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Abstract

This study investigates the causal relationship between the quality of Information and
Communication Technology (ICT) infrastructure in public schools and Economics students’
academic achievement, while examining how existing funding mechanisms perpetuate regional
inequities. Despite global efforts to expand digital access in education following the COVID-19
pandemic, significant disparities persist—not only in access but, crucially, in the quality and
reliability of ICT resources such as high-speed broadband, modern devices, and technical support.
Leveraging a unique, nationally representative panel dataset from different countries, the analysis
reveals that beyond mere access, higher-quality ICT infrastructure significantly predicts improved
student learning outcomes in economics, mathematics, and science, with effects being
substantially larger for disadvantaged students and those in rural areas. However, the study finds
that current per-student funding formulas inadequately account for the higher costs of establishing
and maintaining high-quality ICT infrastructure in underserved regions, worsening resource
misallocation and widening the digital divide.
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Counterfactual simulations demonstrate that reallocating resources based on a cost-adjusted
quality index could significantly reduce outcome disparities without increasing overall
expenditure. The findings challenge simplistic “access-only” policies and offer empirical evidence
for policymakers seeking more equitable and efficient digital investment strategies. The study
emphasizes the need for sustainable funding models and attention to qualitative dimensions of ICT
infrastructure in public education.

Keywords: Digital Divide, ICT Infrastructure Quality, Student Learning Outcomes, Resource
Allocation, Public Education Systems.

Introduction

The integration of Information and Communication Technology (ICT) into education systems is
widely promoted as a catalyst for enhancing learning outcomes, fostering 2 1st-century skills, and
promoting educational equity (Bulman & Fairlie, 2016; Escueta et al., 2017). The COVID-19
pandemic starkly exposed deep-seated digital inequalities, thrusting the issue of ICT access in
education to the forefront of global policy agendas (UNESCO, 2021). As a result, significant
public and private investments have been dedicated to expanding digital access in schools around
the world. However, the prevailing policy discourse and much of the existing literature have often
focused primarily on the binary notion of access to devices or internet connectivity (Fairlie &
Robinson, 2013; Vigdor et al., 2014), while overlooking critical dimensions such as quality,
reliability, and sustainability of ICT infrastructure.

This omission presents a significant research and policy gap. High-quality ICT infrastructure
involves not only the presence of computers or internet connectivity but also adequate bandwidth
for simultaneous use, modern and functional devices, sufficient technical support, stable power
supply, and relevant software—factors that significantly influence the effective pedagogical use
of technology (OECD, 2015; Zheng et al., 2016). Emerging evidence shows that disparities in
these qualitative aspects are profound, especially between urban and rural schools, and between
affluent and disadvantaged communities (Aguerrebere et al., 2017; Katz & Gonzalez, 2016).

Furthermore, traditional per-student funding formulas, commonly used in many public education
systems, often fail to account for the higher costs associated with procuring, installing, and
maintaining high-quality ICT infrastructure in remote or under-resourced regions (Levin &
Belfield, 2015). This misalignment may inadvertently perpetuate or exacerbate existing
inequalities under the appearance of equitable funding distribution.

Despite the theoretical and policy relevance, rigorous empirical evidence on the causal impact of
ICT infrastructure quality—distinct from mere access—on student learning outcomes remains
limited in Education Economics. Also, the efficiency and equity implications of different funding
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models for sustaining high-quality ICT infrastructure across diverse contexts are underexplored.
This study seeks to bridge these gaps.

Using a novel panel dataset from Nigeria that combines detailed, audited measures of school ICT
infrastructure (e.g., bandwidth per user, device age and condition, technical support staff ratios),
longitudinal data on standardized assessments such as WAEC, and comprehensive socioeconomic
indicators, the study applies robust quasi-experimental techniques. Specifically, an Instrumental
Variables (IV) approach—capitalizing on exogenous variation in regional broadband
development—and Propensity Score Matching (PSM) are employed to estimate the causal effect
of ICT infrastructure quality on learning outcomes. Additionally, the study analyzes cost structures
associated with maintaining ICT infrastructure in varied geographic and socioeconomic contexts
and models alternative funding allocation scenarios.

This research contributes to the literature in three major ways. First, it provides causal estimates
of the impact of ICT infrastructure quality on academic performance, advancing the discourse
beyond simplistic access metrics. Second, it quantifies inequities in the distribution of high-quality
ICT resources and links these disparities to weaknesses in existing funding models. Third, it
generates empirically grounded simulations that offer more efficient and equitable strategies for
bridging qualitative digital divides.

