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ABSTRACT

The modification to online learning during recent disruptions has notably affected student engagement
in mathematics. This paper investigated gamification as a creative approach to rekindle interest in
mathematical concepts and problem-solving skills in five secondary schools in the OR Tambo Coastal
District of the Eastern Cape, South Africa.Through case studies and qualitative measures, the researcher
illustrated how incorporating game elements into mathematics curricula creates a more interactive and
engaging learning experience. The results suggest that gamification improves comprehension and
retention of mathematical concepts by students while fostering a positive attitude towards learning.
This study is grounded in Self-determination Theory, which posits that individuals are intrinsically
motivated when three basic psychological needs are met: autonomy, competence, and relatedness.
Using a qualitative research approach, the researchers engaged mathematics educators and Grade 10
learners to show the pedagogical, infrastructural, and socio-economic obstacles that hinder digital
mathematics teaching and learning. Findings revealed that inequities in technology, limited digital
skills, and the lack of interactive teaching methods significantly obstruct teaching effectiveness.
Additionally, the ability of educators to adapt to digital platforms emerged as a crucial factor for
instructional success, heavily reliant on institutional backing and professional development. The study
highlights the urgent need for a comprehensive intervention that includes improved digital
infrastructure, focused teacher training, and strong policy frameworks to address inequalities in online
mathematics education. These findings contribute to the larger conversation on digital education equity
and offer insights for sustainable e-learning strategies in the evolving post-pandemic educational
landscape.

Keywords: Gamification, Mathematics Pedagogy, Technological Inequity, Online Instruction,
Educational Resilience.

INTRODUCTION

The abrupt shift to online learning brought on by recent global disruptions such as the COVID-19 has
significantly reshaped mathematics education, prompting the need for innovative approaches to
reconnect students with learning. Conventional instructional strategies often fell short in virtual settings,
creating challenges for educators in sustaining student attention and fostering interactive learning.
Emerging research supports gamification as an effective tool to counter these issues, as it transforms
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abstract mathematical content into engaging, collaborative tasks that promote creativity and critical
thinking. These skills are increasingly vital in today’s educational landscape. Furthermore, the need for
immersive learning environments has led to explorations of tools such as Virtual Reality, which have
shown positive outcomes in mathematics instruction.! Therefore, gamification presents a promising
strategy for enhancing learner involvement and academic achievement during disconnection.? The
move to remote education also exposed significant disparities in technological access, pedagogical
readiness, and learner engagement, raising concerns about the overall effectiveness of online
mathematics delivery.® These challenges led many educators to reconsider their instructional methods
to balance technological integration with accessibility and cognitive load. A growing body of
scholarship has examined online teaching in mathematics during the pandemic, identifying critical
factors such as teacher preparedness, digital infrastructure, and student motivation.* Inadequate
preparation towards using digital platforms often intensifies the cognitive demands of teachers and
learners.

Mailizar and Fan noted that issues around adaptability, institutional support, and curriculum
flexibility were especially pronounced in mathematics education due to its reliance on structured tasks
and immediate feedback.® This situation underscores the importance of assessing pedagogical and
infrastructural variables that influence the success of online math teaching. While digital tools have
shown promise in enhancing student understanding and participation, many schools lack the
infrastructure and skilled personnel necessary for successful digital implementation.® This shortfall was
particularly evident in underserved communities, where internet access and availability of devices were
limited. Li emphasises that effective cognitive engagement in digital learning depends heavily on well-
designed teaching strategies, which require teacher training, institutional backing, and clear policy
direction.”

The move to online learning, prompted by recent educational disruptions, has highlighted
considerable challenges in engaging students, particularly in mathematics instruction within the OR
Tambo Coastal District, Eastern Cape, South Africa. Conventional teaching techniques often proved
ineffective in remote settings, decreasing learner motivation and peer interaction among secondary
school students. The transition disrupted established pedagogical dynamics, especially in subjects
perceived as complex or abstract, such as mathematics. The absence of in-person learning environments
further limited hands-on methods and spontaneous dialogue, which are both essential to learner
engagement. Becuase of these setbacks, there is a growing demand for creative strategies that can
reinvigorate student interest and participation in mathematics education. One such approach gaining
traction is gamification, which integrates game-inspired elements into teaching and learning processes.
Emerging research demonstrates that gamified instruction enhances learners’ enthusiasm and
comprehension in mathematics.® By framing mathematical tasks within interactive and goal-oriented
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activities, gamification repositions mathematics as a subject that can be approached with curiosity
rather than apprehension. Furthermore, studies indicate that such strategies bolster internal motivation,
increase attendance, and promote greater classroom participation, factors critical when rebuilding
engagement after disrupted schooling.’

