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Teachers’ understanding of
technology usage in rural schools

Medwin Sepadi'*, Tukiso Kgaphola! and Karabo Molapo?

!University of Limpopo, Sovenga, South Africa, 2School of Interdisciplinary Research and Graduate
Studies, College of Graduate Studies, University of South Africa, Pretoria, South Africa

This study aimed to examine rural teachers’ understanding and implementation
of technology integration in under-resourced South African schools. Using a
qualitative single-case study design, the research employed semi-structured interviews
and focus group discussions with four purposively sampled teachers, analyzed
through the TPACK framework. Key findings revealed three critical challenges: (1)
insufficient technological knowledge and training among educators, (2) severe
resource limitations, including inadequate devices and unreliable infrastructure,
and (3) systemic misalignment between available technologies and curriculum
requirements. The study further identified how these barriers interact to constrain
effective pedagogical integration of technology. These findings have important
implications for educational policy and practice, suggesting the need for:
comprehensive professional development programs targeting technological-
pedagogical skills; improved resource allocation and infrastructure support; and
stronger alignment between technological tools and curricular objectives. The
research contributes both empirical insights from a typically underrepresented
rural context and practical recommendations for enhancing digital education in
resource-constrained environments.

KEYWORDS

technology integration, rural education, teacher training, curriculum alignment,
digital divide

1 Introduction

Technology integration in education has become increasingly prevalent, with schools
worldwide incorporating various digital tools and resources into teaching and learning
practices (Akram, 2022). However, the extent to which technology is effectively utilized,
particularly in rural schools, remains a subject of ongoing inquiry. In the context of rural
education, where access to resources and infrastructure may be limited, understanding
teachers’ perspectives on technology usage is crucial for informed decision-making and
effective educational practice.

Research provides insights into the complexities of technology integration in educational
settings, highlighting both the opportunities and challenges associated with its implementation
(Tondeur et al., 2016; Hilton, 2016; Ly et al., 2024).

Studies have explored various factors influencing technology adoption, such as teachers’
attitudes and beliefs, professional development opportunities, and organizational support
structures (Lawrence and Tar, 2018). However, much of this research has focused on urban or
suburban contexts, overlooking the distinct challenges faced by rural schools.

Moreover, the limited research specifically addressing technology usage in rural schools
often highlights disparities in access and resources compared to their urban counterparts (Graves
et al,, 2021). While some studies have identified innovative strategies for overcoming these
challenges, there remains a gap in understanding how teachers in rural schools conceptualize
and utilize technology in their instructional practices. This knowledge gap inhibits the
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development of targeted interventions and support mechanisms tailored
to the unique needs of rural teachers (Kelley and Knowles, 2016).

Internationally, the digital divide remains a significant
concern, accentuated in rural areas where access to technology,
internet connectivity, and technical support are often lacking
(Azionya and Nhedzi, 2021). Study by Ramnarain and Malope
(2023) have highlighted disparities in technology access and
usage between urban and rural schools, emphasizing the need for
tailored interventions to bridge this gap. While initiatives such as
one-to-one device programs and internet expansion projects have
been implemented in various countries, the effectiveness and
sustainability of these efforts in rural contexts require
closer examination.

In Africa, where rural communities constitute a substantial
portion of the population, the digital divide exacerbates existing
educational inequalities (Kronke, 2020). Research by Ramnarain
and Malope (2023) underscores the importance of understanding
the socio-cultural dynamics shaping technology integration in
African rural schools. Factors such as language diversity, cultural
relevance, and community engagement emerge as crucial
considerations in designing effective technology-enhanced
pedagogies (Bower, 2017).

South Africa, initiatives like the Rural Education Access
Program (REAP) have aimed to provide schools with ICT
infrastructure and training. However, challenges related to
infrastructure maintenance, teacher capacity building, and
contextual relevance persist (Chigona, 2017). Similarly, in
Nigeria, efforts to promote digital literacy in rural schools’ face
hurdles related to electricity supply, teacher training, and
curriculum alignment (Luo, 2022). These cases underscore the
need for localized strategies that account for diverse socio-
economic and infrastructural realities.

