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Abstract- This conceptual review paper evaluates
the potential that sophisticated telecommunications
infrastructures, namely 5G networks, fibre-optic,
and wireless broadband, can have on STEM
(science, technology, engineering, and
mathematics) learning in developing economies to
enhance access, innovation in pedagogy, and
workforce readiness. Concentrating on Zimbabwe
as a significant example and referring to similar
programmes in Sub-Saharan Africa, the paper has
allied existing policy publications, engineering-
education  frameworks, and  technology-for-
development (ICT4D) literature to outline three
fundamental subjects: (1) how connectivity can
enable a wider curriculum provision and virtual
laboratories; (2) spheres of curriculum and teacher-
training innovations bolstered by telecom platforms;
and (3) the policies and open-ended modes of
public-private  collaboration that can enable
equitable  and  sustainable  roll-out. The
opportunities, like delivery of real-time distant
instruction and the collaboration with engineering
universities of all parts of the world, as well as the
ineluctable obstructions, namely the cost of
infrastructure, unreliable power and low digital
literacy among teachers, are accentuated. The paper
also suggests practical suggestions that education
ministries, telecommunication regulators and
development organisations can do to coordinate
infrastructure investments with STEM education
goals, thereby speeding engineering readiness and
economic  competitiveness in  low-resource
environments.
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L INTRODUCTION

1.1 Context and Rationale

Quality STEM education is universally appreciated
as a central pillar of economic growth, innovation,
and social progress. According to Moyo, Z. (2022),
there is an ongoing challenge with the systemic
inequities, the rural schools having only primitive
electricity and urban schools having obsolete
laboratory equipment and a curriculum that is not up
to date with digital transformation in developing
economies. In Zimbabwe, for example, the
accessibility of secondary schools with reliable
internet connections is less than 30%, and the number
of secondary schools with functional computer labs
makes up 15% (Moyo et al., 2021). The same trends
are observed in Sub-Saharan Africa, according to
(Lwasa, 2013), where the divergence in education
standards between the urban and rural areas promotes
inefficient use and a lack of local talent, combined
with brain drain.

Simultaneously, telecommunications sectors in such
areas have been portrayed by high development rates.
The mobile broadband subscriptions have more than
tripled in the last decade, fibre-optic backbones
connect numerous national capitals, and the
governments are testing the next-generation 5G
services (Abdullahi et al., 2021). These innovations
have made data cheaper and coverage area broader,
but the education policies and infrastructure
deployment plans have been very much in silo. It is
not uncommon to find ministries of Education setting
their own educator training schemes and curriculum
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adjustments that are inexplicably unrelated to
national broadband strategies and, as such,
telecommunication regulators tend to concentrate on
commercial and urban markets at the expense of
leaving a good part of schools, particularly those that
are in the largely remote regions, largely unserved.

This is not only a challenge of disconnect but also a
strategic challenge. On the one hand, unfinanced
schools still have a problem of obsolete materials,
inability to hire teachers, and lack of access to
modern engineering tools, and thus cannot engage
students and do not provide successful learning
(Okpaluba, 2025). Conversely, according to Selmi &
Chehidi (2021), high-speed connectivity that is
reliable and high-speed creates an opportunity to
reinvent the delivery of STEM education like never
before. Responsive telecom investments can secure
implementation of virtual laboratories, interactive
digital curriculum, and sustained professional support
of instructors to develop engineering pipelines,
digital literacy, and train employees to the
requirements of the 2Ist-century labour force by
linking together the efforts of the key stakeholders
around overarching telecom interests and future
learning agendas.

1.2 Purpose and Scope

This paper uses a central case study of Zimbabwe to
present a policy-oriented conceptual review of the
interface between the telecommunications
infrastructures and the STEM education system in
developing economies. It is informed by policy,
white paper of the industry, and practitioner reports
and explores how progress afforded by connectivity
could be converted into actionable educational
opportunities with notably
environments.

disadvantaged

In order to organise this analysis, the paper will

provide an answer to three general questions:

1. Access: How can broadband and mobile networks
reach all schools, even those with fewer
resources, that can open remote labs, support
online collaboration, and provide access to
multimedia science, technology, engineering and
math resources?

2. Pedagogy: What is the involvement of telecom-
enabled platforms in advertising curriculum
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innovation, ongoing teacher professionalisation
and communication with students utilising
interactive digital devices?

3. Policy and Partnerships: What kind and form of
governance, stakeholder-financing and public-
private  partnership  best  overlap the
implementation of telecommunications with the
national STEM education priorities, equitable and
sustainable delivery?