Nonetheless, integrating gamification into online or hybrid instruction is not without barriers.
Many teachers face limited access to digital tools, insufficient training in technology-enhanced
pedagogy, and the lack of adaptable instructional frameworks. These limitations hinder efforts to foster
inclusive and effective mathematics learning in remote environments. The success of such innovations
largely depends on the availability of institutional support, targeted teacher development, and
infrastructural readiness. Therefore, it is essential to explore how gamification can be effectively
deployed to rekindle student interest in mathematics while addressing digital equity and pedagogical
preparedness.

The pandemic in South Africa further exacerbated educational inequalities, especially in rural
and township schools, where digital learning resources were scarce. Evidence suggests that learners in
under-resourced institutions continue to trail their counterparts in more affluent schools by several
academic years, a gap that widened under remote learning conditions.!? The rapid transition to digital
platforms brought to light gaps in teachers’ digital competencies, inadequate support systems, and
widespread disparities in access to online tools by learners. Remuzzi and Remuzzi argue that
addressing these systemic imbalances demands urgent policy reforms to ensure equitable access to
quality mathematics education. !! This study investigates how gamification can serve as a re-
engagement mechanism for learners in mathematics following online learning disruptions in South
African schools. It explores the relationships among teaching flexibility, technological infrastructure,
and social inequality, aiming to offer evidence-based recommendations for improving digital
mathematics education. This study seeks to identify the key instructional and infrastructural enablers
of gamification in mathematics education, aiming to develop sustainable models that enhance learning
outcomes post-disruption. Aligning student engagement theories with game-based instructional design
offers a robust framework for evaluating and applying such approaches.!? In addition, collaborative
learning opportunities fostered in gamified environments can help demystify complex mathematical
ideas through peer-to-peer dialogue and shared problem-solving experiences.!®> The findings contribute
to ongoing debates about fairness in digital education, focusing on the structural barriers that hindered
effective mathematics teaching during the pandemic, and aim to inform future strategies for building a
more resilient and equitable education system in South Africa.The following questions underlie the
study:

e How does the integration of gamification in mathematics education impact student
engagement and motivation after online learning disruptions?

e What specific gamification strategies are most effective in improving students' mathematical
problem-solving skills in a post-online learning environment?

e How do students with diverse learning needs respond to gamified mathematics education
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compared to traditional teaching methods following periods of disrupted learning?

LITERATURE REVIEW

The transition to online mathematics education, accelerated by the COVID-19 pandemic, has sparked
considerable academic interest regarding its efficacy, obstacles, and future implications. The abrupt
move from traditional classrooms to digital platforms revealed significant inequalities in access to
technology, teaching flexibility, and learner participation. This section reviews current literature to
highlight the primary elements shaping the effectiveness of remote mathematics instruction, with a
particular focus on digital integration, pedagogical strategies, and systemic support. Research
highlights that competency of educators largely influences effective online mathematics teaching using
digital tools, the availability of technological infrastructure, and students’ capacity to navigate remote
learning environments.'* Although digital tools have the potential to make mathematics more engaging
and understandable, their success often hinges on teachers’ confidence and competence in using them
effectively. '® In South Africa, the slow uptake of digital teaching practices in mathematics has
frequently been linked to insufficient training opportunities and a lack of sustained institutional support.

Overview of the impact of online learning disruptions on student engagement in mathematics
Periods of disruption have compelled educational systems to rely heavily on online instruction, which
has reshaped how students interact with mathematical content. The unexpected move from traditional
classrooms presented several barriers, especially in sustaining student interest and fostering meaningful
engagement with abstract concepts. Many learners reported a loss of connection with both peers and
content, contributing to reduced motivation in tackling mathematics. As a result of these challenges,
educators have turned to creative pedagogical solutions such as gamification. Tools like Nearpod
introduce game-based features that promote attention, peer interaction, and active involvement—key
elements supporting mathematical learning.'® Evidence suggests that incorporating game-like activities
in digital lessons boosts learner participation and accommodates individual learning preferences,
leading to improved outcomes and more constructive attitudes toward the subject.!”

