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Abstract 

The Programme for International Student Assessment (PISA) is widely recognized 

as a global standard for evaluating the effectiveness of education systems, measuring 

15, year, old students' proficiency in mathematics, science, and reading. In light of 

accelerating digital transformation, this study investigates the association between 

national Educational Technology (EdTech) policies and student performance in 

PISA assessments. Employing a cross, national comparative methodology, it 

analyzed policy frameworks and implementation strategies in both high, performing 

countries (e.g., Singapore, Finland, Estonia) and lower, performing counterparts 

(e.g., Brazil, Indonesia, Mexico). Key areas of focus include digital infrastructure 

development, teacher capacity, building, artificial intelligence (AI) integration, and 

equity, driven initiatives. The analysis reveals that coherent, strategically aligned 

EdTech policies—characterized by systemic integration and sustained governmental 

commitment—are significantly associated with superior educational outcomes. In 

contrast, ad hoc or fragmented interventions yield limited impact. The study 

concludes with policy, oriented recommendations to guide effective EdTech 

investment and implementation, with the aim of advancing equitable and high, 

quality education globally. 

Keywords: PISA, Educational Technology, education policy, comparative 

education, digital transformation, AI in education, equity in learning. 

Introduction 

The OECD’s Programme for International Student Assessment (PISA) has 

emerged as a global benchmark for evaluating educational outcomes and informing 

policy decisions. As of 2018, PISA assessed over 600,000 students across more than 

80 countries, measuring competencies in reading, mathematics, and science, along 
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with evolving components such as digital literacy. The proliferation of Educational 

Technology (EdTech), accelerated by both digitization and the COVID, 19 

pandemics, has placed increasing pressure on education systems to integrate digital 

tools into national learning strategies. However, empirical evidence reveals a 

complex and often contradictory relationship between EdTech adoption and student 

achievement. 

EdTech's Uneven Academic Impact 

The introduction of EdTech was anticipated to enhance learning efficiency 

and student outcomes, yet findings from multiple PISA cycles suggest otherwise. 

For instance, excessive use of digital devices has been associated with poorer 

academic performance in reading and mathematics (Vázquez, Cano et al., 2020). 

Similarly, Bozkus (2021) used PISA 2018 data to show that while digital device 

access correlates with better achievement to some degree, the quality of integration 

into the learning environment is the key determinant. In another analysis, Li and 

Petersen (2022) revealed that technology's influence on academic outcomes operates 

through complex structural mechanisms, including classroom practices and 

students’ ICT self, efficacy. 

Furthermore, studies spanning PISA rounds from 2000 to 2012 indicate that 

ICT use has a nonlinear impact on academic achievement, beneficial up to a point 

but detrimental when usage becomes excessive or poorly managed (Zhang & Liu, 
2016). 

Digital Divide and Educational Inequality 

Despite global EdTech expansion, disparities in access and use persist. The 

digital divide remains a substantial barrier, especially in low, income regions or 

among marginalized populations. For example, Tan and Hew (2019) identified that in 

Confucian heritage cultures, gaps in digital access significantly affected math 

outcomes. Similarly, Ghimire (2025) used PISA 2018 data to demonstrate that global 

reading achievement disparities could be traced to ICT infrastructure gaps and lack 

of digital training. 

In Saudi Arabia, national, level PISA analysis found that policy efforts to 

integrate EdTech have been undermined by systemic inequality in device access and 

teacher digital preparedness, which ultimately limited student gains (Aljabri & 
Bhutoria, 2020). Likewise, Nyberg (2024) highlighted how EdTech investments, 

while well, intentioned, often failed to yield substantial improvements in low, 

performing contexts due to deeper structural inequities. 

https://www.mdpi.com/2071-1050/12/2/749
https://eric.ed.gov/?id=EJ1308330
https://www.jstor.org/stable/48695980
https://www.jstor.org/stable/48695980
https://app.scholarai.io/paper?paper_id=DOI:10.12973/eurasia.2016.1297a
https://app.scholarai.io/paper?paper_id=DOI:10.12973/eurasia.2016.1297a
https://link.springer.com/article/10.1007/s10763-018-9917-8
https://repository.uncw.edu/bitstreams/e90a2430-422b-41b5-96aa-a23c44e7042b/download
https://search.shamaa.org/PDF/Articles/SUJespsau/JespsauVol6No1Y2020/jespsau_2020-v6-n1_367-400_eng.pdf
https://search.shamaa.org/PDF/Articles/SUJespsau/JespsauVol6No1Y2020/jespsau_2020-v6-n1_367-400_eng.pdf
https://search.proquest.com/openview/c70ad629bffc6a24f16deb4a3fab3f21/1?pq-origsite=gscholar&cbl=2026366&diss=y
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Policy Implications and the Path Forward 