All those questions will help the paper give a
strategic roadmap to the policymakers, telecom
regulators, Education, and development partners to
co-design infrastructure investments that are
maximised to benefit society.

1L LITERATURE REVIEW

The present examination of the scholarship is critical
and analytical of existing scholarship that refutes and
establishes the potential and continued failure to
connect telecommunications infrastructure to STEM
education outcomes within developing economies.
Five thematic strands are discussed in this section:
STEM education landscapes, the digital divide and
evolution of ICT4D,
infrastructure in Education, pedagogical innovations,
and policy-partnership frameworks, of which the
current debate, limitations of the methodologies
available to explore it, and gaps are identified in this

paper.

telecommunications

2.1 STEM education landscapes

Most of the publications on STEM education in Sub-
Saharan Africa are devoted to the rates of enrollment
and curriculum changes (Chisom et al., 2024). Such
research reports diminutive participation in advanced
mathematics and physics- usually less than 20 per
cent of the secondary population- and blames this on
a lack of resources, inadequate teachers, and obsolete
curriculums (Gelu & Wakjira, 2024). Most analyses,
however, consider these factors separate problems
instead of relating to each other as challenges. They
even fail to consider that the lack of infrastructure
(e.g., celectricity cuts, equipment deficiency)
reinforces pedagogical drawbacks and discourages
students enrolled in technical subjects. Additionally,
according to Sahito et al. (2025), outcome
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assessments usually base their conclusions on cross-
sectional test scores, and they do not give us a clue
about how exposure to modern learning tools in the
long run may alter career paths. Such a disconnect
indicates the need to establish mechanisms which
could integrate the infrastructure variables as a
parameter of STEM-readiness assessment.

2.2 The digital divide and evolution of ICT4D

Since the dawn of the contemporary ICT4D concept,
the digital divide is taking a new form. In Africa, the
mobile phone has dominated access and,
conse,quently, a deluge of applications (Thakur &
Daundey, 2025). However, the literature shows that
this kind of innovation often fails when not used
locally or with teachers' support- it ends up
underused, thus leading to a loss of investments.
Additionally, as Kanya et al. (2015) noted, most of
the ICT4D literatures are based on small-scale pilot
studies or anecdotal information and, therefore,
cannot be generalised.

2.3 Telecommunications infrastructure in Education

Historically, research on telecommunications
infrastructure was not as interested in demand side
results, i.e. the supply side, including what coverage
maps are, throughput rates and cost standards, and
often confused between availability and access
(Rajasekaran et al., 2024). Although these statistics
are valuable, they are blind to qualitative aspects: the
trustworthiness of the service, suitability to
educational hardware, parts, even of culture: how
connectivity is seen within the community of schools.
As evidenced by case studies in Kenya through the
Digital Literacy Programme by Opicho et al. (2025),
although the coverage of 4G reached up to three-
fourths (3/4) of schools within the geographic area,
the amount of use was not as high due to the errors in
the configuration of the router or teachers without the
basic research skills to address problems manually.
Such disconnect represents a failure that, in the
literature, more widely lacks appreciation; the
presence of infrastructural deployment should be
analysed in conjunction with capacity building
initiatives and community involvement. In turn, this
paper approaches the topic with a more
comprehensive lens, considering not only the
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question of the presence of networks (of any kind),
but their functionality in pedagogical settings (i.c.,
how do they work?).

2.4 Pedagogical Innovations

The educational technology also leaves a prospect of
applying simulation software, virtual labs, and
collaboration tools as online resources to change how
STEM education is conducted (R et al., 2025).
Nevertheless, the scholarship tends to believe that
ease in technology adoption will automatically lead
to improvement in learning outcomes by not
seriously considering teacher preparedness and
institutional limitations. For example, MOOC-based
professional development may be scalable, but when
courses are irrelevant in any context or have no
mentorship, dropout rates may reach as high as 60
per cent among educators (Spyropoulou et al., 2022).
The source also says that most studies focus on
engagement measures (the number of clicks or even
logins into the platform) but not the more internal
cognitive results (skills in solving problems or
understanding concepts). As a step towards discourse
improvement, less instrument-centred and more
systems-based research is obligatory, which could
evaluate not only the effectiveness of the tool but also
its  context, including curricular alignment,
assessment structures, and cultural views on digital
pedagogy, which moderates the influence of
technologies.

