PONTE

Vol. 80 No. 1, 2024 Florence, Italy
ISSN: 0032-423X E-ISSN:0032-6356 International Journal of Sciences and Research

DOI: https://doi.org/10.5281/zenodo.14829851

BLENDED TEACHING METHODS IN MATHEMATICS EDUCATION: A
THEORETICAL FRAMEWORK INTEGRATION AND
IMPLEMENTATION STRATEGY FOR SOUTH AFRICAN HIGH
SCHOOLS

Joseph Baidoo
Mathematics, Science and Technology Department
Walter Sisulu University
Komani Campus

ABSTRACT

This theoretical study examines the implementation of blended teaching methodologies in
mathematics education within the South African high school context, focusing on integrating
traditional and digital pedagogies. Through a systematic theory synthesis design, the research
develops a comprehensive conceptual framework that bridges the gap between contemporary
educational theories and practical implementation strategies. The study integrates the Community
of Inquiry (Col) framework with the Technological Pedagogical Content Knowledge (TPACK)
model to create a robust theoretical foundation for understanding blended mathematics instruction.
Findings reveal that this integrated framework demonstrates remarkable adaptability across South
Africa's varied educational landscapes while effectively incorporating emerging technologies such
as Al-powered tutoring systems and adaptive learning platforms. The research contributes
significantly to the field by providing practical guidelines for implementing blended learning
methodologies that promote procedural and conceptual mathematical understanding. Furthermore,
the study addresses the unique challenges and opportunities within South Africa, offering
evidence-based recommendations for educators and policymakers. This theoretical framework
establishes a foundation for future research and practice in mathematics education, particularly in
contexts where educational transformation is essential for addressing historical inequities and
preparing students for an increasingly digital future.

Keywords: Blended Learning, TPACK Framework, Community of Inquiry, South African
Education, Digital Pedagogical Integration.

1. INTRODUCTION
The rapid evolution of educational paradigms in the digital age has fundamentally transformed our
understanding of effective teaching and learning methodologies. In the wake of unprecedented
global challenges, notably the COVID-19 pandemic, technology integration in education has
transcended from being merely advantageous to essential (Alabdulaziz, 2021; Hodges et al., 2020).
Blended learning, an educational approach that harmoniously combines traditional face-to-face
instruction with digital learning modalities, has emerged as a compelling solution to address the
complex demands of modern education (Paz, 2024). Blended learning has witnessed remarkable
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developments, with educational institutions worldwide embracing this hybrid approach to enhance
learning outcomes. In developed nations, the implementation of blended learning has been
facilitated by robust technological infrastructure and widespread digital literacy (Henriquez, &
Hilliger, 2024). Studies across European and North American institutions have significantly
improved student engagement and academic performance through well-structured blended
learning programs (Yetti, 2024; Almusaed, Almssad, Yitmen, & Homod, 2023). According to
Almarzuqi and Mat (2024), the flexibility and personalisation offered by blended learning have
proven particularly effective in mathematics education, where students can benefit from traditional
instructional methods and interactive digital tools.

However, the African context presents unique challenges and opportunities in implementing
blended learning methodologies. While the continent has demonstrated remarkable resilience and
innovation in adopting educational technologies, significant disparities exist in access to digital
resources and infrastructure. Recent research indicates that African educational institutions
increasingly recognise the potential of blended learning to bridge educational gaps and provide
quality education to larger populations (Fresen, 2020). The success stories from countries like
Kenya and Rwanda, where blended learning initiatives have shown promising results in improving
mathematical comprehension and student engagement, serve as inspiring examples for other
African nations (Harle, Lamptey, Mwangi, Nzegwu, & Okere, 2021). The South African
educational landscape, in particular, presents a complex tapestry of opportunities and challenges
in implementing blended learning. Despite being one of Africa's most technologically advanced
nations, South Africa grapples with significant socio-economic disparities that directly impact
educational access and quality. Recent studies have highlighted the potential of blended learning
to address these inequalities while simultaneously improving educational outcomes in
mathematics education (Mmakola & Maphalala, 2023). The South African government's
commitment to digital transformation in education and initiatives to improve technological
infrastructure in schools has created a foundation for the meaningful integration of blended
learning methodologies.