The Lepelle Nkumpi Circuit in the Capricorn District
presents an interesting case study for exploring the dynamics of
Situated
predominantly rural area, the schools within this circuit face

technology integration in rural schools. in a
unique challenges, including limited access to technology,
inadequate infrastructure, and socioeconomic disparities among
students (Masango et al., 2020). Despite these challenges, there is
a growing recognition of the potential of technology to enhance
teaching and learning experiences, improve educational
outcomes, and bridge the digital divide in rural communities
(Luo, 2022).

The motivation for this study stemmed from the need to
address the gap in understanding teachers’ perspectives on
technology usage in rural schools, specifically within the context
of the Lepelle Nkumpi Circuit. While existing literature provided
valuable insights into technology integration in education, there
is a paucity of research focusing on rural schools, particularly in
South Africa (Padayachee, 2017).

This study aimed to explore teachers’ understanding of
technology usage in rural South African schools, identify key
challenges (such as limited technological knowledge, inadequate
training, resource shortages, and curriculum misalignment), and
propose actionable recommendations to enhance technology
integration, professional development, and collaborative support
for equitable education.
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2 Literature review

2.1 Digital technology integration in
education: challenges and opportunities
for teachers

Xu etal. (2025) provide a comprehensive analysis of the challenges
and opportunities associated with technology integration in rural
schools. Their study effectively highlights the acknowledgment among
teachers of technology’s potential benefits, such as heightened student
engagement and improved access to educational resources (Xu et al.,
2025). However, while the study identified significant barriers hindering
effective integration, such as limited funding and insufficient
professional development opportunities, it could benefit from a more
in-depth exploration of potential solutions to address these challenges.
Nonetheless, the study effectively underscored the complexity of
technology adoption in rural educational contexts.

2.2 Rural teachers’ perceptions on the use
of technology

Anderson (2022) offers valuable insights into teachers’ perceptions
of technology usage in rural schools through qualitative research. The
findings emphasized the importance of technology among educators
while also revealing significant obstacles, such as infrastructure
constraints and inadequate training, hindering seamless integration.
However, the study could be further strengthened by exploring the
impact of these perceptions on actual technology usage in teaching
practices and considering the perspectives of other stakeholders, such
as students and administrators.

2.3 Sustaining successful ICT integration in
remote rural schools

Que (2021) contribute valuable insights into the diversity of
technology integration strategies employed by teachers in rural
schools through a comparative analysis. Their study underscored the
importance of tailoring support mechanisms to address the unique
challenges faced by educators in rural settings. However, while the
study effectively recognized variations in approaches to technology
usage, it could further explored the effectiveness and sustainability of
these strategies over time, as well as their impact on student outcomes.

2.4 Technology integration professional
development for rural teachers

Davis and Hall (2018) focus on the professional development
needs of teachers in rural schools concerning technology integration.
Their research highlighted a significant gap in training opportunities
tailored to the specific needs of rural educators. While the study
effectively identified that gap, it could benefitted from a deeper
exploration of potential barriers to accessing professional development
and the potential impact of tailored training programs on technology
integration and teaching practices.
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2.5 Exploring innovative approaches to
technology integration in rural schools

Brown et al. (2019) explored innovative approaches to technology
integration in rural schools, providing insights into successful
strategies employed by educators to overcome challenges such as
limited resources and infrastructure constraints. Their findings offered
valuable guidance for future interventions aimed at promoting
effective technology usage in rural educational settings. However, the
study could be strengthened by considering potential scalability and
sustainability of these innovative approaches, as well as their long-
term impact on teaching practices and student outcomes.

While these studies provided valuable insights into the challenges
and opportunities of technology usage in rural schools, there remains
a gap in the literature regarding specific case studies within the Lepelle
Nkumpi Circuit in the Capricorn District. Therefore, this research
aimed to address this gap by conducting a case study to explore
teachers’ understanding of technology usage in this specific rural
context. By examining the perspectives, practices, and challenges
faced by educators in the Lepelle Nkumpi Circuit, this study seeked to
provide contextually relevant insights that can inform targeted
interventions and support mechanisms to enhance technology
integration and improve educational outcomes in rural schools.