2.5 Policy and Partnership, and Frameworks

The studies of Universal Service Funds (USFs) and
public-private partnerships (PPPs) tend to praise new
state-financing patterns without much objection to
the mechanisms of governance and accountability
(Jain, 2012; Mietzner, 2023). The experience of
Ghana, in its Smart Classroom project as a case,
indicates cost savings and numbers of connections,
but does not go into details of procurement
malpractices and variation in implementation
between the regions. Likewise, blended finance
vehicles advanced by the development banks are
quite promising on paper. However, we have often
witnessed that they eventually fail to fulfil the
promise due to the misalignment of stakeholder
incentives and the absence of performance-based
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accountability. Longitudinal assessments connecting
funding mechanisms to learning outcomes are not
commonly supplied in the literature, creating an
unacceptable disconnect in comprehending truly
sustainable, equitable access programs that will work
within specific governance structures. This paper
aims to fill that gap by questioning conditionalities
and monitoring activities behind successful telecom
education partnerships.

2.6 Identified Research Gaps

It is necessary to develop integrated assessment
models that correlate the infrastructure measures with
pedagogical and  cognitive  outcomes  and
contextualise the pedagogical knowledge by adapting
the global practices in edtech to fit the local
curriculum, languages, and norms. Accountability in
the governance, especially PPPs and USFs, should
also be investigated regarding the effect this will
have on the equity in Education and distribution of
resources. The processes of capacity building, such as
school leadership, maintenance routines and parental
perceptions, are yet to be researched further, but are
essential to the adoption process of technology.
Through critical commentary on these neglects, this
paper goes beyond mere descriptive passages and
pilot projects to provide a multidimensional and
empirically informed, yet practically viable wider
framework of how telecommunications may be used
to foster educational reform in STEM education, one
which seeks to overcome existing gaps and take into
consideration recent evidence, as well as realities on
the ground.

III.  METHODOLOGY (CONCEPTUAL
FRAMEWORK)

The comparative, multi-theoretical policy analysis
approach to policy, fueled by the synthesis of a
variety of documentary resources and practitioner
experience, is chosen over the primary data collection
method in this paper, as it is used to determine how
telecommunications infrastructure can spur STEM
education reform. The methodology is further
structured as follows: (1) conceptual approach, (2)
case selection and (3) dimensions of analysis.
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3.1 Conceptual Approach

The study does not represent an empirical or a
statistical study; instead, it is an analytical paper
whose approach forms around two frameworks that
have been used as both complementary: ICT4D (Flor
& Gonzalez--Flor, 2020), and Technology Enhanced
Learning (Daniela et al., 2018) frameworks. An
ICT4D theory focuses on the socio-technical
interaction between interventions in connectivity and
development  outcomes, encompassing  how
infrastructure is inadequate due to a lack of content
relevance and capacity development and institutional
edification. TEL scholarship emphasises the
pedagogical processes through which technologies
mediate teaching and learning and thus pays attention
to such processes as curriculum design, learner
engagement, and teacher professional development.

It is a combination that can offer a complete analysis
that can be utilised to integrate supply-side issues
related to infrastructure (e.g., network availability,
cost), and demand-side issues concerning education
processes (e.g., curriculum innovation, digital
literacy). Triangulation of the given evidence is
provided by sources such as policy white papers,
academic literature, and practitioner reports, which
identify commonality in the problem, best practices,
and systemic bottlenecks. This way of doing it makes
the recommendations not only a theoretically sound
affair, but also highly practical and based on the
twofold specialised knowledge of Obert Musemwa as
an instructor of engineering and expert on
telecommunications.

3.2 Case Selection

Primary Case Chosen due to its direct contact with
the professional experience of Obert Musemwa,
Zimbabwe, can be considered the centre case. Some
of its documents of importance are Zimbabwe
National ICT Policy 20212025, the Ministry of
Education's digital learning strategies and TelOne
College connectivity initiatives. The combination of
urban fibre backbones and underserved rural districts
in the country provides a broad spectrum of contexts
in terms of infrastructure.
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Comparative Contexts:

o Kenya: Implementation of tablet-based learning
on the Digital Literacy Programme by the
Ministry of Education provides insight into the
distribution of large-scale devices and content at
primary and secondary schools (Otieno et al.,
2025).

o Rwanda: Rwanda is renowned for its One Laptop
per Child, followed by e learning hubs, which
portrays coordination at the national level in
terms of hardware, connectivity, and even
teachers (Ildephonse & Eugenia, 2024).

By choosing these cases, it is possible to compare
them across contexts and see that educational
outcomes depend on the differences in how
governance is organised, how it is funded, and what
the capacity of the institutions is.

3.3 Analytical Dimensions

According to the three interrelated dimensions, the

cases are analysed.

1. Infrastructure Availability & Reliability
Geographic  geographic/urban/rural  coverage,
bandwidth figures, cost per Mbps and service
availability.