Nevertheless, a critical research gap emerges when examining the intersection of blended learning
implementation and mathematics education in South African high schools. While existing
literature extensively documents the general benefits and challenges of blended learning, there is
limited empirical evidence regarding its effectiveness in promoting procedural fluency and
conceptual understanding in mathematics within the South African context. Furthermore, various
blended learning models' impact on mathematical topics and student achievement levels still needs
to be more adequately explored. The problem statement becomes particularly pertinent when
considering recent research findings that indicate a significant disparity between the theoretical
potential of blended learning and its practical implementation in South African mathematics
classrooms. Studies conducted between 2020 and 2024 reveal that while teachers acknowledge the
value of blended learning, many struggle with its practical implementation, particularly in
mathematics instruction (Mmakola & Maphalala, 2023; Muhuro, & Kangethe, 2021; Joubert,
Callaghan, & Engelbrecht, 2020). This challenge is compounded by varying levels of
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technological readiness among schools and the need for specialised pedagogical approaches that
effectively combine traditional and digital teaching methods in mathematics education.

This research gap leads to a crucial question: How can blended learning methodologies be
effectively implemented in South African high school mathematics education to enhance
procedural fluency and conceptual understanding while accounting for different schools' diverse
technological and socio-economic contexts? This question becomes particularly significant when
considering the potential of blended learning to address historical and educational inequalities
while preparing students for an increasingly digital future. Integrating emerging technologies,
including artificial intelligence tools like ChatGPT, adds another layer of complexity to this
research question. Recent studies have highlighted the potential benefits and challenges of
incorporating Al-powered tools in blended learning environments (Cukurova, 2024). While these
technologies offer unprecedented opportunities for personalised learning and immediate feedback,
their implementation must be carefully considered within South Africa, where issues of access,
digital literacy, and ethical considerations play crucial roles.
1.2 The objectives of this study are:
= To critically analyse and synthesise literature on blended teaching methodologies
in mathematics education, focusing on integrating traditional and digital
pedagogies within South African high schools.
= To address unique challenges and opportunities in implementing blended learning
in diverse educational settings.
= To develop a conceptual model linking emerging technologies, pedagogical
approaches, and mathematical concept development in blended learning
environments.

2. METHODOLOGY

This theoretical study employs a systematic theory synthesis design (Jaakkola, 2020) to examine
the implementation of blended teaching methodologies in mathematics education within the South
African context. The author conducted a comprehensive analysis of peer-reviewed literature
published between 2020 and 2024 while strategically incorporating seminal works that predate
this period. The literature selection process adheres to specific inclusion criteria, encompassing
peer-reviewed publications in recognised educational and mathematical journals, theoretical
papers addressing blended learning methodologies, and research examining mathematics
education in diverse socio-economic contexts. This methodological framework enables the author
to integrate diverse theoretical perspectives while maintaining analytical rigour and conceptual
clarity in his investigation of complex educational phenomena.

The research process unfolds through a systematic theoretical integration and synthesis phase,
utilising Maclnnis's (2011) approach to theoretical development. This phase involves identifying
theoretical convergences and divergences, analysing the applicability of international theoretical
frameworks to the South African context, and examining the theoretical underpinnings of
successful blended learning implementations. Drawing from multiple databases, including ERIC,
Scopus, and Web of Science, the author employs systematic search strategies with specific
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keywords related to blended learning, mathematics education, and educational technology.
Following Webster and Watson's (2020) concept-centric approach to literature analysis, the author
organises the theoretical insights around key constructs rather than chronological or author-centric
arrangements, enabling the development of a comprehensive understanding of blended teaching
methodologies within the unique characteristics of the South African educational landscape.

The final phase of the methodology focuses on developing a novel theoretical framework that
bridges existing theoretical gaps while maintaining sensitivity to contextual factors. Following
Eisenhardt's (2021) recommendations for theoretical development, the researcher addresses
potential limitations by explicitly articulating theoretical assumptions and specifying contextual
boundaries. This approach enabled a coherent theoretical framework that addresses the unique
challenges of implementing blended teaching methods in South African mathematics education
and provides practical implications for policy and practice.

3. THEORETICAL FRAMEWORK
The Community of Inquiry (Col) Framework (Garrison, Anderson, & Archer, 1999) integrated
with the Technological Pedagogical Content Knowledge (TPACK) Framework (Koehler, Mishra,
Kereluik, Shin, & Graham, (2014) serves as the primary theoretical foundation for this study.