3 Theoretical framework

In the investigation of teachers’ understanding of technology
usage in rural schools, particularly within the Lepelle Nkumpi Circuit
in the Capricorn District, the role of theory is essential in providing a
conceptual framework to guide the research process and analyze
findings effectively (Ravitch and Riggan, 2016).

3.1 Technological pedagogical content
knowledge

The TPACK framework, known as Technological Pedagogical
Content Knowledge, comprises three fundamental elements: Content
Knowledge (CK), Pedagogical Knowledge (PK), and Technological
Knowledge (TK). These elements interact to create three additional
components: Technological Content Knowledge (TCK), Technological
Pedagogical Knowledge (TPK), and Technological Pedagogical
Content Knowledge (TPACK).

TPACK offers a comprehensive model for understanding the
dynamic interplay between technology, pedagogy, and content within
educational contexts (Rosenberg and Koehler, 2015). It empowers
educators to devise and implement innovative teaching methodologies
that leverage technology to enhance student learning outcomes
(McKnight et al., 2016). TPACK holds significant recognition in the
educational technology field and holds practical implications for
teacher professional development and curriculum design (Koh, 2019).

The TPACK framework serves as a guiding principle to explore
how teachers’ technological, pedagogical, and content knowledge
intersect to facilitate effective instruction in Grade 10 classrooms
(Koehler and Mishra, 2016). It informs the examination of data
collected on teachers’ instructional approaches, technology integration
strategies, and students’ understanding of mathematics concepts
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(Darling-Aduana and Heinrich, 2018). Through the application of the
TPACK framework, the study unveiled the intricacies of technology
integration in mathematics education and offer recommendations for
enhancing instructional methodologies in schools across Limpopo.

The TPACK framework, known as Technological Pedagogical
Content Knowledge, comprises three fundamental elements: Content
Knowledge (CK), Pedagogical Knowledge (PK), and Technological
Knowledge (TK). These elements interact to create three additional
components: Technological Content Knowledge (TCK), Technological
Pedagogical Knowledge (TPK), and Technological Pedagogical
Content Knowledge (TPACK). TPACK offers a comprehensive model
for understanding the dynamic interplay between technology,
pedagogy, and content within educational contexts (Rosenberg and
Koehler, 2015). It empowered educators to devise and implement
innovative teaching methodologies that leverage technology to
enhance student learning outcomes (McKnight et al., 2016). TPACK
holds significant recognition in the educational technology field and
has practical implications for teacher professional development and
curriculum design (Koh, 2019).

In this research, the TPACK framework served as a guiding
principle to explore how teachers” technological, pedagogical, and
content knowledge intersect to facilitate effective instruction in
classrooms (Koehler and Mishra, 2016). It informed the examination
of data collected on teachers instructional approaches, technology
integration strategies, and students’ understanding of mathematics
concepts (Darling-Aduana and Heinrich, 2018). Through the
application of the TPACK framework, the study unveiled the
intricacies of technology integration in mathematics education and
offer recommendations for enhancing instructional methodologies in
schools across Limpopo.

The theoretical underpinning provided by the TPACK framework
allows for a multi-dimensional analysis of teaching practices. By
dissecting the intersection of technological knowledge (TK),
pedagogical knowledge (PK), and content knowledge (CK), the study
systematically evaluates how these components coalesce to impact the
quality of mathematics instruction (Smith, 2021). This detailed
analysis ensures that each aspect of the TPACK framework is
thoroughly examined, providing a holistic view of how technology can
be effectively integrated into pedagogy to enhance students’
comprehension of mathematical concepts (Stoilescu, 2015). This
approach not only highlights best practices but also identifies potential
gaps and areas for improvement in current teaching methods.

Furthermore, the TPACK framework facilitates a nuanced
exploration of the contextual factors influencing technology use in
classrooms (Dong et al., 2020). It considers the unique challenges and
opportunities within the Limpopo region, such as resource availability,
teacher preparedness, and student socio-economic backgrounds. By
integrating these contextual elements into the analysis, the study offers
tailored recommendations that are both practical and relevant to the
local educational landscape (Reed et al., 2017). This ensures that the
proposed instructional strategies are not only theoretically sound but
also feasible and sustainable in the specific context of Limpopo schools.