The Concept of Gamification in Education and Practical Strategies to Improve Mathematical
Problem-Solving Skills

Gamification in education refers to integrating game design principles and elements into learning
environments to enhance student engagement and motivation. Teachers can transform traditional
learning experiences into more interactive and enjoyable ones by applying these principles in
educational contexts, particularly in mathematics.

Motivation and Engagement

Gamification, incorporating game elements into educational contexts, has enhanced student motivation
and engagement. Features such as points, badges, and leaderboards offer learners visible performance
indicators, encouraging effort and persistence through extrinsic motivation.'® These mechanics not only
serve as immediate rewards but also act as scaffolds that support learners’ progression. For instance,
badges and point systems acknowledge milestones, while leaderboards introduce healthy competition
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that can further increase participation.!® Empirical research has consistently supported the efficacy of
gamification in improving both learner engagement and academic outcomes. Meta-analyses and
controlled studies report that gamified instruction increases situational interest and achievement,
outperforming traditional teaching methods. ?° Furthermore, gamified classrooms foster student
autonomy and self-regulation, creating more interactive and learner-centred environments.?! Alsadoon
highlights that these environments result in statistically significant gains in motivation and
participation.?

The implementation of gamification has been effective across a variety of disciplines. In
computer science education, game elements such as digital rewards and rankings have improved learner
engagement and enhanced problem-solving performance.? In nursing education, gamified modules
have addressed motivation and retention issues, particularly vital in high-attrition programs.?* Similarly,
gamification has helped create more immersive and satisfying learning experiences in language
education, reducing dropout rates and promoting learner persistence.?’ Beyond extrinsic motivators,
gamification can develop intrinsic motivation through meaningful and intellectually engaging
challenges. This approach, called deep gamification, encourages sustained interest and cognitive
engagement with the subject matter.?® Although short-term effects such as increased participation are
observable, future investigations are needed to understand how gamification contributes to learners’
intrinsic reasoning, creativity, and independent learning capabilities.?’

Immediate Feedback
Gamified learning environments often incorporate mechanisms that deliver real-time responses,
allowing students to recognise errors and promptly refine their approaches. This timely feedback is a
core element of effective gamification strategies in mathematics education, as it does not only sustains
the interest of learners but also deepens their conceptual understanding. A variety of scholarly works
reinforce this claim. For instance, Lister discusses how elements like points, digital badges, and ranking
systems contribute both to student motivation and the provision of immediate performance-related
feedback, which encourages consistent engagement and iterative improvement.?®

Real-time responses enable learners to pinpoint misunderstandings and recalibrate their learning
strategies, resulting in more personalised and adaptive learning experiences. Garcia-Hernandez and
Ramirez support this notion by indicating that instant feedback during gamified tasks enhances
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students' active participation and comprehension.?’ Similarly, Maryana et al. note that game-based
environments promote regular practice and cooperative learning, where rapid feedback mechanisms
help clarify abstract mathematical ideas.*® Research by Jutin and Maat further shows that continuous
feedback boosts learner motivation and fosters a more inviting and interactive classroom atmosphere,
particularly in disciplines such as mathematics, which are often viewed as challenging.®' In alignment
with this, Liu underscores the role of prompt feedback in maintaining students’ attention and drive,
supporting sustained academic effort.3? Vankus adds that feedback delivered in the moment promotes
a growth-oriented mindset, enabling learners to interpret setbacks as learning opportunities rather than
failures, which can also mitigate anxiety associated with math performance.* Finally, integrating
digital tools within gamified teaching practices significantly enhances the feedback loop. Jutin and
Maat argue that technology enables more dynamic and tailored interactions.** Lopes et al. highlight
that adaptive platforms allow for feedback customised to individual learning profiles, further
supporting engagement and mastery of content.>’