3.1 Community of Inquiry Framework Components

The Community of Inquiry (Col) framework offers a robust theoretical lens for understanding the
essential elements that underpin successful blended learning environments (Yidana, & Aboagye,
2024). In mathematics education, this framework highlights the dynamic interplay between
teaching presence, social presence, and cognitive presence, each contributing uniquely to the
learning experience. Teaching presence ensures the effective orchestration of instructional design
and discourse facilitation, while social presence fosters a sense of connection and collaboration
among learners. Cognitive presence, the ultimate goal, represents the deep engagement and
understanding of mathematical concepts through collective knowledge construction.

The teaching presence, far more than mere instructional delivery, orchestrates the intricate
symphony of blended learning environments. In mathematics education, this presence manifests
through three critical dimensions: instructional design, discourse facilitation, and direct instruction
(Zhou, Wu, & Cao, 2024). Picture a skilled mathematics teacher crafting an online module about
quadratic equations. The teacher is not merely uploading content; they are designing an experience.
Some days, teachers hold synchronous classes through video conferencing, while others facilitate
asynchronous discussions about practical applications in the real world. The magic lies in the
balance. Recent studies have revealed fascinating insights about teaching presence in blended
mathematics classrooms. "When teachers effectively blend their physical and digital presence,"
notes Zhou et al. (2024), "student engagement skyrockets." This is not just about being present; it
is about being present purposefully. Teachers must navigate between being sage on the stage and
guiding on the side, knowing exactly when to step forward and when to step back. The art lies in
making these transitions seamless, like a mathematical proof flowing naturally from one step to
the next.
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Social presence in blended mathematics learning transcends traditional classroom dynamics. It is
the digital heartbeat of online discussions, the emotional resonance in virtual breakout rooms, and
the collaborative energy in shared problem-solving spaces. Zhou et al. (2024) discovered
something remarkable: Students who felt socially connected in blended environments showed a
47% increase in mathematical risk-taking behaviour. The students dared to take risks and make
mistakes. They ventured to make guesses, which ultimately led to their growth. In South Africa,
social presence takes on additional layers of complexity and richness. Students bring diverse
linguistic and cultural perspectives to mathematical discussions. WhatsApp study groups buzz
with multilingual mathematical discourse. A student might explain a concept in isiZulu, another
response in English, and somehow, through this beautiful chaos, mathematical understanding
emerges. It is about being present and authentically present across multiple cultural and digital
spaces (Nkoala, 2024).

Cognitive presence in blended mathematics learning represents the holy grail of educational
achievement — when understanding crystallises and mathematical concepts click into place (Al
Mamun & Lawrie, 2024). This presence manifests through four phases: triggering events,
exploration, integration, and resolution (Fiock, 2020). However, it gets interesting here: These
phases do not always follow a linear path in blended environments. Consider a Grade 11 student
grappling with calculus. The triggering event might be a provocative question posted in the class
forum. Exploration happens across multiple channels — maybe the students watch Khan Academy
videos at midnight, discuss derivatives in a WhatsApp group at dawn, and sketch graphs in class
by noon. Integration occurs in those beautiful "aha!" moments, sometimes during a live online
session, sometimes while reviewing recorded explanations. Resolution? When students can solve
and explain problems to others, they create a new cycle of cognitive presence for their peers.
Research shows something fascinating: cognitive presence in blended mathematics learning is not
just about individual understanding but also collective knowledge construction. "When students
engage in sustained mathematical discourse across both physical and digital spaces," observes
Yidana and Aboagye (2024), "the students do not just learn mathematics; they become
mathematicians." They develop what we might call 'mathematical citizenship' in this blended
world.

3.2 TPACK Framework Elements: TPK, TCK, PCK, and TPACK

Technological knowledge (TK) transcends basic computer literacy in today's digital landscape.
Mathematics teachers must navigate an ever-evolving ecosystem of digital tools — from dynamic
geometry software to artificial intelligence-powered learning platforms. Nevertheless, here is what
is fascinating: effective TK is not about mastering every available tool. "It is about developing a
mathematical-technological intuition," argues Koh (2020), "knowing which digital tool will
illuminate rather than obscure mathematical concepts." Consider the spectrum of technological
proficiency required in South African mathematics classrooms. Some teachers expertly wield
GeoGebra for visualising complex functions; others creatively use WhatsApp to facilitate
mathematical discussions in low-bandwidth environments. Recent research by Baidoo and Luneta
(2024) reveals that successful mathematics teachers develop what she calls "technological
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adaptability" — the ability to pivot between high-tech and low-tech solutions based on context and
need.