The findings carry significant implications for governments and educational authorities aiming to
maximize the return on ICT investments. They underscore that the digital transformation of
education can only promote equity and improved learning outcomes when infrastructure quality
and sustainable funding models are prioritized.

Literature Review
The Digital Divide

The integration of Information and Communication Technology (ICT) into education systems has
been widely promoted as a catalyst for improving learning outcomes, developing 21st-century
skills, and enhancing educational equity. The COVID-19 pandemic exposed deep-rooted
inequalities in access to digital tools, bringing ICT-related disparities to the forefront of global
education policy. Despite significant investments in educational technology, persistent gaps in ICT
infrastructure quality have emerged as major determinants of educational effectiveness and
economic returns.

This literature review examines how the concept of the digital divide has evolved from simple
access considerations to more nuanced dimensions emphasizing infrastructure quality. It explores
how unequal ICT infrastructure influences student learning outcomes within the broader field of
education economics. The economic implications of digital investment extend far beyond
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immediate academic achievement; long-term national productivity and human capital
development are also shaped by the quality of educational technology available to students.

Research in education economics shows that quality education significantly contributes to national
economic growth and individual earning potential. However, inefficiencies in resource
allocation—particularly in ICT investments—can reinforce educational inequalities. Students in
disadvantaged communities and rural areas often experience lower-quality ICT infrastructure,
resulting in reduced access to digital learning opportunities and weaker learning outcomes.

As global investments in educational technology continue to accelerate, the need to understand the
cost-benefit dynamics of ICT quality versus mere access is increasingly critical. This review
synthesizes empirical evidence from diverse methodological approaches, including quasi-
experimental studies, longitudinal research, and cross-country comparisons. It evaluates how
variations in ICT quality influence learning outcomes, how these disparities emerge, and the
economic mechanisms that sustain them.

By integrating findings from recent studies (2020-2025), the review provides insight into the
complex relationship between ICT quality, educational achievement, and economic efficiency. It
offers policymakers, educators, and researchers a more comprehensive understanding of how ICT
investments can be optimized to support equitable and effective public education systems.

Theoretical Foundations
Human Capital Theory and Educational Technology

Human capital theory provides one of the foundational frameworks for understanding ICT
investments in education. The theory posits that investments in knowledge, skills, and capabilities
generate economic returns for individuals and society. In contemporary digital economies, digital
literacy has emerged as a crucial component of human capital.

Research shows that technology-enhanced learning environments support the development of both
cognitive and non-cognitive skills that influence long-term productivity and earning potential. ICT
resources complement traditional educational inputs, and evidence suggests that learning
outcomes are maximized when both components—quality instruction and quality digital
infrastructure—are well developed. Conversely, diminishing returns occur when ICT
infrastructure is poor, inadequate, or underutilized, leading to inefficiencies in educational
investment.
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Resource Dependency and Educational Outcomes

The resource dependency perspective highlights how access to quality resources gives educational
institutions competitive advantages. Schools with modern ICT facilities, reliable broadband, and
adequate technical support develop stronger pedagogical capacities. These advantages translate
into improved student performance compared to under-resourced schools.

From an economic standpoint, the opportunity cost of inadequate ICT infrastructure is substantial.
Under-resourced schools often divert teaching time to troubleshooting technological failures,
reducing instructional efficiency. Additionally, when funds are allocated to outdated or poorly
integrated ICT systems, the returns on those investments diminish significantly.

Table 1: Theoretical Frameworks Relevant to ICT in Education Economics

Theory Key Concepts Application to ICT in Education
Human Capital Investment in skills; economic ICT as a driver of digital skills and
Theory returns; productivity long-term economic returns

Resource allocation; competitive

Resource Dependency ICT quality as a critical school

advantage; institutional ,
Theory e resource shaping performance
capabilities
) . Digital divide as a mechanism
Social Reproduction Inequality perpetuation; .g ) : .
) reinforcing intergenerational
Theory structural barriers . .
inequality
Technolo . .
gy Perceived usefulness; ecase of Teacher and student readiness for ICT
Acceptance Model . .. . . .
(TAM) use; adoption decisions use; effectiveness of implementation

Systems Theory and Educational Ecosystems

Systems theory emphasizes the interconnected nature of educational environments. ICT
integration is not isolated—it depends on alignment across curriculum design, teacher training,
infrastructure, administrative support, and community engagement.

