relativist Code (ER- SR-) dominated 
at 39%, reflecting general, non-specific views on mathematicians, but this decreased to 27% by 
Year 2. Meanwhile, the Knowledge Code (ER+ SR-), which emphasises expertise over personal 
attributes, increased from 13% to 23%, indicating a growing focus on mathematicians’ work and 
content mastery. The Knower Code (ER- SR+), prioritising personal and social attributes, rose 
slightly from 7% to 11%, suggesting increased recognition of identity and relatability. Similarly, 
the Elite Code (ER+ SR+), which balances expertise and personal traits, grew from 7% to 11%, 
pointing to a developing appreciation for holistic representations of mathematicians. 

This study explored how pre-service mathematics teachers’ (PSTs) perceptions of 
mathematicians evolved during their Bachelor of Education (BEd) programme, particularly 
between the first and second years. The findings reveal a significant shift in PSTs’ understanding 
of mathematicians, reflecting changes in both epistemic relations (ER) and social relations (SR) 
as framed by Maton’s Legitimation Code Theory (LCT). 

4.1 A relativist lens on mathematicians  

In Year 1, the dominant relativist perspective (ER- SR-) is reflected in statements that lack 
specificity about the work of mathematicians. For instance:  

“I think it would be quite interesting and tedious at the same time.”  
“It will be a good experience.”  
“Obviously, it will be nice.”  

These comments suggest a generalised view, often devoid of a concrete understanding of 
mathematicians’ roles.  

By Year 2, while ER- SR- responses have decreased from 42% to 27%, similar sentiments persist 
in comments such as:  
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“It will be a dream come true... because mathematics is a challenging subject in my community.”  
“I think it will be fun and sometimes challenging because mathematics is not an easy subject 
for the majority of learners in schools.”  

The decrease in relativist responses indicates a gradual move toward more nuanced perspectives 
but highlights the initial lack of specific knowledge about mathematicians’ work.  

4.2 Increasing recognition of Epistemic Relations  

The rise in ER+ responses (from 13% in Year 1 to 23% in Year 2) illustrates the growing 
acknowledgement of mathematicians’ specialised knowledge and contributions.  

This shift is evident in Year 1 comments like:  

“It will constantly train me to approach concepts differently and creatively, while still using the 
correct principles of mathematics.”  
“I should be able to know how to solve problems and attend to learners when they ask 
questions.”  

By Year 2, this theme becomes more pronounced with statements such as:  

“Working as a qualified mathematician involves conducting research, solving complex 
problems, and applying mathematical principles in various fields such as science, engineering, 
finance, and technology.”  
“Theories learned can be applied to real-world problems, contributing to fields like artificial 
intelligence and finance.”  
“It will involve problem-solving, engaging in complex issues requiring deep analytical thinking 
and creativity.”  

These responses showcase students’ evolving awareness of mathematics’ intellectual rigour and 
its real-world applications.  
4.3 Persistent pedagogical framing  

Throughout both years, many responses frame mathematicians within a teaching context, 
reflecting pre-service teachers’ roles. In Year 1, this is evident in statements such as:  

“It will be fascinating because I will be able to teach my students ways to achieve their 
mathematics dreams.”  
“It will be interesting to teach children how to solve problems.”  
“I think it would be a fun experience, as once I know what I am doing, I become excited to 
help others understand as well.”  

By Year 2, similar views persist:  
“I’ll be helping learners understand and enjoy math. My day will be filled with sharing my 
passion for numbers and problem-solving.”  
“You would create lessons that make math interesting and relatable, showing students how 
it applies to their everyday lives.”  
“I believe teaching what you know will exactly help the student to understand.”  
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These responses highlight a strong pedagogical framing, often centred on learners’ needs and 
engagement.  

4.4  Limited emphasis on Social Relations  

Social relations (SR+) see a modest increase from 7% in Year 1 to 11% in Year 2, reflecting a 
slight shift toward considering mathematicians’ personal and relational attributes. In Year 1, 
these are observed in comments such as:  

“It would be an inspiration to others that being a mathematician is possible.”  
“I love mathematics, but having to use it every day might not be something I enjoy.”  

In Year 2, the focus expands slightly:  
“I believe the experience will be fulfilling as it allows mathematicians to share their passion for 
mathematics with students and inspire the next generation.”  
“Being a qualified mathematician will mean a big achievement, and people around me will 
surely get motivated.” 
 “It will involve collaboration with other professionals, which fosters teamwork and creativity.”  

While social relations remain secondary to epistemic considerations, these responses reflect an 
increasing recognition of mathematicians’ relational and societal impacts.  

4.5  Evolution toward a balanced understanding  

The growth in Elite Code responses (ER+ SR+), from 7% in Year 1 to 11% in Year 2, marks a 
shift toward a holistic understanding of mathematicians. This balance is reflected in Year 1 
statements such as:  

“I think it will be mentally challenging and fulfilling at the same time, as it constantly trains 
me to approach concepts differently.”  

By Year 2, such balanced views are more evident:  
“Being a qualified mathematician requires strong analytical skills, curiosity, and passion for 
continuous discovery.” 
“The work would involve conducting research and applying knowledge while collaborating 
with others to solve complex challenges.”  
“It involves using mathematical theories to solve real-world problems, with opportunities to 
explore and innovate in diverse fields.”  
“It would be rewarding to see learners grow and develop their math skills over time, while 
also engaging in lifelong learning.”  

These comments demonstrate the students’ increasing appreciation for both the intellectual and 
relational aspects of mathematics. 

5. Discussion of Findings 

This study sought to explore shifts in pre-service mathematics teachers’ (PSTs) perceptions of 
mathematicians from their first year to the end of their second year in a Bachelor of Education 
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(BEd) programme. The findings reveal nuanced changes in how PSTs understand the epistemic 
and social dimensions of a mathematician’s work. Below, the findings are discussed in relation 
to the research questions, supported by previous studies, and presented in prose form. 

Research Question 1: How do pre-service mathematics teachers’ perceptions of 
mathematicians change throughout their teacher education programme? 

The study found that PSTs’ perceptions evolved significantly over the course of the programme. 
In their first year, PSTs predominantly exhibited a relativist perspective (ER- SR-), characterised 
by general and non-specific views of mathematicians. For instance, many described 
mathematicians’ work as “showing young people different perspectives in mathematics” or 
“helping students learn maths better.” These perceptions reflect a societal framing of 
mathematicians as educators rather than practitioners of mathematics, aligning with Cirillo and 
Herbel-Eisenmann’s (2011) findings that classroom experiences shape learners’ views of 
mathematicians, emphasising teaching roles over authentic mathematical practices. 

By the second year, PSTs’ descriptions reflected a growing recognition of mathematicians’ 
epistemic practices (ER+). The study reveals that PSTs began articulating deeper insights into 
mathematicians’ roles, such as engaging in “abstract thinking” and “applying mathematical 
theories to solve real-world problems.” This shift aligns with Boaler’s (2016) argument that 
mathematics education should extend beyond procedural drills to highlight creativity and 
problem-solving. 

Pre-service teachers, like other social actors, become “knowers” by adopting a new perspective 
that allows them to identify and understand what defines “authentic reality” (Bernstein, 2000, p. 
164 in Langsford & Rusznyak, 2024). As Maton (2014) explains, this perspective is shaped 
through exposure to new concepts, relevant experiences, and interactions with key individuals. 
However, many PSTs continued to view mathematicians primarily through a pedagogical lens, 
indicating an enduring influence of their teaching-focused experiences, consistent with Lortie’s 
(1975) concept of the “apprenticeship of observation.” 

These findings align with prior research highlighting the challenges pre-service teachers (PSTs) 
face in bridging the theoretical and practical aspects of mathematics education (Mårtensson & 
Ekdahl, 2021). For instance, Lampert (2010) emphasises the importance of integrating 
theoretical knowledge with practical experiences to deepen reasoning about teaching practices. 
This study supports such approaches, as the integration of variation theory proved instrumental 
in reshaping PSTs’ epistemic perceptions. By engaging with variation theory, PSTs began to 
develop a “mathematical gaze” that allowed them to identify critical aspects of mathematical 
practices and consider teaching mathematics in more sophisticated ways (Maton, 2014; Pang & 
Marton, 2003). However, the persistent framing of mathematicians’ work through a pedagogical 
lens reflects Korthagen’s (2010) observation that, in the absence of robust theoretical 
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integration, PSTs often revert to familiar teaching narratives, as also noted by Mårtensson and 
Ekdahl (2021). 

Research Question 2: What changes occur in pre-service mathematics teachers’ understanding 
of the epistemic dimensions of a mathematician’s work? 

The study reveals that PSTs developed a stronger epistemic gaze, shifting from weaker to 
stronger epistemic relations (ER+). Initially, only 13% of PSTs demonstrated knowledge of the 
epistemic practices of mathematicians, such as abstraction, proof, and problem-solving. By the 
end of their second year, this increased to 23%, reflecting a growing appreciation for the 
intellectual rigour and theoretical aspects of mathematics. 

This transformation was attributed to the mathematics methodology course, which used 
variation theory to structure learning around critical aspects of mathematical practices (Pang & 
Martone, 2003). For example, one PST described mathematicians as “innovators who develop 
new principles to address complex problems,” illustrating a deeper engagement with the 
epistemic dimensions of mathematics. Such responses resonate with Schoenfeld’s (2016) 
argument that problem-solving and abstract thinking are central to mathematicians’ work and 
should be emphasised in mathematics education. 

Developing a mathematical gaze requires immersion in the intellectual work of mathematicians, 
which is often abstract, complex, and not typically visible in traditional classroom settings 
(Langsford & Rusznyak, 2024). This process demands that PSTs go beyond reflecting on “the 
study of teachers’ practices through live or recorded lessons” to “practise the theory in real 
situations” (Mårtensson & Ekdahl, 2021). Variation theory facilitated this by emphasising 
patterns of variation and invariance, enabling PSTs to discern critical aspects without explicit 
instruction (Pang & Marton, 2003; Marton, 2015). This method mirrors Watson and Mason’s 
(2006) suggestion for task design that highlights problem-solving and fosters critical and creative 
thinking. 

Research Question 3: How do pre-service mathematics teachers’ perspectives on the social 
and relational aspects of mathematicians evolve over time? 

The study found limited progress in pre-service teachers’ (PSTs) recognition of the social and 
relational aspects of mathematicians’ work (SR+). While some PSTs acknowledged 
collaboration and interdisciplinarity, their understanding often lacked depth. For example, 
responses such as “collaborating with professionals in various fields” reflect a superficial 
appreciation of teamwork and fail to fully capture the dynamic and relational nature of 
mathematical work, as emphasised by Burton (2004) and Hagenkötter et al. (2022). 

By the end of their second year, only 11% of PSTs demonstrated a balanced understanding 
(ER+ SR+), compared to 7% in their first year. This marginal improvement highlights the 
persistent gap in PSTs’ appreciation of the social dimensions of mathematics, underscoring the 
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need for teacher education programmes to explicitly address this aspect. Fostering a holistic view 
of the discipline requires integrating opportunities for PSTs to engage with the collaborative and 
interdisciplinary practices that define authentic mathematical work. Additionally, this limited 
focus on social dimensions aligns with Taylor’s (2018) critique of the narrow scope of school 
mathematics curricula, which often prioritise procedural knowledge at the expense of relational 
and collaborative skills. The findings reinforce the importance of exposing PSTs to the broader 
contexts of mathematics, encouraging them to move beyond individualistic or teaching-focused 
narratives. Blanton and Stylianou (2009) similarly stressed the value of collaboration between 
mathematicians and educators to bridge the gap between university-level mathematics and 
school teaching. By doing so, teacher education programmes can equip PSTs with a more 
comprehensive understanding of mathematicians’ roles, fostering both epistemic and social 
engagement. 

6. Conclusion  

This study underscores the evolving perceptions of pre-service mathematics teachers (PSTs) 
regarding the work of mathematicians, revealing significant shifts in their epistemic 
understanding while highlighting enduring challenges in integrating social and relational 
dimensions. PSTs progressed from a relativist perspective to a more nuanced epistemic gaze, 
recognising the abstract and applied practices of mathematicians. However, their views remained 
strongly influenced by prior teaching experiences, reflecting persistent pedagogical biases and 
limited engagement with the collaborative and interdisciplinary aspects of mathematical work. 
The integration of variation theory in the curriculum played a pivotal role in fostering a deeper 
understanding of critical mathematical concepts and practices. By enabling PSTs to discern key 
aspects of mathematicians’ intellectual work, this approach contributed to the development of 
a “mathematical gaze.” Nonetheless, the findings highlight a need for teacher education 
programmes to place greater emphasis on the social and creative dimensions of mathematics, 
encouraging PSTs to view mathematicians not only as problem-solvers but also as collaborators 
engaged in dynamic and relational practices. Balancing the epistemic and social dimensions of 
mathematics education is essential for bridging the gap between theory and practice. Teacher 
education programmes must expose PSTs to authentic mathematical practices, fostering a 
comprehensive understanding of the discipline. By doing so, future educators will be better 
equipped to inspire a more dynamic, creative, and holistic appreciation of mathematics, 
advancing both their teaching strategies and the discipline as a whole. 
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Place-based Mathematics Education: An Education for Sustainable 
Development Pedagogy to Enhance Mathematics Teacher Training 

 

Abstract: Mathematics education in South Africa is ex-
periencing a crisis that disproportionately affects the ma-
jority of learners, enhancing inequality and inequity and 
promoting unsustainable development. Part of the prob-
lem lies in the quality and training of Mathematics teach-
ers, as well as the pedagogy they follow. South African 
education, particularly Mathematics education, should 
contribute to the transformation of society into an equi-
table and sustainable one. Hence, the orientation of South 
African education towards Education for Sustainable De-
velopment (ESD). It is believed that ESD will contribute 
to equity, equality, and sustainability. One way to imple-
ment ESD is through Place-Based Education (PBE). PBE 
capitalises on place, community, experiences, location, 
and geography to create unique, authentic, meaningful, 
and personalised learning opportunities. Consequently, 
PBE expands the mathematics classroom to include the 
surrounding community. This empowers Mathematics 
teachers to make the subject relevant to learners by 
incorporating their local context into their pedagogy. This 

approach to Mathematics teaching and teacher training promotes equity and the realisation of 
sustainable development, as it addresses the educational needs of the majority of South Africa’s 
learners within Mathematics education. This desktop chapter scrutinises literature on the topic 
to highlight the value and relevance of ESD and PBE in Mathematics teacher training, and to 
situate PBE as a pedagogy within Mathematics education and teacher training. I provide an 
overview of Mathematics teacher training in South Africa; thereafter, I discuss ESD and its 
connection to Mathematics education; and finally, I reflect on PBE and its relevance and value 
to Mathematics teacher training. 

1. Introduction 
Place-based Education (PBE) is education that occurs when learners, teachers, and the broader 
community utilise the social, cultural, and natural environment they inhabit as an inquiry-based 
learning laboratory (Reed & Klassen, 2020). Thus, PBE expands teaching and learning into the 
surrounding environment, creating authentic learning opportunities beyond the walls of the 
school. In this way, the learner’s place becomes an auxiliary text that they are taught to read, 
synthesise, explore, and elaborate upon in their understanding and mastery of Mathematics 
(Buck et al., 2016). Andersson and Wagner (2021) concur that learners benefit from PBE 
because it enriches their (Western) Mathematical knowledge. In research on geometry, Farid et 
al. (2024) found that PBE enables learners to connect their Mathematics learning to their local 
spaces and to draw on these spaces as sources for their geometry projects. Similarly, Leonard et 
al. (2013) maintain that PBE engages learners emotionally and increases their engagement, 
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which, in turn, positively impacts their retention and performance. PBE thus assumes that 
education, in general, and Mathematics education specifically, is not without a ‘place’; rather, it 
is embedded in and informed by a unique social, environmental, and cultural context that guides 
teaching and learning and has the potential to improve the quality of Mathematics education. 

Improving the quality of education is pivotal for realising the Sustainable Development Goals 
(SDGs) and for Education for Sustainable Development (ESD). ESD is “holistic and 
transformational education [that] addresses learning content and outcomes, pedagogy, and the 
learning environment” (UNESCO, 2014, p. 12). ESD is, therefore, an educational approach that 
promotes the integration of sustainability and the SDGs across all subjects in schools and 
institutions of learning. In this regard, Mathematics teacher education programmes and 
Mathematics education should be oriented towards sustainability and ESD. However, Li and 
Tsai (2022) find it difficult to understand how such an orientation could be achieved, while 
Renert (2011, p. 20) argues that sustainability and Mathematics education remain largely 
unconnected. Nevertheless, establishing links between sustainability, Mathematics, and 
Mathematics teacher training is important because of the potential of Mathematics education to 
address the needs of the 21st century (Mula & Tilbury, 2023). 

Addressing 21st-century needs and achieving sustainable development (SD) requires high-quality 
education. Hence, Sustainable Development Goal 4 (SDG 4) focuses specifically on improving 
the quality of education by ensuring “inclusive and equitable quality education and promoting 
lifelong learning opportunities for all” (UNESCO, 2014, p. 12). In this regard, SDG 4 sets certain 
targets that governments and countries must reach to ensure a sustainable future. For example, 
Target 4.1 requires that governments ensure that by 2030, “… all girls and boys complete free, 
equitable and quality primary and secondary education” (UNESCO, 2014, p. 12). Similarly, 
Target 4.5 requires governments to “eliminate … ensure equal access to all levels of education 
and vocational training for the vulnerable, including persons with disabilities, indigenous 
peoples, and children in vulnerable situations” by 2030 (UNESCO, 2014, p. 12). The implication 
of this goal and its associated targets is that South African (SA) education will have to take 
definitive steps to improve the quality of education, paying particular attention to the eradication 
of inequalities and inequities and ensuring that Mathematics education is inclusive of the needs 
of all learners. 

The quality of SA education, particularly in Mathematics, is worrisome (cf. Schirmer & Visser, 
2023). This concern stems from national Mathematics results and international test scores, such 
as those from the Trends in International Mathematics and Science Study (TIMSS) (2023) and 
the Southern and Eastern Africa Consortium for Monitoring Educational Quality (SACMEQ), 
which paint a grim picture of the state of Mathematics education in the country. This situation 
is attributed to various factors, such as the inadequate or weak knowledge of Mathematics 
teachers (Gobede & Mosvold, 2022) and the quality of Mathematics teacher training (Taylor, 
2021). 
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Moreover, Mathematics and Mathematics education are also variously accused of advancing 
gender stereotypes (Holmes et al., 2022) and of perpetuating oppressive norms while 
maintaining oppressive structures and an exclusionary culture (Harper & Kudaisi, 2023). In 
addition, Helliwell and Ng (2022, p. 128) claim that the discourse on Science, Technology, 
Engineering, and Mathematics (STEM) education has largely focused on shaping “a future that 
works for all by putting people first,…[emphasising] that all…new technologies are first and 
foremost tools made by people for people.” This not only suggests that Mathematics and 
Mathematics education perpetuate inequality, but it is also part of a discourse that promotes 
anthropocentric values and a human-centred orientation. This jeopardises sustainable 
development and makes Mathematics and Mathematics education part of the problem of 
unsustainable development and social inequalities. 

Against this background, calls have emerged for a new and ecologically based Mathematics 
education that is oriented towards the needs of people, their cultures, and the planet. This 
approach fosters an awareness that our current global reality is characterised by 
“unsustainability” rather than “sustainability” (Biccard, 2019). It is in this context that teacher 
training programmes can contribute to sustainable Development (SD) and Education for 
Sustainable Development (ESD) by sensitising student teachers to place-based education (PBE). 

This chapter advocates for Place-based Education as a pedagogy to equip student teachers with 
the necessary skills, knowledge, and values to enhance Mathematics education, thereby 
contributing to the alignment of Mathematics education with ESD and the realisation of SD. I 
will provide a brief overview of Mathematics teacher training in South Africa, followed by a 
discussion of ESD and its connection to Mathematics education. Subsequently, I will reflect on 
PBE and its relevance and value to Mathematics teacher training and education. I will conclude 
the chapter with some thoughts on the implications of PBE for Mathematics teacher training 
and education. 

1.2 Why a refocus of mathematics teacher education 

Mathematics is generally perceived to be difficult, abstract, static, and disconnected from our 
daily lives (Holmes et al., 2022). It is furthermore conceived as teacher- and content-oriented 
and it focuses on “teaching to the test’’ resulting in Mathematics teaching being strongly 
academically oriented (Li & Tsai, 2022). These perceptions are fuelled by a conviction that not 
all learners are supposed to take Mathematics at school because not all have the capabilities to 
master it. Subsequent to this, many learners see no value in the subject, they lose interest in it, 
and they opt out of it the moment they have the chance. However, opting out of Mathematics 
is deeply problematic for society (Li & Schoenfeld, 2019), especially when Mathematics and 
Mathematics education forms part of the development trajectory of a country such as the case 
is with South Africa.  
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The place of Mathematics and Mathematics education in the development of South Africa is 
evident in the status awarded to Mathematics and Mathematics Literacy within the national basic 
education curriculum promulgated in 2012. Here these two subjects are compulsory, and all 
learners are expected to take either the former or the latter during their basic education. The 
significance of these subjects in societal development is acknowledged by Jojo (2020) who 
opines that Mathematics and Mathematics education can empower people, and it can contribute 
significantly to the eradication of poverty, whilst it also advances gender equality. South Africa’s 
National Development Plan (NDP) (2012) also emphasises that the basic education system 
should improve the outputs in Mathematics education, and universities are expected to deliver 
more trained graduates in Mathematics and to, deliver more and better qualified Mathematics 
teachers (NDP, 2012). Mathematics is therefore centred within the national development 
project.  

However, the realisation of this vision is hampered by the crisis Mathematics education finds 
itself in, with Mathematics teacher readiness and training frequently appearing as a potential 
factor contributing towards the crisis. Jojo, (2020) blames curriculum implementation and the 
readiness of Mathematics teachers, whilst (Pournara et al., 2015) blames the poor Mathematical 
knowledge of teachers for the crisis. A study conducted by SACMEQ found that only 41% of 
Grade 6 Mathematics teachers in South Africa had “good proficiency in mathematics” (Schirmer 
& Visser, 2023), whilst Spaull (in Mlachila & Moeketsi, 2019), found that four out of five teachers 
in public primary schools lack the content knowledge and pedagogical skills to teach 
Mathematics. Verster and Sayed (2020) also blame Mathematics learners’ poor and 
underperformance on a shortage of confident and competent qualified Mathematics teachers. 
In terms of teacher training, Taylor, (2021) found the preparation of final year Bed Mathematics 
teachers so poor that they are described as “patently incompetent to teach maths to primary 
school learners”. It is because of this that the United Nations Educational, Scientific and Cultural 
Organisation (UNESCO) (2015, p. 192) claims that “millions of South African children are not 
acquiring basic arithmetic skills and are therefore most likely to drop out of basic primary 
education”.  

These statistics points to rather stark educational inequalities in the quality of Mathematics 
education in a system where historically black schools make up most of the schools in South 
Africa. When it therefore comes to Mathematics education, black learners are still 
disproportionally disadvantaged and therefore set up for failure by an education system that is 
supposed to promote equity and take them out of poverty. There is therefore a pressing need to 
rethink and re-envision Mathematics education and to consider a) the use of a range of resources 
to support the development of Mathematical concepts (Naidoo, 2022), and b) the use of suitable 
pedagogies based on the learner’s language, culture and living environments (Mapungubwe 
Institute for Strategic Reflection [MISTRA], 2020). 
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In this chapter I focus on the learners’ place as one such a resource and a pedagogy. However, 
before I reflect on Place-Based Education (PBE), let me first locate it within the broader 
discourse around SD, the SDGs and ESD. Such a location is relevant because of the close 
connection of PBE with SD and ESD and because of the contribution it could make in realising 
quality education as is advanced by SDG 4.  

2. Methodology  

This chapter is based on an extensive literature review. In this desktop chapter primary and 
secondary literature were used to formulate and build out the argument that is presented. I used 
the identified keywords, and I searched for relevant and recent sources on platforms such as 
Google Scholar, EBSCO Academic Search Complete, ERIC, JSTOR. All sources were subjected 
to an intensive reading to identify relevant information. Policy documents used in the chapter 
were analysed to identify sections that speaks to the argument of the chapter. All sources were 
carefully read, and relevant information were coded. To ensure the trustworthiness of this 
chapter, all sources were appropriately cited and referenced, and care was taken to engage with 
all sources in an objective and unbiased manner.  

3. Place-based Education  

3.1 Place-based education: Its origin  

PBE is not an entirely new concept to teaching and learning. Rather, it has a long history within 
education that can be traced back to Dewey’s ideas on teaching and learning. In this regard, 
Dewey believed that learning occurred most naturally when focused on the intersection of 
people, their local environments, and an authentic purpose (Yemini et al., 2023). However, PBE 
owes its more recent popularity to the rise of neoliberalism in the 1990s and the impact of its 
associated ideologies on education policies. Neoliberalism is a political ideology that is focused 
on the economy, and is - 76 -aption- 76 -ing- 76 -o by an emphasis on market-driven policies, 
privatisation, individualisation, and the commodification of education (Villarin et al., 2024). This 
ideology impacts every sphere of our existence, and in education, it is most visible in 
standardised tests, performance-based funding, accountability regimes, efficiency, and 
competition, which variously disadvantage the poor and the marginalised and promote 
inequality. PBE thus serves as a counter-educational force against neoliberal educational reforms 
that propagated a disregard for culture in education and which promoted the decentring of 
cultural connections, community, and environmental stewardship (Yemini et al., 2023). This 
neoliberal turn resulted in schools increasingly becoming detached from the communities and 
people they serve and from the animals and plants that they share space with. As such, 
neoliberalism projected the learners’ ‘place’ as bearing no significance on teaching and learning 
and thus as something of no pedagogical value and significance. With neoliberalism advancing 
a detachment from culture and from the ‘place’ of the learner, a form of education was 
established that “distracts our attention from and distorts our response to the actual contexts of 
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our own lives (places)” (Gruenewald, 2003, p. 621). Such distractions and distortions are of 
course detrimental to effective and quality teaching and learning. Hence the focus on a 
reconnection and a reattachment with the ‘place’ through PBE. 