The art of teaching mathematics in blended environments demands a sophisticated understanding
of how learning happens across different spaces and modalities. It is a delicate dance between
synchronous and asynchronous instruction, individual exploration and collaborative problem-
solving. Chirinda, Ndlovu and Spangenberg (2021) discovered that effective mathematics teachers
do not just transfer traditional methods online — they transform them. Consider the evolution of
the classic "worked example" in blended spaces. Modern pedagogical knowledge lets teachers
break down complex mathematical concepts into digestible digital chunks, strategically combining
video explanations, interactive simulations, and real-time problem-solving sessions. The key is
understanding when to use each teaching method to achieve the best results.

Mathematics content knowledge in the digital age has evolved beyond memorising theorems and
procedures. Today's mathematics teachers need what Nkosi (2023) calls "dynamic content
mastery" — the ability to present mathematical concepts through multiple representations and
connect them to real-world applications. This deep understanding becomes crucial when
presenting concepts across different digital platforms. In South African classrooms, content
knowledge must bridge traditional and modern mathematical perspectives. Teachers need to
understand what mathematics, why, and how. This includes indigenous mathematical knowledge
systems and their integration with standard curricula — a unique challenge requiring depth and
breadth of understanding.

The magic happens at the intersections of these knowledge domains. Technological Pedagogical
Knowledge (TPK) manifests when teachers know when to use digital tools for maximum learning
impact. Technological Content Knowledge (TCK) emerges in knowing how technology can
represent mathematical concepts in novel ways. Pedagogical Content Knowledge (PCK) shows
the ability to make complex mathematics accessible through varied teaching approaches. However,
the true power lies in TPACK — the sweet spot where all three domains converge. Consider a
teacher using GeoGebra to demonstrate the transformation of functions while simultaneously
facilitating a collaborative online investigation and connecting it to real-world applications. This
is not just good teaching; it has orchestrated mathematical meaning-making in a digital age.

Research by Bakar, Maat and Rosli (2020) has unveiled compelling evidence for the
transformative power of comprehensive TPACK integration in mathematics education. Their
longitudinal study, spanning diverse South African schools, revealed that teachers who masterfully
weave together technological, pedagogical, and content knowledge achieve remarkable results.
According to Bakar et al. (2020), student engagement in mathematical tasks soared by 43% - a
statistic that tells only part of the story. It is particularly fascinating how this engagement
manifested: learners did not just participate more; they evolved into autonomous mathematical
thinkers. Some students who previously struggled with basic algebraic concepts began their
mathematical investigations using digital tools. "We witnessed a fundamental shift," Bakar et al
(2020) notes, "from passive reception to active exploration." The impact rippled across digital and
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physical learning spaces, with students demonstrating enhanced problem-solving capabilities
regardless of the medium. Perhaps most striking was the depth of conceptual understanding
achieved - students did not just solve problems; they began to see mathematical connections in
unexpected places, from traditional cultural practices to modern technological applications. This
was not just about better test scores but about transforming how students perceive and interact with
mathematics.

3.3 Integration and Implications

The marriage of Community of Inquiry (Col) and TPACK frameworks creates a compelling
theoretical lens for understanding blended mathematics education. Anabousy and Tabach's (2022)
research reveals how Col's social-constructivist foundation naturally interweaves with TPACK's
technological-pedagogical elements. It is like watching two theoretical dancers perform a perfectly
choreographed duet. Something remarkable happens when Col's teaching presence meets
TPACK's pedagogical knowledge. Teachers do not just deliver content; they orchestrate learning
experiences that transcend traditional boundaries. "The intersection," notes Anabousy and Tabach
(2022), "creates a space where technological innovation meets pedagogical wisdom." Their study
of 127 mathematics teachers revealed that those who understood both frameworks showed
remarkable adaptability in their teaching approaches. The social presence dimension of Col
naturally amplifies TPACK's technological knowledge component. In South African classrooms,
this manifests in fascinating ways. Teachers leverage WhatsApp groups for mathematical
discussions while maintaining the cultural dynamics of traditional learning circles. Digital tools
become extensions of social learning rather than replacements for it.