Additionally, the TPACK framework supports the development of
professional development programs aimed at enhancing teachers’
competencies in integrating technology into their teaching (Reed
et al., 2017). By identifying specific areas where teachers may need
further support, the study can inform the design of targeted training
initiatives that address these needs. This contributes to the overall goal
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of building a more capable and confident teaching workforce that is
equipped to leverage technology effectively in the classroom.

4 Research methodology

A qualitative approach was employed in this study to gather rich,
detailed data from participants’ own words and behaviors. Qualitative
research is characterized by its use of open-ended conversational
communication to collect data. This approach was chosen to deeply
understand teachers’ experiences with technology usage in rural
schools (Juggernath and Govender, 2020).

The study utilized a single case study design (Yin, 2017), focusing
exclusively on the Lepelle Nkumpi Circuit in South Africa’s Capricorn
District. This approach enabled an in-depth examination of teachers’
understanding and challenges regarding technology usage within this
specific rural context. The single-case design was appropriate for
capturing the unique socio-economic, infrastructural, and educational
dynamics of this rural setting, aligning with Yin’s (2017) emphasis on
bounded systems for contextual richness.

4.1 Sampling

Sampling refers to the process of selecting a subset of a
population of interest for the purposes of social science research,
with the aim of inferring patterns of behaviors within specific
populations (Lohr, 2021). The purposive sampling strategy for
this study involved four teachers based on their expertise and
experience in using technology in rural educational contexts
within a certain school in Nkumpi circuit.

This study’s sample of four teachers was appropriate for several
reasons. As a qualitative case study, depth of insight was prioritized
over sample size. The four participants were purposively selected as
information-rich cases based on their direct experience with
technology integration in the Lepelle Nkumpi Circuit’s rural schools.
This allowed for in-depth exploration while achieving data
saturation—the point where no new themes emerged. The small
sample enabled thorough analysis of each teacher’s experiences while
accommodating practical research constraints in rural settings.
Methodologically, this aligns with established qualitative research
where sample adequacy is determined by data richness rather than
quantity. Similar TPACK studies in comparable contexts have
successfully used samples of this size. The consistency of themes
across all four participants confirms the sample’s appropriateness for
exploring technology integration challenges in this specific
rural context.

4.2 Data collection

Data collection refers to the process of gathering information or
evidence for a research study (Orcher, 2016). Data was collected
through semi-structured interviews and focus group discussions
conducted with teachers in the Lepelle Nkumpi Circuit (Moreroa,
2022).
in-depth exploration of individual experiences and perceptions, while

Semi-structured interviews provided opportunities for

focus group discussions facilitated group dynamics and interaction
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(Nyumba et al, 2018), allowing for the exploration of shared
experiences and differing perspectives within the specific geographical
context. Interview and focus group protocols were developed based
on the research objectives and included open-ended questions to elicit
rich qualitative data (Gill and Baillie, 2018).

4.2.1 Interview procedure outline

The study followed a systematic interview procedure to ensure
consistent and reliable data collection. First, participants were
purposively selected and contacted to schedule interviews at their
convenience. Prior to each session, researchers obtained written
informed consent and explained the studys purpose and
confidentiality measures. Semi-structured interviews lasting
30-45 min were conducted in-person at the participants’ schools,
using an interview guide aligned with the TPACK framework. The
guide contained open-ended questions organized into three key
sections: (1) teachers” current technology use practices, (2) perceived
challenges and barriers, and (3) support needs and recommendations.
All interviews were audio-recorded with permission and
supplemented with field notes. Immediately after each session,
researchers documented preliminary observations and reflections.
The recordings were later transcribed verbatim and returned to
participants for member checking to ensure accuracy. Throughout the
process, researchers maintained reflexivity by documenting potential
biases and regularly consulting with peers to minimize subjectivity in

data collection.