3.2 What is ‘place’ in place-based education all about? 

The concept of ‘place’ is the focal point of PBE. One cannot, therefore, come to deeper insights 
into PBE without a proper understanding of the concept of ‘place’. On face value, one would 
be tempted to narrowly and superficially define the concept ‘place’. However, within PBE ‘place’ 
is more than just an address, a plot, a piece of land, a home or a GPS location we inhabit, co-
inhabit or can physically visit. Rather, ‘place’ is “a spiritual place, a place of being and 
understanding” where “interactions with places give rise to and define cultures and community” 
(Rubel & Nicol, 2020, p. 175). For Coughlin and Kirch (2010, p. 915) ‘place’ also represents “a 
lived entity that results from a dialogical transaction between a community and its material 
environment at a particular moment in cultural-historical time and which hence shapes and is 
shaped by the identity of the people”. As such, ‘place’ is where living and non-living organisms 
exist and co-exist and where they form and are formed by the place they occupy at a given 
moment in time. Similar conceptions of ‘place’ are experienced by indigenous people and 
communities, who have an intimate connection with ‘place’ as a way of thinking about relations 
between and with humans, and with nature, and for whom “place is a way of knowing, 
experiencing, and relating with the world” (Rubel & Nicol, 2020, p. 175).  

Its richness in terms of histories, emotions, stories, culture, aesthetics, and social problems 
(Buck, Cook & Carter, 2016), therefore makes place a valuable pedagogical asset that can 
enhance Mathematics teaching and learning, by presenting ‘place’ as a valuable educational 
resource and an alternative text to explore, read and synthesise. Gruenewald (2003, p. 620) attests 
to the pedagogical value of ‘place’ by stating that,  

Place matters to educators, students, and citizens in tangible ways that include providing teachers 
and students with “firsthand experience” to link local contexts to learning environments in order 
to understand sociopolitical processes and shape what happens in the local community. 

Similar sentiments are expressed by Rubel and Nicol (2020, p. 175) who view ‘place’ as conscious 
with memory that leads to its pedagogical potential as the first teacher with context specific 
“lessons to share”. In this way place holds value and advantage for Mathematics teacher training, 
and it ought to be used in the service of Mathematics teaching and learning. Using it could assist 
in bridging divides between Mathematics teaching and learning as happens in the classroom 
setting and between the learner’s real-life experiences, context and space. Thus, embedding 
Mathematics in the learners’ place, and allowing the teaching and learning thereof to transcend 
the rather limiting boundaries of the classroom, could make the rather abstract and difficult 
Mathematics subject content more relevant and meaningful to the learner. 
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3.3 Place-based education: A definition 

As a “transformative philosophy of education” (Carter-Guyette, 2019, p. 2), PBE is an umbrella 
term for pedagogical practices that prioritise experiential, community-based, and contextual or 
ecological learning to cultivate greater connectivity to local contexts, cultures, and environments 
(Yemini, Engel & Simon, 2023). PBE also supposes that education is grounded somewhere and 
to something for effective learning to take place (Leonard, et al., 2013). More specifically, PBE 
is also regarded as “an immersive learning experience that places students in local heritage, 
cultures, landscapes, opportunities, and experiences” (Ashari et al., 2018). These contexts, sites 
and spaces as well as the landscape and experiences are then used to leverage and to serve as 
foundation for the study of language arts, Mathematics, social studies, science and other subjects 
across the curriculum (Nadelson, 2014).  

The use of the local context as a source of teaching and learning expands learning beyond the 
limiting space of the classroom, the school and places that are attached to the school — to also 
include spaces and sites that are effectively detached from the school, but who provide equally 
powerful sources and texts for effective and quality teaching and learning. In this way it situates 
teaching and learning within a different but local context and it provides local relevance and 
contextual motivation for learning.  

With PBE embedded in the local context of the learner, local and family knowledges and place-
based knowledge bridge the gap between the curriculum, new content and the learner’s existing 
knowledge and community and family sources he/she has access to. This ensures that advantage 
is taken of geography, culture, and location to create authentic, meaningful and engaging 
- 78 -aption- 78 -ing- 78 - learning opportunities (Ashari et al., 2018). With teaching and learning 
taking place in spaces outside the classroom, the school now becomes an “open and inviting 
[place] in the community and the community welcomes student learning occurring in many 
dimensions” (Bandari & Khoshnevis, 2021). Thus, as education that takes place outdoors, PBE 
allows students to be a part of their outdoor surroundings. In this way it “provid[es] meaningful 
contextual experiences-in both natural and constructed environments-that complement and 
expand classroom instruction, which tends to be dominated by print and electronic media” 
(Kilinç & Evans, 2013, p. 263). 

3.4 Locating place-based education within education for sustainable development 

Mathematics and Mathematics education are rather incompatible and ESD in Mathematics 
education is complex (Li & Tsai, 2022). The teaching of Mathematics also continues to pose 
challenges for many Mathematics teachers. Subsequent to this there has, in general, been a lack 
of engagement with issues of sustainability within Mathematics education (Boylan & Coles, 
2017). This is despite the expectation that education would be orientated towards ESD, and the 
SDGs highlights the importance of incorporating sustainability into education at all levels. Goal 
4.7 of SDG 4 which deals with quality education for all, by implication also promotes ESD in 
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Mathematics teacher training by establishes the importance of ensuring learners acquire the 
relevant knowledge, skills and values that promote sustainable development (UNESCO, 2017). 

As an orientation towards education, ESD provides a different lens to view and transform 
learning objectives, content, methods, contexts, and assessment (Mula & Tilbury, 2023). It also 
uses emancipatory learning approaches, such as systems thinking, critically reflective thinking, 
participatory learning, and interdisciplinary learning, but also more disruptive pedagogical 
strategies, like place-based learning (Mula & Tilbury, 2023). Such approaches ‘disrupts’ 
conventional education and Mathematics education by incorporating and sensitising learners 
about social justice in and through Mathematics education, and to develop in learners the 
competences required to address complex sustainability issues such as climate change. Harper 
(2017) concurs that criticality in Mathematics education leverage learners’ cultural, linguistic, and 
community knowledge, resources, and experiences. This supports Mathematics learning and 
critical consciousness development and it guides learners to interrogate and address social 
injustices in and through Mathematics. 

To integrate ESD into Mathematics education, a need exists to reimagine Mathematics as a 
general human concern, and to see it as an opportunity to learn critical thinking, problem-
solving, and contextual understanding (Nicol et al., 2020). For example, learners should be 
- 79 -aption- 79 -in about the social and ecological implications of Mathematics education, 
particularly in relation to the creation of social inequalities and the climate crisis (Helliwell & Ng, 
2022). Framed within such a new paradigm, Mathematics teacher education can thus push back 
the boundaries of the traditional philosophy of Mathematics and accommodate the power of 
Mathematical applications in guiding human lives and the social world (Li & Tsai, 2022) as well 
as sustainable development.  

PBE thus provides a new approach to Mathematics teacher training and education that will 
foster new relationships between humans, Mathematics and the planet and reinforces the 
interconnectedness between these aspects. More so, PBE in Mathematics teacher education can 
address the quality of Mathematics education and address societal inequalities. Mathematics 
teachers can only teach what they know, and they will base their teaching primarily on the 
methods and pedagogies they were exposed to during teacher training. To expect that teachers 
must apply PBE requires that student teachers be trained in the use of PBE. 

3.5 Principles of place-based education 

Principles are generally accepted rules that govern a phenomenon or behaviour. In a similar 
fashion, PBE is also governed by generally accepted rules that not only distinguish PBE from 
other approaches to education, but that also gives PBE its unique character and governs its 
approach to education. What we know about PBE is that it pivots on ‘place’ and that it is 
“primarily concerned with connecting place with self and community” (Mcinerley et al., 2011, 
p. 5). As such, it promotes active learner-centred inquiry using the surrounding community – or 
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place — as a classroom. In this regard, place represents more than the physical, but it includes 
experiences, the natural and the spiritual.  

What makes PBE further unique is that it is “inherently multidisciplinary and experiential” 
(Mcinerley et al., 2011, p. 5), and it focuses on active learning modalities that is applied to the 
local context, in which learners become proactive researchers (Yemini, et al., 2023). Within this 
context, learning takes place from experiences in and from experiencing the local context, in 
which learners are taught to apply a problem-solving approach towards local issues and 
challenges. The multidisciplinary nature of PBE makes it possible for learners to supplement 
their exiting Mathematical knowledge with knowledge from diverse disciplines when trying to 
respond to community- or place-related challenges. The benefit of this is that learners come to 
understand that Mathematics does not exist in a silo, but that it is in a relationship with other 
subjects and disciplines. For the multidisciplinarity of PBE to come to full effectiveness, require 
schools, their environments and communities must become more ‘permeable’ (Mannion & 
Adey, 2011, p. 38). This permeability allows the learners’ place to become an integral text and 
for the community to become an indispensable teaching and learning resource.  

Furthermore, PBE is also context specific, and it makes use of authentic content, authentic 
assessment, teacher facilitation, cooperative learning, reflection, and incorporation of adult skills 
(Bandari & Khoshnevis, 2021). This context specificity focuses PBE on, and makes it applicable 
to, one particular location. PBE approaches of one context can therefore not effectively be 
applied to another context. Context specificity largely stems from the focus of PBE on the 
community, the natural environment, culture, etc. All these aspects are unique, and they 
experience unique challenges which require unique responses. 

Buck et al. (2016) also identify the following principles that give PBE its unique character. These 
principles are: (a) taking advantage of local possibilities for teaching and learning; curriculum 
development; (b) students as knowledge producers; (c) learning from community members as 
well as teachers; and (d) fostering a regard and appreciation for home community. 

Smith & Sobel, 2010 (in Carter-Guyette, 2019, p. 12) present a list of principles which according 
to them informs and drives PBE. According to them, PBE: 

• is learning that takes place on-site (the school yard, in local community);  
• is inherently experimental, including participatory action or service learning;  
• comprises a curriculum that is multigenerational and multicultural  
• interacting with community resources;  
• is focused on local themes, systems, and content;  
• is learning that is personally relevant to the learner;  
• is learning experiences that contribute to the community’s vitality and environmental 

quality and support the community role in fostering global environmental quality;  
• is learning that is supported by strong and varied partnerships with local 

organisations/agencies/businesses/government;  
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• is learning that is interdisciplinary;  
• is learning experiences that are tailored to the local audience;  
• is learning that is grounded in and supports the development of a love for one’s place; 

and  
• is local learning that serves as the foundation for understanding and participating 

appropriately in regional and global issues.  

These principles not only give PBE its unique character, but it also define PBE, and it makes it 
possible for PBE to realise its aims and objectives in a unique and a distinctive way 

3.6 Aims and objectives of place-based education 

In principle, PBE aims to amplify ‘place’ by locating learning within the local context or the 
community. This it aims to do, firstly by overcoming the often hegemonic and ubiquitous 
educational agendas developed elsewhere in favour of an approach that uses the local as a 
starting point (Lyle, 2015), and secondly by partnering teachers, students and community 
members in the process of teaching and learning using the local context (Coughlin & Kirch, 
2010). In this way, learners and teachers become participants in meaning-making and knowledge 
production and so contribute in various ways to their place or their community (Starrett et al., 
2020). These aims correspond with what is expected from Mathematics education in SA. 
According to the Curriculum and Assessment Policy Statement, Grades R-12 (CAPS) (2011, p. 
8) teaching and learning of Mathematics aims to develop:  

a) a critical awareness of how mathematical relationships are used in social, 
environmental, cultural and economic relations;  

b) confidence and competence to deal with any mathematical situation without 
being hindered by a fear of mathematics  

c) a spirit of curiosity and a love for mathematics  
d) an appreciation for the beauty and elegance of mathematics  
e) recognition that mathematics is a creative part of human activity  
f) deep conceptual understanding in order to make sense of mathematics  
g) acquisition of specific knowledge and skills necessary for:  

- the application of mathematics to physical, social and mathematical problems 
- the study of related subject matter (e.g. other subjects) 

PBE also aims at creating better citizens (Carter-Guyette, 2019). These citizens will not only 
have developed learning skills, but they will also be able to use these skills to solve problems, to 
address inequality, to challenge inequity and to create a better world for all. This is also evident 
from the CAPS (DBE, 2011, p. 5) which expect that also Mathematics learners be equipped to: 

a) identify and solve problems and make decisions using critical and creative thinking;  
b) work effectively as individuals and with others as members of a team;  
c) organise and manage themselves and their activities responsibly and effectively;  
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d) collect, analyse, organise and critically evaluate information;  
e) communicate effectively using visual, symbolic and/or language skills in various modes;  
f) use science and technology effectively and critically showing responsibility towards the 

environment and the health of others; and  
g) demonstrate an understanding of the world as a set of related systems by recognising that 

problem solving contexts do not exist in isolation. 

Within the context of South Africa, the development of such skills in learners are important to 
strengthen the democratic project of the country. However, the development of these skills can 
more effectively take place when they are integrated in Mathematics teacher training 
programmes. 

4. Integrating Place-based Education in Mathematics Teacher Training 

The aim of this chapter is to advocate for Place-based Education as a pedagogy to equip student 
teachers with the necessary skills, knowledge, and values to enhance and improve Mathematics 
education and so contribute towards the orientation of Mathematics education towards ESD 
and the realisation of SD. To become the favoured teaching and learning approach for 
Mathematics teachers, it is advisable that PBE be integrated in all mathematics teacher training 
programs. It is only when the skills, dispositions and attributes of PBE are developed and to a 
large extent - 82 -aption- 82 -ing- 82 - in Mathematics student teachers that PBE will 
spontaneously be used in the teaching of Mathematics at school level. In response to the NDP 
and education policies, higher education in SA is oriented towards SD. It is therefore expected 
that SA higher education institutions will contribute towards the - 82 -aption- 82 -ing of the 
SDGs and SD. Leal-Filho et al. (2019) report that SA higher education institutions have, over 
the last 30 years, been incorporating sustainable development within their systems, processes, 
curricula, teaching, research, and local communities. As a pedagogy of ESD, the expectation is, 
therefore, that teacher training programmes will also implement PBE in their preparation of 
future teachers. So how should Mathematics teacher training programmes be oriented towards 
PBE in order to make possible the development of an affinity for PBE?  

In terms of the curriculum for teacher training, it is important that principles of ESD be 
reflected. Curricula, teaching practices, and content should be selected and designed in response 
to the SD requirements of the NDP and education policies such as CAPS (2011), which is 
informed by the principles of social transformation, active and critical learning, human rights, 
inclusivity, environmental and social justice, and valuing indigenous knowledge systems. It is 
therefore important that Mathematics teacher training be focused on the transformation of 
society, on sustainable living and on equity and equality. For Chabbott and Sinclair (2020) this 
implies that education students have access to appropriate textbooks, flexible teaching pedagogy, 
technology, the Internet and data, and guidance to support home-based learning. More so, ESD 
is premised on the assumption that the realisation of SD and the SDGs will best be achieved 
through interdisciplinary teaching and learning approaches. As such, the preparation of 
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Mathematics teachers should explicitly reflect interdisciplinarity, and teacher students should be 
demonstrated how, and be encouraged to find ways of working with others and across disciples.  

Starrett et al. (2020) opine that PBE frequently uses constructivist or contextual approaches and 
often involves social or environmental justice issues. These approaches make use of teaching 
and learning methods such as project-based or inquiry-based learning OR service learning, 
environmental education, experiential learning and workplace education respectively. As such, 
Mathematics teachers should be exposed to ways of incorporating and using these approaches 
in the teaching of the various components and concepts of Mathematics.  

Secondly, Reed and Klassen (2020) hold that in PBE everyone is a learner. PBE embraces the 
concept of the life-long learner, which supposes that learning is a continuous process and that 
teachers should continue to learn. The notion that everyone is a learner calls for a paradigm shift 
in the way Mathematics teachers perceive themselves. Amongst other, this requires that 
Mathematics teachers acknowledge they do not have all the answers and that they are not the 
holders of ultimate Mathematical and educational truths. Rather they need to develop the ability 
to acknowledge that they can also learn from others – that is from learners, from community 
members, from nature and broadly from the place they and the learners occupy. In that way they 
no longer have to teach only the little they know, and in traditional ways, but they become 
learners alongside the young ones they are supposed to teach, and they also become 
experimental and explorative. 

Thirdly, during their training, Mathematics teachers should also be exposed to and encouraged 
to use multiple non-traditional texts for and approaches to teaching (Lowenstein et al., 2018). 
Using non-traditional Mathematical approaches during teaching will require from student 
teachers to ‘teach against the grain’. Teaching against the grain can be unsettling and disruptive. 
However, the complex issues that ‘place’ presents, requires that Mathematics teachers use 
unconventional teaching approaches, and that they ‘unlearn’ some of the things that keep them 
in their ‘comfort zones’. More so, it also requires that they draw from and integrate different 
perspectives and knowledges from diverse sources and disciplines.  

Fourthly, the use of PBE in teacher training programmes requires that student teachers be skilled 
and trained in ways to locate and to situate mathematical problems within the learners’ local area 
and so establish a strong educational grounding (Buck et al., 2016). PBE uses the learners’ local 
community as an auxiliary text and source of teaching. Mathematics teachers should therefore 
be trained in ways that will make it easy for them to teach their learners how to read, how to 
synthesise, and how to explore their place, with the aim to enhance Mathematics teaching and 
learning. 

This requires that Mathematics teachers understand the value and significance of the unique 
local history, geography, culture, and community, and appreciate it as valuable resources for 
enhancing, and being enhanced by, learners’ learning of Mathematics (Showalter, 2012). 
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Mathematics student teachers must, therefore, have a thorough understanding and deep-rooted 
knowledge of the place learners occupy and hail from. More so, they need to validate and affirm 
it as part of the learners’ identities and as such as a source of teaching and learning 

5. Conclusions and Recommendations  

The aim of this chapter was to make out a case for the use of Place-based Education (PBE) as 
an Education for Sustainable Development approach to promote equity and equality and to 
address the Mathematics crisis in South African education. I argued that the teaching of 
Mathematics, by merely transferring content from a textbook to a passive learner, is not 
effective. I belief that to be effective, Mathematics teaching should be connected to the real-life 
experiences and the real-life problems of the learner. In this regard, I proposed PBE, which is 
embedded in and informed by the learners’ place and which fosters an appreciation of place as 
a carrier of relevant and valuable knowledge and teaching and learning opportunities. 

The implication of which is that Mathematics teacher training programmes be designed in ways 
to develops in Mathematics student teachers the skills and knowledge to a) validate the 
educational value of the learners’ place; b) know how to unlock and use the funds of knowledge 
and the multiple teaching and learning opportunities created by place; c) create different and 
out-of-the-classroom learning experiences for learners; .d) develop a constructivist orientation 
towards learning and learning; e) appreciate various teaching and learning approaches and ways 
of knowing. More so, Mathematics student teachers should also be taught to be open and flexible 
and to tap into the diverse learning opportunities a learners’ place offers whilst celebrating the 
learners’ place as a new and exciting source of teaching as well as a new source of knowledge. 
This does not imply that the classroom becomes redundant. Rather the classroom provides 
information about the place, and the place provides relevant, real-life examples and 
opportunities for Mathematics teaching and learning.  

Within the South African context, using the learners’ place will not only enhance teaching and 
learning, but will also change the story of Mathematics in the country. Rather, it will also address 
inequalities, advance inclusion, speak to the - 84 -aption- 84 -ing- 84 -on of education, and so 
promote sustainable development. 
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Education for Sustainable Development and Its Implication for the 
Preparation of Pre-service Mathematics Teachers 

Abstract: This chapter explores the integration of Edu-
cation for Sustainable Development (ESD) into mathe-
matics teacher education programmes. It highlights the 
fundamental principles of ESD and examines the poten-
tial benefits and challenges of incorporating these princi-
ples into mathematics education. The chapter methodi-
cally synthesises key themes related to ESD principles, 
such as an interdisciplinary approach, critical thinking and 
problem-solving, active participation, values and ethics, 
sustainable consumption, and holistic understanding. 
Furthermore, it identifies various pedagogical strategies 
that can facilitate the integration of ESD into mathemat-
ics teacher education programmes and discusses their sig-
nificance. The chapter argues that integrating ESD into 
mathematics teacher education can enhance mathematics 
teacher educators’ ability to foster critical thinking and 
problem-solving skills among pre-service mathematics 
teachers. It also reveals that while there are significant op-
portunities for enriching the mathematics curriculum 
through ESD, challenges such as limited resources, lack 
of training, and resistance to change within educational 
institutions persist. The chapter emphasises the need for 
collaborative efforts among educators, policymakers, and 
institutions to overcome these obstacles. Additionally, it 
contributes to the existing body of knowledge by provid-
ing valuable insights for mathematics teacher educators 
and stakeholders interested in promoting sustainable 

practices within mathematics curricula. Thus, by addressing both the challenges and 
opportunities associated with ESD integration, this chapter serves as a foundational resource 
for future research and practice in the field. 

1. Introduction 
Education for Sustainable Development (ESD) has become an essential paradigm for 
incorporating sustainability into educational practices across several disciplines. The United 
Nations Educational, Scientific and Cultural Organization (UNESCO, 2018) refers to ESD as a 
comprehensive educational approach that enables individuals to make informed decisions and 
undertake responsible activities for environmental sustainability, economic viability, and social 
equity. ESD is a developing framework aimed at providing individuals with the knowledge, skills, 
attitudes, and values essential for fostering a sustainable future. It underscores the 
interconnection of environmental, social, and economic facets of sustainability and seeks to 
cultivate critical thinking, problem-solving, and proactive strategies to address current global 
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issues (Sharma, 2023; Assefa, 2024). The framework prioritises critical thinking, problem-
solving, and interactive learning, urging learners to comprehend intricate interrelations within 
social, economic, and environmental systems (Taylor, 2014; Rieckmann, 2018; Agbedahin, 
2019). Thus, as the globe confronts challenges including climate change, biodiversity decline, 
and social injustice, ESD has gained prominence in educational discussions and practices. 

In mathematics education, ESD seeks to contextualise mathematical concepts within real-world 
sustainability issues, rendering mathematics relevant and practical to students’ lives and future 
professions. However, research on the impact of ESD in mathematics teacher preparation is still 
in its nascent stages, highlighting the need for empirical studies that examine best practices and 
effective models. In mathematics education, ESD aims to prepare pre-service mathematics 
teachers with the knowledge, skills, and attitudes essential for promoting a sustainable future 
through their pedagogical practices.Therefore, the integration of ESD into mathematics 
education stems from the understanding that mathematics serves not just as a collection of 
abstract ideas but also as a means to tackle real-world challenges, such as environmental 
sustainability, social equity, and economic viability (UNESCO, 2014). For instance, studies 
(Renert, 2011; Li & Tsai, 2022) contend that mathematics educators should be prepared to 
cultivate critical thinking and problem-solving abilities that enable students to address 
sustainability issues. However, this necessitates a change in teacher development programmes 
to incorporate ESD concepts and practices. Furthermore, the integration of ESD in 
mathematics teacher education requires a re-evaluation of assessment techniques. Traditional 
assessment methods in teacher preparation programmes often prioritise memorisation and 
procedural skills, which may inadequately represent students’ understanding of sustainability 
concepts or their ability to apply mathematical reasoning in real-world situations (Olawale, 2022; 
Olawale & Hendricks, 2023). Thus, this chapter explores the concepts of ESD, its key principles, 
how it could be integrated into mathematics teacher education programmes, as well as its 
challenges and opportunities. 

2. The Concept of Education for Sustainable Development 

ESD has become a crucial concept in discussions about sustainable practices and policies, 
especially regarding global environmental issues. ESD is characterised as a comprehensive 
educational approach that incorporates sustainability principles into teaching and learning, with 
the objective of enabling individuals to make informed choices and engage in responsible actions 
for environmental integrity, economic viability, and social equity (UNESCO, 2014; Agbedahin, 
2019). As such, literature on ESD encompasses various facets, including theoretical frameworks 
such as the model of competence and systems theory (De Haan, 2010; Kopnina & Meijers, 2014; 
Handtke, Richter-Beuschel, & Bögeholz, 2022), instructional practices such as experiential 
learning and inquiry-based learning (Kostoulas-Makrakis, 2010; Sinakou, Donche, & Van 
Petegem, 2022; Sinakou, Donche, & Van Petegem, 2024), and empirical studies that highlight 
its significance and implications for educational systems worldwide (Mochizuki & Fadeeva, 
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2010; Ssossé, Wagner, & Hopper, 2021; Mutongoza, Olawale, & Mncube, 2023). Similarly, the 
transformative learning theory, postulated by Mezirow (1995; 2018), is a foundational paradigm 
underpinning Education for Sustainable Development (ESD). This concept posits that learning 
necessitates critical reflection, enabling individuals to scrutinise their assumptions and ideas. In 
the context of ESD, transformative learning encourages learners to tackle complex sustainability 
issues, improving critical thinking and fostering a sense of agency (Rieckmann, 2018). 

Extensive research has also demonstrated the effectiveness of transformative learning in ESD 
environments, suggesting that it enhances learners’ capacity to address sustainability challenges 
(Sterling, 2011; Leal Filho et al., 2018; Alam, 2022). Thus, given that pedagogical approaches to 
ESD are diverse and often customised to specific settings, strategies such as inquiry-based 
learning, experiential learning, problem-based learning, and project-based learning are frequently 
acknowledged as effective methodologies that promote active engagement and problem-solving 
skills in students (Murphy, Smith, Mallon, & Redman, 2020; Daramola et al., 2024; Funa, Roleda, 
& Prudente, 2024; Cebrián, Palau, & Mogas, 2020; Siphukhanyo & Olawale, 2024). These 
techniques align with the principles of constructivism, which emphasise the importance of 
learners constructing their understanding through interaction with their environment. 
Therefore, Wals and Corcoran (2012) and Daramola et al. (2024) emphasise the significance of 
experiential learning in enhancing comprehension of sustainability challenges by enabling 
learners to link theoretical knowledge with practical implementations. Furthermore, the role of 
educators in advancing Education for Sustainable Development (ESD) is a vital area of 
investigation within the ESD conceptualisation, as educators are tasked with imparting 
knowledge and motivating students to adopt sustainable behaviours. For instance, Nikolic, 
Milutinovic, Nedanovski, and Mrnjaus (2017) assert that professional development programmes 
for educators can enhance their understanding of ESD and improve their teaching 
methodologies. 

Integrating ESD into teacher training programmes is essential for equipping future educators 
with the necessary skills and knowledge to effectively impart sustainability principles (Nikolic, 
Milutinovic, Nedanovski, & Mrnjaus, 2017; Leicht, Combes, Byun, & Agbedahin, 2018). 
Empirical studies have shown a positive impact of ESD on student achievement, enhancing 
students’ environmental awareness, critical thinking skills, and sense of responsibility toward 
sustainability (Nousheen, Zai, Waseem, & Khan, 2020; Ernst & Monroe, 2004; O’Flaherty& 
Liddy, 2018). Furthermore, ESD has been linked to increased motivation and engagement 
among students, as it often involves practical, real-world projects that resonate with their 
interests and values (Andersson, Jagers, Lindskog, & Martinsson, 2013; Stössel, Baumann, & 
Wegner, 2021; Muñoz-García & Villena-Martínez, 2021). However, despite the growing 
recognition of ESD, challenges remain in its implementation across many educational contexts. 
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3. Key Principles of Education for Sustainable Development 

Education for Sustainable Development (ESD) has become a crucial foundation for addressing 
the intricate relationships among the environmental, social, and economic aspects of 
sustainability. The fundamental concepts of ESD focus on cultivating critical thinking, 
encouraging active engagement, and developing a comprehensive understanding of sustainability 
challenges (UNESCO, 2014). Table 1 below presents the fundamental concepts of ESD, 
integrating insights from diverse academic contributions and policy documents. 