Collaboration and Competition

Embedding cooperative and competitive dynamics within educational environments can greatly enrich
peer interaction and community engagement. These elements are especially beneficial in contexts
where building a sense of belonging and mutual academic support is essential. By blending competition
with teamwork, educators can promote deeper learning and foster a sense of shared purpose among
students. Collaborative practices are instrumental in creating a favourable educational climate. For
example, professional learning communities rely on mutual respect, joint accountability, and shared
pedagogical strategies to drive innovation and continuous improvement among educators.*® When
students engage in collaborative tasks, they gain motivation and develop essential skills such as critical
analysis, independence, and effective communication.?” The social constructivist perspective suggests
that knowledge is best constructed through social engagement and group effort, encouraging learners
to support one another and take joint responsibility for academic success.*® This interaction-driven
learning process strengthens conceptual understanding and retention, as students actively exchange
insights.’® Moreover, such environments help learners become confident in sharing perspectives, which
enhances their sense of agency and participation.*’
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Simultaneously, integrating competitive challenges within this collaborative setting can
catalyse self-driven learning and heightened engagement. Healthy competition can inspire students to
strive for excellence while drawing knowledge and strategies from their peers, resulting in a dynamic
and interactive classroom culture.*! When learners participate in peer mentoring or challenge-based
activities, their drive to succeed is amplified, and they benefit from giving and receiving guidance.*?
This dual framework allows for meaningful exchanges where explaining concepts to others reinforces
one’s mastery.*> When thoughtfully managed, competition and collaboration complement one another,
offering diverse opportunities for engagement and comprehension, particularly in dealing with complex
subject matter.** These strategies holistically foster a vibrant educational setting where learners form
supportive peer networks, engage in dialogue, and collaboratively tackle academic challenges.*’ Such
an environment bolsters performance and equips students with vital interpersonal and leadership skills
necessary for success beyond the classroom. *® Hence, embedding cooperative and competitive
structures into educational practice is a strategic approach to building inclusive, empowering learning
communities.

The Effectiveness of Gamified Mathematics Instruction for Students with Diverse Learning
Needs in Post-Disruption Educational Settings
The adoption of gamified mathematics instruction has shown considerable promise in supporting
learners with varied educational needs, particularly in the wake of learning disruptions. Game-based
approaches yield more positive outcomes regarding learner engagement and performance than
conventional teaching strategies. Researchers have noted that incorporating game elements into
mathematics lessons can foster motivation and boost learners’ confidence, which are essential for
academic success, especially for those who find traditional approaches challenging.*’ These interactive
methods increase enjoyment and deepen students’ conceptual understanding by encouraging active
participation. In one study, learners showed marked improvement in arithmetic and rational number
tasks after engaging with math games. This suggests these tools are more than just supplementary, they
can outperform standard practices in some contexts. Yu et al. further argue that learning models
prioritising student interest and active participation can significantly sharpen computational proficiency
and promote effective problem-solving.*®

Given that students differ in how they absorb and process information, gamified learning offers
flexible, learner-centred experiences that traditional methods often lack. Lin emphasises that when
educational activities are tailored primarily through personalised gaming features to meet individual
needs, learner engagement and comprehension can rise substantially.*” Similarly, Huang highlights
how interactive learning formats can nurture skills such as mathematical modelling, which benefits
from adaptable teaching strategies.’® In contrast, traditional methods—particularly in post-pandemic
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environments, have drawn critique for their limited ability to hold students’ attention. The static nature
of these methods can hinder progress for learners with diverse needs, as they often lack the interactivity
required for meaningful engagement.’! The recent reliance on digital and hybrid models during
COVID-19 has highlighted the necessity of inventive instructional approaches. Amoah suggests that
well-designed blended learning environments can better accommodate learner diversity and support
improved academic results.>

Digital Technologies and Online Mathematics Instruction

The rise of digital platforms has significantly transformed teaching practices, especially in mathematics,
where visual understanding is essential for mastering abstract concepts. According to Li (2024), the
success of online mathematics education is closely tied to interactive digital tools, such as virtual
simulations and dynamic software, which promote active learner involvement. These technologies offer
pedagogical benefits, including personalised feedback and adaptive systems that support students'
problem-solving skills while reducing cognitive strain.>* Nevertheless, the practical application of such
tools relies heavily on the availability of robust technological infrastructure and teachers' competence
in using digital pedagogies. Although digital education holds considerable promise, the rapid move to
online learning during the COVID-19 crisis exposed widespread institutional limitations. Research
shows that numerous schools were ill-equipped to support digital instruction due to inadequate
resources.>* In South Africa, socio-economic inequality has further deepened the digital divide,
hindering many learners' access to quality online mathematics education. Mishra, Gupta, and Shree
note that successful engagement in digital learning environments largely depends on students'
consistent access to fast internet, appropriate devices, and relevant educational applications, resources
that remain unevenly distributed between rural and urban areas.>