The challenge, then, lies not merely in adopting EdTech, but in ensuring its 

equitable and effective implementation. Evidence from Ivančič (2024) suggests that 

the relationship between technology usage and performance is highly sensitive to 

program design, especially at upper, secondary levels. Meanwhile, Navarro, Martinez 

and Peña, Acuña (2022) underscore the role of digital behaviors—such as time spent 

on social networks, on learning efficiency, offering insight into unintended 

consequences of unsupervised technology use. 

Thus, national education policies must shift from “device, distribution” 

strategies to holistic, equity, centered approaches that embed pedagogical support, 

digital training, and personalized learning pathways. Without such recalibration, the 

digital revolution risks reinforcing existing inequalities rather than dismantling 

them. 

This study addresses the following research questions: 

1. To what extent do nations with comprehensive and effectively implemented 

educational technology (EdTech) policies demonstrate statistically significant 

improvements in student performance, as measured by PISA assessments? 

2. Which specific EdTech interventions, such as one, to, one device initiatives, AI, 

based personalized learning systems, or targeted teacher professional 

development are most strongly associated with enhanced student learning 

outcomes? 

3. In what ways can policymakers strategically deploy EdTech to reduce 

educational achievement gaps, particularly within marginalized and underserved 

student populations? 

Literature Review 

PISA as a Global Benchmark for Educational Quality 

PISA, administered by the OECD, has become a gold standard for assessing 

educational effectiveness and equity in over 80 participating countries. Its triennial 

tests in reading, science, and mathematics not only capture academic performance 

but also reflect systemic conditions such as teacher quality, policy coherence, and 

curricular alignment (Enchikova et al., 2025). Research emphasizes that high, 

scoring systems, such as Finland, Singapore, and Canada, often combine equitable 

resource distribution with coherent, long, term education strategies (Tan & Hew, 

2017; OECD, 2023). 

https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=00380474&AN=182396435&h=FUlmky%2B5oSOv9iXBkeV9McJostgjpfEJx%2BOi3T5xmgsGvtFFzoSUIhLI63sJBh0cKpP6NBopbDkFmiywj%2BIiyg%3D%3D&crl=c
https://link.springer.com/article/10.7821/naer.2022.1.735
https://link.springer.com/article/10.7821/naer.2022.1.735
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Equity in outcomes, rather than uniformity in inputs, is a key policy 

objective. For instance, the consistent high performance of Nordic countries has 

been attributed to low disparities between schools, early interventions, and 

consistent teacher professionalization (Saarinen, 2020). Furthermore, recent multi, 

country analyses show that student achievement is positively associated with 

investments in educational human capital, such as teacher capacity and school 

leadership, more than with economic inputs alone (Erdogdu & Erdogdu, 2025). 

However, critiques warn of PISA’s overuse in cross, national benchmarking 

without adequate cultural contextualization. The application of PISA standards in 

low, and middle, income countries, as seen in the PISA, D initiative, has revealed 

systemic vulnerabilities, including governance gaps, teacher shortages, and 

infrastructural deficiencies (Pritchett & Viarengo, 2022). 

2. The Role of EdTech in Enhancing Learning Outcomes 

The integration of Educational Technology (EdTech) has demonstrated 

substantial potential to personalize learning, increase access, and foster 

engagement, when embedded within evidence, based pedagogies. According to 

meta, analyses of PISA datasets, ICT, supported instruction is most effective when 

used for student, centered inquiry, collaborative projects, and formative assessment 

rather than passive content consumption (Courtney et al., 2022; Law et al., 2015). 

Countries such as Singapore and South Korea exemplify high, impact 

EdTech integration through strategic digital masterplans, national platforms, and 

compulsory teacher ICT certification (Liang et al., 2023). These initiatives show 

significant gains in math and science outcomes and reduce digital disparities across 

socioeconomic groups. 