Table 1: Key Principles of Education for Sustainable Development 
Key Principles Aims 
Interdisciplinary 
Approach  
 

ESD promotes an interdisciplinary perspective that integrates knowledge 
from various fields, including science, social studies, economics, and ethics 
(Howlett, Ferreira, & Blomfield, 2016; Annan-Diab & Molinari, 2017; 
Risopoulos-Pichler, Daghofer, & Steiner, 2020). This approach helps learners 
grasp the complexities of sustainability issues and the multifaceted solutions 
needed to address them. 

Critical Thinking and 
Problem-Solving 

ESD encourages learners to think critically about the challenges facing society 
and to develop problem-solving skills (Tilbury, 2011; Leicht et al., 2018). It 
fosters the ability to analyse situations, evaluate options, and make informed 
decisions that consider the long-term implications of actions. 

Active Participation 
 

ESD - 91 -aption- 91 -in the importance of active participation in learning 
processes. Students are encouraged to engage in discussions, collaborate with 
peers, and take part in community initiatives (Wals & Corcoran, 2012; Huckle 
& Wals, 2015; Olsson, Gericke, & Chang Rundgren, 2016). This participatory 
approach not only enhances learning outcomes but also empowers individuals 
to become agents of change within their communities. 

Values and Ethics 
 

ESD promotes the development of values and ethics that support sustainable 
living (Cebrián & Junyent, 2015; Olsson, Gericke, & Chang Rundgren, 2016). 
It encourages learners to reflect on their beliefs and attitudes towards the 
environment, society, and future generations, thereby fostering a sense of 
stewardship and responsibility. 

Sustainable 
consumption  

ESD promotes responsible and mindful consumption patterns that contribute 
to environmental sustainability, social equity, and economic viability (Jackson, 
2005; Thøgersen & Zhou, 2012; Rieckmann, 2018). It fosters awareness and 
knowledge, encourages behavioural change, and - 91 -aption- 91 -in systems 
thinking, cultural sensitivity, and future-oriented thinking. 

Local and Global 
Perspectives/Holistic 
Understanding 

 ESD - 91 -aption- 91 -in the significance of both local and global contexts in 
understanding sustainability (UNESCO, 2014; Rieckmann, 2018). It 
encourages learners to appreciate the diversity of cultures, traditions, and 
practices, while also - 91 -aption- 91 -ing the interconnected nature of global 
challenges. 

The interdisciplinary approach is essential to ESD, as it acknowledges that sustainability 
concerns are complex and cannot be sufficiently addressed through a single disciplinary 
perspective. For instance, studies such as Wiek, Xiong, Brundiers, and Van der Leeuw (2014); 
Howlett, Ferreira, and Blomfield (2016); Annan-Diab and Molinari (2017); and Risopoulos-
Pichler, Daghofer, and Steiner (2020) assert that multidisciplinary education enables learners to 
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synthesise knowledge from diverse disciplines, enhancing the critical thinking and problem-
solving abilities vital for addressing sustainability issues. Thus, Sterling (2011) emphasises that 
ESD must surpass conventional topic boundaries to foster a holistic understanding of ecological, 
social, and economic interdependencies. Furthermore, an interdisciplinary approach fosters 
collaboration among various stakeholders, including educators, students, and community 
members. Leal Filho et al. (2018) highlight that collaborative learning environments promote 
the exchange of ideas and experiences, thereby augmenting the collective potential to tackle 
sustainability challenges. By amalgamating disciplines such as environmental science, economics, 
and social studies, ESD can foster a more sophisticated comprehension of sustainability essential 
for effective intervention. 

Another fundamental principle of ESD is the enhancement of critical thinking and problem-
solving abilities. Tilbury (2011) asserts that ESD equips learners to critically analyse and assess 
information, facilitating informed decision-making regarding sustainability issues. The ability for 
critical reflection is vital in a swiftly evolving environment where misinformation can readily 
spread. Leicht et al. (2018) assert that promoting critical thinking improves individual decision-
making and aids in collective efforts toward achieving sustainable development goals (SDGs). 

Active engagement is another fundamental principle of ESD. According to Wals and Corcoran 
(2012), ESD promotes the active engagement of learners in their communities and 
environments. This interactive method is essential for fostering a sense of agency in learners, 
allowing them to engage in sustainable practices and policies. Similarly, values and ethics are 
crucial in influencing the attitudes and behaviours required for sustainable existence. Thus, 
integrating ethical considerations into ESD is vital for cultivating a sense of responsibility toward 
the environment and society. According to Huckle and Wals (2015), ESD must involve learners 
in ethical contemplation over the consequences of their decisions and actions, fostering a values-
oriented perspective on sustainability. UNESCO (2014) emphasises the necessity of 
incorporating values such as respect for nature, social justice, and intergenerational parity into 
educational systems. These principles not only influence individual conduct but also establish 
collective cultural standards that support sustainable behaviours. Moreover, incorporating 
ethical viewpoints in ESD may enable learners to critically evaluate the consequences of their 
consumption behaviours and promote more sustainable options (Cebrián & Junyent, 2015; 
Olsson, Gericke, & Chang Rundgren, 2016). 

Sustainable consumption is also an essential aspect of ESD, as it pertains to the influence of 
individual and group decisions on environmental and social systems. The notion encompasses 
various practices, such as resource conservation and ethical shopping. For instance, Jackson 
(2005) asserts that fostering sustainable consumption necessitates an understanding of the 
fundamental social and economic frameworks that drive unsustainable practices. Hence, 
educational initiatives centred on sustainable consumption seek to provide learners with the 
knowledge and skills needed to make informed choices about their consumption behaviours 
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(Jackson, 2005; Rieckmann, 2018). Thøgersen and Zhou (2012) demonstrate that educational 
initiatives highlighting the environmental and social ramifications of consumption can markedly 
affect consumer behaviour. Thus, by cultivating a culture of sustainability, ESD may motivate 
individuals to embrace actions that reduce their ecological footprint and support overarching 
sustainability objectives. Lastly, a holistic understanding is also critical in ESD, as it recognises 
the interconnectedness of environmental, social, and economic systems. According to 
UNESCO’s (2014) Global Action Programme on ESD, a holistic approach to education equips 
learners with the ability to understand the complex relationships between human activities and 
ecological health. This perspective aligns with the findings of Rieckmann (2018), who argues 
that interdisciplinary education is essential for addressing the multifaceted nature of 
sustainability challenges. Thus, by integrating diverse disciplines, educators can provide learners 
with a comprehensive understanding of sustainability issues, fostering a more profound 
commitment to sustainable practices. Therefore, ESD should not simply be an educational 
programme but a transformative strategy that enables individuals and communities to 
significantly contribute to sustainable development. 

4. Integration of ESD into the Preparation of Pre-service Teachers 

The integration of ESD into the preparation of pre-service mathematics teachers is a vital 
endeavour that has the potential to transform mathematics education. Equipping future 
educators with the means to address sustainability concerns through mathematical inquiry will 
cultivate a generation of learners who are both proficient in mathematics and committed to 
fostering a more sustainable world (Li & Tsai, 2022). However, the successful implementation 
of ESD in pre-service mathematics teacher education programmes requires a shift in educational 
practices and policies. This entails integrating sustainability principles into curricula, teaching 
methods, and school governance. Table 2 below presents several strategies that can facilitate the 
effective incorporation of ESD into mathematics teacher education programmes. 

Table 2: approaches to incorporating ESD in Mathematics Teacher Education Programmes 
Strategies  Suggestion for implementation/Integration 
Curriculum 
Development 
 

Educational institutions should revise curricula to include ESD-related content 
across subjects (Davis & Krajcik, 2005; Bögeholz, Böhm, Eggert, & Barkmann, 
2014; Edwards, 2019). This can be achieved by integrating themes such as climate 
change, social justice, and sustainable economics into existing courses or by 
developing new interdisciplinary programmes focused on sustainability.  

Teacher 
Training 
 

Educators play a crucial role in facilitating ESD. Professional development 
programmes should equip teachers with the knowledge and skills needed to teach 
sustainability concepts effectively (Visser, 2010; Tomas, Girgenti, & Jackson, 2017). 
Training should emphasise experiential learning, critical pedagogy, and the use of 
innovative teaching methods.  

Community 
Engagement 
 

Schools should actively engage with local communities to foster partnerships that 
enhance ESD (Gutstein & Peterson, 2005; Furman, 2012; Valenzuela, 2016; Bennett, 
2021). Collaborating with community organisations, businesses, and local 
governments can provide students with real-world experiences and opportunities for 
service learning. 
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Assessment and 
Evaluation  
 

Measuring the impact of ESD initiatives is essential for continuous improvement 
(Gulikers, Bastiaens, Kirschner, & Kester, 2008; Gulikers, Biemans, Wesselink, & 
van der Wel, 2013). Educational institutions should develop assessment frameworks 
that evaluate not only academic knowledge but also the development of skills, 
attitudes, and behaviours related to sustainability (Gulikers et al., 2008; 2013). 

Policy Support 
 

Governments and educational authorities must create supportive policies that 
promote ESD at all levels of education (Sterling, 2011; Leal Filho et al., 2018; 
Kanandjebo, 2024). This includes allocating resources for ESD initiatives, providing 
incentives for schools to implement sustainable practices, and fostering 
collaboration among stakeholders. 

The urgency of integrating Education for Sustainable Development (ESD) into mathematics 
teacher training programmes is emphasised by the United Nations’ Sustainable Development 
Goals (SDGs), especially Goal 4, which stresses the importance of providing inclusive and 
equitable quality education and fostering lifelong learning opportunities for all (United Nations, 
2015; United Nations Educational, Scientific and Cultural Organization (UNESCO), 2017). The 
SDGs offer a comprehensive framework for tackling the complex issues of sustainability, with 
education acknowledged as an essential facilitator of this initiative. Thus, mathematics teacher 
education programmes possess a distinct potential to advance the attainment of the SDGs by 
incorporating sustainability approaches into their training. These strategies collectively facilitate 
the effective integration of ESD into mathematics teacher education programmes, thereby 
fostering a generation of educators equipped to address sustainability issues in their teaching. 

Curriculum development is a fundamental approach for integrating Education for Sustainable 
Development (ESD) into mathematics teacher training. For instance, Tilbury (2011) asserts that 
a well-organised curriculum integrating sustainability principles can augment the applicability of 
mathematical concepts to real-world issues. In addition, UNESCO (2017) reinforces this 
viewpoint, highlighting the necessity for a curriculum that encompasses mathematical theories 
while situating them within sustainable frameworks. Therefore, effective curriculum 
development must employ multidisciplinary approaches (Bögeholz, 2006; Bögeholz, Böhm, 
Eggert, & Barkmann, 2014; Edwards, 2019), connecting mathematics with environmental 
science, social equality, and economic viability to promote a comprehensive understanding of 
sustainability. Furthermore, the curriculum must be flexible and attuned to local circumstances, 
as emphasised by Davis and Krajcik (2005) and Barraza et al. (2017), who contend that localised 
curriculum content can improve student engagement and relevance. Thus, by incorporating 
project-based learning and problem-solving activities centred on environmental challenges, 
mathematics teacher education programmes can enhance critical thinking and analytical skills in 
future educators through real-life scenarios (Barraza et al., 2017). 

It is also vital to reiterate that the effectiveness of ESD integration is significantly dependent on 
the calibre of teacher training programmes. Studies demonstrate that professional development 
programmes must provide mathematics educators with essential pedagogical competencies to 
teach sustainability principles effectively (Cohen & Hill, 2000; Malm, 2009; Cebrián & Junyent, 
2015). This encompasses instruction in integrative pedagogical techniques, cooperative learning, 
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and the application of technology to enhance Education for Sustainable Development (ESD) 
(Daramola et al., 2024). As such, studies such as Fraser, Kennedy, Reid, and McKinney (2007) 
and McKeown and Hopkins (2007) assert that continuous professional development is essential 
for educators to stay abreast of sustainability matters and pedagogical advancements. Moreover, 
teacher training programmes ought to prioritise reflective practice, allowing educators to 
critically evaluate their pedagogical approaches and the effects of their instruction on student 
learning in relation to sustainability (Visser, 2010; Tomas, Girgenti, & Jackson, 2017). This 
reflective methodology prompts educators to modify their practices to incorporate ESD 
concepts into their mathematics teaching more effectively, promoting a culture of ongoing 
enhancement and adaptability to new sustainability issues (Darling-Hammond, Wei, Andree, 
Richardson, & Orphanos, 2009). 

Furthermore, community engagement is an essential technique for improving Education for 
Sustainable Development (ESD) in mathematics teacher education programmes. Interacting 
with local communities enables teacher candidates to comprehend the socio-cultural aspects of 
sustainability and the role of mathematics in tackling community-specific issues (Furman, 2012). 
For instance, Vare and Scott (2007) assert that collaborations between educational institutions 
and community organisations can enhance experiential learning opportunities, enabling future 
educators to apply mathematical principles to real-world sustainability challenges. Furthermore, 
community engagement cultivates a sense of social responsibility among teacher candidates, 
motivating them to perceive themselves as active contributors to the promotion of sustainable 
practices within their communities (Valenzuela, 2016; Bennett, 2021). This participation may 
manifest in several ways, including service-learning initiatives, community-based research, and 
partnerships with local stakeholders. Therefore, integrating community viewpoints into 
mathematics education enables teacher candidates to cultivate a more sophisticated 
comprehension of the challenges associated with sustainability (Gutstein & Peterson, 2005; 
Olawale, Mncube, & Harber, 2021). 

Effective assessment and evaluation systems are also crucial for gauging the impact of ESD 
integration in mathematics teacher education. According to Volante and Fazio (2007) and 
Fischer et al. (2022), conventional assessment techniques may insufficiently reflect the 
comprehensive understanding and application of sustainability principles among teacher 
candidates. Consequently, alternative assessment methods, like performance-based assessments, 
portfolios, and reflective diaries, ought to be utilised to examine the incorporation of ESD 
principles (Gulikers, Bastiaens, Kirschner, & Kester, 2008; Gulikers, Biemans, Wesselink, & van 
der Wel, 2013; Mncube, Ndondo, & Olawale, 2022). Moreover, formative assessments offer 
continuous feedback to teacher candidates, allowing them to recognise areas needing 
enhancement and modify their teaching methodologies accordingly (Mncube, Ndondo, & 
Olawale, 2022). It is therefore essential to design assessment standards that directly reflect 
sustainability competencies. This entails assessing candidates’ competencies in integrating 
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sustainability concerns into their lesson design, pedagogical approaches, and classroom 
management (Voss, Kunter, & Baumert, 2011; Mncube, Ndondo, & Olawale, 2022). 

Lastly, policy support is essential for the incorporation of ESD into mathematics teacher 
education programmes. For instance, The Global Action Programme on ESD advocates for 
legislative frameworks that foster the development of curricula, teacher training, and evaluation 
methods that advance sustainability (UNESCO, 2014). Similarly, studies such as Vare and Scott 
(2007), Sterling (2011), and Leal Filho et al. (2018) assert that collaboration between educational 
institutions and policymakers is crucial for establishing conducive settings for the integration of 
ESD. Research demonstrates that policies promoting innovative teaching methods and 
allocating funding for ESD projects can substantially improve the quality of mathematics teacher 
education (Rico, Agirre-Basurko, Ruiz-González, Palacios-Agundez, & Zuazagoitia, 2021; 
Kanandjebo, 2024). Furthermore, cultivating a sustainability culture at educational institutions 
can be accomplished through policy initiatives that encourage sustainable activities, including 
resource conservation and waste minimisation (Adams, Martin, & Boom, 2018). 

5. Challenges and Opportunities of ESD in Maths Teacher Education 
Programmes 

Despite the key principles and approaches that support the integration of ESD into mathematics 
teacher education, several challenges impede this process. According to Laurett and do Paço 
(2019), a major obstacle is the existing curricular framework, which frequently emphasises 
content understanding rather than teaching methods that integrate sustainability. As such, 
mathematics teacher educators may feel restricted by standardised curricula that lack the 
flexibility necessary to properly integrate ESD concepts. Tilbury (2011) also adds that barriers 
such as financial limitations, insufficient teacher training, and rigid curricula hinder the effective 
integration of ESD principles. Similarly, another difficulty is the absence of professional 
development opportunities for mathematics educators to acquire the requisite skills and 
expertise for teaching ESD principles. According to Darling-Hammond (1989), Stevenson 
(2007), and Bakker, Cai, & Zenger (2021), numerous teacher preparation programmes 
insufficiently equip prospective educators to tackle sustainability concerns via mathematics, 
resulting in a deficiency in their pedagogical topic understanding. The gap is further intensified 
by the restricted availability of tools and materials that directly link mathematics with 
sustainability issues (Kanandjebo, 2024). In addition, there is sometimes a mismatch between 
academic knowledge and practical implementation (Kopnina & Meijers, 2014). Thus, many 
mathematics educators may grasp the benefits of ESD but struggle to implement it in their 
classrooms owing to a lack of confidence or expertise. This mismatch underlines the need for 
more robust support mechanisms within teacher preparation programmes that enable 
experimentation and reflection on ESD practices. 
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Despite the challenges, ample opportunity exists for the incorporation of ESD into mathematics 
teacher education programmes. A viable strategy involves the integration of interdisciplinary 
projects that link mathematics with environmental and social concerns. Studies indicate that 
project-based learning can improve student engagement and comprehension of mathematical 
concepts and sustainability (Fini, Awadallah, Parast, & Abu-Lebdeh, 2018; Nguyen, Nguyen, 
Thai, Truong, & Nguyen, 2024). Mathematics educators can develop collaborative projects that 
tackle real-world issues, fostering significant learning experiences that connect with students’ 
lives. Furthermore, the incorporation of technology in mathematics instruction offers a chance 
to improve ESD practices (Oladele et al., 2023).The use of digital tools can enhance data analysis 
and modelling, allowing students to statistically investigate intricate sustainability challenges. For 
instance, Barwell (2013) argued that utilising statistical tools to examine environmental data 
enables students to comprehend the mathematical foundations of sustainability metrics, thus 
enhancing their awareness of mathematics’ role in tackling global concerns. In addition, 
professional development programmes centred on ESD can enable mathematics educators to 
integrate sustainability into their instructional methodologies (Darling-Hammond, 
1989;Stevenson, 2007; Bakker, Cai, & Zenger, 2021). Thus, through workshops and training 
sessions that focus on practical techniques for incorporating ESD concepts into mathematics 
curricula, teachers’ confidence and competence can be improved (Boeve-de Pauw, Olsson, 
Berglund, & Gericke, 2022). Lastly, establishing communities of practice among mathematics 
educators can enhance knowledge exchange and collaboration, fostering a culture of 
sustainability in mathematics education. 

6. Conclusion and Recommendation 

This chapter explores the concepts of ESD, its key principles, the integration of ESD in 
mathematics teacher education programmes, and its challenges and opportunities. It elucidates 
the essential principles of ESD, highlighting its multidisciplinary nature, the development of 
critical thinking and problem-solving abilities, and the encouragement of active engagement, 
values, and ethics. By integrating these themes, it is clear that ESD enhances the mathematics 
curriculum while aligning it with urgent global environmental concerns. Consequently, the 
prospective advantages of integrating ESD into mathematics teacher education are numerous. 
Educators knowledgeable in ESD principles can cultivate a cohort of pre-service teachers who 
are both skilled in mathematical concepts and proficient in applying these concepts to real-world 
challenges. This comprehensive understanding is essential for equipping future educators to 
motivate their pupils towards sustainable habits.  

Nevertheless, the chapter underscores considerable challenges, such as resource constraints, 
inadequate training, and institutional resistance to change, which hinder the effective integration 
of ESD. To navigate these challenges, collaborative efforts among educators, policymakers, and 
educational institutions are imperative. By fostering a shared commitment to sustainability in 
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education, stakeholders can create an environment conducive to the successful implementation 
of ESD principles.  

This chapter contributes to the existing body of knowledge by providing a comprehensive 
overview of ESD integration strategies, serving as a foundational resource for future research 
and practice. It therefore recommends that mathematics teacher education programmes 
formulate instructional practices that cultivate critical thinking and problem-solving abilities, 
empowering future educators to assist students in quantitatively examining and tackling 
sustainability issues. Similarly, engagement with interdisciplinary fields can augment the 
relevance of mathematical concepts in sustainability situations, thus enhancing the learning 
experience. The chapter also recommends integrating practical learning approaches to offer 
hands-on experiences in which mathematics is utilised for sustainability initiatives, fostering 
engagement and enhancing comprehension. Furthermore, ongoing professional development 
for mathematics teacher educators must incorporate ESD training to ensure they are adequately 
prepared to teach these interconnected ideas effectively. Moreover, empirical research is needed 
to evaluate the effectiveness of existing ESD-integrated mathematics curricula. Lastly, 
longitudinal studies that track the impact of ESD-focused teacher training on student outcomes 
in mathematics and sustainability literacy should be conducted to provide valuable insights into 
best practices and areas for improvement. 
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The integration of ICT pedagogy: A panacea to mathematics 
teacher training in South African universities 

Abstract: Information and Communication Technology 
(ICT) pedagogy involves exposing pre-service teachers 
(PSTs) to the integration of ICT across the curriculum as 
a teaching and learning strategy. Research in university 
teacher training indicates that there is little to no 
instruction on ICT integration in the teacher training 
programmes of South African universities. While today’s 
PSTs appear to be skilled ICT users, it is a miscon-
- 105 -aption to assume that they have developed 
adequate skills outside their teacher training programmes. 
Therefore, universities need to capitalise on ICT 
pedagogy for mathematics PSTs by equipping them with 
essential technology tools for teaching. ICT integration 
into mathematics teaching and learning promotes 
collaboration, communication, and knowledge-sharing 
among learners. Although there is access to ICT tools at 
universities today, it is important to note that access is not 
synonymous with competency; hence, mathematics PSTs 
require skills to integrate these ICT tools into their 
teaching. Adopting a critical literature review, this chapter 
aims to analyse the approaches that can be used to teach 
pre-service mathematics teachers to integrate ICT into 

their instruction. This will be achieved by exploring the importance of exposing PSTs to ICT 
pedagogy, investigating the extent and ways in which technology is used in teacher-training 
institutions, understanding how these institutions prepare mathematics PSTs for the integration 
of ICT in their future classrooms, and exploring the approaches teacher educators can use to 
teach mathematics PSTs to integrate ICT in their teaching. 

1. Introduction 
ICT is an integral part of the teacher education system as it helps pre-service teachers meet the 
challenges of a digitalised educational environment. Over 80% of communication now occurs 
digitally, emphasising the need for ICT-based training (Morrison et al., 2023). Moreover, an 
emphasis on basic numeracy and critical thinking skills is essential for fostering problem-solving 
skill development and preparing learners for science and technology careers. Universities should 
realign with current educational needs to address the gaps in mathematics teacher education 
training, where equitable practical and technology-based methods are the centrepiece of teacher 
education. South Africa will adequately strengthen its pre-service mathematics teachers to 
effectively ignite and educate generations to come by cultivating an intersection of content and 
pedagogical skills. 
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Effective teacher training is fundamental to achieving excellence in mathematics education. 
Mainali (2021) postulates that teacher educators need to understand representations of their 
students’ learning to teach mathematics most effectively. This is because proficiency in 
mathematics alone does not translate into effective teaching, as both require distinct skill sets. 
Teacher training for mathematics pre-service teachers aims to produce educators who enhance 
learner outcomes in the subject, a challenge compounded by historical and socio-political factors 
in South Africa (Khoza & Biyela, 2020; Morrison et al., 2023). This chapter critically examines 
approaches to ICT pedagogy in South African universities and pedagogical frameworks in 
mathematics teacher training, integrating historical and contemporary perspectives to propose 
forward-looking strategies. 

The legacy of apartheid bequeathed deep inequalities in education, which framed teacher training 
policies and practices. Some initiatives and policy reforms, such as the Employment of 
Educators Act of 1998, aimed to homogenise teacher education across major disciplines toward 
greater equity and integration (Morrison et al., 2023). Furthermore, a dynamic training approach 
is required in South Africa, particularly due to the variety of educational backgrounds within the 
country. Alarming differences persist between theoretical training and classroom practices even 
after reforms. It has been noted that over 60% of secondary school graduates are taught only 
elementary mathematics, highlighting the critical need for strong teacher preparation (Morrison 
et al., 2023). In addition, rural and under-resourced schools must tackle the growing challenge 
of implementing innovative strategies that incorporate ICT in teaching. 

1.1 Chapter outcomes 

This chapter aims to expose teacher-educators to the importance of teaching mathematics to 
pre-service teachers (PSTs) how to use ICTs in their teaching. After reading the chapter, teacher-
educators are expected to be able to: 

• Recognise the significance of ICT pedagogy in teaching preservice teachers. 
Prepare PSTs for the integration of ICT in teaching mathematics. 

• Be aware of the challenges and opportunities in integrating ICTs into mathematics 
instruction. 

• Understand the pedagogical frameworks relevant to mathematics teacher training. 
• Identify the approaches teacher-educators can employ to teach mathematics PSTs how 

to integrate ICTs into their instruction. 
1.2 Clarification of concepts 

• ICT pedagogy: A teaching approach that integrates ICT into the curriculum. It involves 
embracing technological advancements in teaching and learning to ensure growth, 
advancement, and sustainability in higher education (Adtani et al., 2023). 
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• Pre-service teacher: An individual who is undergoing training and education to become 
a teacher but has not yet begun teaching professionally. Abedi et al. (2024) indicate that 
PSTs are teachers in training. 

• ICT integration: Mnisi et al. (2024) define ICT integration as the use of technology in 
teaching and learning, including computers, the internet, and communication networks, 
to enhance the quality of instruction, making it more accessible and cost-effective. 

• Innovative educational technologies: New or improved products, processes, or services 
that utilise technology to solve problems or enhance existing practices, thereby 
facilitating teaching and learning (Chugh et al., 2023). 

