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Abstract 

Artificial intelligence is rapidly reconfiguring how knowledge is delivered, acquired, and 

converted into productive capacity, positioning digital education among the most consequential 

frontiers of contemporary human capital formation. This paper therefore examined Digital 

Education and Human Capital Development in the Era of Artificial Intelligence: Opportunities, 

Challenges and Implications for the Future of Learning, with three specific objectives, namely to 

explore the opportunities that artificial intelligence-driven digital education presents for human 

capital development, to examine the challenges associated with its integration and their effect on 

human capital development, and to interrogate its implications for the future of learning and long-

term human capital formation. The paper adopted Human Capital Theory, as its guiding 

framework, conceptualising education and skills acquisition as an investment yielding measurable 

productivity returns. Methodologically, the paper employed a narrative literature review design, 

synthesising recent empirical and conceptual studies drawn from reputable academic databases 

and analysed thematically around the three stated objectives. The findings of the paper revealed 

that artificial intelligence-enabled personalisation and adaptive tutoring measurably improve 

learning outcomes, yet these benefits remain unevenly distributed owing to algorithmic bias, 

infrastructural disparity, and weak regulatory enforcement, while the longer-term implication is a 

discernible shift from static educational attainment towards continuous, lifelong reskilling. The 

paper concluded that the human capital dividend of artificial intelligence-enabled digital education 

depends more on deliberate institutional design than on the technology itself, and recommended 

investment in context-aware adaptive learning platforms, mandatory algorithmic bias audits, and 

nationally coordinated lifelong reskilling systems. 
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Introduction  

Across the globe, education systems are being reconfigured by digital technologies whose reach 

now extends from primary classrooms in sub-Saharan Africa to postgraduate research laboratories 

in North America and East Asia. The integration of artificial intelligence (AI) into teaching, 

learning and institutional administration has become one of the defining features of this global 

reconfiguration, prompting governments, multilateral agencies and universities to revisit long-

standing assumptions about how human capital is built and sustained. Human capital, understood 

broadly as the stock of knowledge, skills, competencies and health embodied in a population, has 

historically been cultivated through formal schooling, vocational training and workplace 

experience; however, the growing capacity of AI systems to personalise instruction, automate 

assessment and generate content has begun to alter the mechanisms through which such capital is 

formed (Abulibdeh et al., 2024).  

The World Economic Forum (2025) reports that employers anticipate 39% of workers' core skills 

will be transformed or rendered obsolete between 2025 and 2030, with roughly 92 million jobs 

displaced against 170 million newly created, yielding a net gain of 78 million positions worldwide; 

63% of surveyed employers identify skills shortages as the principal barrier to organisational 

transformation. These figures illustrate that the stakes attached to digital education are not confined 

to pedagogy alone but extend to labour markets, national competitiveness and social equity. 

Internationally, policy responses to this shift have varied considerably. The European Union's 

Artificial Intelligence Act, which entered into force in 2024, and the subsequent AI Continent 

Action Plan of April 2025, situate AI skills development within a broader agenda of digital 

sovereignty and workforce readiness, treating educational AI capability as a matter of security and 

economic resilience rather than a purely technical or pedagogical concern. Similar deliberations 

are under way within the African Union and among East Asian economies, where massification of 

higher education, projected by Altbach and Salmi (2022) to bring global student enrolment to some 

254 million, has intersected with the promotion of AI-enabled learning platforms as a means of 

extending access while containing costs.  

Within this global context, AI is frequently presented as an instrument capable of personalising 

instruction, easing the administrative burden borne by educators and supporting research 

productivity (Kumar et al., 2024; Ruano-Borbalan, 2025). Adaptive tutoring systems, automated 

feedback mechanisms and generative tools such as ChatGPT have entered classrooms at a scale 

unprecedented in the history of educational technology, with Zeb et al. (2025) observing that such 

tools are reshaping knowledge dissemination, academic practice and library and information 

services simultaneously. 