The test is made based on the reports by the
telecom regulator and independent speed testing.

2. Pedagogical Integration

The nature and size of teacher training
programmes, the usage rates of digital curriculum
and their perceived changes in the delivery of
instructions.
NGO assessments, conference reports and select
interviews with education stakeholders (as
published in practitioner publications) may be the
sources of the information.

3. Local authority finance governance

e The efficiencies and designs of the Blended
finance vehicles, Universal Service Funds and
CSR contracts and contracts.

e Analysis of accountability setups, performance-
based subsidies and a platform of coordinating
parties.
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These dimensions are mapped in the paper to find
tendencies of what works and what continues to go
awry, which is used to fill a framework that connects
the interventions of connectivity with pedagogical
effectiveness and policy formation

IV.  DISCUSSION

This section critically looks at the role of the
telecommunications infrastructure in conjunction
with STEM education in the developing economies,
questioning the promise of connectivity articles and
their perils. It utilises the comparative experiences of
Zimbabwe, Kenya, and Rwanda; identifies systemic
conflict in the technological potential and educational
delivery; evaluates the inequities in the structure; and
evaluates the hollow representation of the state of
engineering preparedness.

4.1 Expanding Access through Connectivity

Telecommunications infrastructure is often hailed as
the solution to the inequity in Education, but a
sceptical eye pointed at it exposes it to be a shallow
claim since availability does not mean adequate
accessibility. In Zimbabwe, fibre backbones extend
to urban centres at average broadband speeds of
better than 20Mbps, whereas many rural schools use
2G or partial satellite connection at sub-1 Mbp
speeds (Hollman et al., 2022). Coverage maps are
deceptive in that they appear to have coverage; the
reality is that these networks remain lightly utilised
due to a lack of service reliability, high data rates and
absence of compatible end user equipment.

Further, the pilot simulations of the Kenya Digital
Literacy Programme by Ouma-Odero (2025)
determined that, despite a nominally available 4G
connectivity, in practice, in several schools, there
were no practical possibilities to support the
operating routers because of the incorrect
configuration or lack of technical maintenance. This
lapsus accents a proverbial factor: the measurements
of infrastructures must be in hand-in-hand with the
capacity building. The connectivity installations put
in place without training educators in some form of
basic network troubleshooting techniques or
community-based plans to maintain them, after being
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installed, become what are known as white elephants;
neither teachers nor students can utilise them.

Significantly, the gendered aspect of access is
neglected most of the time. In communities where the
culture does not allow girls the freedom to use mobile
technology beyond the household context, school-
based connectivity programs have the potential to
improve established inequality unless it is combined
with specific outreach and safe space programs.
Accordingly, the social inclusion structures need to
be included in the strategic planning processes of
rolling out the networks so that the networks are
made geographically unbiased and reach the
underrepresented population within the school
communities.

4.2 Curriculum Innovations via Telecom Platforms

Incorporating telecom-enabled platforms in the
STEM curricula has transformative potential when
combined with local teaching and learning realities.
Research out of the e-learning centres of Rwanda by
Nzabahimana et al. (2024) indicates that interactive
simulations and virtual labs have the potential to
speed significantly conceptual learning significantly;
however, in practice, such effects are only realised in
schools which have a substantial strain of teachers
who have accessed recent and context-specific
professional development. However, Rulinawaty et
al. (2023) shorter-term workshops or generic MOOCs
do not address the mismatch problem between online
global content and country national curricula, leaving
educators unable to convert online modules into
exam-focused lesson aspects.

Besides, a study by Wang et al. (2022) shows that
student engagement metrics (e.g., login frequency)
will tend to obscure a more troubling reality: high
click rates can be symptoms of novelty, not learning.
Critical inquiry, therefore, demands the use of mixed-
method assessments by quantitatively looking at any
existing platform data along with qualitative
assessments in the classroom to determine whether
there are indeed quantifiable results in the area of
problem solving or purely the increased levels of
superficial interaction based on the innovations
facilitated by the telecom world.
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Moreover, changing the curriculum in the second
place necessitates repeated feedback from teachers,
content developers, and telecoms. A pilot coding
curriculum implemented in Kenya failed after local
teachers were not consulted on language translation
or hardware needs. They tended to overlook local
constraints which are on the ground constraints as
they are mostly unavoidable other than design as if
the local needs were taken into account as in co
design processes then the constraints can be
addressed including limitations hence the need to
embrace co design processes which also takes into
consideration on the grounds constraints that cannot
be neglected without having constraints tackled.