2. The Importance of Exposing PSTs to ICT Pedagogy 

The role of ICT in the classroom is becoming increasingly important, as learners need to develop 
skills that will empower them in contemporary society, and because of the potential value of 
such technologies as tools for learning. The Minimum Requirements for Teacher Education 
Qualifications (MRTEQ) policy document stipulates that a teacher’s ability to use ICT for 
innovation in teaching and learning is essential (DHET, 2015). One of the many reasons to 
expose pre-service teachers (PSTs) to ICT pedagogy is the need to equip them with the skills to 
contribute to and thrive in an information society, as well as to produce a technologically skilled 
and flexible workforce. Furthermore, as technology becomes more deeply embedded in teaching 
and learning, future educators must understand how to effectively integrate ICT tools and 
strategies into their practice. Jita and Dhliwayo (2024) indicate that ICT-integrated pedagogy 
enhances teaching and learning, increases engagement and motivation for PSTs, and promotes 
active and personalised learning. Schools are increasingly adopting digital platforms for 
communication, lesson delivery, and administrative tasks; therefore, PSTs must be comfortable 
navigating these systems to work effectively within these environments. This perspective is 
echoed by Ma et al. (2024), who indicate that as technology continues to evolve, teachers must 
be adaptable and flexible in their approach. Learning ICT pedagogy prepares PSTs to stay up-
to-date with emerging technologies and apply them in creative ways. When PSTs are well-
prepared to incorporate ICT into their teaching, they not only enhance their teaching 
effectiveness but are also equipped to empower their learners to become critical, engaged, and 
competent users of technology in a rapidly changing world. Integrating ICT pedagogy not only 
encourages PSTs to learn how to use technology for their professional development, but also 
teaches them how to apply these skills in their future classrooms (Jita & Sintema, 2022). 

Preparing PSTs to use ICT in their future classrooms to facilitate a variety of learning styles has 
been a challenge for most teacher training institutions. Mncube and Olawale (2020) indicate that 
integrating ICT pedagogy at institutions of higher learning is fundamental to modernising higher 
education and equipping students with the tools and skills necessary for success in an 
increasingly digital world. By embracing technology in teaching, learning, assessment, and 
administration, universities can foster more engaging, inclusive, and personalised educational 
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experiences. Moreover, Wessels (2020) asserts that ICT pedagogy enables universities to remain 
adaptable in a rapidly changing educational landscape. Resonating with this view are Akour and 
Anelezi (2022), who assert that ICT pedagogy ensures that students graduate with the critical 
digital and collaborative skills they will need in their future classrooms. While some universities 
face the challenge of insufficient ICT infrastructure and equipment for their students, others 
encounter the problem of inadequate training and experience of teacher-educators in teaching 
with ICT, all of which hinder the effective incorporation of ICT into teachers’ education 
(Kennedy, 2023). 

Mathematics PSTs can benefit from ICT pedagogy by providing differentiated instruction to 
their learners through representation, engagement, and expression. Through various types of 
digital assessments, and in their future classrooms, PSTs can quickly gather formative data, 
allowing them to adjust their instruction based on learners’ needs. Marbán and Sintema (2021) 
suggest that using software enables teachers to customise lessons for diverse learners, such as 
employing voice narration or visual aids for students with varying learning requirements. When 
mathematics PSTs are exposed to ICT pedagogy, they can utilise it to track learners’ progress, 
identify areas of difficulty, and provide immediate support. Using technology like graphing tools, 
interactive visualisations, or problem-solving apps, PSTs can explore mathematical concepts and 
build their knowledge (Makamure & Jojo, 2021). This approach encourages inquiry-based 
learning, where they can hypothesise, experiment, and reflect, deepening their understanding of 
mathematical concepts. Sithole and Mbukanma (2024) further state that incorporating ICT 
pedagogy into the training of mathematics PSTs equips them with essential skills and strategies 
to enhance student engagement, foster deeper learning, and prepare their students for future 
academic and professional success. Additionally, ICT pedagogy supports PSTs’ continuous 
professional growth in a rapidly evolving educational landscape. With the aid of relevant 
technologies, PSTs will be able to solve complex mathematical problems, think creatively and 
critically, communicate, and collaborate with others from diverse backgrounds. However, a key 
challenge for teacher educators is delivering learning experiences at university that allow PSTs 
to develop technological, pedagogical, and content knowledge skills and capacities. 

3. The Current State of Mathematics Teacher Training in South Africa 

Education is the cornerstone of social development and economic growth; as a result, improving 
mathematics teacher training is necessary. Researchers often cite that learners’ mathematics 
achievement is directly correlated to mathematics teaching competency (Khoza & Biyela, 2020; 
Morrison et al., 2023). This context provides an opportunity for us, as teacher educators, to 
ensure that teacher education programmes adequately prepare prospective mathematics teachers 
to respond meaningfully to the various forms of learning they will encounter in South African 
classrooms. 
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Mathematics teacher training in South Africa is conducted across various universities and 
universities of technology, aligning with the General Education and Training (GET) and Further 
Education and Training (FET) curricula (Morrison et al., 2023). The GET programme 
culminates in the final degree, the Bachelor of Education (B.Ed.), which equips beginning 
teachers with foundational mathematics pedagogical skills for teaching in primary schools. 
However, many primary school teachers, even after four years of training, have insufficient 
exposure to ICT. This gap frequently results in fears about the use of technology in the learning 
of mathematics, which is often aggravated by historical teaching methods that discourage the 
use of ICT (Shava, 2022). This suggests that they may be passing on poor attitudes toward 
mathematics and technology to learners, which is an important consideration in existing training 
models. 

The challenges faced by teacher training institutions are compounded by the diverse contexts of 
South African schools. Mojapelo and Durodolu (2022) argue that some schools, particularly in 
rural areas, are under-resourced and already at a disadvantage due to insufficient infrastructure 
necessary for ICT integration. This further marginalises school users in such contexts. Unless 
specific measures are taken to address the lack of access to quality mathematics education, the 
inequalities will persist (Azhari & Farji, 2022), undermining the overall purposes of the South 
African education system. In a different context, Xu and Ouyang (2022) indicate that integrating 
ICT into education may signal a transformative leap, particularly in mathematics education, 
creating reflective teaching and interactive environments for learners. ICT tools not only 
encourage active learner participation but also align with constructivist approaches, positioning 
learners as active participants in constructing their knowledge. Some methodologies, such as 
Problem-Based, Inquiry-Based, and Project-Based Learning, adopt technology as a means to 
achieve meaningful communication and high-level problem-solving skills. 

Moreover, integrating ICT pedagogy can strengthen the link between theoretical knowledge and 
its applications in teacher education. When ICT is embedded in lesson planning, teachers can 
use this technology effectively by showing learners real-life examples that help them learn 
important mathematical concepts. Such an approach is not just engaging; it equips learners with 
the skills needed in a technology-led economy (Morrison et al., 2023; Xu & Ouyang, 2022). For 
the integration of ICT in mathematics teaching to be effective, teachers need to be 
knowledgeable in both pedagogy and technology. ICT-based teaching strategies are most 
relevant to the needs of knowledge adaptability and 21st-century skills, with a drive to provide 
learners with as much information as they seek (Mofokeng, 2022). Furthermore, these strategies 
foster the ability to identify necessary information by adopting critical thinking. These are all 
essential skills in preparing learners to thrive in an increasingly complex and interconnected 
world. 

4. Challenges, Opportunities and Advantages of ICT Integration in 
Mathematics Teacher Training 
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4.1 Challenges 

Marban and Sintema (2021) indicate that integrating ICT pedagogy into mathematics teacher 
training presents a transformative opportunity to enhance educational outcomes. ICT also 
provides pre-service teachers (PSTs) with access to a diversity of resources, innovative 
environments, and collaborative ventures that support personalised learning and digital literacy 
(Morrison et al., 2023; Xu & Ouyang, 2022). However, challenges still exist, particularly in 
contexts like South Africa, where infrastructure constraints and systemic barriers to 
implementation complicate the situation. This article discusses the key issues, approaches, and 
potential benefits of integrating ICT into mathematics teacher education programmes. For 
instance, in under-resourced schools and universities, unreliable internet connectivity, hardware, 
and software represent significant barriers (Aktaş & Özmen, 2020). The ICT experience of many 
PSTs in South Africa upon entering training programmes is minimal, and only once early 
experience has been established can more advanced pedagogical applications be introduced. 
Moreover, in-service teachers tend to overlook ICT integration, as they did not receive sufficient 
exposure during their training. This discrepancy is further compounded by inflexible curricula 
that address the immediate crises facing education rather than the technological innovations on 
the horizon. Additionally, limited professional development opportunities and the absence of a 
cohesive institutional support system have left many teachers underprepared to implement 
innovative practices. 

4.2 Opportunities 

Although ICT integration presents several challenges, it can provide numerous benefits and 
opportunities that positively impact mathematics teacher training. For instance, it encourages 
personalised learning and helps PSTs conveniently access tailored resources that meet their 
needs and address their learning preferences. Not only does this solidify their understanding of 
mathematical concepts, but it also enables them to deliver differentiated instruction to learners 
in their classrooms (Aktaş & Özmen, 2020; Morrison et al., 2023). ICT integration promotes 
collaboration among teachers, which is a critical element in developing communities of practice 
that support the exchange of ideas, resources, and best practices. Such networks offer a wealth 
of information that is particularly useful in mathematics education, where novel approaches to 
teaching and problem-solving are essential for learners’ academic success. Finally, ICT 
integration into teaching and learning helps teachers engage students more effectively, 
promoting critical thinking, creativity, and problem-solving skills. Innovations using 
technologies like interactive simulations, virtual manipulatives, and data analysis software have 
been shown to make mathematics more accessible to learners. 

4.3 Advantages 

ICT integration offers significant advantages that can transform mathematics teacher training. 
First, it facilitates personalised learning, allowing preservice teachers to access tailored resources 
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that address their specific needs and learning styles. This approach not only improves their 
understanding of mathematical concepts but also enhances their ability to deliver differentiated 
instruction in the classroom (Aktaş & Özmen, 2020). ICT fosters collaboration among 
educators, creating communities of practice that encourage the sharing of ideas, resources, and 
best practices. These networks are particularly valuable in mathematics education, where 
innovative teaching strategies and problem-solving techniques are essential for student success. 
ICT equips teachers with the tools to engage students actively, promoting critical thinking, 
creativity, and problem-solving skills. By incorporating technologies such as interactive 
simulations, virtual manipulatives, and data analysis software, educators can make mathematics 
more accessible and engaging for learners. Hence, context-specific strategies are needed for 
successful ICT integration, as teachers and learners have different requirements (Morrison et al., 
2023). For example, a South African university adapted its first-year mathematics pedagogy to 
illustrate data-led activities, such as spreadsheet-based data analysis and algorithm visualisation, 
which can supplement traditional arithmetic instruction. This adaptation enhanced learners’ 
ability to compute while also developing logical reasoning and communication skills. An 
additional example is a project called Schools in Partnerships, which showcased the power of 
ICT to improve the quality of teacher professional growth and learner learning. This initiative 
empowered teachers to effectively integrate technology into their teaching practices by focusing 
on planning, execution, and ongoing support. 

5. Pedagogical Frameworks in Mathematics Teacher Training 

Reports based on recent research, conferences, and postgraduate studies offer crucial insights 
into the pedagogical frameworks informing mathematics teacher education at South African 
universities. These frameworks must align with the educational goals outlined in the post-1994 
reforms while addressing the immediate developmental needs of South African schools, 
particularly those in underserved areas (Bakar et al., 2020; Morrison et al., 2023). Given that 
education is one of the most powerful functions for transforming society, reimagining teacher 
training in South Africa presents an opportunity with vast potential to enhance learning 
outcomes and address systemic challenges on their own terms. 

Mathematics teacher training frameworks are based on three key pillars: sound theory, practical 
applications, and responsiveness to society’s needs (Jaeger et al., 2023). The existing models need 
to transition from solely sociological or cognitive approaches to transformative perspectives that 
focus on developmental practices (Morrison et al., 2023). This transformation is especially 
important for schools in impoverished communities, where teachers face challenges such as 
poverty and the continuing fallout of the HIV/AIDS epidemic. Furthermore, frameworks need 
to embrace new pedagogy and a variety of learning environments. These frameworks can 
provide effective tools for teachers to navigate the complexities of modern classrooms by 
focusing on challenges specific to their communities. 
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Constructivist principles are foundational to modern mathematics teacher training. These 
methods encourage active learning, knowledge construction, and practical application, which, in 
turn, foster critical thinking and collaborative problem-solving (Morrison et al., 2023). Taken 
alone, constructivist frameworks demand a complete rethinking of how teachers interact with 
one another and with learners, promoting more interactive and learner-centred methodologies. 
Such methods move away from the traditional approach of rote memorisation and instead 
cultivate lifelong learning habits and the capacity to adapt to change. 

While these frameworks have great potential, systemic obstacles impede their implementation. 
Resistance to change within educational institutions, insufficient pedagogical training for 
teachers, and budget constraints significantly affect the dissemination of innovative 
methodologies. Moreover, these limitations are compounded by a lack of partnerships with local 
organisations and the failure to provide adequate access to relevant contextual information, 
particularly in rural schools. 

Some promising models, such as institutional-workplace collaboration (IWC) (Arinaitwe, 2021), 
have emerged, showcasing how collaboration can improve teacher training. The IWC refers to 
how teachers reflect on their co-development of questions concerning effective teaching and 
learning, such as through reflective practice workshops designed to empower teachers. To this 
end, regional stakeholders, including university representatives, Department of Basic Education 
(DBE) officials, and teacher unions, have come together to share best practices and build 
consensus on reform initiatives. Such practices demonstrate the value of collaboration and the 
need for customised initiatives that address specific institutional issues. They serve as a case 
study of how teacher training programmes can be rethought to meet local, unique concerns 
while also aligning with international education standards. Each of these collaborative efforts 
reinforces the idea that trust-based relationships are essential for advancing institutional reform. 
This process helps ensure that teacher training programmes remain both relevant and impactful 
by involving diverse stakeholders in the process. 

6. Approaches Teacher-Educators Can Use to Teach Mathematics 
Preservice Teachers to Integrate ICTs in Their Teaching  

6.1 Modelling 

Teaching mathematics PSTs to integrate ICTs into their teaching requires a blend of theoretical 
knowledge, hands-on experience, and reflective practice. Teacher-educators can adopt several 
approaches to ensure that PSTs are well prepared to integrate ICTs effectively into their teaching 
practices. One approach is for teacher-educators to model ICT integration in their own teaching 
(Adnan et al., 2024). Dewa and Ndlovu (2022) argue that while teacher-educators possess 
knowledge of how to teach with digital technologies in their lecture rooms, they often do not 
model specialised mathematics teaching skills for their students. Therefore, through active 
demonstration, teacher-educators can showcase the use of ICT tools during their lessons. By 
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demonstrating how to integrate technology seamlessly into lessons, PSTs can observe the 
practical application of ICT tools, such as graphing software like GeoGebra, dynamic geometry 
tools, or online platforms such as Desmos and Wolfram Alpha. Teaching PSTs to integrate ICTs 
in their mathematics teaching involves equipping them with both technical skills and pedagogical 
strategies. Supporting this view, Stockless et al. (2022) argue that university curricula should take 
responsibility for equipping PSTs with both technical and pedagogical knowledge. 

6.2 ICT-infused lesson planning 

To support mathematics PSTs in integrating ICT into their teaching, Lim et al. (2011) indicate 
that each programme they are involved in, which includes curriculum, assessment, and 
practicum, should be ICT-infused. This involves teaching PSTs to design lesson plans that 
effectively integrate ICT. Key elements of lesson planning include aligning the use of technology 
with learning objectives, designing tasks that leverage technology to visualise or explore 
mathematical concepts, and incorporating interactive or formative assessment tools. PSTs can 
be introduced to real-world data sets that can be analysed using ICT tools. For example, they 
can use software like Excel or Google Sheets to create statistical models or solve real-world 
mathematical problems, demonstrating the relevance of mathematics in everyday life. By 
thoughtfully incorporating ICT tools, PSTs can enhance teaching and learning, creating 
engaging, interactive, and differentiated lessons that cater to the diverse needs of learners. 
Janssen et al. (2019) indicate that ICT can be aligned with lesson objectives and incorporated to 
support content delivery. Mathematics PSTs should be taught how to plan for differentiation of 
instruction in mathematics classrooms and leverage ICT tools to adjust teaching and learning to 
individual learner needs (van den Kieboom & Groleau, 2022). 

6.3 Workshops for PSTs 

The advent of the Fourth Industrial Revolution (4IR) necessitated a shift in the alignment of 
pedagogical activities worldwide. As van Wyk and Waghid (2023) indicate, South African pre-
service teachers (PSTs) generally deem themselves unqualified and incompetent to teach in 
South African schools using ICT, particularly in mathematics. South African universities can 
provide workshops that introduce PSTs to a range of ICT tools suitable for the mathematics 
classroom. These workshops should focus on practical applications, such as creating interactive 
lessons, assessments, and visual aids using these tools. Although Pule and Raxangana (2024) 
indicate that, as a developing country, South African teachers face challenges in using 
mathematical software to enhance teaching and learning in schools, Nhlumayo (2024) asserts 
that most teachers were never guided on using ICT for teaching in their training programmes. 
Khoza and Biyela (2020) postulate that PSTs arrive at universities owning both technological 
hardware (smartphones and/or laptops) and software (Facebook, X, WhatsApp, Instagram, 
etc.). However, since ownership is not synonymous with ability, it is the responsibility of 
universities to introduce PSTs to mathematical ICT tools and simulations. These may include 
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innovative technologies such as GeoGebra, Desmos, Microsoft Excel, Google Classroom, 
Moodle, PhET Interactive Simulations, and Wolfram Alpha, which can model complex 
mathematical concepts and visualisations that might otherwise be difficult to explain. As part of 
ICT pedagogy, South African universities must include the basics of digital literacy and 
computational thinking in their teacher preparation programmes, thus helping PSTs to become 
proficient not only in using mathematical software but also in evaluating online resources. 

7. Conclusion 

To prepare mathematics PSTs for ICT-integrated pedagogy, South African universities must 
offer a curriculum that integrates ICT training with content and pedagogy, provides hands-on 
experience with technology, and emphasises the real-world application of ICT in mathematics 
classrooms. Integrating ICT pedagogy into mathematics teacher training is essential for 
modernising education and ensuring that PSTs are well-equipped to meet the evolving needs of 
their learners. This chapter argues that the integration of ICT pedagogy improves mathematical 
conceptual understanding, particularly for concepts that may be difficult to grasp, such as 
calculus, algebraic structures, or geometry. Moreover, it contends that the integration of ICT 
pedagogy prepares future mathematics teachers for the digital age. Furthermore, this chapter 
posits that ICT pedagogy also facilitates different forms of assessment for mathematics, such as 
online quizzes and digital portfolios. This can assist PSTs in easily tracking their learners’ 
progress, identifying areas where learners are struggling, and adjusting their teaching accordingly. 
By fostering technical proficiency, pedagogical expertise, and awareness of the socio-economic 
context, universities can ensure that PSTs are well-prepared to teach mathematics using ICT 
effectively, enhancing student engagement and learning outcomes across South Africa’s diverse 
educational settings. 

Integrating ICT pedagogy into mathematics teacher training is vital for developing a more 
effective, engaging, and inclusive educational experience. Equipping PSTs with the skills to use 
technology effectively enhances their academic outcomes, promotes digital literacy, and prepares 
them for future challenges. Furthermore, it supports diverse learning styles, fosters 
collaboration, and offers tools that make mathematical concepts more accessible and engaging. 
Ultimately, the integration of ICT pedagogy empowers teachers and students, preparing them 
for the demands of the modern digital world. 
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Aftermath of Overlooking Foundation Pre-Service Mathematics 
Teachers’ Beliefs: A Self-Study in Post-Apartheid South Africa 

Abstract: Mathematics is often described as a “high sta-
tus” discipline and in primary schools, mathematics is 
compulsory. However, in educational research, myriad 
performance issues in primary mathematics teaching and 
learning have been emphasised. The foundations of 
future mathematics learning are laid for young learners by 
their teachers who are often the learners’ main resource, 
and foundation mathematics problems snowball as 
learners progress through schooling levels. Teachers are 
certified by higher education institutions so it is thus 
worthwhile for primary mathematics teacher educators to 
explore constructive, reflexive, optimistic, starting-with-
ourselves approaches to reflect on what is offered in 
mathematics education. This looking inward approach 
contrasts with research in which recommendations are 
proposed to encourage improvements in professional 
practice. The research question for this study was: “What 
primary mathematics education professional learning can 
I (re)construct by reflecting on teacher education 
modules offered at my higher education institution, using 
a self-reflexive approach?” My primary study source was 

the foundation phase mathematics education modules detailed in University of KwaZulu-
Natal’s Handbook for 2024. This qualitative study explored the competences offered by these 
modules in the university’s foundation phase mathematics teacher education programme, and 
included a set of objects used as a metaphor for self-reflexivity and to represent the importance 
of attending to the often-overlooked pre-service teachers’ beliefs about mathematics education 
in post-apartheid South Africa. 

1. Introduction 
Mathematics is often described as a “high status” discipline and as Valero (2013, p. 2) noted, in 
a 21st-century school curriculum, it is “unthinkable” to omit mathematics. In South African 
primary schools, mathematics is compulsory with foundation phase (FP) learners required to 
spend approximately 32% of school time doing mathematics and intermediate phase (IP) 
learners, 22% of school time (Department of Basic Education, 2011). Reasons usually given for 
why mathematics is an essential subject are that mathematics knowledge and skills are valuable 
in many aspects of everyday life and positively influence life opportunities.  

Myriad performance issues in South African primary mathematics teaching and learning are 
constantly emphasised in education research. Some of these were summarised by economist, 
Servaas van der Berg, who asserted that poverty and financial inequality are directly related to 
the unsatisfactorily poor quality of South African education systems. Van der Berg further 
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contended: “If you want to change the economy, you have to start with the education system” 
(as quoted in Thompson, 2024, para. 7). 

There is no doubt that even in post-apartheid South Africa, school learner education is generally 
unequal and differentiated according to family income (Beckmann, 2021). Three decades after 
the birth of South African democracy, most schools in low-income areas, where learners are 
mainly of African origin, still experience apartheid after-effects. Hlatshwayo (2023) 
acknowledged that although there are limited improvements in learners’ numeracy levels, many 
have not benefitted significantly from being schooled in the post-apartheid context.  

The foundations of future mathematics learning are laid for young learners by their teachers 
who are often learners’ main resource in South Africa. Thus learners depend on their teachers’ 
mathematics subject content knowledge (SCK), pedagogical content knowledge (PCK), and 
beliefs about mathematics teaching and learning for their development of “appropriate 
knowledge, skills and values” (Department of Education, 2006, p. 7). In the early grades, 
foundation mathematics difficulties commence and snowball as learners progress through 
schooling levels (Lénárt et al., 2022). Given that pre-service teachers are certified by higher 
education institutions, their education programmes impact on primary, secondary, and tertiary 
levels of learners’ mathematics learning.  

Some of the most important role players in school education are the teachers, who “are central 
to the success of education outcomes” Hlatshwayo (2023, p. 389). However, if the teachers 
believe that mathematics is only for the gifted few, then that attitude towards mathematics 
achievement could be internalised by their learners. Teachers’ attitudes and the general psycho-
social environment in mathematics classrooms play a significant role in mathematics learning; 
learners’ achievement is influenced by learners’ mathematics attitudes and beliefs (Mazana et al., 
2019). Those scholars further noted that suitable pedagogical strategies and appropriate social 
psychological environments promote enjoyment and positive attitudes towards mathematics, 
which in turn, benefit learners’ performance.  

On reviewing South African educational research on teaching and learning for a World Bank 
report, van der Berg and Hofmeyr (2018, p. 16) concluded that teacher education programmes 
are “not succeeding in adequately preparing students for the teaching profession.” They bluntly 
pointed out that mathematics teachers are underprepared in teacher education programmes, 
certified teachers have insufficient mathematics SCK and PCK, pre-service teachers enrolled for 
teacher education are not top-performing candidates, and teacher development in higher 
education institutions is unsuccessful in building pedagogical skills for teaching young learners 
mathematics in African languages. Van der Berg and Hofmeyr (2018, p. 23) further declared that 
teacher development programmes have failed and hence require “independent evaluation as to 
whether they are working and why,” and that “rigorous evaluation of the effectiveness of such 
pedagogical training must be done regularly.” 
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After reading findings, conclusions, and recommendations in mathematics educational research, 
I realised that many disheartening, uncomfortable, and disconcerting issues have been raised. 
Furthermore, in mathematics education literature there are worthy (but sometimes complex) 
recommendations offered for improving mathematics teaching and learning. However, there is 
no point in dwelling on these saddening, problematic issues without doing something to make 
a difference in my professional practice as a South African primary mathematics teacher 
educator.  

The National Qualifications Framework Act (Department of Higher Education and Training, 2015), 
which specifies expertise required by South African teachers in fundamental disciplines and 
subject areas, states that standards to define competence for specific subjects or specialisation 
are not defined in that government policy. Rather, specific subjects, such as primary mathematics 
education, need to develop their own standards within relevant teacher education communities 
of practice. In other words, it is important that mathematics teacher education community 
members take up the opportunity to communicate and make public improvement possibilities. 
Thus, instead of thinking, “there is nothing I can do about transformation in primary 
mathematics teacher education,” it was preferable to explore constructive, reflexive, optimistic 
“starting with ourselves” (van Manen, 1990, p. 43) approaches to reflect on what is offered in 
mathematics teacher education at my own higher education institution. The knowledge gained 
through looking inward could then be used to improve my professional practice and hopefully 
inspire others in my educator community to also commit to using improvement-orientated self-
study approaches to address the criticisms levelled at mathematics teacher education.  

An approach where self-improvement considerations are key, contrasts with research where 
recommendations are presented to encourage changes in professional practice. The research 
question for this starting-with-ourselves study was: “What primary mathematics education 
professional learning can I (re)construct by reflecting on teacher education modules offered at 
my higher education institution, using a self-reflexive approach?”  

2. Theoretical Framework for Mathematics Teacher Education 
Programmes 

Many mathematics teacher educator researchers (for example, Shulman, 1987; Tatto, 2012; 
2018) have suggested competence requirements for primary mathematics education curricula. 
Manouchehri (1995) addressed various areas of mathematical competence including SCK, PCK, 
pedagogical reasoning, and beliefs. Manouchehri (1995, p. 1) further defined SCK as “key facts, 
concepts, principles and explanatory framework in the discipline,” PCK as the “knowledge of 
students and learning, knowledge of curriculum and school context, and knowledge of 
teaching,” pedagogical reasoning as the “process of transforming content knowledge into forms 
that are pedagogically powerful and adaptive to particular groups of students,” and beliefs as the 
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“attitudes and assumptions of entering preservice teachers, beginning teachers, and experienced 
teachers.”  