Nevertheless, the effectiveness of EdTech is conditional on pedagogical 

coherence. Poorly implemented interventions, especially those focusing on device 

provision without teacher training, have led to negligible or even negative learning 

effects (Gottschalk & Weise, 2023). Research underscores that digital tools must be 

used in ways that amplify human instruction, not substitute for it. 

3. ICT Familiarity and PISA Outcomes 

The impact of ICT familiarity on learning is nuanced. While access to 

technology is necessary, the depth and purpose of its use determine educational 

benefits. Students who regularly use technology for academic tasks (e.g., 

simulations, data analysis) outperform peers who primarily engage in entertainment 

or social use (Li & Petersen, 2022; Petko et al., 2017). 
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Moreover, gender and regional disparities exist in how ICT tools are 

accessed and employed. A study on Asian schoolgirls found that tailored ICT, 

enabled interventions improved literacy and science scores while enhancing self, 

efficacy (Liang et al., 2023). Conversely, generalized access programs often fail to 

bridge performance gaps if not coupled with targeted support. Recent work also 

reveals that students’ attitudes towards ICT, such as confidence in digital tools and 

belief in their usefulness are as predictive of performance as actual usage frequency 

(Courtney et al., 2022). As such, fostering digital agency among learners is a critical 

dimension in EdTech policy. 

4. Barriers to Implementation in Low, and Middle, Income Countries 

In developing nations, systemic barriers hinder effective EdTech 

deployment. These include inadequate infrastructure, lack of teacher digital literacy, 

and policy fragmentation. Evidence from the Middle East and Africa shows that top, 

down technology initiatives often fail to improve learning due to insufficient school, 

level adaptation and monitoring (Ghimire, 2025; Hennessy et al., 2021). 

ICT, related equity gaps are further magnified by disparities in internet 

access, device ownership, and urban, rural digital divides. The OECD has 

highlighted that digital inclusion ensuring all students can meaningfully engage 

with technology must be central to 21st, century education reform (Gottschalk & 

Weise, 2023). 

Importantly, ecological models of ICT use emphasize the interplay between 

student, school, and system, level variables. Multilevel analyses reveal that 

countries with strong school leadership, coherent ICT curricula, and teacher 

autonomy tend to achieve better outcomes from digital interventions (Li & Petersen, 

2022; Tan & Hew, 2017). 

Research Design 

This study adopts a mixed, methods research design, integrating quantitative 

and qualitative data to explore the interplay between international student 

performance (as measured by PISA 2022) and national, level EdTech policy 

implementation. The rationale for this design lies in its capacity to triangulate 

findings, enhance validity, and contextualize statistical outcomes within policy and 

equity frameworks (Creswell & Plano Clark, 2018). 

Data Collection 

Quantitative Data Sources 

Quantitative analysis is primarily based on publicly available data from the 

OECD’s PISA 2022 dataset, which includes standardized performance scores in 
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mathematics, reading, and science across more than 80 participating countries 

(OECD, 2023). The dataset is complemented by several global indicators relevant 

to digital education infrastructure and policy: 

• National ICT Infrastructure Metrics: Broadband penetration rates, internet 

connectivity in schools, and student, to, device ratios are sourced from the 

International Telecommunication Union’s (ITU) 2023 global ICT development 

database (ITU, 2023). 

• Teacher Capacity and Training Programs: National data on teacher digital 

competency frameworks, training initiatives, and professional development 

efforts are drawn from World Bank EdStats and project reports (World Bank, 

2023). 

• Government Expenditure on EdTech: Country, level investment patterns in 

educational technology, including software procurement, platform development, 

and digital equity initiatives, are sourced from HolonIQ’s 2023 global education 

intelligence database (HolonIQ, 2023). 

• Equity Indicators: Socio, demographic stratification (e.g., rural, urban gaps, 

gender disparities, and socioeconomic quintiles) and access to digital learning 

tools are analyzed using data from UNICEF’s 2023 State of the World’s Children 

report and supplementary regional datasets (UNICEF, 2023). 

Qualitative Data Sources 

The qualitative component involves a comparative policy analysis of national 

EdTech strategies. This includes systematic reviews of: 

• National education and ICT, integration strategies. 