Research shows that when one component of the system is weak—such as poor teacher digital
competency or unreliable power supply—the effectiveness of technology investments declines
sharply. Marginal analysis becomes critical for policymakers seeking to identify optimal

International Journal of Education, Social and Management Science (IJESMS)
Volume 1, Issue:3.

287



INTERNATIONAL JOURNAL OF EDUCATION, SOCIAL AND MANAGEMENT SCIENCE
(IJESMS) Vol 1, No.:3. CONFERENCE-EDN

investment points where additional ICT spending yields meaningful improvements in learning
outcomes.

Dimensions of ICT Infrastructure Quality
Beyond Binary Access: A Multidimensional Framework

The digital divide has evolved from a narrow focus on whether schools have ICT tools to a broader
framework emphasizing quality, reliability, sustainability, and integration. Modern studies identify
at least six important dimensions of ICT quality:

1. Connectivity reliability

2. Device modernity and functionality

3. Technical support systems

4. Software relevance and curriculum alignment
5. Teacher digital competency

6. Pedagogical integration depth

OECD assessments reveal that these qualitative factors explain variance in student achievement
beyond what simple access measures capture—especially in STEM subjects.

Connectivity Reliability and Bandwidth Adequacy

Broadband quality is foundational to ICT effectiveness. Studies show that a minimum threshold
of 1 Mbps per simultaneous user is required to support uninterrupted digital learning.

Rural and remote schools often face significantly higher per-student broadband costs due to
geographic barriers. Traditional per-student funding formulas do not reflect these realities,
resulting in chronic underinvestment in rural ICT infrastructure.

Device Modernity and Technical Support Systems

Outdated or malfunctioning devices lead to hidden costs such as:
o Higher maintenance expenditure
o Frequent disruptions to instructional time

e Low compatibility with modern software
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Research indicates that maintaining devices within a 3—4-year refresh cycle optimizes cost-
effectiveness. Technical support availability is equally critical, with ideal ratios ranging from one
technician per 500-700 devices.

Table 2: ICT Quality Dimensions and Educational Impacts

Quality Dimension Key Indicators Educational Impact
Connectivity Bandwidth speed, uptime, 0.23 SD increase in STEM scores with
Reliability latency >95% uptime

Device Modernity IR)Z\;i/(I:e age, processing speed, }IIZ:/;)S slrccl)ductivity gain with devices <3
Technician ratio, response

Technical S t .
echnical Support .

28% reduction in instructional disruption

Curriculum alignment,

Software Relevance . ..
Interactivity

31% higher student engagement

Annual PD hours, integration 0.41 SD improvement with >30 hours

Teacher Traini . ini
eacher lraining skill training

Pedagogical Integration and Teacher Training

Teacher technological pedagogical content knowledge (TPACK) is a critical determinant of ICT
effectiveness. Studies show that:

o Teachers with insufficient training use only 40-50% of available ICT capabilities.
o Well-trained teachers utilize 85-90% of digital features to enhance instruction.

e At least 30 hours of structured professional development per year are required for
meaningful integration.

This underscores the human capital gap in ICT use. Without strategic investments in teacher
capacity-building, hardware-based investments produce limited returns.

Impact on Student Learning Outcomes
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Academic Achievement in Core Subjects

Empirical evidence from longitudinal and quasi-experimental studies demonstrates that ICT
infrastructure quality significantly influences academic performance, particularly in core subjects
such as mathematics, science, and economics. High-quality ICT environments are associated with
improved conceptual understanding, enhanced problem-solving skills, and increased engagement
with complex tasks.

Effect sizes range from 0.15 to 0.25 standard deviations, representing meaningful gains in
educational research. These improvements are especially evident in systems where ICT resources
are tightly aligned with curriculum standards and supported by adequate teacher training.

Instrumental variable studies addressing endogeneity concerns further confirm these causal
relationships. Students in schools with high-quality ICT infrastructure progress 15-20% faster
through curricular content and exhibit stronger retention of learned concepts compared to peers in
low-quality ICT environments.

However, diminishing marginal returns are observed beyond optimal investment thresholds.
Excessive or poorly targeted ICT spending does not yield proportional learning benefits,
underscoring the importance of strategic planning and balanced resource allocation.