Yet these developments unfold unevenly. Al-Zahrani and Alasmari (2024) note that the ethical, 

social and pedagogical implications of AI adoption in higher education remain unevenly 

distributed across institutions with differing levels of technological readiness, staff training and 

5454

https://doi.org/10.5281/zenodo.22297265https://doi.org/10.5281/zenodo.22297265 IJO JournalsIJO Journals

Volume 09 || Issue 08 || August, 2026 ||Volume 09 || Issue 08 || August, 2026 ||                    https://ijojournals.com/index.php/er/index                    https://ijojournals.com/index.php/er/index



IJO - INTERNATIONAL JOURNAL OF EDUCATIONAL RESEARCH 
 (ISSN: 2805-413X)                                                                                                             Edime Yunusa, Ph.D * 

https://ijojournals.com/                                                                               Volume 09 || Issue 08 || August, 2026 || 
“Digital Education and Human Capital Development in the Era of Artificial Intelligence: Opportunities, Challenges and Implications for the Future of Learning” 

 

infrastructural investment. Banihashem et al. (2024) similarly demonstrate, in their study of 

feedback generation in essay writing, that AI-generated feedback differs qualitatively from that 

produced by peers, raising questions about the depth of learning such tools genuinely support. 

 However, as investment in education raises individual and national productivity, AI-enabled 

educational technology is now positioned as a potential accelerant of that investment, provided 

institutions possess the absorptive capacity, namely trained personnel, adequate infrastructure and 

coherent policy, to translate technological access into genuine skills formation (Abulibdeh et al., 

2024). Without such capacity, the promise of AI in education risks remaining aspirational rather 

than realised, a pattern already observed in earlier waves of educational technology adoption, 

including massive open online courses, whose completion rates have historically remained below 

15% of registrants. 

Statement of the Problem 

Despite the considerable optimism surrounding artificial intelligence as an instrument of human 

capital development, a discrepancy persists between the technological potential of digital 

education and its demonstrated capacity to produce equitable, durable learning outcomes at a 

global scale. Governments and international agencies continue to promote AI-enabled learning as 

a route towards improved educational productivity, yet empirical evidence on whether such tools 

translate into measurable gains in competencies, employability and long-term earning capacity 

remains limited and, where available, mixed (Ruano-Borbalan, 2025). This uncertainty is 

compounded by the unevenness of access to the infrastructure, connectivity and digital literacy 

required to benefit from AI-based instruction, meaning that learners in under-resourced regions or 

institutions risk falling further behind their better-resourced counterparts even as global rhetoric 

emphasises inclusion (Al-Zahrani & Alasmari, 2024). 

A further difficulty concerns the readiness of educators and institutions to integrate AI 

meaningfully into pedagogy rather than treating it as an administrative convenience or a substitute 

for sustained human interaction. Banihashem et al. (2024) indicate that AI-generated feedback, 

however efficient, does not automatically replicate the pedagogical value of human-mediated 

guidance, raising questions about how institutions should balance automation with the 

interpersonal dimensions of teaching that remain central to skills formation.  

At the same time, labour markets are shifting at a pace that outstrips the capacity of many education 

systems to adjust curricula, with the World Economic Forum (2025) estimating that more than half 

of workers will require reskilling before 2030 while only a portion of that population is likely to 

receive adequate training. This gap between projected skills demand and institutional supply 

constitutes a pressing policy and pedagogical problem, since prolonged mismatch threatens both 

individual livelihoods and broader economic stability. 
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The problem, therefore, is threefold in substance though singular in urgency: first, whether digital 

education genuinely strengthens human capital or merely reconfigures existing inequalities under 

a technological guise; second, whether educational institutions, particularly in low-resource 

settings, possess sufficient capacity to convert AI adoption into verifiable learning gains; and third, 

whether policy frameworks currently being developed at national and regional level are adequately 

grounded in empirical evidence rather than anticipatory enthusiasm. Addressing these questions is 

essential if digital education is to fulfil its stated purpose of preparing learners and workers for an 

AI-mediated future rather than exacerbating the disparities it purports to resolve. 