4.2.2 Focus group protocol

The focus group protocol was structured to facilitate rich
After
introductions and consent procedures, the 90-min session began with

discussion while maintaining methodological rigor.
warm-up questions about participants’ general technology use
experiences. The core discussion explored three key areas aligned with
the TPACK framework: (1) perceptions of technology’s educational
value, (2) practical challenges in integration (resource limitations,
training gaps, curriculum alignment), and (3) collaborative problem-
solving for overcoming barriers. A trained moderator used open-
ended probes while ensuring balanced participation, with particular
attention to power dynamics in group responses. The session
concluded with a summary verification of key points, allowing
participants to clarify or expand on their contributions. Audio
recordings were supplemented by a note-taker documenting
non-verbal cues and group dynamics. This protocol design enabled
systematic data collection while remaining responsive to emergent
themes, particularly valuable for capturing shared experiences in rural
educational contexts. The structure balanced focused inquiry with
organic dialog, with all questions intentionally mapped to the study’s
TPACK theoretical framework to maintain conceptual coherence
throughout the discussion.

4.3 Procedures for data collection

Ethical clearance for the present study was obtained from Turfloop
Research Ethics Committee (TREC/853/2024: PG). The purpose of
the study was explained to teachers who formed as participants.
Further to this, we also emphasized that participants who feel to
withdraw from the study should feel save to disengage or participation
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of the current research study. Consent for Participation was obtained
from the teachers and learners. Additionally, individual semi-
structured and focus group interviews were administer in the
sample schools.

4.4 Data analysis

The study employed a systematic thematic analysis process
following Creswell’s (2017) framework to analyze the qualitative data
collected through interviews and focus groups. The analysis began
with thorough familiarization, as researchers immersed themselves in
the data by reading and re-reading all transcripts while making initial
notes. This deep engagement with the raw data ensured a
comprehensive understanding of participants’ perspectives before
formal coding began.

For the coding phase, the research team utilized a hybrid approach
combining both inductive and deductive methods. Initial coding was
conducted inductively to identify emerging concepts directly from the
data, while simultaneously applying deductive codes based on the
TPACK frameworK’s established dimensions.
independently coded a 20% sample of the transcripts to establish

Two researchers

inter-coder reliability, achieving a Cohen’s kappa coefficient of 0.81,
indicating strong agreement. The remaining transcripts were then
divided between coders using the established coding framework, with
weekly meetings to discuss and resolve any discrepancies
(Voogt, 2018).

4.4.1 Theme development and validation

Potential themes were developed through an iterative process of
reviewing coded data extracts and examining their relationships. The
research team employed thematic mapping to visualize connections
between codes and cluster them into meaningful themes. Particular
attention was paid to identifying both prevalent themes (appearing
across multiple participants) and significant minority perspectives.
Negative case analysis was systematically conducted to test and refine
the emerging thematic structure.

Several validation measures were implemented to ensure the
trustworthiness of findings. Member checking sessions allowed
participants to review and verify preliminary interpretations of their
responses. The research team maintained a detailed audit trail
documenting all analytical decisions, including theme evolution and
rationale for modifications. Final themes were then mapped to the
TPACK framework components, demonstrating how the empirical
findings both aligned with and expanded upon the theoretical model
(Castleberry, 2018). This rigorous process ensured the findings were
both grounded in participant experiences and theoretically informed.

4.5 Trustworthiness and credibility

Through several rigorous measures, the study ensured the
trustworthiness and credibility of its qualitative instruments semi-
structured interviews and focus group discussions. To enhance
credibility, the researchers employed triangulation by collecting
data through multiple methods and from multiple participants,
while member checking allowed teachers to verify the accuracy of
their responses. Thick descriptions of the rural school context and
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purposive sampling of experienced teachers were provided to
support transferability. Dependability was achieved through
maintaining a detailed audit trail of research procedures and
engaging in peer debriefing to minimize bias. Confirmability was
addressed through researcher reflexivity and adherence to ethical
standards, including obtaining approval from the University of
Limpopo Ethics Committee (TREC/853/2024: PG) and securing

informed consent.