Pedagogical Adaptation and School Readiness
The success of teaching mathematics in virtual environments hinges on educators’ capacity to
reconfigure traditional strategies for digital delivery. According to recent findings, mathematics
instruction demands ongoing support and real-time feedback, both of which can be limited in self-paced
or asynchronous formats.>® One significant barrier to effective technology use in teaching is educators’
limited exposure to digital tools and the absence of systemic support structures.>’

Furthermore, the degree of technological competence of teachers plays a critical role in
determining how readily they adopt digital learning practices.’® During periods of emergency remote
instruction, those who had undergone training in digital teaching methods reported improved student
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interaction and more effective delivery.>® The transition to online education has also highlighted the
importance of curricula adapting to diverse student needs. Amedu and Hollebrands emphasise that
online pedagogies must be flexible enough to accommodate varying learning styles.*® However,
traditional mathematics syllabi, which typically depend on step-by-step instruction and face-to-face
teacher facilitation, created obstacles for learners used to in-person education.’! As a result, scholars
increasingly support blended learning models that combine live sessions with independent online work
to improve understanding and learning outcomes.

THEORETICAL FRAMEWORK

This study draws its theoretical basis from Wenger’s Community of Practice (CoP) framework, which
highlights how individuals collaboratively build knowledge within social and professional groups.®?
The CoP perspective emphasises that learning occurs through active involvement, shared experiences,
and participation in group practices. Applied to online mathematics education, this theory offers
valuable insight into how teachers and students adjust their instructional strategies and use of digital
tools to foster rich and interactive mathematical learning. Figure 1 below shows how the application of
the Community of Practice theory applies to this study.

Theoretical Framework: Community of Practice in Online Mathematics Education
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Figure 1: A graphical illustration of a community of practice in online Mathematics Education

Community of Practice and Digital Mathematics Instruction

Wenger’s theory of communities of practice (CoP) identifies three key elements: joint enterprise,
mutual engagement, and a shared repertoire.®> These components are evident in digital mathematics
education, in which educators and students form virtual communities supporting collaborative

39 Zaenal Mustakim, Siti Fatimah, and Umi Mahmudah, “Students ‘perception and Motivation on e-Learning during the COVID-19
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knowledge construction through real-time and delayed communication. In teaching mathematics,
where comprehension often develops through repeated practice and group problem-solving, the CoP
model emphasises the importance of active and socially interactive learning environments.% The
relevance of CoP in digital education has been confirmed by research indicating that online learning
tends to be more impactful when learners view themselves as contributors within a collaborative
knowledge network.®® Nevertheless, the abrupt shift to remote teaching during the COVID-19 crisis
disrupted established patterns of community building in education. Scholars have observed that a lack
of purposeful interaction in online mathematics classes diminished learner participation and
enthusiasm.®® These findings highlight the critical need for pedagogical strategies that purposefully
cultivate virtual communities of practice to enhance student engagement and foster cooperative
learning.

Pedagogical Implications of CoP in Online Mathematics Education

Integrating digital tools into mathematics instruction necessitates re-conceptualising teaching
methodologies to align with CoP principles. Traditionally, mathematics instruction has relied on direct,
teacher-centred pedagogies with explicit problem demonstrations and scaffolded exercises. However,
within online learning environments, students must assume greater autonomy in constructing
mathematical knowledge, necessitating pedagogical strategies emphasising interactive engagement and
collaborative problem-solving.®” The research underscores that educators’ ability to cultivate online
communities of practice is a key determinant of instructional efficacy. Instructors who leverage digital
platforms to facilitate real-time discussions, peer collaboration, and formative assessment create
learning environments that closely mirror the interactive dynamics of face-to-face instruction.
Conversely, the absence of structured engagement mechanisms in virtual classrooms has been
correlated with increased attrition rates and diminished academic performance.® This reinforces the
necessity for faculty development programs to equip educators with the skills to implement CoP-
aligned digital pedagogies.