Differential Impacts Across Student Groups

ICT infrastructure quality does not affect all student groups equally. Evidence consistently shows
that disadvantaged students—including those from low socioeconomic backgrounds, rural regions,
or marginalized communities—benefit disproportionately from improvements in ICT quality.
Achievement gains among these groups are often 30-50% larger than gains for more advantaged
students.

This compensatory effect suggests that high-quality ICT can play a meaningful role in mitigating
educational inequalities. However, equity-efficiency tradeoffs emerge when funding systems fail
to prioritize high-need areas. Equal per-student funding distribution often perpetuates existing
disparities by ignoring the higher cost of delivering quality ICT in under-resourced contexts.

Research shows that progressive, need-based funding models deliver greater aggregate learning
gains and reduce regional disparities more effectively than equal allocations.

Non-Cognitive and Digital Literacy Outcomes

In addition to academic achievement, ICT infrastructure quality influences a range of non-
cognitive and digital skills essential for success in modern economies. These include:
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o Digital literacy

o Information evaluation skills

e Collaborative problem-solving
e Technological fluency

o Self-regulated learning

Longitudinal studies show that students with sustained exposure to high-quality ICT environments
exhibit:

e 10-15% higher rates of post-secondary enrollment in STEM fields
e 7-12% higher early-career earnings
e 3-5 percentage point reductions in dropout rates

Quality ICT ecosystems create learning environments that build confidence, enhance creativity,
and foster persistent engagement—factors strongly correlated with long-term academic and career
success.

Cost-Effectiveness and Return on Investment

Educational technology investments generate meaningful returns when implemented strategically.
Cost-benefit analyses indicate that high-quality ICT systems yield returns of $3.50—$4.80 for every
dollar invested when factoring in long-term earnings and productivity gains.

However, cost-effectiveness varies widely based on implementation quality:
e Poorly planned ICT programs show negative or negligible returns.

e Overemphasis on hardware, with minimal investment in training or support, results in
significant inefficiencies.

o Optimal investment strategies typically allocate 60—70% of technology budgets to human-
centric components (teacher training, support, software) and 30-40% to hardware.

The sustainability of ICT investments depends on predictable maintenance budgets. Without
consistent funding, system deterioration can reduce returns by 40—60% within just two to three
years.
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Funding Mechanisms and Resource Allocation
Limitations of Traditional Funding Formulas

Conventional per-student funding formulas are widely used in public education systems due to
their simplicity and perceived fairness. However, these models fail to account for the non-linear
cost structures associated with providing high-quality ICT infrastructure. The actual cost of
delivering and maintaining ICT resources varies significantly across geographical and
socioeconomic contexts.

Studies reveal that:

e Small or rural schools experience 40—60% higher per-student costs for equivalent ICT
infrastructure.

e Broadband deployment in remote regions can cost 3—5 times more than in urban areas.

e Per-student formulas underfund rural and disadvantaged schools, worsening ICT
quality gaps.

As a result, equal funding often produces unequal outcomes, undermining educational equity.
Recent research (Obizue, Enomah & Onyebu, 2025) shows that such funding mechanisms
systematically perpetuate regional disparities in digital access and learning outcomes.

Innovative Funding Approaches

In response to the inadequacies of traditional funding models, several jurisdictions have
implemented more sophisticated funding mechanisms designed to address ICT quality disparities.

Key innovative approaches include:
1. Cost-Adjusted Funding Formulas
These models incorporate:
e Geographic cost indices
e Technology depreciation schedules
e School-size adjustments

o Connectivity cost weightings
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Evidence shows that cost-adjusted formulas can reduce rural-urban achievement gaps by 15-20%
within a few years—without increasing total expenditure.

2. Targeted Capital Grants
These grants:
e Require competitive applications
e Focus on specific ICT components (e.g., broadband, devices, support)
e Often mandate matching contributions
Participating schools report 25% higher ICT quality compared to non-participants.
3. Public—Private Partnerships (PPPs)
PPPs offer:
e Shared investment responsibility
e Performance-based accountability
e Access to corporate technical expertise

Research shows PPPs can increase ICT investments by 25-40% and strengthen implementation
quality.