 Aim and Objectives of the Paper  

This paper aimed at examining how digital education, driven by advances in artificial intelligence, 

shapes human capital development globally, with particular attention to the opportunities it 

presents, the challenges it poses, and its implications for the future of learning. 

The paper was guided by the following specific objectives: 

i. To examine the opportunities that artificial intelligence-driven digital education presents 

for human capital development. 

ii. To investigate the challenges associated with the integration of artificial intelligence into 

digital education and their effect on human capital development. 

iii. To assess the implications of artificial intelligence-enabled digital education for the future 

of learning and long-term human capital formation. 

Literature Review  

The literature review was done under conceptual review, empirical review and theoretical 

framework as follows: 

Conceptual Review  

The key concepts used in this paper are reviewed as follows: 

Artificial Intelligence 

Artificial intelligence has attracted a wide range of scholarly definitions, reflecting its 

interdisciplinary reach across computer science, communication, and the social sciences. Gil de et 

al. (2024) conceptualise artificial intelligence as the tangible, real-world capability of non-human 

machines or artificial entities to perform tasks, solve problems, communicate, interact, and act in 

ways comparable to biological humans.  This definition moves beyond earlier, narrower accounts 

that reduced AI to mere computational automation, instead framing it as a system exhibiting 

human-like agency and decision-making capacity. Other scholars extend this framing to its socio-

economic dimension, arguing that AI now underpins a distinct industrial and technological order 

rather than being a peripheral tool, with its adoption increasingly regarded as a driver of 
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innovation, productivity, and competitiveness across sectors, including small and medium-sized 

enterprises (Yesuf et al., 2025).  

A recurring point of interrogation among researchers is the absence of a single, universally 

accepted definition, given that AI spans symbolic reasoning, machine learning, and generative 

systems, each emphasising different capacities such as rationality, autonomy, or human-likeness. 

This lack of definitional consensus reflects the pace at which the field evolves rather than a 

weakness in the underlying concept. For the purpose of this paper, the definition offered by Gil de 

Zúñiga et al. (2024) is adopted, as it captures both the functional and human-comparative essence 

of AI relevant to its application in national development and educational transformation, namely, 

the capability of machine-based systems to perform tasks and make decisions that would otherwise 

require human intelligence. 

Digital Education 

Digital education is frequently discussed as both a technological application and a distinct 

educational paradigm, and scholars diverge on where the emphasis should lie. Wu, Wang and Che 

(2024) contend that digital education is not merely the simple application of digital technology 

within education but a new educational paradigm that constructs a more equitable, higher-quality, 

and openly cooperative education system through data-driven methods, human-technology 

integration, and the combination of virtual and physical learning elements.  This view positions 

digital education as a systemic transformation rather than an incremental technical add-on, a 

distinction that is often blurred in narrower accounts that treat it as synonymous with e-learning or 

online instruction. 

 In contrast, other scholars situate digital education within the broader socio-economic imperative 

of modernisation, describing it as a natural and unavoidable response to changes in the socio-

economic sphere, necessitated by the demands of a digitalising society rather than a matter of 

institutional preference (Ivanenko et al., 2024). Reading these positions together, it becomes 

evident that digital education cannot be reduced to the mere presence of digital tools in classrooms, 

since doing so overlooks the pedagogical, structural, and equity-oriented transformation that 

genuine digitalisation entails. For the purposes of this paper, digital education is therefore adopted 

as the paradigm through which digital technology, data-driven methods, and human-technology 

integration reshape teaching, learning, and institutional practice towards more equitable and 

higher-quality outcomes, following the conceptualisation advanced by Wu et al. (2024). 