• Policy papers from Ministries of Education. 

• Evaluations from multilateral organizations (OECD, UNESCO, World Bank). 

• Case studies highlighting success stories and implementation challenges. 

The qualitative analysis is conducted through thematic coding and narrative 

synthesis to identify patterns, policy gaps, and enabling factors related to EdTech, 

driven learning outcomes. 

Analytical Framework 

Model Specification: Linking EdTech Policy to Learning Outcomes 

This study employs a multivariate regression modeling strategy to 

empirically examine how variations in national EdTech policies influence student 

learning outcomes, as measured by PISA 2022 scores in mathematics, science, and 

reading. The model is designed to test the predictive power of three broad categories 
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of EdTech variables, selected based on policy relevance and theoretical grounding 

in digital equity and educational effectiveness: 

 

 

1. Infrastructure Readiness 

This dimension encompasses the foundational digital capacity required to 

support technology, enabled learning. Key variables include: 

• Student, to, device ratios 

• National school broadband penetration rates 

• Classroom internet access metrics 

These indicators were sourced from the International Telecommunication 

Union (ITU, 2023) and reflect baseline conditions that enable or constrain digital 

learning implementation. 

2. Pedagogical Integration 

This component captures the extent to which digital tools are coherently 

embedded within curriculum and teaching practice. Key indicators include: 

• Existence of mandatory digital literacy training for teachers 

• Degree of curricular alignment with ICT standards 

• Integration of adaptive technologies and digital assessment 

These variables are based on policy data reported by the World Bank (2023) 

and national education ministries, focusing on how digital tools are used 

pedagogically, not just technically. 

3. Equity, Oriented Measures 

To assess how inclusive national EdTech policies are, this variable cluster 

incorporates: 

• Rural, urban digital access differentials 

• Subsidy programs for low, income and marginalized learners 

• Gender, sensitive ICT initiatives 

Indicators were derived from UNICEF’s (2023) digital equity framework, 

allowing assessment of whether EdTech reduces or reinforces educational 

disparities. 

All variables were standardized and log, transformed where necessary to 

normalize distributions. The regression controlled for confounding variables 

including GDP per capita, public education expenditure (% of GDP), and student, 

teacher ratios, ensuring robustness of estimations. 

Comparative Case Analysis: High, vs Low, Performer Systems 
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To complement the statistical findings, a comparative qualitative analysis 

was conducted across national systems grouped by their relative EdTech integration 

and PISA 2022 performance. This analysis aimed to contextualize quantitative 

correlations and identify underlying policy logics and implementation strategies. 

High, Performing Systems 

Examples: Singapore, Finland, Estonia 

These countries consistently outperform global peers due to sustained 

investment in system, level digital transformation, marked by: 

• Nationally coherent EdTech masterplans 

• Mandatory teacher ICT training frameworks 

• Ongoing monitoring and evaluation systems 

• Equity, driven infrastructure programs ensuring full access 

For instance, Singapore’s integration of AI, powered adaptive learning 

systems has been associated with a 12% increase in mathematics scores, credited to 

real, time personalization and feedback mechanisms (MOE Singapore, 2023). 

Finland’s approach, grounded in teacher autonomy and deep pedagogical 

integration, emphasizes capacity over hardware, resulting in sustainable digital 

fluency (Sahlberg, 2023). 

Low, Performing or Stagnant Systems 

Examples: Brazil, Indonesia, Mexico 

These systems have invested heavily in digital tools, but without systemic 

policy coherence or capacity, building, such investments yield limited returns. 

Common features include: 

• Fragmented or ad hoc EdTech policies 

• Limited or non, mandatory teacher training 

• Digital infrastructure concentrated in urban centers 

• Poor monitoring of learning impacts 

Indonesia, for instance, has demonstrated persistently wide urban, rural 

divides in digital access, despite increased spending on classroom devices. As a 

result, PISA score improvements have remained statistically insignificant, 

particularly in rural and low, income districts (Ghimire, 2025; Gottschalk & Weise, 

2023). 