Technological Integration and the Evolution of Learning Communities

While Wenger’s CoP framework was initially conceptualised within the context of in-person
professional learning communities, contemporary adaptations have extended its applicability to digital
learning ecosystems.’”® The advent of digital collaboration tools, interactive mathematics software, and
virtual discussion forums has expanded the modalities through which communities of practice can be
established and sustained in online education.’' Research suggests that platforms incorporating
interactive whiteboards, Al-driven tutoring systems, and gamified learning modules enhance students’
sense of belonging within digital learning communities, thereby improving engagement and learning
outcomes.’> Nonetheless, the digital divide remains a salient barrier to the equitable formation of online
communities of practice. In underprivileged educational contexts, where access to digital devices and
high-speed internet is limited, learners are often excluded from the participatory dimensions of online
mathematics instruction. ”> vvThis underscores the necessity for policy interventions to mitigate
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technological inequities and ensure all students can access the resources required to engage in CoP-
driven online learning. The Community of Practice Theory offers a compelling framework for
understanding online mathematics education's complexities, particularly in emergency remote teaching.
By highlighting the social dimensions of learning, CoP underscores the importance of digital interaction,
collaborative problem-solving, and participatory engagement in fostering effective online instructional
environments. However, the extent to which CoP principles can be operationalised in virtual
mathematics education is contingent upon educators’ pedagogical adaptability, institutional support
structures, and technological accessibility. This theoretical foundation informs the subsequent
examination of empirical findings, offering a lens through which the study interrogates the
effectiveness of online mathematics instruction in South Africa.

METHODOLOGY

Research Design

The study adopted a qualitative case study design situated within the interpretive paradigm, which
emphasises subjective meaning-making and contextual understanding. This design enabled an in-depth
exploration of how gamified mathematics education re-engaged learners after online learning
disruptions in selected secondary schools within the OR Tambo Coastal District.

Study Population and Sample

The population comprised Grade ten (10) mathematics teachers and learners who had participated in
gamified online mathematics learning. Using purposive sampling, fifteen participants were selected,
five teachers and ten learners, based on their direct experience with digital mathematics instruction
during the pandemic.

Data Collection

Data were gathered through semi-structured interviews to obtain rich, descriptive insights into
participants’ experiences. The interviews explored themes related to technological access, pedagogical
adaptation, student engagement, and institutional support. All sessions were audio-recorded with the
consent of the participants to ensure accurate transcription.

Data Analysis Procedure

Data were analysed using thematic analysis, following Creswell’s inductive coding process. '
Transcribed interviews were read repeatedly to identify recurring patterns and emergent themes, which
were then categorised to reflect pedagogical, technological, and socio-cultural dimensions of gamified
learning.

Ethical Considerations

Ethical clearance was obtained from the university’s research ethics committee. Participants were fully
informed about the study’s purpose, and voluntary participation, anonymity, and confidentiality were
ensured throughout. Written consent was obtained before data collection, and all information was
handled in compliance with ethical research standards.

PRESENTATION OF RESULTS

Teachers’ Views

Challenges of learning and teaching mathematics online

This section outlines the feedback from participants about four primary themes that emerged from the
data analysis: using gamification to re-engage students in mathematics after online learning disruptions
presented various obstacles, especially in rural regions. These challenges can be divided into
technological, pedagogical, and socio-economic factors and particular difficulties.

74 John W. Creswell, Research Design: Quantitative, Qualitative and Mixed Methods Approaches, 4th Editio (Thousand Oaks,
California: Sage Publications, 2014).
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Technological Challenges

During interviews, teachers were asked various questions about the challenges of learning and teaching
mathematics using gamification. Different participants gave their responses to each question. A
participant from another site responded, “In rural areas, there is a lack of internet connection “’Not all
students have equal access to technology, creating barriers to participation.” Another participant said,
“Learning disruptions posed several challenges for teachers and learners who did not have access to
necessary devices like computers, tablets, or smartphones to participate in online learning.” The
participant from a different site said, “Frequent power outages due to load shedding and technical
glitches disrupted the learning process, leading to loss of teaching time.” Another challenge we faced
post-COVID-19 was the lack of digital skills needed to use gamification strategies, learning platforms,
and tools effectively”, she concluded. “Measuring student learning and progress in a gamified
environment may not always be straightforward.”

Pedagogical Challenges

With respect to the pedagogical challenges of using gamified mathematics instruction, teachers
responded with the following:. The participant said, “Specific gamification strategies are most effective
in improving students' mathematical problem-solving skills in a post-online learning environment.
Engaging learners in mathematics can be challenging ’Some students focus more on winning the game
than learning the mathematical concepts.” Another participant's response indicated, “/t is difficult to
engage my learners, and ensuring interactive participation in an online setting was difficult, especially
for a subject like mathematics that often requires hands-on practice and immediate feedback.” Another
participant from another site responded, “Many students in post-disruption contexts face issues with
access to devices and reliable internet, which hinders the implementation of online-based gamified
learning.” Another participant said, “Teachers might struggle to collaborate effectively with colleagues,
particularly in rural or under-resourced settings, where access to technology, knowledge, and
collaborative platforms may be limited.”