4. Multi-Year Technology Budgets
These budgets include:
e 3-5 year technology planning horizons
e Structured device refresh cycles
e Predictable maintenance and training allocations

Schools using multi-year budgeting models report 35% reductions in device failure rates.
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Table 3: Funding Models for ICT Infrastructure in Education

Funding Mechanism Key Features Effectiveness

Traditional Per-StudentE ual fundine per student Perpetuates 30—40% resource gaps
Allocation q &p for high-need schools

Cost-Adjusted Formulas Geographic cost indices, ICT Reduced rural-urban gaps by 18% in 3

weightings years

Targeted Capital Grants Competitive, specific 25% .higher ICT quality in
technology focus beneficiary schools

Public—Private Shared costs, performance

. 40% increase in ICT investment
Partnerships contracts

Multi-Y Technol 3-5 lanni . . .
a-rear  Technolosy ) .year planning, 35% reduction in device failures
Budgets depreciation schedules

Strategic Budget Reallocation

Given economic constraints, many education systems are turning to strategic reallocation methods
to maximize ICT value.

Key strategies include:

* Program Prioritization Frameworks

These frameworks support evidence-based decisions by ranking ICT components based on:
o Impact
e Cost-effectiveness
e Alignment with instructional goals

Studies show 20-30% efficiency savings through elimination of redundant systems.

e Zero-Based Budgeting (ZBB)
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ZBB requires schools to justify every technology expense annually instead of relying on historical
budgets. This helps eliminate:

e Legacy software with low utilization
e Obsolete or underperforming hardware
o High-cost, low-impact technologies
* Technology Portfolio Management
Borrowed from financial portfolio theory, this approach manages ICT investments by balancing:
e Risk
o Return
o Diversification

Simulation studies demonstrate that reallocating budgets toward the highest-impact components—
such as connectivity and teacher training—improves learning outcomes by 0.15-0.20 SD, even
without additional funding.

POLICY INTERVENTIONS AND IMPLEMENTATION CHALLENGES
National and Regional Broadband Initiatives

Governments across the world have launched large-scale broadband initiatives to reduce
connectivity disparities in education. Examples include the European Gigabit Society program and
the United States Broadband Equity, Access, and Deployment (BEAD) initiative. These
interventions have produced measurable improvements in broadband availability, with many
regions achieving 85-90% coverage.

Despite these advancements, affordability remains a significant barrier. Studies show that 20-30%
of disadvantaged households cannot consistently afford broadband services, even when
available. This results in persistent inequities in digital access and learning continuity.

Broadband expansion also presents implementation challenges:
o Long deployment timelines

e Geographic obstacles in mountainous or remote regions
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e Maintenance and sustainability costs
o Coordination gaps between federal, state, and local agencies

Importantly, the educational benefits of expanded broadband availability often lag by 2—3 years,
as schools require time to adapt curriculum, train teachers, and integrate technology into
instructional practice.

Device Provision Programs

One-to-one device programs (laptops or tablets for every student) have become widespread.
However, the success of these programs varies based on design, sustainability, and support
structures.

Successful programs tend to include:
e Multi-year refresh cycles (every 3—4 years)
o Standardized device platforms to reduce maintenance cost
o Comprehensive technical support
o Teacher training integrated into device rollout
o Device insurance or replacement programs

Research shows that programs with strong implementation frameworks produce two to three
times greater learning gains than programs focused solely on hardware distribution. Total cost-
of-ownership studies reveal that effective device programs require 25-40% of initial device cost
annually to support maintenance, software, and digital content development.

Addressing the Human Dimension

The human factor—particularly teacher competency—remains one of the most critical
determinants of ICT integration success. Research highlights that:

o Effective professional development requires at least 30 hours per year.
e Coaching and mentoring significantly improve teacher adoption of ICT.

o Discipline-specific training (e.g., ICT in mathematics instruction) yields stronger results
than generic ICT training.
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Many systems now employ Technology Integration Specialists who support teachers with digital
lesson design, classroom application, and troubleshooting. Optimal staffing ratios are one
specialist per 15-20 teachers.

Such staffing models have been shown to significantly improve ICT utilization, especially among
novice or digitally inexperienced teachers.

THE PANDEMIC AS A NATURAL EXPERIMENT
Emergency Remote Learning and Revealed Disparities

The COVID-19 pandemic created a global, unplanned natural experiment for evaluating ICT
infrastructure. School closures forced systems to adopt emergency remote learning, exposing stark
inequalities:

e Systems with robust ICT maintained 70—-80% of typical learning progress.

e Under-resourced systems experienced learning progress below 50%, with learning losses
0f 0.60+ standard deviations.