Human Capital Development 

Human capital development traces its theoretical foundation to classical economic thought, yet its 

conceptual boundaries continue to be debated and refined by contemporary scholars. The theory, 

formalised by Schultz and later expanded by Becker, framed human capital as an investment in 

individuals rather than collectives, whereby education, skills, and health improve labour 
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productivity and, by extension, economic growth (Le Chapelain & Matéos, 2020). This 

foundational view privileges an economic, investment-driven understanding of human 

development, treating knowledge and skill acquisition primarily as inputs to productivity. More 

recent scholarship has broadened this economic emphasis to incorporate sustainability and 

structural context, with Bekele et al. (2024) examining the linkage between human capital 

development and economic sustainability, offering evidence that the relationship between skill 

formation and growth is mediated by institutional and regional conditions rather than being 

automatic or universal.   

This interrogation is significant because it challenges the classical assumption that investment in 

human capital yields uniform outcomes regardless of context, particularly in developing 

economies such as those in Sub-Saharan Africa. Reconciling these positions, human capital 

development is adopted in this paper as the deliberate process of building knowledge, skills, health, 

and competencies within individuals, in ways shaped by institutional and socio-economic context, 

so as to enhance both individual productivity and broader national development outcomes, drawing 

on the classical foundation of Schultz and Becker as extended by Bekele et al. (2024). 

Opportunities that Artificial Intelligence-Driven Digital Education Presents for Human 

Capital Development 

Artificial intelligence (AI) is increasingly recognised as a catalyst for human capital formation 

because it personalises instruction, widens access to learning, and accelerates the acquisition of 

cognitive and non-cognitive skills. A growing empirical literature demonstrates that generative and 

adaptive AI tools produce measurable gains in learning outcomes across disciplines and 

educational levels. In a meta-analysis of 35 experimental studies involving 4,193 participants, 

ChatGPT was found to have a moderately positive effect on student learning outcomes (Hedges' g 

= 0.670), with significant enhancement of both cognitive and non-cognitive skills such as 

motivation and self-efficacy (Zhang et al., 2026).  

Similarly, a synthesis of 62 studies concluded that ChatGPT enhances learning performance, 

fosters higher-order thinking, boosts self-efficacy, and reduces cognitive load among learners 

(Deng et al., 2025, as cited in Wang et al., 2025). A related meta-analysis of 51 studies published 

between November 2022 and February 2025 reported a large positive effect of ChatGPT on 

learning performance (g = 0.867) and moderate positive effects on learning perception and higher-

order thinking (g = 0.456 and g = 0.457, respectively) (Wang et al., 2025). These consistent, 

quantifiable effects across independent syntheses provide credible evidence that generative AI 

tools can meaningfully strengthen the cognitive dimension of human capital. 

Beyond general learning gains, AI-driven personalisation directly addresses one of the most 

persistent constraints on human capital development: the mismatch between standardised 

instruction and heterogeneous learner needs. Intelligent Tutoring Systems (ITS) exemplify this 

opportunity. Carnegie Learning applied AI-based adaptive tutoring in high-school mathematics 
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instruction, dynamically tailoring content and feedback to individual student responses, which 

resulted in demonstrably improved performance (Papadopoulos, 2025). 

 In Qatar, a case study of ITS implementation across schools showed that adaptive systems 

enhanced personalised learning opportunities and supported measurable improvements in student 

outcomes, while also highlighting the pedagogical value of activity-based design in mediating AI-

supported instruction (Al-Kubaisi, 2025). In STEM education more broadly, an intelligent tutoring 

system integrating deep learning and natural language processing was shown to enable real-time 

adaptive feedback that improved precision, response time, and success rates across student cohorts 

(Ramírez-Montoya et al., 2025). These cases illustrate that AI's capacity for real-time diagnostic 

assessment allows education systems to intervene earlier and more precisely in the skills-formation 

process than traditional, teacher-paced instruction permits. 

AI-enabled digital education also expands opportunity in linguistically and economically 

constrained settings, which is critical for global human capital formation. Evidence from English-

as-a-second-language contexts shows that generative chatbots significantly engage learners and 

improve oral proficiency (Guan et al., 2024, as cited in Zhou et al., 2026), while other studies 

report that AI-assisted writing support helps students strengthen argumentative reasoning and 

identify weaknesses in their own compositions (Zhang et al., 2025, as cited in Zhou et al., 2026). 