2.1 Affect in mathematics and mathematics teacher education 

Tatto (2018, p. 210), in her international (13 countries, including Botswana) study of primary 
mathematics teacher education programmes, pointed out that teachers’ beliefs are an “essential 
component of what makes a teacher effective and thus have been an important feature of teacher 
education.” And Manouchehri (1995) indicated that often, pre-service teachers’ beliefs about 
pedagogy were developed prior to their enrolment in teacher education programmes, thereby 
having a profound influence on their learning in those programmes. Additionally, Tatto (2018) 
highlighted the significance of pre-service teachers’ beliefs about learning mathematics—how 
they perceived the nature/vision of mathematics, how they experienced learning mathematics 
in schools, and what their approach to teaching mathematics might be.  

In the South African post-apartheid context, the past experiences of pre-service teachers’ 
mathematics school learning may not have been ideal because of the distressing and haunting 
influences of 37 years of apartheid government that ended in 1994. The government enforced 
racism, using separate and unequal social, political, and educational opportunities to further its 
apartheid ideals. It employed pervasive ideology systems that imposed perverse “symbols, 
images, beliefs, feelings, thoughts, and attitudes” (Wills, 2011, p. 14). The watered-down 
government school curriculum for most South African learners (generally, of African origin) was 
a political strategy, and the dumbing-down of mathematics could regretfully result in teachers 
and learners developing a vision of mathematics as being only for gifted learners, too difficult 
to achieve, and reserved for other scholars. 

From Manouchehri’s (1995, p. 1) definition of beliefs, it appears that the author considered 
“beliefs” to be synonymous with “attitudes and assumptions.” Research in mathematics 
education related to affect (see for example, Di Martino & Zan, 2011; Zhang & Morselli, 2016) 
has noted that in the affect field, there is no agreement on the definitions of constructs such as 
beliefs, attitudes, emotions, and values because of the changing nature of teaching and learning 
environments. However, this does not detract from the need to make pre-service teachers aware 
of beliefs that influence practice. Zhang and Morselli (2016) pointed out that teacher education 
programmes should stress exploring belief awareness rather than only belief changing.  

Di Martino and Zan (2011) emphasised the relationship between beliefs and emotions because 
emotions bring physiological reactions into play, which interfere with cognitive processes and 
may stifle thinking. Furthermore, emotions play a significant role in “coping, adapting and 
decision making” (Di Martino & Zan, 2011, p. 472). After analysing the narrative and 
autobiographic descriptions of well over a thousand research participants’ relationships with 
mathematics, these authors proposed a model that explained the relationships between affect 
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constructs and concluded that attitude acts as a “bridge between beliefs and emotions” (Di 
Martino & Zan, 2011, p. 484).  

Di Martino (2024) then developed a theoretical framework to study the attitudes of pre-service 
primary teachers required to teach mathematics in their Italian schooling context. His study 
“confirmed how negative attitudes towards mathematics and towards the idea [of] having to 
teach mathematics are very common” (Di Martino, 2024, p. 434) among prospective primary 
school teachers. 

2.2 Mathematics education literature addressing pre-service teachers’ beliefs 

Di Martino and Zan (2011) questioned assessment approaches that focus mainly on accuracy. 
They promoted the notion that the mathematics vision in solving mathematics problems should 
be focused on the processes rather than just the accuracy of the final solution. In other words, 
possible mathematics assessment shifts are required to promote the “idea of success from the 
production of correct answers to the enactment of meaningful thinking processes” (Di Martino 
& Zan, 2011, p. 487). Accuracy emphasis, along with other classroom experiences, influence 
learners’ attitude to mathematics because some learners consequently perceive themselves as 
innately unable to succeed in mathematics. The authors acknowledged the difficulties of teachers 
and teacher educators in accepting the emphasis on thinking process required for this vision, 
but emphasised the importance of overcoming the “distorted vision of mathematics and 
possibly low perceived competence” of learners in order to address their affect in mathematics 
education (Di Martino & Zan, 2011, p. 487).  

Tatto’s (2018, p. 244) study indicated that lower levels of performance of newly qualified 
teachers were associated with those teachers believing that mathematics problem solving 
required “memorizing a collection of rules and procedures,” prescribing methods, and applying 
“definitions, formulas, mathematical facts and procedures.” This means that these teachers 
subscribed to the belief that mathematics teaching mainly involved encouraging instrumental 
understanding with a “rule-based . . . focus on how to do something” as opposed to relational 
understanding (Herheim, 2023, p. 390), which relates to “understanding structures, searching 
for patterns, and relating new concepts to previous understanding” (Herheim, 2023, p. 391). 
According to Herheim (2023, p. 391), “both instrumental and relational understanding have 
their advantages, but the instrumental one is more short-term, rigid, and context-dependent.” 

Furthermore, Manouchehri (1995, p. 12) encouraged teacher education programmes to “address 
the prospective teachers’ pre-existing beliefs,” assist pre-service teachers in making their 
“implicit beliefs about teaching, learning, subject matter and learning to teach explicit, . . . 
challenge the adequacy of those beliefs,” and facilitate the integration of new ideas and 
information into their existing beliefs. Tatto et al. (2012, p. 172) noted that belief “change is 
unlikely to occur unless teacher-preparation programs explicitly address beliefs about 
mathematics and mathematics learning.” And Manouchehri (1995) recommended the use of 



 

 - 123 -                                                                                                                                                  ERRCD Forum, 2025                                                                                   

reflection for challenging pre-service teachers’ beliefs. In answering his question: “Can reflective 
practice be taught?” Russell (2005, p. 202) concluded that reflective practice can and should be 
taught. He noted that explicit, direct, thoughtful, and patient self-reflection-in-action 
interpretations improved reflective practice teaching.  

In addition, Tatto et al. (2012) found that future teachers’ belief patterns matched their 
mathematics teacher educators’ beliefs, which implies that altering the teacher education 
curriculum is unlikely to change beliefs of pre-service teachers. Tatto et al. (2012, p. 172) 
contended that a change in the beliefs of pre-service teachers “if it is to occur, would probably 
require a significant investment in professional development for practicing teachers as well as 
for teacher educators.” 

Various mathematics education researchers consider pre-service teacher belief reflections to be 
purposeful in mathematics education. This means that in mathematics teacher education, 
attending to affect should be an integral part of teacher education programmes because 
mathematics is the subject that “triggers the strongest negative emotions” (Di Martino & Zan, 
2011, p. 471). Moreover, there appears to be a need to inspire mathematics teacher educators to 
make use of reflexive self-study strategies for professional learning in order to seek opportunities 
to improve their professional practice in sustainable, doable, and context appropriate ways 
(Manouchehri, 1995; Tatto, 2018). The aims of my study were to contribute to the development 
of my own usable self-learning related to social justice issues, to improve my own professional 
practice as a primary mathematics teacher educator, and to make public my self-study for 
scrutiny by the mathematics education community.  

3. Self-Study Research 

3.1. Situating myself as a mathematics teacher educator 

I have been a mathematics teacher educator for almost four decades, teaching at South African 
higher education institutions in both the apartheid and post-apartheid contexts. I spent most of 
my mathematics teacher educator career at a higher education institution in Durban, South 
Africa. I am a White South African woman and prior to 1994, was a primary mathematics teacher 
educator in an institution where only White pre-service teachers were enrolled. After 1994, 
primary pre-service teachers were predominantly of African origin, and I realised that the 
context in which they had been schooled could influence the way they experienced mathematics 
education studies. In other words, the contexts in which most pre-service teachers were educated 
at high schools could be substantially different from what White privileged pre-service teachers 
experienced. The interplay between their cognitive and emotional aspects in mathematics 
education (affect) could be somewhat different from what White pre-service teachers and their 
teacher educators experienced. Thus, I saw the need to (re)construct my professional learning 
as a post-apartheid South African mathematics teacher educator. I subscribe to Griffiths’ (2003, 
p. 167) slogan, “social justice is a verb,” and align my views with her approach because social 
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justice is “always action oriented, [and] always unfinished,” and for social justice and self-
improvement reasons, chose to examine FP teacher mathematics education at my higher 
education institution using a self-reflective approach.  

3.2. Characteristics of self-study 

Although Tatto (2017, p. 622) advocated self-study by mathematics teacher educators, she 
cautioned that “reflective researchers are especially vulnerable to criticisms by policymakers” 
and if a bottom-up approach is pursued, then “to be taken seriously, their research needs to 
demonstrate rigour.” In self-study, researchers consider the term “vigour” to be more 
appropriate than rigour to gauge research quality (Faulkner, 2019). This means that self-study 
research should rather be assessed in terms of, for example, worthiness, competence, 
enthusiasm, and robustness.  

A criticism levelled at self-study is that it is naval-grazing, meaning that the researcher is self-
absorbed and has a narrow outlook with a “limited desire to move [and] change” or relate to 
worldwide perspectives (Darian-Smith, 2023, p. 226). However, a defining characteristic of self-
study methodology is that it is improvement-aimed (LaBoskey, 2004), which requires the 
researcher to actively pursue professional practice changes. Other self-study characteristics 
include being self-initiated and self-focused, being interactive, using mainly qualitative methods, 
and using authentically supported teaching practices (LaBoskey, 2004). Furthermore, self-study 
for improvement is usually facilitated through relearning, rethinking, and reimagining, using self-
reflexivity within “discourses of the social construction of knowledge, reflective practice and 
action for social change” (Gu∂jónsdóttiri & Dalmau, 2006, p. 108). 

3.3. Data sources and methods 

University of KwaZulu-Natal’s (UKZN, n.d.) College of Humanities: Handbook for 2024 detailed 
information about the five mathematics education modules specified for pre-service teachers 
enrolled in the FP specialisation for the Bachelor of Education (BEd) curriculum. I copied 
information dispersed within the handbook, and tabulated the aims and contents of these 
modules to facilitate easy, aggregated data access. Thereafter, I used an interpretive method of 
close data reading to gain information about what is offered across these modules in relation to 
SCK, PCK, and beliefs. That was the first qualitative method utilised.  

My second qualitative method was an arts-inspired strategy to provoke self-reflexivity. I selected 
a set of objects as a means of making sense of my learnt knowledge about the competences 
addressed in the five modules. These objects facilitated reflexivity to convey a “new perspective 
on a situation” by viewing a “concept from a target domain [primary concept] in terms of 
another, apparently dissimilar concept from a source domain [secondary concept]” (Akula et al., 
2023, p. 23202). The target domain was the competences indicated in UKZN’s primary teacher 
education curriculum and the source domain was my selected object set. Furthermore, an 
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object’s visual image serving as a metaphor is powerful in “conveying the metaphorical message” 
(Akula et al., 2023, p. 23202). Thus, I used the metaphor to convey my understanding of the 
importance of teaching and learning beliefs in mathematics education. 

I adapted Samaras’ (2011, p. 105) writing prompts to explain how my self-selected objects and 
associated metaphor expressed my learning in order to improve my professional practice as a 
primary mathematics teacher educator in our post-apartheid context. Thus, to elaborate on my 
metaphor reflection, I used the following four self-asked prompts to capture my professional 
learning after interpreting the offerings in UKZN’s FP primary mathematics education modules. 

• Prompt 1: Describe what metaphor you chose to capture the main idea of your 
research interest linked to the FP mathematics education curriculum at UKZN. 
Explain why you chose this metaphor. Give it a title that signifies the core meaning of 
your metaphor.  

• Prompt 2: Indicate what in the metaphor represents you, the teacher educator, and 
what represents your professional learning. 

• Prompt 3: Does culture play a role your metaphor?  
• Prompt 4: Are there others involved in your metaphor memories? What roles do they 

play? What is their influence on your thinking? Do they see things the way you do? 
(van Laren & Mudaly, 2024). 

3.4. FP mathematics education modules in UKZN’s Handbook for 2024 

UKZN’s 4-year bachelor’s degrees in education offer three specialised curricula: FP (Grades R–
3), IP (Grades 4–6), and a combined senior phase (Grades 7–9) and further education and 
training (Grades 10–12). For each BEd specialisation, the required credit minimum is 512. An 
academic performance score (APS) of 31 points is the minimum for acceptance into Bed 
specialisations. For pre-service teachers specialising in the FP, UKZN offers two language 
options: English Home Language and isiZulu First Additional Language, or isiZulu Home 
Language and English First Additional Language. 

Because of the importance of mathematics foundations, my interest lay in the primary 
mathematics education modules. I drew up a summary (see Figure 1) of the FP specialisation, 
indicating the minimum mathematics APS required for registration; number of credits;  module 
study year, title, aim, content; and page number of the information in the UKZN (n.d.) 
handbook (see Figure 1). 
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Figure 1: UKZN FP primary mathematics education 

 
3.5. Analysis of FP primary mathematics education  

This qualitative analysis focuses on competences offered across the modules in the FP. 
Thereafter I explain the self-selected set of objects’ metaphor I chose to express my professional 
learning gained by exploring FP UKZN primary mathematics education. Then I used this 
metaphor to assist in answering my research question. 

The South African National Senior Certificate achievement levels determine the FP BEd 
admission. To register for this phase, pre-service teachers require a minimum of 40–49% in 
mathematics or 50–59% in mathematical literacy. The total number of credits allocated to 
mathematics education modules is 80.  
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The first-year Numeracy in the Early Years module concentrates on FP SCK to “strengthen 
their basic mathematical knowledge” (UKZN, n.d., p. 427). The study topics to reinforce pre-
service teachers’ mathematics knowledge include number sense development, number 
relationships, number operations, geometric thinking, mathematics vocabulary, indigenous 
measurement concepts, measurement, and data handling. The emphasis is on developing pre-
service teachers’ SCK essential for teaching young mathematics learners.  

The two second-year modules Mathematics Education for Foundation and Intermediate Phase 
1, and Mathematics Education for Foundation and Intermediate Phase 2, attend to PCK using 
educational theories that pertain to “mathematics content areas” (UKZN, n.d., pp. 408–409) 
taught in the FP and IP. In the former module, FP and IP PCK for the teaching of early algebraic 
thinking, number operations, patterns, and proportional reasoning are included. In the latter 
module, FP and IP PCK for development of geometric thinking, measurement concepts, 
statistical literacy, and proportional reasoning are covered.  

The two third-year modules, Mathematics for Foundation Phase Method 1 and Mathematics for 
Foundation Phase Method 2, focus on FP PCK utilising theoretical understanding of how FP 
“learners learn mathematics” for planning to teach the curriculum using a variety of approaches 
(UKZN, n.d., pp. 430–431). In the former module, FP PCK for teaching number sense and 
relationships, patterns and algebra, geometry, and data handling are offered. Other topics in this 
module include strategies for assessment and resource development. In the latter module, FP 
PCK focuses on teaching number relationships and place, value, geometry, and measurement. 
Additional topics explored are assessment methods, resource development, and identification 
of barriers to learning mathematics together with intervention strategies. 

My analysis showed that 20% of this total number of credits is allocated to FP SCK, 40% to 
combined FP and IP PCK, and 40% to FP PCK. The approximate credit percentage of 
mathematics education modules in the FP specialisation is 16% of the total number of credits 
(512) required for the BEd degree.  

4. My Professional Learning Gained: A Self-Reflexive Metaphor  

The professional learning I gleaned from my analysis of the competencies offered in primary 
mathematics education modules led me to recognise possibilities for improving my teacher 
education practice in the post-apartheid context. I selected objects related to “lighting a candle” 
(see Figure 2) to illustrate my learning, to convey improvement possibilities for UKZN, and to 
answer my research question. I used self-asked writing prompts to interrogate my metaphor.  
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Figure 2: Objects to light a candle 

 
4.1 Prompt 1 

I chose candleholders, wax candles, and a box of matches as objects for my metaphor because 
these are familiar items found in most South African homes. The main function of this object 
set is to shed light in the darkness. The two candleholders are identical and made of sturdy, 
substantial, opaque metal. For stability, the base of the holder is wider than its apex where the 
candle is secured. The holder keeps the candle vertical to prevent it from tipping, thus ensuring 
that it can safely and effectively provide light without being a fire hazard. The candle on the left-
hand side of the image is broken into two pieces. The wick—a usually unseen yet a vital 
component of a candle— is embedded within it, running through the entire centre of the 
cylindrical wax column connecting the two broken pieces. This candle will not be effective when 
the wick at the candle tip is set alight. The intact candle will be effective when the candlewick is 
set alight. The box of matches is an essential requirement for lighting the wick to make a flame 
to illuminate darkness. 

Although a candle’s primary function is to shed light in darkness, there are many other 
symbolisms associated with a candle and candlelight. Candle flames are a symbol of 
enlightenment, clarity, knowledge, wisdom, optimism, hope, truth searching, anticipating new 
beginnings, and joy (Axiom Home, 2023). For example, the birthday tradition of making a wish 
after blowing out all birthday cake candles facilitates positive, joyful, personal reflection. 
Furthermore, the proverb “It is better to light a candle than to curse the darkness” emphasises 
the need for constructive action when faced with bleak circumstances. An appropriate title for 
my object set was thus “Igniting Positive Inner Illumination.” 
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4.2 Prompt 2 

I consider the candles to be the competences of a FP pre-service mathematics education teacher. 
In the damaged candle, the bottom piece of candle is the mathematics SCK offered in 
mathematics education modules and the top piece is the mathematics PCK covered in these 
modules. The wick, which is an essential yet almost invisible, overlooked element of the candle, 
is the pre-service teacher’s mathematics teaching and learning beliefs. These beliefs form an 
integral part of their competence because it connects, and is central to, their SCK and PCK. 
Although beliefs and affect, in general, are abstract and difficult to pinpoint or physically 
observe, it is possible to interrogate and reflect on beliefs.  

The ignited match is me, the mathematics teacher educator, and the box contains my current 
professional beliefs.  

The opaque candleholder is the SCK the pre-service acquired as a school learner. The opaque, 
dense colour is fitting because the mathematics teaching and learning in many post-apartheid 
school classrooms may still feel the influences of unequal, unjust apartheid circumstances that 
may not always be observable and transparent. The shape of the candleholder shows the 
importance of having a stable, firm foundation to successfully support the candle—pre-service 
teachers’ competences required for effective mathematics teaching.  

The invisible oxygen surrounding the objects is the pre-service teacher’s personal experiences 
of teaching and learning in post-apartheid primary and secondary school mathematics 
classrooms.  

The flame is the pre-service teacher who enlightens by effective teaching.  

To make the intact candle’s flame effective, there are three essential components: fuel, oxygen, 
and heat. The fuel is the pre-service teacher’s mathematics SCK, mathematics PCK, and belief 
systems influenced by the modules presented in the BEd programme that makes up the candle 
wax. The oxygen is the pre-service teacher’s own relationships with mathematics influenced by 
12 years of schooling in a post-apartheid context, which is not visible. The heat to ignite the 
flame is the mathematics teacher educator who presents and develops appropriate knowledge, 
skills, and beliefs in university lecture halls and during practice teaching. In other words, the 
candle’s flame illuminates because of action taken by me, the mathematics teacher educator 
lecturing mathematics education content to merge mathematics PCK, SCK, and mathematics 
beliefs. Therefore, it is important that I attend to the pre-service teacher’s hidden, yet significant, 
beliefs to benefit their prospective mathematics teaching.  

4.3 Prompt 3 

My culture is my way of life. As a South African who has lived and taught as a mathematics 
teacher and mathematics teacher educator in both apartheid and post-apartheid contexts it is 
important that I embrace the proverb: “It is better to light a candle than to curse the darkness.” 
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In terms of lighting a candle, I realise that it is possible to take constructive action through 
positive, hopeful, optimistic, self-improvement endeavours to confront social justice issues using 
a starting-with-ourselves approach.  

However, it is impossible and imprudent to turn a blind eye to social injustices underlying 
teacher development in mathematics education when taking action to support and encourage 
appropriate mathematics education belief reflections. Balfour (quoted in Naidu, 2024, para. 26) 
noted that the consequences of apartheid still impact and influence one’s “experience of how 
you learn, how you teach, and what your chances are of succeeding.” In other words, lingering 
social, political, and educational inequalities related to, for example, “access to resources, 
historical legacies of advantage, [and] historical legacies of disadvantage” (Balfour, quoted in 
Naidu, 2024, para. 26) may still haunt many South African learners, pre-service teachers, 
teachers, teacher educators, and others.  

Looking inwards, by analysing my own higher education institution’s modules, gave me 
opportunity to explore, reflect, and look forward to envisaging my professional practice 
improvements as a primary mathematics teacher educator in a post-apartheid context, but has 
also made me mindful of looking backwards. I need to take cognisance of pre-service teachers’ 
past schooling experiences, where they may have developed discouraging beliefs about 
mathematics learning and teaching. Past beliefs are of particular importance for prospective FP 
schoolteachers because these generalists may not have anticipated having to teach mathematics 
for approximately one third of their practice.  

Furthermore, looking inwards enabled looking outwards. This outward looking facilitated 
consciousness of possible alternative pre-service teacher experiences vastly different from my 
privileged opportunities. In addition to opening possibilities of modelling reflective practice 
(Sweeney et al., 2023) in teacher education, thinking outward after self-reflection made me realise 
how my mathematics teacher educator practice can make a difference in the teaching and 
learning of pre-service teacher education. Being a life-long learner and a reflective teacher is an 
educator requirement but as a mathematics teacher educator, these approaches support my 
professional practice by understanding my own PCK and beliefs, which are grounded in my 
post-apartheid way of life.  

4.4 Prompt 4 

The many primary pre-service teachers enrolled in mathematics education modules are in my 
metaphor memories. FP pre-service teachers are destined to become generalist teachers with 
vital roles to play in laying mathematics foundations in primary schools. Some generalist teachers 
may not be passionate about, or have personal confidence in, mathematics.  
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Looking back, I remember a tutorial activity that we, a team of UKZN primary mathematics 
educators, once used. We invited primary pre-service mathematics teachers, enrolled in their 
first mathematics education module, to share their mathematics school learning and teaching 
memories. I recall being perturbed and shocked by the openness of some who declared that they 
“hated” mathematics. As a mathematics education team, we did not anticipate this 
disadvantageous response and did not address the issue adequately because we were unsure how 
to support those pre-service teachers in overcoming their strong emotions. However, if 
prospective teachers harbour such intense unfavourable feelings about mathematics, then it is 
possible that they could adversely influence their young impressionable learners’ relationship 
with mathematics whilst laying vital, influential mathematics foundations.  

4.5 Found poem 

To summarise and condense my prompt reflections, and to move towards answering my 
research question, I created a found poem from pertinent reflection words and phrases (Butler-
Kisber, 2010) in a shape that visually resembled a flaming candle (see Figure 3). I chose this 
shape because of the many everyday symbolisms associated with a flaming candle and because, 
in my metaphor, the candle flame is the pre-service teacher.  

Figure 3: Summary of pertinent prompt reflections 

 

5. Answering Research Question, Gazing Forward and Outward  
By analysing UKZN’s FP enrolment requirements, language focus, and specialisation subject 
packages I have learnt that UKZN is addressing unfavourable comments (van der Berg & 
Hofmeyr, 2018) aimed at South African teacher education institutions. The UKZN School of 
Education enrols pre-service teachers with an APS higher than the minimum UKZN 

fuel, oxygen, heat 
Igniting positive inner illumination 

better to light a candle than to curse the darkness 
heat to ignite flame is mathematics teacher educator 

fuel is pre-service teacher’s SCK, PCK and belief systems 
 flame is pre-service teacher that enlightens by effective teaching  
 oxygen is pre-service teacher’s relationships with mathematics 

influenced by 12 years schooling in post-apartheid context 
may harbor intense unfavorable feelings 

beliefs difficult to physically observe 
confronting social justice issues 

invisible overlooked 
constructive action 
looking backwards 
looking outwards 
looking inwards 

look forward 



 

 - 132 -                                                                                                                                                  ERRCD Forum, 2025                                                                                   

requirement of 28 points. Moreover, in the FP specialisation the importance of mathematics is 
recognised because a pass in NSC mathematics or mathematical literacy are prerequisites for 
enrolment. This indicates that school mathematics SCK achievement is an important 
consideration for improving FP teacher education. However, school SCK achievement does not 
necessarily provide information about learners’ mathematics beliefs developed during their 12 
years of schooling. 

In addition, I realised that substantial progress is being made in building and strengthening 
language and pedagogical skills in isiZulu. UKZN School of Education’s efforts in providing 
teacher education in English and isiZulu at university level is, according to Hlongwa (quoted in 
Greenleaf Walker, 2021, p. 1) a “linguistic revolution,” particularly in the post-apartheid teacher 
education context.  

My module analysis showed that at least three quarters of the UKZN module content is devoted 
to educational theory-based PCK in the FP specialisation. In the mathematics education 
modules, the SCK and PCK development appear to be taught separately, which according to 
Manouchehri (1995), influences the pre-service teachers’ beliefs because they may consider these 
knowledges to be unrelated and disconnected. It is thus necessary to model what is advocated 
in PCK modules in mathematics SCK modules. For example, emphasise in mathematics SCK 
assessment that awarding process marks for meaningful use of problem-solving processes 
deserves acknowledgement. 

Furthermore, in FP primary mathematics education modules, no mention or exploration of the 
central influence of affect is explicitly stated. This omission suggests that the significance of the 
vital links between cognition, emotions, and beliefs in mathematics may have been overlooked. 
In other words, disregard for prior beliefs of primary mathematics pre-service teachers is an 
aspect that is not given sufficient consideration (Olawale, 2024). Perhaps affect is explored in 
other UKZN teacher education disciplines but beliefs and emotions are noteworthy in relation 
to mathematics education. Affect is relevant in mathematics teaching and learning because of 
possible strong, adverse emotional reactions associated with mathematics that have far reaching 
cognitive influences.  

However, there are possibilities within the existing mathematics education modules to allow for 
inclusion of mathematics teaching and learning beliefs. For example, exploration of pre-service 
teachers’ beliefs could be comfortably situated in the third- year FP module where “knowledge 
of identifying barriers” (UKZN, n.d., p. 431) is covered. Here the pre-service teachers could 
explore their beliefs as possible barriers. However, this means that pre-service teachers’ beliefs 
would only be addressed in their last year of mathematics education. It would be beneficial to 
include these beliefs in an earlier mathematics education module so that they can benefit from 
their learning over an extended period to develop refreshed, new, additional, or alternate beliefs. 
Other possibilities for inclusion of personal mathematics teaching and learning beliefs could be 
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effectively addressed during pre-service teachers’ annual practice sessions when they teach 
mathematics in schools. 

Whilst exploring personal mathematics teaching and learning beliefs, pre-service teachers would 
benefit from using metaphor drawings to assist in their belief reflection and development in 
primary mathematics education. This arts-inspired method of metaphor drawing is well 
documented in mathematics education teaching and learning (see, for example, Hobden, 1999; 
van Laren, 2007). By making use of personal hand-drawn metaphors to explore their own beliefs, 
where there are no correct or incorrect responses, primary pre-service teachers can be offered 
opportunities to incorporate additional, novel, creative self-reflexive self-study methods. 
Reflection possibilities for rethinking, reinventing, or revising personal beliefs about teaching 
and learning foundational mathematics provides agency and insight into this key yet overlooked 
component of mathematics education.  