Synthesis and Justification 

The dual, method design of this study integrating econometric modeling 

with comparative case analysis allows for a richer understanding of how EdTech 

policies translate into measurable student performance. The regression identifies 
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structural predictors of PISA outcomes, while the case study lens reveals why and 

how policies succeed or fail in implementation. This approach acknowledges that 

technological capacity alone does not determine impact, policy design, teacher 

agency, and equity, focused governance are equally critical mediators (Li & 

Petersen, 2022; Erdogdu & Erdogdu, 2025). 

Results 

1. Correlation Between EdTech Investments and PISA Performance 

To determine the strength and direction of the relationship between specific 

EdTech investment categories and academic performance, we conducted a 

multivariate regression analysis using country, level PISA 2022 data as the 

dependent variable. Independent variables included quantitative metrics of 

investment in infrastructure, teacher development, AI, enhanced platforms, and 

hardware deployment. 

• High, Impact Predictors: 

o Teacher Professional Development: Countries that implemented mandatory 

national teacher training programs in digital pedagogy demonstrated, on average, 

a 15% increase in PISA reading scores (β = 0.52, p < 0.01). This supports findings 

that pedagogical integration, not merely access, is a critical driver of learning 

gains (Li & Petersen, 2022; World Bank, 2023). 

o AI, Powered Tutoring Platforms: Investments in intelligent adaptive systems, 

such as those used in Singapore and Korea, correlated with a 10% improvement 

in science scores (β = 0.41, p < 0.05), aligning with recent evidence on 

personalization enhancing STEM learning outcomes (MOE Singapore, 2023; 

Courtney et al., 2022). 

• Low, Impact Predictors: 

o Device Distribution Without Pedagogical Support: Hardware, centered 

interventions with limited teacher preparation yielded negligible gains. For 

instance, Peru’s large, scale tablet distribution program showed no statistically 

significant change in composite PISA scores over two testing cycles (Ghimire, 

2025; Gottschalk & Weise, 2023). 

o Infrastructure, Only Investments: Isolated improvements in internet or device 

availability, absent broader instructional integration, were not predictive of 

improved academic performance (p > 0.10). 

2. Equity and Access: Addressing Structural Disparities 

Equity, oriented EdTech strategies emerged as a decisive factor in determining 

whether technological investments translated into inclusive learning gains. 
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Urban, Rural Disparities: 

• Countries with Explicit Equity Policies, such as Estonia and Portugal 

implemented digital inclusion measures (e.g., subsidized rural internet access, 

inclusive curricular reforms) and achieved a 12% average increase in composite 

PISA scores among rural students. This reduction in regional disparities was 

statistically significant (Δ composite score p < 0.05) and consistent across 

domains (OECD, 2023; UNICEF, 2023). 

• In contrast, nations like Indonesia and Mexico exhibited widening achievement 

gaps between urban and rural students, largely due to inconsistent 

implementation of EdTech policies across geographic regions (Ghimire, 2025; 

UNESCO, 2023). 

Support for Low, Income Students: 

• Programs offering subsidized broadband access and device provision to 

socioeconomically disadvantaged students—such as South Korea’s Digital New 

Deal—were strongly associated with improved equity outcomes (HolonIQ, 

2023). 

• Regression coefficients revealed that digital subsidy programs targeting the 

lowest income quintile were associated with a 7–9% uplift in average PISA 

scores among participating students, with statistically significant effects 

strongest in mathematics (β = 0.38, p < 0.05). 

Interpretation and Implications 

These results highlight that the quality, purpose, and equity orientation of 

EdTech investments significantly mediate their impact on educational performance. 

Merely expanding access to digital devices is insufficient. High, performing 

systems invest strategically in teacher readiness, adaptive instructional tools, and 

policy mechanisms to close access gaps (Tan & Hew, 2017; Erdogdu & Erdogdu, 

2025). Thus, effective EdTech integration must be treated as a systemic innovation 

rather than a technical solution. 
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Table 1. Impact of National EdTech Policies on PISA 2022 scores 

Country EdTech Policy PISA Score Increase Key Success 

Factors 

Singapore AI, powered adaptive 

learning 

+12% (Mathematics) Teacher training, robust 

digital infrastructure 

Finland Teacher PD in 

EdTech 

+15% (Reading) Pedagogical alignment, 

sustainability focus 

Estonia Equity, focused 

digital inclusion 

+12% (Composite 

Score) 

Universal access, real, time 

performance monitoring 

Brazil Short, term hardware 

distribution 

+2% (Composite 

Score) 

Limited teacher support, 

unstable funding 

 

Table 1 presents a comparative snapshot of how different countries' EdTech policies 

influenced PISA 2022 performance. The findings illustrate a clear distinction 

between holistic, pedagogically, aligned EdTech strategies and hardware, centric 

approaches with limited instructional integration. 