 In under-resourced regions, a context-aware intelligent learning framework designed for 

developing countries demonstrated that AI systems can be engineered to personalise instruction 

while adapting to unreliable connectivity, limited teaching personnel, and diverse linguistic needs, 

thereby offering a pathway to more inclusive skills development where conventional schooling 

infrastructure is weak (Ibrahim et al., 2026). Complementing this, a study from Sierra Leone 

examined how AI-powered adaptive learning platforms and predictive analytics can bridge 

learning gaps and enhance academic outcomes in low-income contexts, positioning AI as an 

equalising force for human capital accumulation in West Africa (Kamara, 2024). 

At the macroeconomic level, cross-country evidence links AI readiness to measurable human 

capital outcomes. A regression-based study covering 68 upper-middle-income countries found that 

both AI governance readiness and knowledge-and-technology outputs were positively associated 

with higher levels of education, skills, and workforce productivity, as measured by the World 

Bank's Human Capital Index (Osei-Owusu, 2026). Complementary evidence from 29 countries 

shows that AI-enabled tools helped sustain access to educational resources during the COVID-19 

pandemic and that AI's role has progressively shifted from substituting labour towards augmenting 

individual study and work, thereby expanding opportunity particularly for highly educated 

populations (Bulathwela et al., 2025). 

 Collectively, this body of evidence indicates that AI-driven digital education creates opportunities 

for human capital development through three interlocking mechanisms: improved cognitive 

learning outcomes, individually adaptive instruction that closes proficiency gaps, and expanded 
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access in resource-constrained and linguistically diverse environments, all of which are 

statistically associated with stronger national human capital indicators. 

Challenges Associated with the Integration of Artificial Intelligence into Digital Education 

and their Effect on Human Capital Development 

Despite these opportunities, recent empirical and systematic literature documents substantial 

challenges that constrain the extent to which AI-driven digital education translates into equitable 

human capital gains as follows: 

i. Digital Divide 

A prominent concern is the digital divide, which AI risks widening rather than narrowing. A 2026 

review by Wang et al., 2024 demonstrates that AI is not a neutral educational tool: without 

deliberate commitments to inclusive design, transparency, and governance, AI risks reproducing 

and intensifying existing social hierarchies. The same review identifies specific forms of 

algorithmic discrimination, including proxy bias, disparate impact, and biased targeting, which 

systematically disadvantage learners defined by race, gender, disability, socioeconomic status, and 

geographic location (Wang et al., 2024), and notes that such bias can compound over time through 

repeated patterns of user interaction (Chinta et al., 2024). 

Complementing this, cross-country evidence from 29 countries found that students from 

underprivileged backgrounds face greater barriers to benefiting from AI-driven personalised 

learning tools and advanced digital infrastructure, indicating that AI development could widen 

rather than close gaps in human capital accumulation between social groups (Bulathwela et al., 

2024, as cited in Osei-Owusu, 2025). 

ii. Ethical and Regulatory Challenges  

Ethical and regulatory challenges constitute a second major constraint. A systematic literature 

review of 53 peer-reviewed articles published between 2020 and 2024 found that although 

generative AI enables personalised learning and more efficient teaching, it simultaneously raises 

critical ethical concerns, including data privacy violations, algorithmic bias, and educational 

inequality, all of which require comprehensive regulatory frameworks and pedagogical strategies 

that many institutions currently lack (Nguyen et al., 2025).  