Mathematics teacher educators may also enjoy and benefit from self-reflexive methods, and 
model what is required of pre-service teachers who need to explore their mathematics teaching 
and learning beliefs. Discussions and dialogue amongst mathematics teacher educators and pre-
service teachers could benefit this central influence on the learning of mathematics SCK and 
PCK. As Olawale (2024, para. 6) noted, “limited effectiveness of training [pre-service teachers] 
might be attributed” to the beliefs about mathematics teaching and learning that are inculcated 
during their 12 years of foundational school mathematics, post-apartheid experiences.  

5.1 What is the Relevance of my Self-Study? 

As a mathematics teacher educator, I acknowledge my prior privileged learning influences but, 
as a self-study researcher, I am committed to positively lighting the candle. My use of a metaphor 
to reflect on the central importance of pre-service teachers’ personal mathematics teaching and 
learning beliefs (candlewick) facilitated my professional learning as a teacher educator (igniting 
match) by highlighting my role in preparing pre-service teachers (flame) for effective 
mathematics teaching (illuminating flame). This study made me more aware of the daunting 
responsibility of being a primary mathematics teacher educator in the post-apartheid context, 
how influential my professional beliefs (matchbox) are, and how these beliefs could 
inadvertently be conveyed to pre-service mathematics teachers. The challenging task of 
remedying the overlooking of mathematics beliefs provided an opportunity to do something 
about the social injustices many pre-service teachers may have endured during their mathematics 
schooling.  

I used a self-study approach to learn more about what FP pre-service teachers are offered in 
mathematics education at my higher education institution because these teachers will lay the 
foundations for mathematics learning in their prospective generalist teaching. My inward-
looking professional learning facilitated the envisioning of positive, constructive, workable 
improvement possibilities for attending to the influential, under-explored, mathematics teaching 
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and learning beliefs of pre-service primary mathematics teachers in our post-apartheid context. 
I offer and make public my findings for scrutiny by the mathematics teacher education 
community, and hope to pave the way for other starting-with-ourselves reflective studies that 
envisage sustainable self-improvement possibilities in primary mathematics teacher education. 

6. Conclusion 

My study explored what is offered to generalist FP pre-service teachers in mathematics education 
modules at the higher education institution where I am a mathematics teacher educator. Module 
content presented in UKZ-N’s Handbook for 2024, suggested that pre-service teachers’ belief 
awareness in mathematics teaching and learning was not covered. Given that they are 
prospective teachers in post-apartheid South Africa, overlooking pre-service teachers’ beliefs 
ignores how they might perceive the nature/vision of mathematics, how they experienced 
learning mathematics in schools, and what their approach to teaching mathematics may be. 
Furthermore, this means that the important links between cognition and beliefs in mathematics 
and mathematics education were underestimated.  

Using a qualitative, reflexive, constructive, optimistic starting-with-ourselves approach, I sought 
possibilities to improve what is offered to FP pre-service teachers because they will influence 
young learners’ beliefs, which are significant for their subsequent mathematics learning. The 
study thus offers self-improvement possibilities for the integration and incorporation of belief 
awareness in existing modules offered to FP mathematics pre-service teachers at UKZN. It 
concludes that self-reflexive re-examination and re-evaluation of what is offered in one’s own 
mathematics education programmes allows for constructive rethinking and self-improvement 
possibilities to make a difference in mathematics pre-service teacher education. 
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Equipping Pre-service Mathematics Teachers for Diverse 
Classrooms: Best Practices and Innovations 

 

Abstract: This chapter explores innovative approaches 
and best practices in preparing mathematics teachers for 
diverse classrooms by employing four key theoretical 
frameworks: Culturally Relevant Pedagogy, Culturally Re-
sponsive Teaching, Differentiated Instruction, and Univer-
sal Design for Learning. These frameworks serve as guid-
ing principles for equipping pre-service educators to effec-
tively address the diverse cultural, academic, and learning 
needs in today’s classrooms. The study employed a com-
prehensive review of literature, focusing on empirical stud-
ies and practical implementations of these inclusive peda-
gogies in mathematics education. The analysis examined 
how teacher preparation programmes integrate these 
frameworks into their curricula to foster equity, inclusivity, 
and academic excellence. The chapter also discusses chal-
lenges encountered in the implementation of inclusive ped-
agogies, such as resistance to pedagogical shifts and limita-
tions in teacher training programmes. To address these 
challenges, recommendations are provided for enhancing 
teacher preparation, including the incorporation of cultural 
competence training, differentiated instructional strategies, 
and universally designed learning environments. The find-

ings suggest that these pedagogical frameworks, when implemented effectively, lead to im-
proved student engagement, achievement, and a greater sense of belonging among learners from 
diverse backgrounds. By aligning teacher preparation programmes with CRP, CRT, DI, and 
UDL, this chapter emphasises the need for mathematics educators to adopt flexible, responsive 
teaching practices that cater to the needs of all students, ultimately fostering a more equitable 
learning environment in diverse classrooms. 

1. Introduction 
Classroom diversity has become a central issue in today’s rapidly evolving educational landscape, 
particularly in mathematics education. Increasingly, classrooms comprise students from various 
cultural, linguistic, and socioeconomic backgrounds. This diversity poses challenges and 
opportunities for mathematics teachers, who must be equipped with the skills to meet the needs 
of all learners (Mahlambi, 2023). In such environments, the success of mathematics education 
mainly rests on how well programmes for preparing teachers address concerns of inclusion, 
equity, and diversity (Faragher et al., 2016). However, despite ongoing reforms in education, 
significant gaps remain in how preservice teachers are trained to handle the demands of diverse 
classrooms (Weiss et al., 2024). 
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Teacher preparation programmes provide prospective mathematics educators with content 
knowledge and the pedagogical skills to deliver that knowledge in ways that resonate with diverse 
learners. However, many programmes still focus on traditional approaches, with insufficient 
emphasis on cultural competence and inclusive pedagogies (Eden et al., 2024; Olawale, 2022). 
Cultural competence is crucial for ensuring that teachers are aware of their students’ varied 
cultural contexts and are prepared to adjust their instructional strategies accordingly (Karatas, 
2020). Inclusive pedagogy, which seeks to accommodate all learners, especially those from 
marginalised communities, is vital for effective teaching in diverse classrooms (Sanger, 2020). 

An increasing amount of scholarly literature indicates that creative and comprehensive methods 
of preparing mathematics teachers are required (Cochran-Smith & Reagan, 2021). Some 
promising developments include integrating culturally responsive teaching practices into the 
curriculum and providing preservice teachers with opportunities to engage in reflective practice 
and real-world classroom experiences (Anyichie, 2024). Additionally, emerging technologies and 
collaborative models are beginning to reshape teacher training, creating more dynamic and 
interactive learning environments (Haleem et al., 2022; Olawale, 2024; Olawale & Hendricks, 
2024). Despite these advances, many challenges persist. For instance, research indicates that 
teacher preparation programmes often fail to offer adequate mentorship and field experiences 
that reflect the diversity of modern classrooms (Olawale, 2024; Mbhiza et al., 2024). Moreover, 
implicit biases and systemic barriers can limit the effectiveness of even the most well-intentioned 
training initiatives (FitzGerald et al., 2019). 

This chapter addresses these gaps by exploring best practices and innovative approaches to 
equipping preservice mathematics teachers for diverse classrooms. It will examine how teacher 
preparation programmes can be restructured to better integrate cultural competence, inclusive 
pedagogies, and differentiated instruction, thus fostering teacher effectiveness and improving 
student outcomes in diverse educational settings. Through theoretical insights and practical 
examples, this chapter aims to provide educators, researchers, and policymakers with valuable 
strategies for enhancing mathematics teacher education in an increasingly multicultural world. 

2. Theoretical Insights  

This section draws on four vital theoretical frameworks to explore best practices and innovations 
in preparing mathematics teachers for diverse classrooms: Culturally Relevant Pedagogy 
(Ladson-Billings, 1995), Culturally Responsive Teaching (Gay, 2000), Differentiated Instruction 
(Tomlinson, 2001), and Universal Design for Learning (CAST, 2008). Each framework 
contributes to understanding how teacher preparation programmes can equip educators with 
the tools to address the cultural, academic, and learning diversity present in today’s classrooms. 
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2.1 Culturally relevant pedagogy and culturally responsive teaching  

Culturally Relevant Pedagogy (CRP), introduced by Gloria Ladson-Billings in 1995, and 
Culturally Responsive Teaching (CRT), developed by Geneva Gay in 2000, provide foundational 
frameworks for addressing the diverse needs of students in mathematics education. CRP 
emphasises leveraging students’ cultural backgrounds to enhance academic success, while CRT 
builds on this by focusing on practical teaching strategies that integrate students’ cultural 
identities into classroom practices and learning environments. Both CRP and CRT share three 
core principles: (1) Promoting academic success while valuing students’ cultural assets – 
recognising students’ cultural identities as a resource to support their academic growth; (2) 
Developing cultural competence – encouraging teachers and students to learn about and 
appreciate each other's cultural experiences; (3) Fostering critical consciousness – empowering 
students to understand and challenge social inequalities within and beyond the classroom. 
In the context of mathematics teacher preparation, CRP and CRT highlight the importance of 
equipping educators with the skills to acknowledge and incorporate students' cultural 
experiences into the teaching process. Mathematics is often perceived as abstract and culturally 
neutral; however, culturally responsive teaching counters this notion by using culturally relevant 
examples, connecting mathematical content to real-world contexts, and promoting collaborative 
learning strategies reflective of diverse cultural norms (Gay, 2022). Effective teacher preparation 
programmes must incorporate training on cultural competence, which includes understanding 
students' cultural backgrounds and applying this knowledge to develop lesson plans, manage 
classrooms, and design assessments. Such training helps educators create learning environments 
that foster inclusivity and engagement. Evidence suggests that implementing CRP and CRT 
improves student achievement and engagement in mathematics, making these frameworks 
essential components of mathematics teacher preparation programmes. 

2.2 Differentiated Instruction 

Differentiated Instruction (DI), developed by Carol Ann Tomlinson (2001), is a pedagogical 
approach designed to address the diverse needs, abilities, and learning preferences of students 
within a single classroom. It is grounded in the principle that effective teaching requires 
adjustments to the content (what students learn), process (how students learn), and product 
(how students demonstrate their learning). These adjustments enable teachers to meet the 
unique learning profiles of individual students while maintaining high academic expectations for 
all. DI emphasises the importance of ongoing assessment, which allows teachers to identify and 
respond to variations in students' readiness, interests, and learning styles. For instance, in 
mathematics education, teachers can use pre-assessments to gauge students' proficiency levels 
and then tailor lessons to provide appropriate levels of challenge. Strategies may include offering 
tiered assignments, flexible grouping, and scaffolding to ensure students receive the support they 
need to grasp mathematical concepts. 
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This framework aligns with the principles of Culturally Relevant Pedagogy (CRP) by fostering 
inclusivity and equity. It enables teachers to integrate students' cultural and linguistic 
backgrounds into differentiated tasks, making learning experiences both accessible and 
meaningful. For example, incorporating real-world problems that reflect students' lived 
experiences can make abstract mathematical concepts more relatable. Teacher preparation 
programmes play a critical role in equipping educators with the knowledge and skills needed to 
implement DI effectively. Coursework should emphasise the principles of differentiation, 
including strategies for modifying instruction and managing diverse classrooms. Field 
experiences should provide preservice teachers with opportunities to practise these techniques 
under the guidance of experienced mentors (Olawale, 2024). Additionally, professional 
development workshops focused on DI can further support teachers in refining their practices. 
By integrating Differentiated Instruction into teacher preparation programmes, educators are 
better equipped to navigate the complexities of diverse classrooms. This approach ensures that 
all students, regardless of their background or starting point, have the opportunity to succeed in 
mathematics. 

2.3 Universal design for learning  

Universal Design for Learning (UDL), developed by the Centre for Applied Special Technology 
(CAST, 2008), is a framework designed to ensure that all students have equitable access to 
learning opportunities. UDL emphasises the proactive design of curriculum, instruction, and 
assessments to address the diverse needs of learners. Its foundation rests on three guiding 
principles: multiple means of engagement, multiple means of representation, and multiple means 
of action and expression (Meyer et al., 2014). These principles collectively support the creation 
of inclusive learning environments. 

Multiple Means of Engagement: This principle focuses on stimulating students' interest and 
motivation to learn by offering options for how they interact with the material. In mathematics 
education, this might include real-world problem-solving scenarios that relate to students’ 
cultural and social contexts or gamified learning experiences that maintain student engagement. 
Teachers can use tools such as interactive platforms or culturally relevant examples to cater to 
diverse student interests and sustain attention. 

Multiple Means of Representation: Recognising that students process information in different ways, 
this principle encourages the use of varied methods to present mathematical concepts. Visual 
aids, hands-on manipulatives, and digital simulations can help demystify abstract ideas for 
students who struggle with traditional instructional approaches. For instance, using graphs, 
videos, or multilingual resources ensures that learners with linguistic or cognitive differences can 
access and comprehend mathematical content. 

Multiple Means of Action and Expression: This principle emphasises providing students with diverse 
ways to demonstrate their understanding. In mathematics, this might involve allowing students 
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to solve problems through oral explanations, written solutions, or visual representations, such 
as diagrams or charts. Offering flexibility in assessments ensures that all students, including those 
with disabilities or language barriers, can showcase their learning effectively. 

Integrating UDL into mathematics teacher preparation is essential for fostering inclusive 
practices. Teacher preparation programmes must include courses and field experiences that train 
educators to design flexible lesson plans, use adaptive technologies, and implement varied 
instructional strategies. For example, prospective teachers might practice creating lesson plans 
that incorporate visual aids for geometry lessons or digital tools for data analysis, ensuring they 
address the needs of diverse learners. 

UDL complements frameworks such as Culturally Relevant Pedagogy (CRP) and Differentiated 
Instruction (DI) by encouraging teachers to anticipate and remove barriers to learning from the 
outset. This proactive approach is particularly crucial in mathematics education, where abstract 
concepts and traditional instructional methods often create challenges for diverse learners. By 
adopting UDL principles, mathematics teachers can create equitable and accessible learning 
environments that empower all students to succeed. This framework underscores the 
importance of flexibility and innovation in addressing the diverse needs of today’s classrooms, 
making it an indispensable component of teacher preparation programmes. 

These theoretical frameworks—Culturally Relevant Pedagogy, Differentiated Instruction, and 
Universal Design for Learning—collectively provide a comprehensive foundation for equipping 
mathematics teachers to thrive in diverse classrooms. Together, they guide the development of 
inclusive and responsive teaching practices that can be embedded in teacher preparation 
programmes. By integrating these frameworks, this chapter seeks to demonstrate how 
innovative approaches to teacher preparation can foster equity and excellence in mathematics 
education, ensuring that all students, regardless of their backgrounds, can succeed. 

3. Methodology: Reviewing Best Practices and Case Studies 

In this chapter, we employed a meta-analysis approach to synthesise and evaluate the 
effectiveness of best practices and innovations in equipping mathematics teachers for diverse 
classrooms. Meta-analysis is a systematic method used to aggregate and statistically analyse 
findings from multiple studies to assess the overall effectiveness of interventions and strategies. 
This approach enables us to draw more robust conclusions by combining results across studies, 
identifying trends, and exploring variations in outcomes. 

3.1 Study selection criteria 

A comprehensive search was conducted using electronic databases, including Web of Science, 
Scopus, and Education Research Complete. Web of Science and Scopus were chosen for their 
extensive coverage of peer-reviewed literature, including the social sciences, while Education 
Research Complete focuses exclusively on leading educational research. The keywords used in 
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the search were: “mathematics teacher preparation,” “diverse classrooms,” “culturally relevant 
pedagogy,” “inclusive pedagogy,” “differentiated instruction,” and “Universal Design for 
Learning.” The inclusion criteria were: studies focused on mathematics teacher preparation for 
diverse classrooms; peer-reviewed empirical studies published in English between 2015 and 
2024; studies that evaluated the effectiveness of interventions or strategies used to prepare 
mathematics teachers; and studies that reported quantitative, qualitative, or mixed-methods data 
on outcomes such as student achievement, teacher effectiveness, or cultural competence. 

3.2 Data extraction and coding 

For each study that met the inclusion criteria, the following data were extracted: author(s) and 
year of publication, title of the study, focus or objective of the study, research design and data 
analysis methods used, tools or instruments employed to collect data, key findings regarding the 
impact of the intervention on mathematics teachers or students, challenges reported in the 
implementation of the strategies, and recommendations for future practice or research. 

The search terms yielded twenty-eight journal articles from three databases published between 
2015 and 2024. Following PRISMA guidelines (Moher et al., 2009), thirty-eight articles were 
screened by titles and abstracts. Twenty-three articles were excluded for not meeting the criteria, 
often due to irrelevance or non-secondary or primary school contexts. Fifteen full-text articles 
were then assessed, with three more excluded for lacking clear details on the implementation of 
inclusive pedagogy. Ultimately, twelve articles were reviewed. Figure 1 below shows the overall 
selection process for the review.  

 
 

 

 

 

 

 

 

 

 

 

                                                                                           
                                                  
                           Figure 1: Meta-Analysis Approach Diagram 

Table: Summary of Reviewed Studies on Inclusive Pedagogy Implementation 

Records identified through 
database searching (n=38) 

Additional records identified through 
other sources (n=0) 

Record after duplicates removed 
(n=0) 

Record Screened  
(n=38) 

Record Excluded 
 (n=23) 

 

Full-text article assessed for 
eligibility (n=15) 

Full-text article excluded, 
with reason (n=3) 

 

Studies included in qualitative 
synthesis (n=12) 
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Name of 
Author(s) Title Focus/ 

Objectives 

Design/
Data 

Analysis 

Tools 
Used Findings 

Challenges and 
Recommendati

on(s) 

Byrd, C. 
M. (2016) 

Does 
Culturally 
Relevant 
Teaching 
Work? An 

Examination 
From Student 
Perspectives 

To examine 
how students 

perceive 
culturally 
relevant 

teaching and its 
effectiveness in 
the classroom 

Qualitativ
e study 
using 

student 
interview

s and 
surveys 

Student 
interviews, 

surveys 

Students 
responded 

positively to 
culturally relevant 

teaching, 
reporting 
increased 

engagement and 
belonging. 

Teachers need 
better training on 

cultural 
relevance, and 

some resist 
changing 
traditional 
methods. 

Mburu, J. 
M. (2022) 

“All Children 
Matter”: A 
Preservice 
Teacher’s 

Understandin
g and Practice 
of Culturally 
Responsive 

Teaching in a 
Third-Grade 
Mathematics 
Classroom 

To explore a 
preservice 
teacher’s 

understanding 
and application 

of culturally 
responsive 
teaching in 

math 

Case 
study, 

qualitativ
e 

interview
s, and 

classroom 
observati

ons 

Classroom 
observatio

ns, 
interviews 

The preservice 
teacher 

successfully 
incorporated 

culturally 
responsive 
teaching, 

increasing student 
participation. 

Further 
professional 

development is 
needed to help 

preservice 
teachers refine 
their skills in 

culturally 
responsive 
education. 

Shultz, 
M., et al. 
(2024) 

Enacting 
Culturally 
Relevant 
Pedagogy 

when 
“Mathematics 

Has No 
Color”: 

Epistemologic
al 

Contradiction
s 

To explore the 
contradictions 

faced by 
teachers 

implementing 
culturally 
relevant 

pedagogy in 
mathematics 

Qualitativ
e study, 
teacher 

reflection
s 

Teacher 
interviews, 
classroom 
observatio

ns 

Teachers 
struggled to 

reconcile 
culturally relevant 

pedagogy with 
traditional 

epistemologies in 
math. 

Recommends 
more consistent 
integration of 

culturally relevant 
pedagogy in 
mathematics 

teacher 
preparation 
programs 

Almeqdad
, Q. I., et 
al. (2023) 

The 
effectiveness 
of universal 
design for 
learning: A 
systematic 

review of the 
literature and 
meta-analysis 

To 
systematically 

review the 
effectiveness of 

UDL on 
academic 

achievement 

Systemati
c review 

and meta-
analysis 

Meta-
analysis of 
multiple 
studies 

UDL significantly 
improved 
academic 

outcomes across 
diverse learner 

populations 

Challenges in 
teacher 

implementation 
due to lack of 
training and 
resources; 

recommends 
extensive 

professional 
development. 

Kusumah
a, I. P., & 
Ani, Y. 
(2021) 

Universal 
design 

learning 
approach to 
overcome 

To investigate 
how UDL can 
help overcome 

barriers in 
mathematics 

learning 

Qualitativ
e study, 

case 
studies 

Classroom 
observatio
ns, teacher 
reflections 

UDL strategies 
improved student 
participation and 
comprehension in 

mathematics 

Teachers faced 
challenges 

adapting UDL in 
traditional 
classroom 

settings; more 
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Name of 
Author(s) Title Focus/ 

Objectives 

Design/
Data 

Analysis 

Tools 
Used Findings 

Challenges and 
Recommendati

on(s) 
mathematics 

learning 
teacher training 

and collaboration 
are 

recommended. 

Root, J. 
R., et al. 
(2020) 

Applying the 
Universal 
Design for 
Learning 

Framework to 
Mathematics 
Instruction 
for Learners 

With 
Extensive 
Support 
Needs 

To assess how 
UDL can be 

applied to math 
instruction for 
students with 

extensive 
support needs 

Qualitativ
e study, 

case 
studies 

Classroom 
observatio

ns, 
interviews 

UDL improved 
math learning for 

students with 
disabilities by 

providing 
multiple means of 

engagement 

Difficulty in 
adapting UDL 
materials for 
learners with 

varied needs. The 
study suggests 
collaboration 

between special 
educators and 
math teachers 

Bal, A. P. 
(2016) 

The Effect of 
the 

Differentiated 
Teaching 

Approach in 
the Algebraic 

Learning 
Field on 
Students’ 
Academic 

Achievements 

To investigate 
the effects of 
differentiated 
teaching on 

students’ 
academic 

performance in 
algebra 

Quasi-
experime

ntal 
design, 
pretest-
posttest 
analysis 

Algebraic 
achieveme

nt tests 

Differentiated 
teaching led to 

significant 
improvements in 

students' 
algebraic 

achievements. 

Teachers face 
difficulties 

managing diverse 
student needs; 

they recommend 
more teacher 

training in 
differentiation. 

Bal, A. P. 
(2023) 

Assessing the 
impact of 

differentiated 
Instruction on 
mathematics 
achievement 
and attitudes 
of secondary 

school 
learners 

To explore 
how 

differentiated 
Instruction 

impacts 
mathematics 
achievement 
and student 

attitudes 

Quasi-
experime

ntal 
design, 
pretest-
posttest, 
attitude 

scale 

Mathemati
cs 

achieveme
nt tests, 
attitude 

questionnai
res 

Differentiated 
Instruction 

improved both 
achievement and 
positive attitudes 

toward math 

The lack of 
resources and 

teacher 
knowledge 

remains 
challenging, so 

further 
professional 

development is 
recommended. 

Kamarulz
aman, M. 
H., et al. 
(2022) 

Impact of 
Differentiated 
Instruction on 

the 
Mathematical 

Thinking 
Processes of 
Gifted and 
Talented 
Students 

To evaluate the 
effect of 

differentiated 
Instruction on 

the 
mathematical 
thinking of 

gifted students 

Mixed-
methods 
approach 

using 
quantitati

ve and 
qualitativ

e data 

Observatio
ns, 

interviews, 
mathemati

cal 
thinking 

assessment
s 

Differentiated 
Instruction 
enhanced 

mathematical 
thinking 

processes among 
gifted students 

Limited teacher 
experience with 
differentiated 
Instruction; 

suggests 
providing more 
targeted training 

for teachers 
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Name of 
Author(s) Title Focus/ 

Objectives 

Design/
Data 

Analysis 

Tools 
Used Findings 

Challenges and 
Recommendati

on(s) 

Mićanović
, V., et al. 
(2023) 

Effects and 
challenges to 
implement 

differentiated 
mathematics 

teaching 
among fourth 

graders in 
Montenegro 

To assess the 
effectiveness 

and challenges 
of 

implementing 
differentiated 
Instruction in 
mathematics 

Qualitativ
e study, 

interview
s with 

teachers 
and 

students 

Classroom 
observatio

ns, 
interviews 

Differentiated 
Instruction 

improved student 
engagement, but 

lacking 
instructional 
materials and 
time posed 
challenges. 

Recommends 
additional 

resources and 
time allocations 

for effective 
implementation 

Nurasiah, 
L., et al. 
(2020) 

The effect of 
differentiated 
Instruction on 

student 
mathematical 
communicatio

n ability 

To determine 
how 

differentiated 
Instruction 
influences 
students’ 

mathematical 
communication 

skills 

Quasi-
experime

ntal 
design, 
pretest-
posttest 

Mathemati
cal 

communic
ation tests, 
classroom 
observatio

ns 

Differentiated 
Instruction 
positively 
impacted 
students’ 

mathematical 
communication 

abilities 

Teachers 
struggled with 

time management 
when 

implementing 
DI; recommends 
further research 

on DI in 
standard curricula 

Prast, E. 
J., et al. 
(2018) 

Differentiate
d Instruction 

in primary 
mathematics
: Effects of 

teacher 
professional 
development 
on student 

achievement 

To examine 
how teacher 
professional 
development 

on 
differentiation 

impacts 
student math 
achievement 

Randomi
sed 

controlle
d trial, 
pretest-
posttest 

Student 
achieveme

nt tests, 
teacher 

PD 
workshop

s 

Students of 
teachers who 

received PD on 
differentiated 
Instruction 
performed 
significantly 

better in 
mathematics. 

Long-term PD 
programs 

remain 
challenging; 
continuous 
support is 

recommended 
for teachers 

implementing 
DI. 

3.3 General description of reviewed studies 

The reviewed studies on inclusive pedagogies (CRT, UDL, and DI) span a variety of contexts 
and educational levels, primarily focusing on mathematics instruction and its impact on diverse 
learner populations. For instance, CRT studies, such as Byrd (2016) and Mburu (2022), examine 
the effectiveness of culturally responsive teaching strategies. Byrd (2016) highlights how these 
strategies foster academic engagement and a sense of representation among students. Similarly, 
Mburu (2022) illustrates the successful implementation of CRT in a third-grade mathematics 
classroom, demonstrating increased student participation and engagement. Additionally, UDL 
research, including Root et al. (2020), investigates how flexibility in instructional design and the 
use of multiple means of engagement, representation, and action/expression accommodate 
students with extensive support needs in mathematics classrooms. Differentiated Instruction, 
examined by Bal (2023) and others, assesses how tailoring instruction to students' readiness 
levels, interests, and learning profiles improves student achievement and attitudes toward 
mathematics. Overall, these studies (Bal, 2023; Byrd, 2016; Mburu, 2022; Root et al., 2020) show 
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that inclusive pedagogies address a wide range of student needs, from cultural inclusivity (CRT) 
to instructional flexibility (UDL) and personalisation of learning paths (DI). Each approach 
seeks to improve equity in education by providing accessible and relevant learning experiences 
for all students, particularly those from underrepresented or marginalised backgrounds. 