Key Insights: 

• Singapore’s model leverages AI, powered adaptive learning platforms, yielding a 

+12% increase in mathematics performance. This improvement is strongly 

attributed to the coupling of advanced technology with system, wide teacher 

training and infrastructural robustness, confirming that personalization tools are 

most effective when embedded within trained pedagogical ecosystems (MOE 

Singapore, 2023). 

• Finland’s performance in reading (+15%) reflects the long, term investment in 

teacher professional development (PD) and pedagogical sustainability. Rather 

than over, relying on digital devices, Finland integrates digital literacy into 

teaching standards, fostering deep instructional alignment (Sahlberg, 2023). 

• Estonia’s success (+12% composite score gain) is tied to equity, focused national 

strategies, including universal access to broadband and centralized monitoring of 

student progress. These policies demonstrate that inclusive infrastructure, when 

coupled with data, driven management, promotes systemic gains across domains 

(OECD, 2023). 

• Brazil, by contrast, implemented short, term hardware distribution programs 

without parallel investments in teacher readiness or pedagogical scaffolding. 

Despite high financial input, the composite score increase was marginal (+2%), 

reflecting a disconnect between access and learning outcomes. 
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Table 2. Regression Estimates: EdTech Policy Variables and PISA 2022 

Performance 

Variable Coefficient (β) P, Value Interpretation 

Teacher Training 0.15 <0.01 Strong positive effect on Reading 

outcomes 

AI, Powered 

Tutoring 

0.10 <0.05 Moderate, significant effect on 

science outcomes 

1:1 Device 

Programs 

0.08 <0.05 Positive impact on Mathematics 

performance 

Rural Broadband 

Access 

0.12 <0.01 Critical for equity and composite 

learning improvements 

 

Table 2 presents the regression coefficients and significance levels for key EdTech 

policy variables, revealing their relative impact on PISA scores across subjects. 

Key Insights: 

• Teacher Training (β = 0.15, p < 0.01) emerged as the strongest predictor, 

particularly of reading achievement. This suggests that teacher digital fluency is 

a foundational enabler, reinforcing findings that professional development 

enhances technology integration and student engagement (Li & Petersen, 2022). 

• AI, Powered Tutoring (β = 0.10, p < 0.05) showed a moderate, statistically 

significant effect on science scores. AI tools likely support real, time feedback 

and differentiated instruction, crucial for mastery in STEM disciplines. Their 

success, however, is conditional on proper deployment and training. 

• 1:1 Device Programs (β = 0.08, p < 0.05) yielded positive effects in mathematics, 

though less pronounced. This suggests that device access alone can be beneficial, 

but works best when aligned with supportive pedagogical strategies. 

• Rural Broadband Access (β = 0.12, p < 0.01) was found to be critical for overall 

equity. Improved connectivity in underserved regions had a significant positive 

correlation with composite PISA scores, demonstrating that digital inclusion 

policies are not only ethical imperatives but also statistically linked to academic 

gains. 
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Table 3. Equity, Oriented EdTech Initiatives and Outcomes 

Initiative Target Group Outcome Example Country 

Subsidized 

Devices 

Low, income 

students 

+8% increase in rural Math 

scores 

Portugal 

Digital Literacy 

Programs 

Rural teachers Improved integration of 

EdTech in pedagogy 

Estonia 

National 

Broadband Plans 

Underserved 

regions 

15% reduction in urban, 

rural disparities 

South Korea 

 

Table 3 disaggregates the impact of targeted equity interventions in digital 

education, offering insight into how various national strategies have influenced 

learning equity. 

Key Insights: 

• Subsidized Device Programs for low, income learners, as implemented in 

Portugal, correlated with an 8% improvement in rural math scores. This suggests 

that targeted financial assistance can significantly narrow socioeconomic 

learning gaps, especially when combined with local curricular supports. 