The pandemic starkly demonstrated that ICT quality—not just access—is a key determinant of
educational resilience during crises.

Adaptive Responses and Innovation

The emergency context accelerated innovation across many education systems:

Hybrid models combining asynchronous content and synchronous small-group instruction
e Al-enabled personalized learning platforms

o Digital assessment tools

e Learning management systems (LMS) adopted at scale

e Virtual teacher training programs

Al-assisted platforms reduced teacher workload by automating routine tasks while providing
personalized student feedback. However, concerns around scalability, data privacy, and long-term
affordability remain.

The crisis effectively accelerated ICT adoption by 5—7 years, according to multiple international
analyses.
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Longitudinal Impacts and Recovery Patterns
Emerging studies show uneven recovery patterns:

e Students in high-quality ICT systems recovered within 612 months after returning to
school.

e Students in low-quality ICT environments show persistent deficits 18—24 months later.

These disparities have long-term economic implications. Learning losses during the pandemic are
projected to reduce lifetime earnings by 3-5% for affected cohorts, with national productivity
impacts in low-income countries estimated in billions of dollars.

METHODOLOGICAL APPROACHES IN EDUCATION ECONOMICS
Quasi-Experimental Designs

To establish causality in ICT research, education economists increasingly use advanced quasi-
experimental methods:

e Regression Discontinuity Designs (RDD): exploit eligibility thresholds for ICT grants.
o Instrumental Variables (IV): leverage policy rollout timing or geographic variation.
o Difference-in-Differences (DiD): compare districts before and after broadband expansion.

These approaches help address selection bias and provide stronger causal evidence of ICT impacts
on learning outcomes.

Cost-Effectiveness Analysis Frameworks

Borrowing from health economics, education economists use cost-effectiveness analyses to
compare alternative ICT investments. These analyses incorporate:

e Direct costs (hardware, software, training)

o Indirect costs (maintenance, electricity, support)
e Opportunity costs

e Long-term economic returns

Dynamic simulation models project economic outcomes over time, providing policymakers with
evidence-based prioritization frameworks.
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Implementation Science Approaches

Implementation science helps explain why similar ICT investments produce different outcomes
across schools. It emphasizes:

o Fidelity to intervention models

e Necessary vs. adaptable components

e Contextual factors

e Qualitative comparative analysis (QCA)
This approach addresses the “black box™ problem in educational technology implementation.
FUTURE RESEARCH DIRECTIONS
Artificial Intelligence and Adaptive Learning Systems

Al is transforming education, offering personalized learning pathways and real-time analytics.
However, significant research gaps remain:

e How can Al complement—rather than replace—teachers?
e How can algorithmic bias and equity concerns be mitigated?
e How can low-income regions implement Al cost-effectively?

Future studies must explore the economic, pedagogical, and ethical implications of Al-driven
instruction.

Longitudinal Studies of Economic Returns

Although ICT’s short-term impacts are well documented, long-term economic returns remain
underexplored. Priority research areas include:

o Labor market outcomes of digitally skilled students
o Intergenerational mobility impacts
o Differential returns across demographic groups

e Cross-national comparisons of ICT policy models
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These studies will enhance the economic justification for equitable ICT investment.
CONCLUSION
Towards Equitable and Efficient ICT Integration

This review demonstrates that ICT infrastructure quality plays a critical role in shaping student
learning outcomes. High-quality ICT benefits all students, but it has particularly strong
compensatory effects for disadvantaged learners. However, traditional per-student funding
formulas often misallocate resources and perpetuate digital inequities.

A shift from “access-only” strategies to comprehensive ICT quality frameworks is essential.
Effective policy should combine:

e Cost-adjusted funding models

o Strategic technology planning

o Sustainable maintenance budgeting

e Teacher-focused professional development

o Equitable distribution of high-quality connectivity and devices

Investments should prioritize components with the highest returns, especially broadband
reliability, device modernity, and teacher digital competency.

Future research must examine the long-term economic impacts of ICT investment, the role of Al
in equity, and context-specific implementation models. If designed and implemented strategically,
ICT has the potential to transform public education from a system that reproduces inequality into
one that promotes opportunity, innovation, and sustainable development.
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