A related systematic review notes that more than 300 AI ethics guidelines and policy documents 

have been released globally by governments, international organisations, and industry actors in 

response to growing concern (Adams et al., 2023, as cited in Oyelere et al., 2025), yet the same 

review found that unstable algorithmic technologies can misjudge learners' understanding and 

produce erroneous or deceptive information due to limitations in training data (Zhao et al., 2021; 

Mogavi et al., 2024, as cited in the review). This indicates that governance frameworks have not 
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kept pace with technological deployment, leaving human capital development vulnerable to 

inconsistent and poorly regulated AI use. 

iii. Academic Integrity and the Erosion of Critical Thinking 

A third documented challenge concerns academic integrity and the erosion of critical thinking, 

which directly threatens the qualitative dimension of human capital, not merely its quantitative 

expansion. A cross-sectoral analysis of ChatGPT's impact across STEM, social sciences, and 

healthcare disciplines, drawing on twelve high-quality empirical studies identified through a 

systematic Scopus search, found that although ChatGPT enhanced academic performance in 

structured problem-solving contexts, it simultaneously carried the potential to undermine critical 

thinking, with disciplines relying on text-based assessment facing the greatest integrity challenges 

(Jamal Eddine et al., 2025).  

Complementary evidence indicates that although ChatGPT reduced students' cognitive load during 

information search tasks, it did not necessarily help them make more informed decisions than 

conventional search engines, suggesting that convenience gains do not automatically translate into 

deeper learning (Stadler et al., 2024, as cited in Kasepalu et al., 2026). Mixed findings were also 

reported for collaborative learning, with one study finding no improvement in collaborative writing 

outcomes when generative chatbots were introduced (Hu et al., 2025, as cited in Kasepalu et al., 

2026), underscoring that AI integration effects are highly dependent on implementation design 

rather than being uniformly beneficial. 

iv. Contextual and Infrastructural Barriers  

Finally, contextual and infrastructural barriers disproportionately affect the Global South, limiting 

the geographic reach of AI-related human capital gains. A systematic review of AI's impact on 

student engagement in higher education found that ethical concerns surrounding algorithmic bias 

in adaptive learning tools remain disproportionately examined in Western contexts, with minimal 

empirical attention paid to Global South challenges such as digital infrastructure disparities 

(Stampfl et al., 2024, as cited in Al-Mansoori et al., 2025).  

Retracted and contested meta-analytic findings further compound this challenge: a widely cited 

meta-analysis by Deng et al. (2025) was itself critiqued for including primary studies that lacked 

power analyses, random assignment, and pre-test measures of knowledge change, raising concerns 

about the causal validity of some of the celebrated benefits of generative AI in education (Ross & 

Kirschner, 2025).  

In all, these challenges show that AI's contribution to human capital development is neither 

automatic nor evenly distributed; it is contingent on equitable infrastructure, robust ethical 

governance, methodologically sound evaluation, and deliberate pedagogical design. 
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Implications of Artificial Intelligence-Enabled Digital Education for the Future of Learning 

and Long-Term Human Capital Formation 

The cumulative evidence on AI's opportunities and challenges carries substantial implications for 

how learning will be organised and how human capital will be formed over the long term. The 

most immediate implication is the shift from static, once-off educational credentials towards 

continuous, lifelong learning as the primary vehicle of human capital accumulation. Analysts note 

that as the required skills for existing professions continue to change rapidly, a large share of the 

workforce will increasingly be employed in occupations that scarcely existed at the turn of the 

twenty-first century, driven by digital transformation, automation, and AI (Núñez-Valdez et al., 

2025).  

This implies that formal education systems can no longer be viewed as terminal preparation for a 

fixed occupational trajectory; instead, AI-enabled digital platforms must be embedded within a 

continuous reskilling architecture that allows individuals to update competencies throughout their 

working lives. Singapore's SkillsFuture initiative has been documented as a practical, national-

level example of this shift, illustrating how public and private sectors can jointly institutionalise 

lifelong learning infrastructure to sustain workforce relevance in a rapidly digitising economy 

(Lim et al., 2025). 

A second implication concerns the changing composition of valued human skills. As AI systems 

increasingly perform routine cognitive tasks, human capital formation must place growing 

emphasis on skills that are complementary to, rather than substitutable by, AI. Empirical work on 

AI-readiness across 68 upper-middle-income countries found that AI governance readiness and 

technology diffusion are positively associated with higher levels of education and workforce 

productivity, but only where such readiness is coupled with structured reskilling mechanisms 

(Osei-Owusu, 2026). 