3.4 Inclusive pedagogy implementation of reviewed studies 

In terms of implementation, the studies highlight various strategies for integrating inclusive 
pedagogies in the classroom. Culturally Relevant Teaching (CRT) is often implemented through 
curriculum redesign, where teachers incorporate culturally relevant materials and examples that 
reflect the backgrounds of their students (Mburu, 2022). Teachers also foster critical thinking 
and engage in social justice discussions, linking mathematics learning to real-world issues 
relevant to students' communities. In Universal Design for Learning (UDL), flexible curriculum 
design is central to its implementation. The study by Kusuma and Ani (2021) highlights how 
digital tools and adaptive technologies enable teachers to present mathematical concepts in 
multiple formats, thereby supporting students with diverse learning needs. Differentiated 
Instruction (DI) emphasises ongoing assessment and flexible groupings based on students' 
learning requirements. The research conducted by Prast et al. (2018) underscores the importance 
of professional development in equipping teachers to adapt their instructional strategies 
effectively, ensuring they can meet the needs of various learning profiles. 

3.5 Effectiveness of the inclusive pedagogy approaches of reviewed studies 

The reviewed studies consistently find that inclusive pedagogies improve student outcomes 
when implemented effectively. For instance, Culturally Relevant Teaching has been shown to 
enhance student engagement and academic performance by fostering a sense of belonging and 
validation (Byrd, 2016). Students in culturally responsive classrooms are more likely to perceive 
the relevance of mathematics to their own lives, which boosts motivation and achievement. 
Universal Design for Learning has been found to improve access to mathematics content for 
students with learning disabilities or other special needs (Root et al., 2020). The flexibility of 
UDL allows students to engage with content in ways that suit their strengths, leading to better 
comprehension and retention. Differentiated Instruction has demonstrated positive effects on 
student achievement and attitudes toward mathematics. Bal (2023) reports that students in DI 
classrooms outperform their peers in traditional settings, especially when instruction is tailored 
to their readiness levels and interests. This approach fosters a positive learning environment in 
which students feel supported and appropriately challenged. 

3.6 Challenges encountered with the inclusive pedagogy of reviewed studies 

Despite the promise of these inclusive pedagogies, several challenges have emerged in their 
implementation. Systemic barriers, such as a lack of institutional support and adequate 
professional development, prevent teachers from fully adopting inclusive practices. For 
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example, Byrd (2016) highlights that culturally relevant pedagogy requires teachers to possess a 
deep knowledge of their students' cultural backgrounds, which many educators lack due to 
insufficient training. A significant challenge for Universal Design for Learning (UDL) is the 
resource constraints related to access to technology and specialised teacher training. Almeqdad 
et al. (2023) note that schools with limited funding face difficulties in implementing UDL 
effectively due to the high costs of essential digital tools and instructional materials. In the case 
of Differentiated Instruction, teachers often encounter time constraints, making it difficult to 
prepare lessons that cater to the diverse needs of students (Bal, 2023). Differentiation demands 
continuous assessment and adaptation, which can overwhelm teachers who lack sufficient 
planning time or support.  

4. Lessons Learned and Recommendations 

The reviewed studies on inclusive pedagogies, namely CRT, UDL, and DI, provide critical 
perspectives on enhancing educational practices for diverse learners. One significant lesson 
learned is the importance of professional development. Continuous training equips teachers with 
the skills and confidence necessary to effectively implement CRT, UDL, and DI. Research has 
shown that ongoing professional development improves teachers' instructional strategies and 
positively impacts student engagement and achievement (Almeqdad et al., 2023; Bal, 2023). 
Another critical recommendation emphasises the need for inclusive leadership and advocacy. 
School leaders and policymakers play a vital role in promoting inclusive practices within teacher 
preparation programmes. Their support can create a conducive environment that prioritises 
inclusivity and provides the necessary resources for successful implementation (Byrd, 2016; 
Iwuanyanwu, 2023). Additionally, fostering a collaborative classroom culture is essential. 
Encouraging open communication between teachers and students allows educators to tailor 
their approaches to meet individual learning needs. Engaging students in discussions about their 
experiences and preferences can enhance the relevance of their learning (Bal, 2023; 
Kamarulzaman et al., 2022). 

The development of comprehensive assessment tools is also crucial. Schools should focus on 
creating diverse assessment methods that accurately reflect students’ understanding in inclusive 
settings. Such assessments should account for various learning styles and offer insights into the 
social-emotional impacts of teaching practices (Prast et al., 2018; Root et al., 2020). Moreover, 
leveraging technology can significantly enhance UDL implementation. Digital tools that provide 
adaptive learning experiences can help educators better meet the needs of diverse learners, 
facilitating greater differentiation in instruction (Kusumaha & Ani, 2021; Nurasiah et al., 2020). 
It is equally important to ensure equity in resource distribution across schools. Addressing 
disparities can facilitate the successful implementation of inclusive pedagogies. Targeted funding 
and interventions should prioritise schools in marginalised communities to ensure equitable 
access to high-quality education (Almeqdad et al., 2023; Mićanović et al., 2023). 
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Cultural competency training must also be a priority in teacher education. By understanding their 
students' cultural backgrounds, teachers can implement CRT more effectively, creating inclusive 
classroom environments that respect and value diversity (Mburu, 2022; Shultz et al., 2024). 
Lastly, incorporating peer mentorship and community engagement can bolster the effectiveness 
of inclusive pedagogy. Developing mentorship programmes and fostering partnerships with 
community members provide additional resources and perspectives, enriching the educational 
experience for students (Byrd, 2016; Mićanović et al., 2023). By embracing these lessons and 
recommendations, educators and institutions can significantly enhance their approaches to 
inclusive pedagogy, ultimately providing a more equitable and effective mathematics education 
for diverse learners. 

5. Conclusion 

This chapter has demonstrated that inclusive pedagogies such as Culturally Responsive 
Teaching, Universal Design for Learning, and Differentiated Instruction are vital for preparing 
mathematics teachers to meet the diverse needs of their students. These approaches enhance 
engagement, support equity, and improve mathematics achievement by valuing students’ cultural 
identities, accommodating varied learning styles, and providing personalized instruction. 
However, challenges such as resource limitations and inadequate training must be addressed to 
fully realise their potential. The broader implications are clear: adopting inclusive teaching 
practices fosters an equitable education system that empowers diverse learners to succeed. 
Moving forward, teacher training programmes must emphasise cultural competence, hands-on 
experience, and collaboration between institutions and communities. By championing inclusivity 
and equity, pre-service mathematics educators can transform classrooms into spaces where every 
student has the opportunity to thrive.  
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Conceptual Foundation for Ethnomathematics Instructional 
Design in Mathematics Teacher Preparation 

 

Abstract: Preparing mathematics teachers who can de-
liver the change we are witnessing and meet the needs of 
the future requires a concerted effort from all stakeholders 
in the mathematics education ecosystem. Such efforts 
must take into account the mediating role of culture-based 
instructional design in addressing the varying needs of in-
digenous communities, digital technology users, proposals 
from early adopters, and the expanding range of opportu-
nities provided by new and future digital technologies. 
Culture-based educational enhancements depend on how 
well researchers’ and designers’ interventions satisfy end-
users and the educational and interactional effects the 
designed tools necessitate. On this basis, this chapter 
presents a conceptual foundation for ethnomathematics 
instructional design in mathematics education by first 
elaborating on the concept of ethnomathematics and the 
framework for realistic mathematics education. This is 
followed by a focus on the role of ethnomathematics in 
mathematics teacher preparation, alongside research-

based contextual deployments of culture-based mathematics instructional design. The details of 
digital content management in instructional environments are then considered, followed by a 
presentation of empirical case studies of instructional design in teacher preparation. The 
conceptual presentation in this chapter aims to encourage researchers and practitioners in the 
field of Mathematics Education to explore the full opportunities and benefits of eth-
nomathematics instructional design. 

1. Introduction 
Education is a conscious effort by society to inculcate its existing body of knowledge, values, 
norms, science and technology into the younger generation to encourage active participation in 
society. To achieve this objective, society engages the services of educational institutions where 
children are guided through well-planned structures. Thus, one of the most urgent aims of 
education is to facilitate social and economic development while exposing learners to the 
scientific and analytical thinking skills they need to understand global issues, build a sustainable 
world, and innovate new technologies (Iji, Abah & Anyor, 2017). Present-day education that is 
desirable fosters global competence. 

The term "global competence" is used in educational research to describe a body of knowledge 
about world regions, cultures, and global issues, along with the skills and dispositions necessary 
to engage responsibly and effectively in a global environment (Longview Foundation, 2008). A 
globally competent student possesses knowledge of and curiosity about the world’s history, 
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geography, cultures, environmental and economic systems, and current international issues. 
Such a student has the language and cross-cultural skills needed to communicate effectively with 
people from other countries, understand multiple perspectives, and utilise primary sources from 
around the globe. A globally competent student is committed to ethical citizenship and cultural 
awareness. 

To help students become globally competent, it is essential that teachers possess the knowledge, 
skills, and dispositions expected of their students. In addition to these capacities, globally 
competent teachers must understand the international dimensions of their subject matter and a 
range of global issues; possess pedagogical skills to teach their students to analyse primary 
sources from around the world, appreciate multiple viewpoints, and recognise stereotyping; and 
show a commitment to assisting students in becoming responsible citizens of both the world 
and their communities (Longview Foundation, 2008). Given the era in which we live, digital 
technology appears to be the fulcrum on which progress in knowledge rests. 

Present levels of digital penetration are evolving as technology advances, making access to and 
use of Information and Communication Technologies (ICTs) an essential element for 
participation in society, democracy, and the economy. Furthermore, digital equity is the ultimate 
outcome of ongoing efforts toward digital inclusion, focusing on actions and investments to 
eliminate historical, systematic, and structural barriers that perpetuate disadvantage among 
individuals and communities. Globalisation through digital equity acknowledges the moral 
obligation to harness ICT to address the needs of disadvantaged individuals, communities, 
neighbourhoods, community-based organisations, and small businesses (Iji & Abah, 2019). This 
reality must be factored into any programme of teacher preparation. 

Thus, training teachers for the global age requires teacher educators, who are preparing future 
teachers in higher education institutions, to develop the aforementioned capacities, along with 
the knowledge, skills, and dispositions necessary for teacher candidates to acquire them 
(Longview Foundation, 2008). For mathematics teacher educators, these capacities entail a kind 
of meta-knowledge that encompasses at least some of the knowledge that mathematics teachers 
require, just as teachers of mathematics need to know more than the foundational knowledge 
required to help students learn mathematics as a school subject (Beswick & Goos, 2018). 

The extensive use of digital technology not only raises the need for skills that complement what 
computers do but also influences the relevance of science, technology, engineering, and 
mathematics in our society (Gravemeijer et al., 2017; Mncube & Olawale, 2020). Preparing 
mathematics teachers who can respond to the changes we are witnessing and meet future needs 
requires a concerted effort from all stakeholders in the mathematics education ecosystem. This 
effort must take into account the mediating role of culture-based instructional design in 
addressing the varying needs of indigenous communities, digital technology users, proposals 
from early adopters, and the expanding range of opportunities offered by new and emerging 



 

 - 155 -                                                                                                                                                  ERRCD Forum, 2025                                                                                   

digital technologies. Culture-based educational enhancements rely on how effectively 
researchers' and designers' interventions meet the needs of end users and the educational and 
interactional effects that the designed tools produce (Nouri, Spikol & Cerratto-Pargman, 2016). 
The lifecycle, therefore, must consider well-defined collaboration among mathematics teacher 
educators, mathematics teachers, and designers, particularly during the implementation of the 
artefact (Iversen & Jonsdottir, 2018). 

For digital tools aimed at amplifying the recognition that every cultural group generates its own 
mathematics, ethnomathematics instructional design must crowdsource primary resources, 
tested classroom practices, culture-based lesson templates, and other localised content from 
practising mathematics teachers. This entails context-sensitive design elements drawn from 
numerous micro-communication processes, resulting in a research-based consequences 
feedback loop, both positive and negative, expected and unexpected. 

This chapter takes a holistic view of the necessity for a sound conceptual foundation for 
ethnomathematics instructional design in mathematics teacher preparation and the necessary 
adjustments that can be made to mathematics teacher preparation schemes across different 
levels. The presentation begins with an overview of ethnomathematics, followed by a 
consideration of a framework for realistic mathematics education and an exploration of the 
dimensions of ethnomathematics in contemporary mathematics teacher preparation. The work 
also examines instances of culture-based instructional design and concludes with a discussion 
on digital content management in instructional environments, accompanied by case studies from 
empirical research. 

2. Ethnomathematics 

One of the most relevant reasons for teaching Mathematics is the consideration of Mathematics 
as an expression of human development, culture, and thought, highlighting its integral role in 
the cultural heritage of humankind. Although contemporary society places great value on a 
Western-oriented approach to science and mathematics, ethnomathematics has demonstrated 
that mathematics comprises many diverse and distinct cultural traditions, not just those emerging 
from the Mediterranean basin mathematics tradition (Rosa & Orey, 2010). Mathematical 
thinking has been influenced by the vast diversity of human characteristics, such as languages, 
religions, morals, and economic, social, and political activities. In view of these multidimensional 
influences, humans have developed logical processes related to universal needs to quantify, 
measure, model, and explain, all operating within different socio-historical contexts (Abah & 
Chinaka, 2024). 

Since each cultural group has its own way of doing Mathematics, the connections often come 
to represent a given cultural system, particularly in the manner in which they quantify and use 
numbers, geometric forms and relationships, and measure or classify objects in their own 
environment. Rosa and Orey (2010) state that for all these reasons, each cultural group has 
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developed its unique way of mathematizing its own realities. In this sense, D’Ambrosio (2001a) 
defines Ethnomathematics as the Mathematics practiced by cultural groups, such as urban and 
rural communities, groups of workers, professional classes, children in a group, indigenous 
societies, and numerous other groups identified by the objectives and traditions common to 
these groups. In simple terms, ethnomathematics is used to express the relationship between 
culture and mathematics. 

The everyday life of groups, families, tribes, communities, associations, professions, and nations 
occurs in different regions of the planet, in various ways and at different paces, with the 
individuals within them sharing knowledge such as language, systems of explanation, myths and 
legends, customs, and culinary habits. The behaviours of members are made compatible with 
and subordinated to value systems agreed upon by the group, thereby forming a culture. In 
sharing knowledge and aligning behaviours, the characteristics of a culture are synthesised 
(D’Ambrosio, 2001a). Essentially, the distinct way of doing (practice) and knowing (theory) that 
characterises a culture is part of the shared knowledge and behaviours that have become 
compatible. 

Everyday life is imbued with the knowledge and practices of a culture. At all times, individuals 
are comparing, classifying, quantifying, measuring, explaining, generalising, inferring, and, in 
some way, evaluating, using material and intellectual instruments that belong to their culture 
(D’Ambrosio, 2001a). These individuals are actively employing the arts or techniques of 
explaining, understanding, and coping with their environments that they have learned in their 
cultural settings. This inherited knowledge of their cultural group constitutes the 
ethnomathematics of the group (D’Ambrosio, 1994). 

3. The Framework for Realistic Mathematics Education (Freudenthal, 1968) 

Realistic Mathematics Education (RME) is a domain-specific instructional framework for 
mathematics. Essentially, RME emphasises the importance of rich, “realistic” situations in the 
learning process. These situations serve as a source for initiating the development of 
mathematical concepts, tools, and procedures, and as a context in which learners can later apply 
their mathematical knowledge, which gradually becomes more formal and general, and less 
context-specific. Although “realistic” situations, in the sense of “real-world” contexts, are 
important in RME, the term “realistic” has a broader connotation here. 

The foundation of Realistic Mathematics Education (RME) is credited to Hans Freudenthal 
(1905–1990), a mathematician born in Germany who became a Professor of Pure and Applied 
Mathematics and the Foundations of Mathematics at Utrecht University in the Netherlands in 
1946. Later in his career, Freudenthal (1968, 1973, 1991) became interested in mathematics 
education and advocated for teaching mathematics that is relevant for learners, conducting 
thought experiments to explore how learners can be given opportunities for the guided re-
invention of mathematics. 
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One of the foundational concepts of RME is Freudenthal’s idea of mathematics as a human 
activity. For him, mathematics is not a static body of knowledge but the activity of solving 
problems and seeking new problems. More broadly, it is the activity of organising elements from 
reality or mathematical concepts, which he referred to as “mathematization” (Freudenthal, 
1968). This activity-based interpretation of mathematics has significant implications for how 
mathematics education is conceptualised. Specifically, it influences both the goals of 
mathematics education and the teaching methods employed (Van den Heuvel-Panhuizen, 2003). 
According to Freudenthal (1968, 1971, 1973), mathematics can best be learned by doing, and 
mathematization is the core goal of mathematics education. Rather than presenting mathematics 
as a ready-made product, the objective should be to engage learners in mathematics as an activity. 
Thus, similar to how the mathematical activities of mathematicians have shaped mathematics as 
it is known today, the activities of learners should lead to the construction of mathematics, 
effectively allowing them to invent mathematics (Gravemeijer, 2008). 

The tenets of RME distinguish between two ways of mathematizing in an educational context, 
namely “horizontal” and “vertical” mathematizing. In the case of horizontal mathematizing, 
mathematical tools are employed to organise and solve problems situated in daily life. Vertical 
mathematizing, in contrast, refers to various reorganisation and operations undertaken by 
learners within the mathematical system itself. According to Freudenthal (1991), to mathematize 
horizontally means to transition from the world of life to the world of symbols, while to 
mathematize vertically involves movement within the world of symbols. The latter implies, for 
instance, making shortcuts, discovering connections between concepts and strategies, and 
utilising these findings (Van den Heuvel Panhuizen, 2003). In RME, emphasis is placed on the 
notion that both forms of mathematizing hold equal value and can occur at all levels of 
mathematical activity. 

Essentially, ethnomathematics as a programme of mathematics education highlights the 
importance of providing realistic situations within the instructional process. The design of 
ethnomathematics instruction serves as a means to project the mathematical concepts and 
knowledge embedded in learners' real lives and cultural practices. Frequent references to the 
history of mathematics and storytelling within developed instructional tools present problem 
situations that learners can envision and relate to as experientially real (Abah, Iji & Abakpa, 
2018). The content coverage of digital tools designed on this foundation aims to humanise 
mathematics for users, guiding them in ways to re-invent Mathematics for themselves. 

In terms of mathematization, the educational products developed within the scope of 
ethnomathematics instructional design are tools that can be creatively utilised to organise and 
solve problems situated in students’ daily lives. This makes the platform an indispensable 
companion for teachers engaging in horizontal mathematization. For instance, the blog articles, 
lesson plans, adaptable classroom activities, and ethnomathematics forum provided by a web-
based ethnomathematics repository have been shown to assist mathematics teachers in 
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seamlessly transitioning from the world of life to the world of mathematical symbols (Abah, Iji, 
Abakpa & Anyagh, 2021; Abah, 2024). The engaging activities available on the platform 
demonstrate that Mathematics is best learned by doing mathematics.By building on the reality 
principle of Realistic Mathematics Education, Abah, Iji, Abakpa, and Anyagh (2021) and Abah 
(2024) designed the Ethnomathematics Instructional Content Repository to present resources 
that encourage mathematics teachers to start from problem situations that are meaningful to 
students and are derived from the learners’ rich cultural contexts. This approach allows students 
to move from context-related situations to constructing practical mathematical strategies, 
progressing through a spiral of intertwined curricular content to achieve success. In learning and 
doing mathematics, technology in the form of real-world interfaces, such as the 
Ethnomathematics Instructional Content Repository, can assist students with problem-solving, 
support the exploration of mathematical concepts, provide dynamically linked representations 
of ideas, and encourage general metacognitive abilities such as planning and checking (Barkatsas, 
2004). The adaptable teaching templates available from the repository can aid mathematics 
teachers in providing the necessary guided re-invention and group discussions that will develop 
students’ conceptual understanding, procedural fluency, strategic competence, adaptive 
reasoning, and productive disposition (Kilpatrick & Findell, 2001). Consequently, culture-based 
digital tools mediate for practising mathematics teachers the process of constructing knowledge, 
with an emphasis on pupils’ hands-on activities and everyday life. 

4. Ethnomathematics in Mathematics Teacher Preparation 

Ethnomathematics requires a dynamic interpretation because it describes concepts that are 
neither rigid nor singular, namely "ethno" and "mathematics" (D'Ambrosio, 1987). The term 
"ethno" encompasses all the elements that constitute the cultural identity of a group: language, 
codes, values, jargon, beliefs, food, dress, habits, and physical traits. Mathematics expresses a 
broad view of itself, which includes ciphering, arithmetic, classifying, ordering, inferring, and 
modelling (D’Ambrosio, 1987). Many educators may be unfamiliar with the term; however, a 
basic understanding of it allows teachers to expand their mathematical perceptions and instruct 
their students more effectively. 

Teachers, and the public in general, do not commonly acknowledge the connection between 
mathematics and culture (D’Ambrosio, 2001b). When teachers do recognise a connection, they 
often engage their students in multicultural activities merely as a curiosity. Such activities 
typically refer to a culture’s past and to cultures that are very remote from those of the children 
in the class. This situation arises because teachers may not understand how culture relates to 
children and their learning. An important component of mathematics teacher preparation today 
should be to reaffirm, and in some instances restore, the cultural dignity of children 
(D’Ambrosio, 2001b). Although multicultural mathematics activities are important, they should 
not be our ultimate goal. As students engage in multicultural mathematical activities that reflect 
the knowledge and behaviours of people from diverse cultural environments, they may not only 
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learn to value mathematics but, just as importantly, develop a greater respect for those who are 
different from themselves. 

To acquire requisite skills while maintaining cultural dignity and be prepared for full participation 
in society requires more than what is offered in a traditional curriculum. Much of today’s 
curriculum is so disconnected from the child’s reality that it is impossible for the child to be a 
full participant in it (D’Ambrosio, 2001b). The mathematics taught in many classrooms has 
practically nothing to do with the world that the children are experiencing. Just as literacy has 
come to mean much more than reading and writing, mathematics must also be considered as 
more than, and indeed different from, counting, calculating, sorting, or comparing. Considering 
that today’s children live in a civilisation dominated by mathematically based technology and 
unprecedented means of communication, it is safe to assert that much of the content of current 
mathematics programmes does little to help students learn the information and skills necessary 
to function successfully in this new world. 

The goal of Mathematics Education should be to foster students’ ability to successfully use 
modern technology to solve problems and communicate their thinking and answers while 
gaining an awareness of the capabilities and limitations of technological instruments. The school 
system can help learners realise their full mathematical potential by acknowledging the 
importance of culture to the identity of the child and how culture affects the way children think 
and learn. Children must be taught to value diversity in the mathematics classroom and to 
understand both the influence that culture has on Mathematics and how this influence results in 
different ways in which mathematics is used and communicated (D’Ambrosio, 2001b). Such 
understanding is gained through the study of ethnomathematics. 

As a programme, ethnomathematics studies the cultural aspects of Mathematics. It 
acknowledges that there are different ways of doing Mathematics by considering the 
appropriation of academic mathematical knowledge developed by various sectors of society, as 
well as the different modes in which various cultures negotiate their mathematical practices. 
Ethnomathematics researchers investigate how different cultural groups comprehend, articulate, 
and apply ideas, procedures, and techniques identified as mathematical practices (Rosa & Shirley, 
2016). These mathematical practices refer to forms of Mathematics that vary as they are 
embedded in cultural activities. Ethnomathematics presents the mathematical concepts of the 
school curriculum in a way that relates these concepts to the cultural backgrounds of students, 
thereby enhancing their ability to make meaningful connections and deepening their 
understanding of Mathematics. 

Development within the field of ethnomathematics represents a methodology for ongoing 
research and analysis of the processes that transmit, diffuse, and institutionalise mathematical 
knowledge, ideas, processes, and practices that originate from diverse cultural contexts 
throughout history. This context has enabled the development of six important dimensions of 
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ethnomathematics, which are interrelated and aim to analyse the socio-cultural roots of 
mathematical knowledge. Rosa and Shirley (2016) summarise the six dimensions as follows:  

• Cognitive: This dimension concerns the acquisition and dissemination of mathematical 
knowledge across generations. Mathematical ideas such as comparison, classification, 
quantification, measurement, explanation, generalisation, modelling, and evaluation are 
understood as social, cultural, and anthropological phenomena that trigger the 
development of knowledge systems elaborated by members of distinct cultural groups. 
In this regard, it is not possible to evaluate the development of cognitive abilities apart 
from social, cultural, economic, environmental, and political contexts. 

• Conceptual: The challenges of everyday life provide members of distinct cultural groups 
with the opportunity to answer existential questions by creating procedures, practices, 
methods, and theories based on their representations of reality. These actions constitute 
a fundamental basis for the development of essential knowledge and decision-making 
processes. Survival depends on immediate behaviour in response to routines inherent to 
the development of group members. Thus, mathematical knowledge emerges as an 
immediate response to the needs for survival and transcendence. 

• Educational: This dimension does not reject knowledge and behaviour acquired 
academically, but incorporates human values such as respect, tolerance, acceptance, 
caring, dignity, integrity, and peace into the teaching and learning of Mathematics to 
humanise it and bring it to life. In this context, ethnomathematics promotes the 
strengthening of academic knowledge when students understand the mathematical ideas, 
procedures, and practices present in their daily lives. These are the main ideas of 
“nonkilling mathematics” as proposed by D’Ambroiso in his search for peace and 
transcendence. 

• Epistemological: This dimension deals with knowledge systems, which are sets of empirical 
observations developed to understand, comprehend, explain, and cope with reality. Thus, 
three questions arise regarding the evolution of mathematical knowledge in relation to 
diverse forms of generation, organisation, and dissemination: (a) how to move from ad 
hoc observations and practices to experimentation and methods; (b) how to move from 
experimentation and method to reflection and abstraction; and (c) how to proceed 
towards inventions and theories. These questions guide reflections regarding this 
evolution by considering the unique interplay between people and their own reality. 