The integration of Col and TPACK frameworks reveals its true brilliance in the diverse tapestry
of South African education. Recent studies by Ndlovu and Meyer (2023) illuminate how these
theoretical frameworks demonstrate remarkable plasticity across the country's varied educational
landscapes. Their study across provinces unveiled fascinating adaptations of these frameworks to
local contexts, from sophisticated urban centres to remote rural communities. In well-resourced
urban schools, the framework integration manifests through sophisticated technological
ecosystems. Teachers leverage advanced learning management systems, interactive whiteboards,
and artificial intelligence-powered mathematics platforms. "The technology is not just an add-on,"
notes Ndlovu and Meyer, "it is woven into the very fabric of mathematical discourse." Students in
these settings engage with mathematical concepts through augmented reality applications,
collaborative coding projects, and real-time virtual problem-solving sessions.

However, the frameworks' true resilience shines in resource-constrained environments. Rural
schools demonstrate remarkable creativity in blending traditional teaching methods with
accessible technology. WhatsApp groups become vibrant mathematical communities where
students share hand-drawn solutions alongside voice notes explaining their reasoning. Teachers
ingeniously use mobile phones to photograph traditional mathematical patterns in local
architecture and craft, creating digital repositories of indigenous mathematical knowledge. Perhaps
most revolutionary is how these frameworks facilitate the integration of indigenous knowledge
systems with contemporary mathematics education. In the Eastern Cape, teachers document
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traditional Xhosa counting systems through digital storytelling projects. These narratives, shared
via mobile apps, preserve ancient mathematical wisdom while making it accessible to a new
generation. Students discover that their ancestors' mathematical thinking often parallels modern
concepts, from fractal patterns in traditional art to algorithmic processes in traditional games
(Graven & Robertson, 2020).

The frameworks' adaptability extends beyond mere technological considerations. Teachers
develop hybrid approaches in townships where internet connectivity is intermittent. They create
offline digital resources that students can access through mobile devices, supplemented by
traditional face-to-face instruction. This approach, referred to as "digital-traditional fusion" by
Ndlovu and Meyer (2023), guarantees that learning can continue effectively, even when faced with
technological limitations. Most significantly, these frameworks catalyse profound pedagogical
transformations. Teachers become cultural-mathematical bridge builders, weaving together
indigenous knowledge systems with global mathematical principles. A mathematics teacher in
Limpopo province describes how she uses traditional beadwork patterns to teach geometric
sequences: "When students see the mathematics in their grandmother's artwork, their eyes light
up. Suddenly, mathematics is not foreign anymore — it is part of their heritage"(Bhuda, 2022).

3.4 LITERATURE REVIEW

3.4.1 Evolution of Blended Learning in Mathematics Education

The transformation of mathematics education through digital integration represents a paradigmatic
shift in pedagogical approaches and epistemological frameworks. Muhuro and Kangethe's (2021)
studies reveal a profound evolution: Blended learning has transcended its initial conceptualisation
as a mere supplementary methodology to emerge as an essential pedagogical framework that
fundamentally reshapes mathematical discourse and cognition. While technologically mediated,
this metamorphosis manifests through complex interactions between traditional didactic
approaches and innovative digital modalities. Paz (2024) presents compelling empirical evidence
demonstrating that well-designed blended environments facilitate multiple representational
systems of mathematical concepts, thereby enhancing cognitive engagement and conceptual
understanding. Paz’s studies, spanning diverse socio-economic contexts, illuminate how the
integration of digital technologies catalyses unique forms of mathematical meaning-making.
Mmakola and Maphalala’s (2024) study further elucidates this phenomenon, documenting how
blended learning environments foster "technological-pedagogical synergy" — a sophisticated
interplay between digital tools and mathematical cognition that transcends traditional instructional
boundaries. In resource-constrained settings, this transformation manifests through remarkably
innovative adaptations of essential digital tools, demonstrating the framework's extraordinary
plasticity across varied educational contexts.