• Digital Literacy Training for Teachers, particularly in rural or disadvantaged 

regions (e.g., Estonia), improved the quality of EdTech integration in classrooms. 

This intervention reinforces the earlier finding that teacher empowerment 

remains a key success lever, particularly where infrastructural gaps persist. 

• National Broadband Plans, like South Korea’s Digital New Deal, yielded a 15% 

reduction in urban, rural disparities, emphasizing that connectivity is 

foundational to inclusion. By extending reliable internet access, these countries 

ensure that digital learning is not confined to privileged urban schools. 

Pitfalls and Challenges in EdTech Policy Implementation 

Despite increasing global investment in educational technology, many 

national strategies have struggled to deliver meaningful or sustainable 

improvements in student learning outcomes. Several structural challenges emerge 

from the analysis. 

In Peru, the mass distribution of tablets without corresponding investments 

in curriculum alignment, teacher training, or usage monitoring led to minimal 

academic benefit. This highlights the risk of deploying technology as an end rather 

than a means, particularly when pedagogical integration is lacking (OECD, 2023). 
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Persistent Digital Divides 

In Indonesia, digital initiatives introduced during the COVID, 19 era 

disproportionately benefited urban students, widening rural, urban disparities in 

academic performance. This was largely due to inadequate infrastructure and 

limited teacher readiness in underserved areas (World Bank, 2023). 

Lack of Sustainability and Institutionalization 

Brazil’s fragmented and short, term EdTech programs illustrate how policy 

discontinuity and weak institutional anchoring undermine long, term outcomes. 

Once external funding ceased, initiatives faltered due to the absence of systemic 

embedding (UNESCO, 2023). 

Discussion 

Synthesis of Findings 

The results from regression analysis and cross, national case comparisons 

suggest that EdTech effectiveness is predicated not on technological sophistication 

alone, but on systemic alignment with instructional goals. Countries such as 

Singapore, Finland, and Estonia embedded digital tools within broader educational 

strategies—achieving measurable gains in PISA scores through integrative, equity, 

focused policies. 

When EdTech serves pedagogical objectives—supported by robust 

infrastructure and continuous feedback systems—it contributes to improved 

learning and reduced disparities. Conversely, isolated digital interventions without 

teacher preparation, access parity, or monitoring mechanisms deliver only marginal 

returns. 

Policy Recommendations 

Embed Teacher Training in National Strategies 

Finland’s model of continuous, pedagogy, centered professional 

development has demonstrated lasting benefits. Digital tools are introduced only 

after educators are equipped to use them effectively in classroom instruction 

(Sahlberg, 2023). 

South Korea’s “Digital New Deal” has expanded national broadband 

coverage, ensuring that EdTech is accessible across income and geographic divides. 

This infrastructural parity is essential to preventing deepening digital inequalities 

(ITU, 2023). 

Estonia’s Education Technology Observatory enables real, time evaluation 

of EdTech efficacy, allowing for data, driven policymaking and continuous 

refinement of national strategies (OECD, 2023). 
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Portugal’s “Escola Digital” offers subsidized devices and connectivity to 

low, income students, demonstrating that targeted support can substantially narrow 

learning gaps (UNICEF, 2023). 

Conclusions 

This study affirms that EdTech policies embedded within a system, wide 

educational vision-grounded in pedagogical practice, infrastructure access, and real, 

time evaluation-are far more likely to enhance academic achievement and equity. 

Countries that treated EdTech as a lever within comprehensive reforms saw 

substantial improvements in student outcomes, while those adopting piecemeal or 

hardware, centric strategies experienced limited success. As digital learning 

becomes a permanent fixture of education worldwide, particularly in the wake of 

global disruptions, policymakers must ensure that technology is deployed not in 

isolation, but as an integral part of coherent, inclusive, and well, governed education 

systems. 

Future Research Directions 

• Longitudinal studies examining the academic and socio, emotional impacts of 

AI, driven learning tools. 

• Comparative analyses of scalable EdTech models in low, , middle, , and high, 

income countries. 

• Cost, effectiveness evaluations of equity, driven digital policies, particularly in 

rural and low, income contexts. 

• Empirical research on EdTech’s role in crisis resilience and learning continuity 

during emergencies such as pandemics. 
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