• Historical: It is necessary to study the links between the history of mathematics and the 
reality of the learners. This dimension leads students to examine the nature of 
Mathematics in terms of understanding how mathematical knowledge is allocated in their 
individual and collective experiences. Thus, knowledge is constructed from the 
interpretations of how humanity has analysed and explained mathematical phenomena 
throughout history. This is why it is necessary to teach mathematics within a historical 
context, so students can understand the evolution of and the contributions made by other 
peoples to the ongoing development of mathematical knowledge 

• Political: This dimension aims to recognise and respect the history, tradition, and 
mathematical thinking developed by members of distinct cultural groups. It stresses the 
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importance of recognising and respecting the socio-cultural roots of others while 
reinforcing these roots through dialogue in cultural dynamism. It also aims to develop 
political actions that guide students in transitioning from subordination to autonomy, 
helping them to gain a broader understanding of their rights as citizens. 

These dimensions show that the ethnomathematics programme has an agenda that offers a 
broader view of mathematics that embraces ideas, processes, methods, and practices that are 
related to different cultural environments. This aspect leads to increased evidence of cognitive 
processes, learning capabilities, and attitudes that may direct the learning process occurring in 
our classrooms. Ethnomathematics offers an important perspective for a dynamic and globalised 
modern society that recognises that all cultures and all people develop unique methods and 
explanations that allow them to understand, act, and transform their own reality. The need to 
imbibe this perspective in present-day mathematics instructional design cannot be 
overemphasised. 

5. Culture-based Mathematics Instructional Design 

Culture is a learned behaviour consisting of thoughts, feelings and actions and is transferred in 
social interaction (Vanio, Walsh & Varsaluoma, 2014). Within every culture, there exists 
indigenous knowledge which encompasses the complex, intergenerational and cumulative 
experiences and teachings of the indigenous peoples (Jacob, Sabzalian, Jansen, Tobin, Vincent 
& LaChance, 2018). However, many contemporary educational researchers agree that there is a 
discontinuity between the home or community culture of students and the education they 
receive in mainstream schools (Ezeife, 2011). The lack of relevance of school mathematics to 
the learners’ everyday life and culture suggests that there is a need to incorporate into the 
mathematics curriculum such cultural practices, ideas and beliefs that would connect the school 
to the community in which it exists and functions. Educators, academics and policymakers have 
called for more research that addresses gaps in understanding of culture-based Mathematics 
Education (Kanaiaupuni, 2007). 

Culture-based Mathematics Education is the teaching and learning of mathematics that takes 
into consideration the context of the learners, blending academic and vocational competencies. 
Contextualisation is based on the proposition that people learn more effectively when they are 
learning about something that they are interested in, that they already know something about, 
and that affords them the opportunity to use what they already know to figure out new things 
(Epper & Baker, 2009 and CUNY, 2003). The use of locally relevant contexts—situations and 
phenomena that have local and personal meaning to students and teachers for whom a curricular 
product is designed—provides access to educational and social participation and opportunity at 
multiple levels of practice (Ebby et al., 2011). In other words, Culture-based Mathematics 
Education, in addition to attending to academic goals, must take seriously the ways students’ 
experiences are structured by policies, institutions and societal practices and work with students 
to confront them. 
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Evidently, new tools and media can be extremely helpful to many mathematics teachers who 
would otherwise struggle to provide culture-based mathematics instruction. If schools are to 
provide such forms of instruction effectively and at scale, they will require a new technology 
infrastructure such as e-learning and other digitally designed tools (Dede, 2014). E-learning can 
be defined as the use of computer and Internet technologies to deliver a broad array of solutions 
to enable learning and improve performance (Ghirardini, 2011). However, e-learning is a cultural 
artefact and, as such, it is infused with characteristics that reflect those of the designing culture. 
In other words, any e-learning application will possess characteristics that reflect the culture of 
its originators and users, from the types of pedagogies they prefer to their cultural expectations 
and values (Masoumi & Lindstrom, 2009). Accepting this view that culture is an integral part of 
every instructional design makes it important to consider social and cultural differences in 
designing and providing mathematics education and instruction. 

Bringing culture to the nexus of discussions and enactments (that is, what people do and how 
they do it) in designing e-learning and seeking to align teaching and instruction to the cultural 
contexts of ethnically diverse learners challenges mainstream notions of teaching and learning 
(Masoumi & Lindstrom, 2009). Cross-cultural design is designing technology for different 
cultures, languages, and economic standings, ensuring usability and user experience across 
cultural boundaries (Vanio, Walsh & Varsaluoma, 2014). Such a user-centred design approach 
supports the cross-cultural product development process with user-centred activities identifying 
the need for internationalisation and localisation. 

In the field of instructional technology, “development” has a somewhat unique connotation. A 
typical definition views “development” as the process of translating the design specifications 
into physical form (Richey, Klein & Nelson, 2004). In other words, it refers to the process of 
producing instructional materials, interventions, and even web-based products. On this premise, 
design-based research (DBR) methods focus on designing and exploring the whole range of 
designed innovations: artefacts as well as less concrete aspects such as activity structures, 
institutions, scaffolds, and curricula (The Design-Based Research Collective, 2003). 
Interventions such as web-based educational products embody specific theoretical claims about 
teaching and learning and reflect a commitment to understanding the relationships among 
theory, designed artefacts, and practice. 

Basically, design-based research (DBR) is a process that integrates design and scientific methods 
to allow researchers to generate useful products and effective theory for solving individual and 
collective problems in education (Easterday, Lewis & Gerber, 2014). Ethnomathematics 
instructional design, like other DBR processes, consists of six (6) iterative phases in which 
designers focus on the problem, understand the problem, define goals, conceive the outline of 
a solution, build the solution, and test the solution. Following this blueprint, mathematics 
education researchers like Mosimege (2004) report outcomes of a South African programme 
that calls upon curriculum planners and implementers to incorporate indigenous knowledge 
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systems within Mathematics. The extent to which mathematical knowledge is exhibited in 
cultural villages, both by the workers and in the artefacts made, was discussed in relation to how 
these can be used in mathematics classrooms. Mosimege (2004) lists mathematical concepts 
identified in the making of a grass container and beadwork to include estimation, lines, shapes, 
patterns, and angles. 

Further design-based studies have shown that culture-based mathematics education can have 
significant positive effects for students, including improved retention, graduation rates, college 
attendance rates, and standardized test scores (Best & Dunlap, 2013). Fenyvesi, Koskimaa, and 
Lavicza (2014) show that creating visual illusions, paradox structures, and “impossible” figures 
through playful and artistic procedures holds an exciting pedagogical opportunity for raising 
students’ interest in mathematics. To anchor this, innovatively designed games were deployed 
to clarify mathematical concepts related to visual illusions, such as symmetry, perspective, and 
isometric projection (Fenyvesi, Koskimaa & Lavicza, 2014). 

Relatedly, Neel (2010) carried out a study in the culture-based mathematics instructional design 
paradigm, in which members of the Haida Role Model Programme on the islands of Haida 
Gwaii were interviewed to determine how they “Do the Math” in their daily lives. The 
programme “consists of elders, professionals and community members who go to schools and 
assist teachers in integrating Haida knowledge and perspective with the school curriculum. The 
Role Models provide a vital connection between the school district community and the Haida 
community. The outcomes of the instructional design show that the mathematical practices in 
the community life of Haida Gwaii are unique to its people, land and context. The culture-based 
intervention was useful in integrating students’ experiential mathematics with their school 
mathematics, for the purpose of helping them to be motivated and make new connections to 
improve achievement. This disposition that mathematics is useful and meaningful for the 
Indigenous students is demonstrated by showing them how traditional and contemporary 
cultural activities have many mathematical concepts embedded in them. Neel (2010) reports that 
broadly, the ability to learn mathematics increases when the students are taught skills that are 
useful for their daily functioning in the home, the workplace, and the community. A similar 
approach was used by Francoise, Mafra, Fantinato and Vandendriessche (2018) to design 
culture-based mathematics instruction involving string figure making and handcrafted calabash 
gourds, with the outcome affirming that out-of-school practices are dynamic in nature and they 
are performed along an informal-formal learning continuum. 

6. Digital Content Management in Instructional Environments 

Today’s learners have changed incrementally from those of the past due to the arrival and rapid 
dissemination of digital technology. Connected devices, social networks, educational cloud 
services and other innovations have essentially inverted relationships between learners and 
schools (Elliot, Kay & Laplante, 2016; Iji, Abah & Anyor, 2017; Iji, Abah & Anyor, 2018). 
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Today’s learners represent the first generations to grow up with this new technology, spending 
their entire lives surrounded by and using computers, video games, digital music players, video 
cameras, smartphones and all other toys and tools of the digital age (Prensky, 2001). Learners 
today are native speakers of the digital language of computers, video games and the Internet. 

These disruptive technological changes imply that teachers have to learn to communicate in the 
language and style of their students. There is also an enforced redefinition of instructional 
content. In this sense, Prensky (2001) observes that there are now two kinds of content: 
“Legacy” content and “Future” content. Legacy content includes reading, writing, arithmetic, 
logical thinking, and understanding the writings and ideas of the past and the traditional 
curriculum. Future content is to a large extent digital and technological. Evidently, present-day 
educators need to think about how to teach both legacy and future content in the language of 
the Digital Natives (Prensky, 2001). 

Digital content is referred to by one or more several terms including reusable learning objects, 
electronic records, digital assets, datasets and media assets. Basically, the term digital content is 
a general one that encompasses text, image, audio and multimedia digital files, and datasets that 
are used for the purposes of instruction, research and study (Cywin et al., 2011). These digital 
files are referred to as assets because a significant amount of time, effort and expenses goes into 
creating content, thus making the files a valuable resource. However, the value of these assets 
can only be truly realised if they are accessible to everyone who needs them, when they need 
them (Extensis, 2018). Digital materials provide many teaching and learning benefits to 
educators and students. They can be updated more quickly than traditional print materials, may 
be adapted to address students' learning differences and styles, and can offer interactive 
functions that pique learners’ interests (State Educational Technology Directors Association - 
SETDA, 2015). These advantages are particularly true of digital Open Educational Resources 
(OER), which offer a lawful pathway for tailoring and adapting content to meet a student’s 
unique learning needs. 

Digital Content Management (DCM) has been defined as a series of tasks and decisions 
surrounding the annotation, cataloguing, storage, retrieval, and distribution of digital content 
(Cywin et al., 2011). However, in light of recent technological developments, the phrase “Digital 
Content Management” has become more synonymous with software applications and enterprise 
solutions. A digital content management system is built upon a central repository that facilitates 
digital file storage, organisation, retrieval, utilisation, and reuse. Such a system is a “filing cabinet” 
containing individual files that are stored with detailed information or metadata about a digital 
asset (Frey, Williams-Allen, Vogl & Chandra, 2005). Metadata can be wrapped around 
information as a sort of digital data container. The data container is a set of categories, such as 
creation date, creator, additional versions, related files, and copyrights (Frey et al., 2005). Digital 
Content Management Systems tend to be very robust and address a many-to-many relationship 
with database objects, particularly within systems designed to aid mathematics instruction. 
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The Web-based Ethnomathematics Instructional Content Repository reported by Abah, Iji, 
Abakpa, and Anyagh (2021) and Abah (2024) is managed through WordPress. WordPress 
(WordPress.org) is a free and open-source content management system (CMS) based on PHP 
and MySQL. PHPis a server-side scripting language for creating dynamic web pages. When a 
visitor opens a page built in PHP, the server processes the PHP commands and then sends the 
results to the visitor’s browser. MySQLis an open-source relational database management system 
(RDBMS) that usesStructured Query Language (SQL), the most popular language for adding, 
accessing, and processing data in a database. MySQL is a big filing cabinet where all the content 
on a site is stored. Every time visitors go to https://villagemath.net to interact with 
ethnomathematics instructional content, they make a request that is sent to a host server (Abah, 
Iji, Abakpa, & Anyagh, 2021; Abah, 2024). The PHP programming language receives that 
request, makes a call to the MySQL database, obtains the requested information from the 
database, and then presents the requested information to the visitors through their web browsers 
(See Figure 1). 

 
Figure 1: User Pathway in WordPress 

Digital Content Management Systems are integrated processes, which can be broken down into 
three parts by function (Frey et al.., 2005): 

i. Collection: During collection, raw information is transformed into a set of content 
components. Information is created or acquired, converted into a master format (e.g. 
XML) if necessary, edited, segmented into components, and has metadata added. 

ii. Management: The management function is part of the administrative infrastructure of a 
DCM System. In general, the administrative infrastructure provides a way to keep track 
of digital assets and associated status. It is a repository used for long-term storage and 
other administrative resources. The repository is made up of database records and/or 
files that hold content and other administrative data (such as a system’s users). 

iii. Publishing: The publishing function can combine content components and other resources 
from the repository to create publications. Publications can be created in a variety of 
formats, printable or electronic (e.g. web, e-mail). They consist of components, 

http://wordpress.org/
https://villagemath.net/
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functionality, metadata, and navigation information. Content can also be published 
simultaneously in multiple formats. 

With the robustness of digital content management, delivering experiences – rather than merely 
publishing content – is an aspirational goal for educational initiatives. Elliot, Kay, and Laplante 
(2006) state that the availability of proven technologies for content and experience management 
is not a key challenge, as the technology landscape is mature and populated with choices that 
meet most intervention needs, with some categories offering digital capabilities well beyond web 
publishing. In relation to culture-based content, such systems aim to preserve cultural heritage 
and collections; popularise fine cultural landmarks; encourage information and knowledge 
sharing; invigorate cultural content and value-added services; and improve literacy, creativity, 
and quality of life (Hsu, Ke, & Yang, 2006). A knowledge management framework not only aims 
to manage knowledge assets but also to manage the processes that act upon the assets. These 
processes include developing, preserving, using, and sharing knowledge, as shown in the system 
framework in Figure 2. 

 
Figure 2: Unified Knowledge-based Content Management System Framework (Source: Hsu, Ke & Yang, 2006) 

The three components of this framework are unified content processes, an integrated 
knowledge-based content management system, and a multilayer reusable knowledge content 
structure. The first component functions as a common workflow among participants and 
projects that include knowledge content collection, digitisation, editing, organising, publishing, 
and accessing stages (Hsu, Ke & Yang, 2006). The multilayer reusable knowledge content 
structures define the spectrum of knowledge content for all participants to follow, from core 
knowledge elements to advanced and innovative elements. A core knowledge element is the 
basis of knowledge content and comprises a multimedia object and semantic metadata. 
Advanced and innovative elements are further manually authored or automatically inferred from 
existing content. The integrated knowledge-based content management system comprises the 
creation subsystem for constructing vocabulary, metadata, content, and the classification 
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hierarchy, the management subsystem, and the publishing subsystem to transfer the authored 
content into the publishing structure and web pages for all users (Hsu, Ke & Yang, 2006). 

In an instructional environment, Ghirardini (2011) relates that e-learning approaches can 
combine four (4) broad types of e-learning components. 

i. E-Learning content 

E-learning content can include simple learning resources, interactive e-lessons, electronic 
simulations, and job aids. Simple learning resources are non-interactive resources such as 
documents (Word and PDF), PowerPoint presentations, videos, or audio files. These materials 
are non-interactive in the sense that learners can only read or watch content without performing 
any other action. These resources can be quickly developed and, when they match defined 
learning objectives and are designed in a structural way, they can be a valuable learning resource 
even though they do not provide any interactivity. 

The most common approach for self-paced e-learning is web-based training consisting of a set 
of interactive e-lessons. An e-lesson is a linear sequence of screens that can include text, graphics, 
animations, audio, video, and interactivity in the form of questions and feedback. E-lessons can 
also include recommended reading and links to online resources, as well as additional 
information on specific topics. 

Simulations are also highly interactive forms of e-learning. The term “simulation” basically 
means creating a learning environment that mimics the real world, allowing the learner to learn 
by doing. Simulations are a specific form of web-based training that immerse the learner in a 
real-world situation and respond in a dynamic way to their behaviour. 

Job aids provide just-in-time knowledge. They usually provide immediate answers to specific 
questions, thus helping users to accomplish job tasks. Technical glossaries and checklists are a 
few examples of simple job aids, but they can also assist workers in complex decision-making. 

ii. E-tutoring, e-coaching, e-mentoring 

These services add human and social dimensions to learners, supporting them throughout the 
learning experience. E-tutoring, e-coaching, and e-mentoring offer individual support and 
feedback to learners using online tools and facilitation techniques. 

iii. Collaborative learning 

Collaborative activities encompass discussions and knowledge sharing, as well as working 
together on a common project. Social software, such as chats, discussion forums, and blogs, is 
utilised for online collaboration among learners. Synchronous and asynchronous online 
discussions allow learners to comment and exchange ideas about course activities, as well as 
contribute to group learning by sharing their knowledge. Collaborative project work entails 
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cooperation among learners to complete a task. Collaborative activities may include project work 
and scenario-based assignments. 

iv. Virtual classroom 

A virtual classroom is the instructional method most similar to traditional classroom training, as 
it is entirely led by an instructor. It is an e-learning event where an instructor teaches remotely 
and in real time to a group of learners using a combination of materials, such as PowerPoint 
slides and audio or video content. This format is also referred to as synchronous learning. 

7. Empirical Case Studies 

The conceptual frameworks for instructional design presented thus far have been practically 
deployed in various studies under different conditions for a wide range of teacher preparation 
purposes. Wang, Zhou, and Zou (2004) conducted a study on the Web-based Mathematics 
Education Framework (WME), which aims to create a web for mathematics education, 
empowering mathematics teachers, learning content developers, and dynamic mathematics 
computation and education service providers to deliver an unprecedented mathematics learning 
environment to students and educators. WME provides an authoring language—Mathematics 
Education Markup Language (MeML)—which works with regular browsers, simplifies page 
creation, allows systematic access to supporting WME services, and enables independently 
developed components to interoperate seamlessly. The designed MeML aims to provide an 
effective and expressive means for authoring and delivering both static and dynamic content on 
the web. The MeML Document Type Definition (DTD) defines the syntax of MeML elements. 
The prototype client-side WME Page Processor, Woodpecker, includes an XSLT processor, 
XSLT templates, and a collection of web browser plug-ins called MeML plug-ins. Translation is 
performed by an XSLT processor. The translated XHTML page may also include embedded 
event handlers (in Javascript) and references to MeML plug-ins. The WME/MeML represents 
an ambitious vision that, when fully realised, will revolutionise computing in mathematics 
education, making the presentation of mathematical symbols, equations, styles, and fonts easy 
on the web. 

In a related study, Changiz, Haghani, and Masoomi (2012) provided a report on the design and 
implementation of a web directory for medical education, creating a tool to facilitate research in 
this field. The objective was to design and implement a comprehensive, subject-specific web 
directory to ease access to medical resources online. The categories to be included in the 
directory were defined through a review of related directories and consultations with medical 
education experts in a focus group. Sources such as search engines, subject directories, databases, 
and library catalogues were searched to select and collect high-quality resources. The main 
categories indexed are journals, organisations, best evidence, and textbooks. Sub-categories and 
related resources for each category are described and linked. Despite the success of the 
implemented directory, limitations related to the inherent constraints of subject directories were 
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reported. The database size of subject directories is very small compared to search engines, 
indexed sites and resources in subject directories are typically updated with delays, there is a risk 
of overlooking potentially useful sites and resources, and the costs of maintenance and updating 
are high. 

In a study implementing a game to support learning in mathematics, Katmada, Mavridis, and 
Tsiatsos (2014) focused on the design, implementation, and evaluation of an online game for 
elementary and middle school mathematics. The two-fold aim of the effort was the development 
of a prototype for a flexible and adaptable computer game, and the evaluation of this prototype 
regarding its usability and technical aspects. In addition to the game, an administration website 
was constructed to enable educators to configure the game by altering various parameters, such 
as the content and total number of questions. The game was evaluated in real school settings 
through a pilot study involving 12 students, followed by a long-term intervention with 37 
students lasting 14 weeks. The results indicated that students had a positive opinion of the game 
and suggested that, with some enhancements, it could serve as an effective learning tool. 
Although the study suggests that game-based learning activities were well accepted and 
appreciated by the students, some encountered minor usability challenges. Specifically, “five 
students stated in their comments that they would prefer the game to be in Greek rather than 
English” (p.238), indicating a missing ethnomathematical dimension. 

A Nigerian study by Charles and Babatunde (2014) presented the design and implementation of 
a virtual classroom system focused on collaborative learning between students and tutors at 
remote locations. The various components of the system allow students to engage in group 
activities and collaborate with instructors in commonly shared windows where text, audio, or 
video objects can be added and shared online. The system was developed and hosted on the 
web using Moodle, Elluminate, WAMP server, JavaScript, MySQL, PHP, and Dreamweaver. A 
practical demonstration was conducted using an undergraduate course in the Department of 
Computer Science at the Federal University of Technology, Akure, Nigeria. Results from the 
demonstration exhibited the suitability and adequacy of the virtual classroom system. The views 
and responses of 100 students and 10 instructors from FUTA were gathered through a 
questionnaire featuring indices such as accessibility, provision of an appropriate level of 
interaction, efficiency of support for learning methods, convenience of use, usefulness for active 
learning, and aid to teaching. These indices broadly align with the criteria for evaluating the 
quality of web-based instructional environments. 

The study by Abah, Iji, Abakpa, and Anyagh (2021) adopted a developmental research design to 
systematically build and evaluate an educational intervention as a solution to complex problems 
in mathematics education practice. This development was achieved using WordPress Version 
5.4, hosted online at https://villagemath.net on a Linux OS server running cPanel v80.p (Build 
20), Apache Version 2.4.39, PHP Version 5.6.40, and MySQL Version 5.7.26. The study 
examined common web metrics, key performance indices, and quality assessment in terms of 
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content, navigation, structure, appearance, and uniqueness of the designed web tool. The results 
yielded a positive pattern of common web metrics for the designed web tool, indicating that the 
platform appeals to a wide range of users. Key performance indicators such as speed index, page 
size, and last painted hero affirmed that the platform is robust, elegantly designed, and fast. The 
outcomes from Abah, Iji, Abakpa, and Anyagh (2021) demonstrated that culture can indeed 
become an integral part of every aspect of instructional design, making it important to consider 
social and cultural peculiarities in planning and delivering mathematics instruction. The Web-
based Ethnomathematics Instructional Content Repository has humanised mathematics for 
users and provided a reservoir of resources for training students in conceptual understanding, 
procedural fluency, strategic competence, adaptive reasoning, and productive disposition.  

The context of presenting a culture-based mathematics education repository is expected to be 
structured in culturally appropriate ways, making learning meaningful and relevant through 
culturally grounded content and assessment. The system must also gather and maintain data to 
ensure progress in culturally responsible ways. On these premises, Abah (2024) undertakes a re-
examination of an earlier designed web tool to present the outcomes of the structural quality 
assessment of the VillageMath educational intervention for mathematics teachers. The analysis 
of the results affirmed the structural quality of VillageMath, indicating that mathematics teacher 
educators in institutions of higher learning can continue to use the platform as a dependable 
tool for voicing narratives across the field of ethnomathematics. The forum available on the 
platform can be utilised by these experts in mathematics education to communicate their 
development of state-of-the-art pedagogies for the field, particularly in extending narratives of 
African indigenous knowledge systems. 

8. Conclusion 

The deliberations of this chapter have highlighted the existing gap in the literature regarding the 
incorporation of cultural competence and diversity training in teacher preparation programmes. 
The review has adequately showcased the potential of culture-based mathematics instructional 
design in integrating culturally responsive teaching practices, addressing implicit biases, and 
promoting equity and social justice in mathematics education. The diverse case studies cited in 
the discussion underscore growing efforts in the instructional design community to project the 
cultural significance of mathematical abstractions as they emerge and are used in the everyday 
lives of learners. Teacher preparation programmes in higher education institutions must 
inculcate the intricacies and richness of the culture-based approach in the delivery of the 
mathematics education curriculum. Early exposure of trainee teachers to available digital 
platforms for mathematics instruction delivery is key. Projects that seek to integrate cultural 
dimensions into mathematics problem-solving must be encouraged during mathematics teacher 
preparation, thereby laying a practical foundation for pre-service mathematics teachers to 
translate adopted culture-based paradigms into actionable instructional experiences for learners 
when they enter the field of practice. 
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This chapter has advocated for mathematics education instructional design that is rooted in the 
everyday lives of learners, with the hope of demystifying the subject of mathematics across all 
school levels. To achieve seamless technology-based mathematics teaching and learning, 
mathematics teachers must be properly trained in the content, pedagogy, and technology of 
mathematics instructional delivery that considers the culture of the learners. This approach 
serves not only to improve academic outcomes in mathematics but also to preserve the cultural 
heritage of the learners. The body of research reviewed in this chapter has affirmed the feasibility 
of using digital technology to blend culture-based mathematics education within mathematics 
teacher preparation programmes. 

Despite the elegance of the conceptualisation discussed in this chapter, there must be a 
concerted effort by practitioners, in-service and pre-service mathematics teachers, educational 
policymakers, and the indigenous communities served by schools to translate tested templates 
into fruitful realities. Further research into understanding how the elements of 
ethnomathematics instructional design affect the effectiveness of pre-service teachers in diverse 
classrooms is of utmost importance. Future studies may explore the prospects of integrating 
specific folklore of indigenous communities into mathematics instructional design. Additional 
studies may test unique culture-based interventions within quasi-experimental setups to interpret 
the efficacy of the conceptual foundation documented in this chapter. 
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The field of  mathematics teacher preparation is at a pivotal moment in its evolution. As 
educational landscapes continue to shift, there is an urgent need for research and 
pedagogical strategies that embrace inclusivity, social justice, and innovation in teacher 
training. This edited volume presents a comprehensive exploration of  contemporary 
challenges and solutions in preparing mathematics educators for diverse and dynamic 
classrooms. Incorporating perspectives from scholars across various contexts, this book 
provides invaluable resources for educators, policymakers, and researchers committed to 
improving mathematics instruction at all levels.

This book comprises ten chapters, each addressing a critical aspect of  mathematics teacher 
education, including equity and social justice, self-efficacy, culturally relevant pedagogy, 
technological integration, and sustainable educational practices. Through a blend of  
empirical research and theoretical discourse, the contributors highlight the evolving nature 
of  teacher preparation and the necessity of  equipping future educators with the skills and 
mindsets required to navigate complex learning environments. Therefore, foregrounding 
issues of  diversity and inclusion, this book underscores the transformative potential of  
effective teacher preparation in fostering equitable educational outcomes.

Hence, the book serves as both a catalyst for meaningful change and a reference point for 
future research in mathematics teacher education. As readers engage with the insights 
presented in these chapters, they are invited to reflect on how these perspectives can inform 
their own practices and policies. The collective responsibility is to ensure that mathematics 
education remains a space where every learner can thrive, and it is inspired that this book 
contributes meaningfully to that mission.
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