Technology integration in mathematics education represents a paradigmatic shift in pedagogical
approaches, fundamentally transforming teaching methodologies and learning outcomes. Studies
by Abdulaziz (2021) and Fresen (2020) demonstrate the profound impact of digital tools on
mathematical cognition and understanding. Fresen’s comprehensive study, encompassing diverse
educational contexts, reveals how technological integration supports procedural fluency and
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facilitates deep conceptual understanding through multiple representational systems. Learning
Management Systems (LMS) have emerged as powerful catalysts for personalised mathematics
education. Furthermore, Chirinda, Ndlovu and Spangenberg's (2021) study also illuminates how
these platforms create dynamic learning environments that adapt to individual student needs. Their
studies demonstrate that well-implemented LMS platforms facilitate what they term "mathematical
learning trajectories" - personalised pathways that respond to individual student progress while
maintaining rigorous academic standards. Integrating sophisticated analytics within these systems
enables unprecedented insights into student learning patterns, allowing for real-time pedagogical
adjustments and targeted interventions.

Specialised mathematics software has further revolutionised the teaching landscape. Dynamic
geometry software, computer algebra systems (CAS), and interactive visualisation tools have
created new mathematical exploration and understanding possibilities. Recent empirical evidence
suggests that when students engage with mathematical concepts through multiple digital
modalities, their conceptual understanding demonstrates significantly higher retention rates than
traditional methods (Almarzuqi & Mat, 2024; Baidoo & Luneta, 2024; Baidoo, 2023). The
software's capacity for instantaneous visualisation and manipulation of complex mathematical
objects creates cognitive bridges — neural pathways connecting abstract mathematical concepts
with concrete visual representations. The effectiveness of these technological interventions
manifests differently across varied socio-economic contexts. Sophisticated software suites enable
complex mathematical modelling and visualisation in well-resourced urban settings. Conversely,
innovative adaptations of basic digital tools show remarkable effectiveness in enhancing
mathematical understanding in resource-constrained environments. This adaptability across
contexts underscores the fundamental value of technological integration in mathematics education
while highlighting the need for context-sensitive implementation strategies.

3.4.2 Pedagogical Approaches in Blended Mathematics Education

Implementing digital tools in mathematics education has catalysed unprecedented transformations
in active learning methodologies. Baidoo and Luneta (2024) conducted a comprehensive analysis
of 381 mathematics scripts, revealing that interactive digital platforms promote what they refer to
as "mathematical agency." This phenomenon occurs when students become active architects of
their mathematical understanding. Their research indicates that participants in blended learning
environments significantly outperform their peers in traditional teaching settings, showing a
notable mean difference of 19.2% in performance. The integration of gamified learning platforms
has further revolutionised engagement patterns. Jagust, Boticki, and So (2018) document how
game-based mathematical challenges create cognitive friction points - strategic moments of
productive struggle that enhance mathematical reasoning.

Virtual collaborative environments have fundamentally reconceptualised mathematical discourse
and group problem-solving dynamics. Recent empirical evidence from Harle et al. (2021) shows
how synchronised digital workspaces facilitate complex mathematical discussions across spatial
and temporal boundaries. Their study of virtual forums reveals fascinating patterns: Students
participating in structured online collaborative sessions demonstrated a higher capacity for content
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argumentation than in traditional group work. Implementing digital mathematical discourse
protocols - structured frameworks for online mathematical discussion - has proven particularly
effective. These protocols, incorporating elements such as virtual whiteboards, real-time equation
editors, and collaborative proof-building tools, create rich environments for mathematical co-
construction of knowledge.

The evolution of formative assessment in blended mathematics education represents a significant
pedagogical advancement. Fazal and Bryant (2019) demonstrate how real-time analytics and
adaptive assessment systems create dynamic feedback loops in mathematical learning. Their study
reveals that integrated digital assessment tools enable immediate, targeted interventions,
improving conceptual understanding. Their focus on digital evaluations that provide instant
feedback on specific mathematical concepts is particularly innovative. These assessments,
strategically embedded within the learning process, enable teachers to identify and address
misconceptions with unprecedented precision.