5 Presentation of results

SchoolX | SchoolY | SchoolZ

Theme 1:
Teachers'
understanding of
technology in

education

Theme 2:
Challenges faced
by teachers in
using technology
Sub-theme: Lack
of technological

knowledge

Sub-theme:
Difficulties in
accessing

technology

Sub-theme:
Inadequate
training and

support

Teacher I:
“Technology is
essential in
enhancing
learning, but
many teachers still
struggle with
understanding
how to effectively
integrate it into

their lessons.”

Teacher 1: “The
lack of
understanding of
how to use
technology in
teaching is a
significant barrier.
Many teachers are
not trained to
integrate
technology
effectively”

Teacher 1: “In
rural areas, access
to technology is
limited, making it
challenging to
integrate it into

teaching”

Teacher 1: “There’s
not enough
professional
development
focused on
technology,
leaving many
teachers to figure
things out on their

own”

Teacher 2: “We
know technology
is important, but
without proper
guidance, many
of us are left
unsure of how to
use it beyond

basic tasks”

Teacher 2: “There’s
agap in
knowledge about
using technology;
some teachers
avoid it due to
lack of confidence
in their tech

skills”

Teacher 2: “Even
when technology
is available, it’s
often outdated or
insufficient,
making it hard to
use effectively in

classrooms.”

Teacher 2: “The
lack of ongoing
training and
support makes it
difficult for
teachers to keep
up with
technological
advancements in

education”

Teacher 4:
“Technology is
often seen as an
add-on rather
than integral to
teaching; this
limits its usage

in classrooms.”

Teacher 3: “The
shift toward
using
technology in
teaching has
been slow
because many
teachers do not
fully understand
how to leverage

it”

Teacher 4:
“Access to
reliable
technology is a
major issue;
many tools

we need aren’t
available in our

schools”

Teacher 4:
“Teachers need
more training
on how to
effectively
integrate
technology into
their teaching

practices.”
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Themes

Sub-theme: Lack

of resources

Sub-theme:
Relevance of
technology to the

curriculum

' School X

Teacher 1: “The
resources available
are insufficient to
meet the demands
of integrating
technology into
teaching

effectively”

Teacher 1: “It’s
challenging to
align technology
with the
curriculum,
especially when
the tools available
do not match the

content being

' School Y

Teacher 2: “There’s
a shortage of
necessary
technological
tools and
resources, making
it difficult to teach

using technology”

Teacher 2:
“Technology is
often not
integrated into
the curriculum in
a meaningful way,
making it feel
more like a

burden than a

' School Z

Teacher 3:
“Limited
resources are a
major barrier;
we often lack
even basic

technology in

our classrooms.”

Teacher 3: “The
technology

we use often
does not fit well
with the
curriculum,
which limits its
effectiveness in

teaching”

taught” benefit”

The analysis revealed three primary thematic clusters regarding
technology integration challenges in rural South African schools,
supported by but not limited to participant quotations:

5.1 Systemic resource constraints

Beyond teachers’ reports of “outdated or insufficient technology”
(Teacher 2), the data collectively illustrates a cyclical resource
deprivation pattern. Limited infrastructure (reported by all
participants) interacts with inadequate maintenance systems, creating
dependency on intermittent external support. This systemic challenge
fundamentally constrains all technology integration efforts, regardless
of teacher motivation or training levels.

5.2 Pedagogical-technological disconnect

While Teacher 1 noted technology is “often seen as an add-on,”
deeper analysis shows this perception stems from structural
misalignment. The TPACK framework reveals how curriculum
requirements rarely account for rural technological realities, forcing
teachers into reactive rather than strategic technology use. This
explains the prevalent “burden” metaphor emerging across interviews,
where technology implementation creates additional labor without
clear learning benefits.