Socio-Economic Challenges

Teachers were asked about how students with diverse learning needs respond to gamified mathematics
instruction as compared to traditional teaching methods. Different responses came from other
participants: “Families in rural areas did not afford the costs associated with online learning, such as
internet data plans and digital devices for their children.” Responses from participants were likely
similar regarding challenges faced by teachers: “Managing game mechanics while also processing
math concepts can be overwhelming, particularly for students with attention difficulties or executive
Sfunctioning challenges.” One participant responded, "Some students struggle with multitasking within
digital game environments.”

Learners’views

Analysis of responses by learners

The following is the discussion of the responses to questions posed by the researcher to the learners in
five (5) different schools. A question to the learners regarding the challenges they face when using
gamification in mathematics after online learning disruptions.

This statement is strengthened by the excerpt from an interview with one of the research participants.
“I came from low-resource backgrounds, which caused a lack of access to devices or a stable internet
connection, limiting my ability to engage with gamified learning.” (Student 1)

Another student also pointed out that they faced problems while studying mathematics using online
learning.

“[ think I understand mathematics better when using gamification. It was my first online learning, and
[ felt nervous and unfamiliar with operating.” “A lack of familiarity with technology hinders
participation and progress.’’ (Student 2)

“The internet signal was unstable, and the study duration was unclear. I sometimes did not understand
the mathematics content taught online, and asking the lecturer about the learning content was difficult.
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Another obstacle 1 felt was my eyes hurting since I had been staring at the laptop for a long time.

Sometimes, I also felt dizzy. Furthermore, internet credit is also expensive, and I sometimes run out of
internet credit to access the e-learning classes”. (Student 3)

“Most of us as learners did not have access to personal computers, tablets, or smartphones, which are
essential for online learning.” “Since I am living in rural areas, we often suffer from slow or unreliable
internet connections, making it difficult to attend live classes, download materials, or access online
resources.” (Student 4)

“Since we are in rural areas, we have limited experience with digital tools, leading to difficulties in

navigating online learning platforms and using educational software; the only platform better for us
was WhatsApp.” On another site, one participant said, “We have less exposure to digital tools, making
it harder for us to engage with and benefit from gamified learning. (Student 5)

“There is often a lack of immediate technical support for troubleshooting issues with devices or internet
connectivity.” “Another challenge is that we progress too quickly without mastering fundamental
concepts, while others may struggle to keep up.” Another participant's view is that “schools in
underfunded areas did not have the resources to implement gamified instruction effectively, leading to
disparities in student experiences.”(Student 6)

DISCUSSION

Limited access to digital technologies remains a problem in educational discourse, particularly in
virtual and gamified learning contexts. Students residing in remote or underserved regions often face
difficulties such as unstable internet services and limited availability of devices, contributing to
significant disparities in learner participation and engagement. One participant shared that, “In rural
areas, internet connectivity is completely lacking.” This reflects how these infrastructural gaps affect
involvement. These inequalities are shaped by intersecting geographic and socio-economic factors, as
research shows that learners from urban, well-resourced backgrounds are often better equipped for
digital learning environments.” Similarly, others have noted how insufficient technological support
and inadequate digital infrastructure hinder effective online learning.”® These conditions highlight the
need to use alternative learning spaces, such as community hubs, to support learners who lack personal
access to technology.

Innovative and flexible teaching models tailored to rural contexts are essential to address these
obstacles.”” Teaching mathematics online adds further complications, as learners may focus on
engaging with game-like features without fully understanding core mathematical principles. Gamified
environments, while potentially motivating, risk shifting attention away from deep conceptual
learning.’® Mathematics education often requires higher levels of interaction and real-time feedback,
which are difficult to achieve in digital-only formats.” The lack of immediacy and peer collaboration
in online platforms weakens the learning experience, particularly in mathematics.®
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Disruptions to traditional education have revealed stark inequalities in digital access, severely
limiting the impact of online gamified strategies.®! Students in disadvantaged regions often report
limited device availability and connectivity, reducing their ability to participate fully in remote math
instruction. 82 This digital divide exacerbates educational imbalances and diminishes educators’
capacity to create inclusive, real-time online learning experiences. Infrastructural deficits and financial
constraints mean that many rural families cannot provide learners with the necessary tools for digital
participation. Consequently, teachers working in these areas face pedagogical and logistical challenges,
including insufficient training, which contributes to learning gaps between rural and urban students.®3
South African studies further confirm that a lack of training and resource provision impairs student
involvement and learning outcomes.®*