3.4.3 Contextual Considerations in South African Mathematics Education

The technological landscape of South African mathematics education presents a complex tapestry
of challenges and innovative solutions. Mmakola and Maphalala's (2023) study of secondary
schools across the country reveals stark disparities in digital infrastructure. Their research indicates
that rural institutions often operate below reliable internet access while urban centres have high
connectivity rates. However, these constraints have catalysed remarkable pedagogical innovations.
Teachers in resource-limited environments have impoverished blends of digital and traditional
teaching approaches that optimise limited technological resources. Baidoo’s (2023) studies
indicate that mathematics teachers in under-resourced schools successfully implement mobile-
based mathematical applications, demonstrating remarkable resilience and adaptability in
challenging circumstances.

The multilingual nature of South African mathematics classrooms presents unique opportunities
for mathematical meaning-making. Robertson and Graven's (2023) studies show how linguistic
diversity enriches mathematical understanding when adequately leveraged. The findings of their
study reveal that students who engage with mathematical concepts in multiple languages
demonstrate a higher rate of conceptual retention. The phenomenon they term multilingual
mathematical cognition manifests particularly strongly in geometric reasoning and problem-
solving tasks. Furthermore, their analysis shows that code-switching during mathematical
discourse is a powerful tool for deepening understanding.

The evolution of mathematics education in South Africa requires adopting modern approaches to
teacher development. Koh's (2020) research identifies significant gaps in technological
pedagogical content knowledge (TPACK) among mathematics educators. Implementing
cascading professional development models, in which experienced teachers mentor their
colleagues on technology integration, has shown promising results (Baidoo, 2024; Mmakola &
Maphalala, 2023; Alabdulaziz, 2021). Schools that participated in this model have demonstrated
increased effectiveness in using digital tools for mathematics instruction.
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3.4.4 Emerging Technologies and Future Directions

The integration of Al technologies has fundamentally transformed mathematical pedagogy.
Findings from Govender's (2024) and Baidoo and Luneta's (2024) studies depicted that Al and the
implementation of the WhatsApp platform reveal unprecedented improvements in mathematical
understanding. These studies show that Al-powered tutoring systems and WhatsApp usage achieve
precise cognitive scaffolding, effectively identifying and addressing mathematical misconceptions
more accurately. Particularly noteworthy is that blended learning feedback systems facilitate a fair
improvement in procedural fluency while enhancing conceptual understanding. The evolution of
adaptive learning platforms has revolutionised individualised mathematics instruction. Recent
empirical evidence indicates that these systems create dynamic learning pathways - personalised
trajectories that respond to individual student progress with sophisticated algorithmic precision
(Alabdulaziz, 2021). The bar graph below illustrates the adoption of some digital tools in
Mathematics Education.

Digital Library and Learning Objects
Computer Algebra Systems (CAS)

MOOCs in Mathematics

Digital Tools and Technologies

Touchscreens and Pen Tablets

Mobile Technologies

] 10 20 30 40
Percentage (%)

Figure 1. Improvement Rate of Emerging Technologies in Mathematics Education. Alabdulaziz's (2021)

This bar chart (Figure 1) depicts the adoption rates of various digital tools and technologies in
mathematics education. The data highlights the prominence of mobile technologies (40%) and
touchscreens/pen tablets (30%) as the most widely used tools, reflecting their accessibility and
versatility in facilitating mathematical learning. Massive Open Online Courses (MOOCs) account
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for 14%, showcasing their growing role in providing scalable and flexible learning opportunities.
Computer Algebra Systems (CAS), such as Mathematica and Maple, represent 10%, emphasising
their niche application in advanced mathematical computations. Lastly, digital libraries and
learning object design constitute only 3%, indicating limited integration in current educational
practices. This visualisation underscores the need to balance technological innovation with
accessibility and pedagogical relevance, particularly in diverse educational contexts. Figure 2,
however, suggests a framework for this study.

Theoretical Foundations
for Blended Mathematics Education

—_—

Community of TPACK

Inquiry (Col) Framework SA Cortent
Teaching Social Cognitive Technuluglc.all Content
Presence Presence Presence Knowledge Knowledge

A

Integrated Framework
for Mathematics Education

i—:-’""‘;_‘l’ \;

Implementation Assessment Support
Strategies Framewark Systems

Figure 2: Theoretical Foundations for Blended Learning Mathematics Education

Figure 2 depicts the theoretical framework for blended mathematics education that integrates
foundational theories and practical applications to create a cohesive, effective teaching and
learning model. Anchored in the Community of Inquiry (Col) framework, the TPACK
(Technological et al. Knowledge) model, and the South African educational context, it emphasises
the interplay of teaching, social, and cognitive presence alongside technological content
knowledge. These elements converge in an integrated framework that guides blended learning
strategies' design, implementation, and assessment, supported by robust systems and localised
relevance. This dynamic, recursive model ensures adaptability and continuous improvement,
making it a versatile tool for advancing mathematics education in diverse settings.