5.3 Professional development gaps

All participants referenced training deficiencies, but the
synthesized data reveals a crucial nuance: existing programs
emphasize technical skills over pedagogical integration. Teacher 4’s
request for “more training on effective integration” reflects the broader
need for TPACK-oriented development that bridges technical
competence with curriculum-aligned implementation strategies. This
gap persists despite teachers’ awareness of technology’s potential value.
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5.4 Interpretive analysis

The interplay of these themes creates a self-reinforcing barrier system:
resource limitations restrict practice opportunities, which perpetuates low
technological pedagogical content knowledge (TPACK), resulting in
superficial implementation that fails to justify further investment.
Crucially, the data shows these challenges are perceived as systemic rather
than individual deficiencies, with teachers consistently describing
solutions requiring institutional-level interventions.

6 Discussion

This study’s findings illuminate critical dimensions of technology
integration challenges in rural South African schools through the lens
of the TPACK framework, while also engaging with and extending
prior literature. Below, we discuss these insights through a hybrid
structure that aligns with TPACK’ core components while
incorporating comparative analysis with existing research.

6.1 Technological knowledge gaps: beyond
access to competence

Our findings confirm prior research identifying limited
technological knowledge (TK) as a barrier to effective integration
(Emmers, 2024). However, while existing studies often frame this as
an issue of access (Azionya and Nhedzi, 2021), our data reveal a more
nuanced challenge: even when technology is available, teachers lack
the competence to leverage it pedagogically. For instance, Teacher 2’s
admission of avoiding technology due to “lack of confidence”
underscores that TK gaps persist beyond infrastructure limitations
(Kisanga and Kisanga, 2022).

This challenges urban-centric TPACK literature (Koehler and
Mishra, 2016), which assumes that once tools are provided,
teachers can progressively develop TK. In rural contexts, however,
sporadic electricity and outdated devices disrupt skill retention,
creating a fragile TK foundation. Our study thus extends Xu et al.
(2025) work by highlighting how rural TK gaps are systemic,
requiring not just training but also stable infrastructure to
reinforce learning.

6.2 Pedagogical-content challenges
(PK/CK): curriculum misalignment in rural
contexts

The study identified a critical disconnect between curriculum
demands and technological realities in rural schools. Teacher 3’s
observation that technology is “seen as an add-on” reflects a
broader issue: pedagogical content knowledge (PCK) in these
settings often develops in isolation from technology, unlike the
integrated model TPACK envisions (Mishra and Koehler, 2006).

This aligns with Ramnarain and Malope’s (2023) findings in
African rural schools but adds a new layer: the misalignment is
structural. For example, while the curriculum may mandate digital
lessons, schools lack tools to execute them, forcing teachers into
improvised pedagogy that undermines coherence. Prior studies (e.g.,
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Davis and Hall, 2018; Santos and Castro, 2021) focus on training
teachers to align technology with pedagogy, but our data suggest that
without curriculum reform accounting for rural constraints, such
efforts remain superficial (Karaca, 2024).

6.3 Systemic barriers (TPK/TCK): the
infrastructure-training-policy Nexus

The most striking finding was the interdependence of barriers.
Teachers emphasized that inadequate resources (TK), insufficient
training (TPK), and curriculum misalignment (TCK) compound one
another, creating a cycle of failed integration. For example, Teacher 1
noted that even when workshops were offered, “load shedding [power
outages] made practice impossible”: a rural-specific hurdle absent in
urban studies (Graves et al., 2021; Kalyani, 2024).

This systemic view challenges the “training-first” approach
dominant in the literature (Davis and Hall, 2018; Sumardi, 2024). Our
participants proposed holistic solutions, such as pairing device donations
with localized tech support a strategy echoing Graves et al’s (2021) call
for “bundled interventions” but tailored to rural logistics. Policymakers
must recognize that in low-resource settings, TPK and TCK cannot
develop without reliable TK foundations (Voogt, 2018; Johnny and
Martin, 2025).

By examining technology integration through both TPACK and
comparative literature lenses, this study reveals that rural challenges are
not just amplified versions of urban barriers but qualitatively distinct.