These disparities underscore the importance of adapting teaching strategies to rural realities.
Scholars recommend context-specific support mechanisms and infrastructure development to enable
equitable online learning.® Tailoring digital solutions to match the needs of rural learners—in terms of
cognitive engagement and technological capacity—can reduce barriers to participation and promote
inclusivity.® Integrating gamified learning in mathematics post-COVID-19 has proven particularly
demanding for under-resourced students, due to insufficient access, limited connectivity, and
unfamiliarity with digital tools. Students expressed concern about their limited exposure to online
platforms and the associated negative impact on their learning. One noted, “Due to financial and
technical limitations, I couldn't fully engage with the gamified content.”®” These personal accounts
mirror findings that technological constraints are more acute in rural environments, deepening
educational inequality.®® Unstable internet services also affect academic comprehension, with one
learner reporting difficulty understanding math lessons due to frequent disconnections.®® Additionally,
high internet costs pose economic challenges for many families. Beyond technical and economic issues,
some learners lack the skills needed to confidently use digital learning platforms, making engagement
with gamified approaches even more difficult.*°

RECOMMENDATIONS

Instructors in online education must adopt diverse and engaging pedagogical strategies to foster student
participation. Figure 2 below provides a summary of the key recommendations for improving online
learning:
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Improving Online Learning
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Figure 2: Illustration of the key recommendations for improving online learning

Creating engaging online lessons that actively involve learners is essential for maintaining
motivation in virtual settings. Successful digital learning environments depend on consistent access to
appropriate technology, such as laptops, smartphones, or tablets, and stable internet connectivity.
Equally important is the digital literacy of both educators and students, which can be enhanced through
structured capacity-building programs and ongoing technical assistance. Teaching practices should be
redesigned to fit the demands of online education, using interactive techniques, such as live discussions,
multimedia resources, and educational games instead of conventional lecture formats. To boost learning
outcomes, curriculum content should be adapted for digital delivery by simplifying complex material
and incorporating visual or auditory aids that aid comprehension. Thehome circumstances of students
also significantly influence their online learning experience. Those who benefit from quiet study areas,
familial encouragement, and minimal interruptions tend to perform better academically. Ensuring fair
access to digital resources and dependable internet is essential to support inclusive education. Moreover,
tailored training for learners and educators on how to navigate and use digital learning platforms is
advised. In addition to direct learner engagement, support from parents or guardians, especially for
younger students, plays an important role. Equipping families with strategies and materials to assist
home-based learning may positively impact academic achievement. These combined measures can help
transform virtual learning into a more inclusive, interactive, and effective educational experience.

CONCLUSION
The research findings reveal that students' encounters with online learning environments are heavily
influenced by the presence or absence of critical infrastructural resources. Foremost among the
challenges were the high costs and limited availability of mobile data, unstable and inconsistent internet
connections, persistent electricity disruptions, and the strain of balancing academic schedules with
demanding clinical placements. These impediments did not only disrupt learning continuity but also
contributed to diminished enthusiasm and reduced levels of active participation in academic activities.
These challenges resonate with broader patterns observed in contemporary studies, which highlight the
vulnerability of students in under-resourced contexts during the transition to remote learning modalities.
Despite these adversities, a significant proportion of students maintained a sense of hope,
anticipating improvements in learning conditions that would eventually facilitate a return to in-person
learning formats. Their optimism underscores the resilience and adaptability of learners navigating
unpredictable educational landscapes. Scholarly literature continues to underscore the formidable
obstacles that both students and educators encountered during the sudden shift to online mathematics
instruction amid the COVID-19 pandemic. Overcoming these multifaceted barriers necessitates
comprehensive and targeted interventions. These should include sustained investment in digital
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infrastructure, strategic professional development programmes for lecturers to effectively deliver
mathematics content online, and the incorporation of learner-centred approaches that actively promote
interactivity, problem-solving, and conceptual understanding. Enhancing the quality and inclusiveness
of remote mathematics instruction, especially in times of systemic disruption, calls for deliberate
planning, cross-sector collaboration, and pedagogical innovation tailored to local realities.
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