4.0 CONCLUSION

Integrating blended teaching methods in mathematics education represents a significant paradigm
shift in pedagogical approaches, particularly in South Africa. This research has demonstrated the
robust potential of combining the Community of Inquiry (Col) framework with the Technological
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Pedagogical Content Knowledge (TPACK) model to create a comprehensive theoretical
foundation for blended mathematics instruction. The synthesis of these frameworks and careful
consideration of local contextual factors offer a nuanced understanding of how technology-
enhanced learning environments can address historical educational inequities while fostering
mathematical competency. This theoretical framework makes several notable contributions to the
field. First, it bridges the gap between theoretical constructs and practical implementation by
providing a structured approach to integrating digital and traditional pedagogies. Second, it
demonstrates how emerging technologies, including artificial intelligence tools, can be
thoughtfully incorporated into mathematics education while maintaining sensitivity to local
contexts and constraints. Third, it establishes a foundation for sustainable implementation of
blended learning methodologies that balance procedural fluency with conceptual understanding.

5. Recommendations and Implications for Mathematics Education Practice

Implementing blended teaching methods in mathematics education demands a comprehensive and
nuanced approach that bridges theoretical frameworks with practical applications. Educational
institutions must prioritise the development of technological adaptability among mathematics
educators, enabling seamless transitions between high-tech and low-tech solutions based on
contextual demands. This adaptability should be fostered through cascading professional
development models, where experienced teachers mentor colleagues in technology integration,
creating sustainable communities of practice. The integration of emerging technologies should
focus on enhancing mathematical understanding through dynamic geometry software, computer
algebra systems, augmented reality applications, and Al-powered tutoring systems while
maintaining sensitivity to local contexts and infrastructure limitations. Educational institutions
must develop sustainable technological solutions that acknowledge and address the diverse socio-
economic contexts of South African schools, implementing hybrid mathematical methodologies
that optimise limited technological resources while maintaining pedagogical effectiveness. The
integration of Learning Management Systems should prioritise creating dynamic learning
environments that facilitate individualised mathematical learning trajectories while remaining
accessible across varying levels of technological infrastructure. Furthermore, implementing
integrity-assured assessment protocols, incorporating multilingual mathematical cognition
strategies and culturally relevant content ensures meaningful engagement across diverse student
populations. This comprehensive approach requires sustained commitment from educational
stakeholders and continuous evaluation of effectiveness in promoting mathematical understanding
and achievement, ultimately working toward creating more equitable, effective, and engaging
mathematical learning environments that prepare students for an increasingly digital future while
ensuring no student is left behind.

Integrating blended teaching methods in mathematics education represents a transformative
approach to pedagogical innovation, particularly in South Africa. This research has demonstrated
the robust potential of combining the Community of Inquiry (Col) framework with the
Technological Pedagogical Content Knowledge (TPACK) model to create a comprehensive
theoretical foundation for blended mathematics instruction. The synthesis of these frameworks and
careful consideration of local contextual factors offer a nuanced understanding of how technology-
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enhanced learning environments can address historical educational inequities while fostering
mathematical competency. The theoretical framework makes several notable contributions to the
field by bridging the gap between theoretical constructs and practical implementation,
demonstrating how emerging technologies can be thoughtfully incorporated into mathematics
education, and establishing a sustainable implementation of blended learning methodologies.
While the implications of this research extend beyond theoretical contributions to practical
applications in South African classrooms, it is essential to acknowledge its limitations, mainly its
focus on the South African context. This study presents several promising opportunities for future
investigation. These include longitudinal studies examining the long-term impact of blended
learning on mathematical achievement and the ethical implications of incorporating Al-powered
tools in mathematics education.. As technology continues to evolve and reshape educational
landscapes, this framework offers a robust foundation for future research and practice in
mathematics education, particularly in contexts where educational transformation is most needed.
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