7 Study limitations and future
directions

While this study offers valuable insights into technology
integration challenges in rural South African schools, several
limitations must be acknowledged. The small sample size (four
teachers) and single-case design limit generalizability, though they
enabled depth of analysis appropriate for qualitative exploration.
Reliance on self-reported data through interviews and focus groups
may introduce social desirability bias, while the cross-sectional
approach captures only a snapshot of challenges rather than their
evolution over time. The study also focused exclusively on teacher
perspectives, omitting other key stakeholders like administrators or
students who might offer additional insights into systemic barriers.
Future research could address these limitations through mixed-
methods designs incorporating classroom observations, longitudinal
tracking of technology integration efforts, and comparative case
studies across diverse rural contexts. Such work could further test this
study’s proposed adaptations to the TPACK framework while
providing more robust evidence for policy recommendations. Despite
these constraints, the research provides important empirical
grounding for understanding the interconnected nature of technology
integration barriers in under-resourced rural schools.

8 Conclusion

This study makes significant theoretical contributions to
technology-integration research by challenging and expanding the
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TPACK framework’s applicability to rural, under-resourced
contexts. Our findings reveal a critical infrastructure-instability
paradox that disrupts TPACK’s foundational assumption of stable
technological access, necessitating the proposed addition of
Contextual Knowledge (XK) as a fourth dimension to account for
rural constraints. By demonstrating how resource shortages,
pedagogical misalignment, and training gaps interact systemically
rather than operating as isolated barriers, we provide a new
analytical framework for understanding technology integration
challenges in marginalized settings globally. These insights invite
a paradigm shift from context-neutral models to approaches that
explicitly center infrastructural and socioeconomic realities, with
practical implications for tiered curriculum design, sequential
policy
implementation. The study thus advances both theoretical

teacher training, and infrastructure-dependent
discourse and practical strategies for equitable educational
technology integration, particularly in Global South contexts
where rural-urban disparities persist. Future research should
empirically test the proposed TPACK-XK adaptation across diverse
settings to further refine our understanding of contextually

responsive technology integration models.

8.1 Recommendations

Based on the study’s findings, several recommendations
are proposed.

8.1.1 Educational support by the Department of
Basic Education

The DBE should increase its support for teacher development
through continuous professional workshops. Such initiatives would
encourage thorough content coverage integration with technology in
the classroom. Additionally, the department should provide teaching
resources such as hardware and software to expose teachers to such
changes of technology aligned with CAPS standards and make annual
teaching plans readily available in the CAPS document to facilitate
regular consultation (Sepadi and Molapo, 2024).

8.1.2 Monitoring and supervision by departmental
heads

The
workshops led by department heads or school principals to

study recommends establishing regular internal
provide ongoing support for technological usage. Teachers should
undergo systematic monitoring, regardless of their experience
level, to ensure consistent adherence on integration of content and
technological usage in the classroom. This could involve
supervising lesson plans, conducting classroom observations, and
encouraging teachers to sign documentation attesting to
technological usage.

8.1.3 Teamwork among teachers

Strengthening teamwork among teachers is essential for ensuring
that curriculum delivery remains consistent and aligned with change
brought by technology usage in the schools. Collaboration of teachers
on the usage of technology should be enforced to create a better
working environment for technological usage. A structured team
consisting of principals, departmental heads, and subject specialists
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can collectively work to improve curriculum practices and maintain a
high standard of usage of technology on teaching.

This
immediate, coordinated action from all education stakeholders to

study’s findings and recommendations demand
bridge the digital divide in rural schools. Policymakers must move
beyond token technology deployments by implementing
infrastructure audits and tiered implementation frameworks that
match schools’ actual resource levels. Teacher training institutions
should urgently reform professional development programs using
our sequential TPACK-XK model, beginning with stabilizing basic
technological access before addressing pedagogical integration.
Researchers need to validate and refine this adapted framework
across diverse contexts while developing new assessment tools that
account for contextual challenges. At the school level,
administrators should establish teacher innovation teams to
develop locally viable integration strategies and advocate for
curriculum flexibility. These recommendations form an actionable
blueprint for systemic change—we cannot afford piecemeal
solutions when millions of rural students remain excluded from
digital learning opportunities. The time for transformative action
is now, and it begins with recognizing that effective technology
integration in marginalized contexts requires fundamentally
different approaches than those used in well-resourced

urban settings.
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