4.3 Technical and Financial Barriers

Even in the most ingenious telecom education
projects, operational and capital intensity barriers are
still tackled. Making the fibre run to the remote
districts is very costly, as well as the maintenance
period, all against the backdrop of the rugged terrains
and unreliable power supply (Munguti, 2025). Solar
base stations and mesh networking can alleviate these
challenges; however, these networks demand
technical knowledge inaccessible in localised areas.
Monetarily, the complete ownership of connected
school labs is not only charged by the data
subscriptions but also purchase and refurbishment of
the devices along with their continued software
subscriptions. Small-scale pilots usually cover these
costs through donor money, but not many models
define how sustainability will be achieved in the long
term as donor support decreases. A critical stance
requires investigating new cost recovery systems,
including community cooperative systems of
ownership that share bi cost of connectivity with
local businesses or using sliding scale tariffs
according to the usage pattern.

Further, cybersecurity threats such as malware
infestation of student devices and data privacy are
more financial liabilities and can undermine
stakeholder confidence (Boorugupalli et al., 2025).
Barrier analysis, hence, has to feature risk reduction
mechanisms and preparation of digital safety
measures.
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4.4 Long-Term Impact on Engineering Readiness

STEM education on telecom would create a
workforce ready to face the dynamics of modern-day
engineering. The data on prolonged use of simulation
tools in Nigeria's virtual leagues of robots suggest an
increase of 20 per cent in university table-type
enrolments. However, the causal mechanisms
underlying such statistics are understudied: are such
programs an environment that will lead to real skill
development, or do they bring mostly already
privileged students?

A critical eye thus demands longitudinal studies
(following cohorts through their time in college and
out), not just calculations of who enrols but also what
results they see professionally, what they produce in
terms of innovation and impacts on their local
economy. Also, integration of entrepreneurship and
design thinking subjects in the telecom-driven
curricula may be one way to attract graduates into
engineering  program  attendance, but more
importantly, have them become the localised
solution, driving creators, meaning solving
local/community-based  problems like  water
management (or renewable energy implementation).
Connectivity interventions have a long-term potential
to narrow the engineering pipeline, but their
effectiveness remains unanswered unless they are
systematically evaluated and incorporated into a
well-designed effort aimed at inclusive design and
comprehensive economic development plans.

V. POLICY AND PRACTICE IMPLICATIONS

Continuing  the  critical review on  the
telecommunications-enabled STEM education, this
section has offered the integrated policy and practice
imperatives to help translate the container on
connectivity into durable educational gains. First,
initiatives that require governments to collaborate
and establish joint planning requirements that
dovetail national broadband strategies with clear
school connectivity objectives, which can be
quantified in terms of uptime, user participation and
equity criteria, and that integrate such objectives into
education sector plans, are required. USFs must be
revamped to establish a specific special "Education
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Connectivity Window" with an open, objective and
independent administration and disbursements
specifically linked to digital lesson hours and STEM
testing gains, not on the number of students served or
the level of broadband to campuses. The ministries of
Education should also introduce accreditation
systems of EdTech suppliers, which will give the
basics of the minimum degree of technical and
pedagogical welfare to meet the needs of localised,
long-lasting, and offline-competent solutions. The
pilot-to-scale strategy is to implement in the key
areas: cities, peri-urban, and rural demo schools will
be chosen to engage in a rigorous mixed-method
study, and the regional EdTech hubs at the teacher
colleges provide continuous training in digital
pedagogy and network care. Parent-Teacher
Associations and the local businesses may also
provide in-kind support as a chance to achieve
community ownership and sustainability. Finance
will use blended finance, concessional loans and
performance-based grants to de-risk private
investment, make sliding-scale tariffs contingent on
instructional use, and performance-based subsidies
contingent on concrete STEM enrollment and
performance indicators. Such a cross-sector,
accountability-based framework will move the access
beyond the traditional walls and into sustainable
change, and raise a generation of engineers willing to
move towards innovations and growth.

CONCLUSION

Telecommunications infrastructure acts as the point
of convergence of two radical agendas: the digital
divide and the fast STEM education. Policy reform,
sustainable financing, pedagogical innovation linking
the broadband expansion to preparing a new
generation of engineers and technologists to address
local and global challenges can be done through a
deliberate act in developing economies. The hope-
genesis potential of the concept of a public-private
partnership, trained teacher networks and off-grid
technical practice is also brought up by the example
of Zimbabwe, whose experience epitomises the limits
of resources. In the process of governments and
development partners designing the next round of
digital strategies, it will be necessary to stitch STEM
education's goals into the telecom strategy's core and
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use it as the key to facilitating inclusive economic
growth and technology independence.
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