 This suggests that the long-term human capital dividend of AI depends less on exposure to AI 

tools per se and more on whether education systems deliberately cultivate higher-order 

competencies, such as critical thinking, complex problem-solving, and systems thinking, which 

remain difficult for AI to replicate and are increasingly identified as priority skills for future 

employability (World Economic Forum, 2025, as cited in worker-skills literature). Lifelong 

learning research further frames this as a computational thinking imperative, arguing that AI 

literacy itself must become a foundational competency taught across the lifespan if human-AI 

collaboration in the workplace is to be productive rather than displacing (Romero, 2024). 

A third implication relates to institutional and pedagogical redesign. Systematic evidence indicates 

that the realisation of AI's transformative potential in higher education requires a shift from 

fragmented, tool-centric experimentation towards holistic, pedagogy-driven innovation that 

embeds AI within robust theoretical frameworks while centring equity in both research and 

implementation (Long et al., 2026). This has direct implications for teacher preparation: sustained 
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development of teachers' AI literacy, including the capacity to critically assess algorithmic 

decision-making and to manage risks associated with bias and surveillance, is identified as a 

precondition for AI to augment rather than erode the human elements of teaching essential to long-

term skills formation (Oyelere et al., 2025).  

Without this institutional capacity-building, the long-term implication is a bifurcated system in 

which well-resourced institutions leverage AI for accelerated human capital gains while under-

resourced systems fall further behind, reinforcing rather than reducing global human capital 

disparities documented in cross-country studies (Bulathwela et al., 2025). 

Finally, the long-term trajectory of AI-enabled digital education implies a redefinition of 

professional and leadership capital within educational institutions themselves. A systematic review 

guided by the professional capital framework found that principals' leadership roles are being 

reshaped by AI adoption, with human, social, and decisional capital increasingly requiring a fourth, 

digital-adaptive dimension to remain effective in AI-integrated school environments (Alzahrani, 

2026).  

This suggests that long-term human capital formation is not confined to student learning outcomes 

alone but extends to the adaptive capacity of educators, administrators, and policymakers who 

must continuously reconfigure institutional practice around evolving AI capabilities. In sum, the 

implications of AI-enabled digital education for the future of learning point towards a structurally 

different model of human capital formation: one that is continuous rather than terminal, skewed 

towards uniquely human competencies, dependent on deliberate institutional redesign, and at risk 

of exacerbating global inequality unless governance, infrastructure, and pedagogical capacity are 

proactively addressed. 

Empirical Review  

In their study, Tian and Zhang (2025) carried out an empirical investigation into how artificial 

intelligence influences human capital-based educational development, a study set within a cross-

national context spanning twenty-nine countries observed from 2017 to 2021. The study was 

anchored on human capital theory, which holds that investment in education, skills, and health 

raises the productive capacity of individuals and, by extension, national economies, and it was 

extended to incorporate insights on how emerging technologies reshape the returns to educational 

investment. A quantitative panel-data research design was adopted, drawing on secondary macro-

level indicators rather than primary respondent sampling; the twenty-nine countries were 

purposively selected on the basis of data availability for both artificial intelligence adoption indices 

and a composite human capital-based educational development index constructed by the authors, 

which was adjusted for educational quality and expected future income returns. Data were 

collected from established international databases, including indicators tracking artificial 

intelligence readiness, patenting and research activity, and educational attainment and quality, 

which were then combined into panel regression models estimated across the five-year study 
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period. The major findings revealed a statistically positive relationship between artificial 

intelligence adoption and human capital-based educational development overall, with the 

magnitude of this effect found to be more pronounced in developed countries than in developing 

ones, and notably stronger during the COVID-19 pandemic period than in non-pandemic years. 

The study further found that artificial intelligence advancement in sectors beyond education also 

contributed indirectly to human capital gains, and that one channel through which this occurred 

was the intensification of wage inequality, which incentivised individuals to pursue further skills 

acquisition to remain competitive in evolving labour markets. The authors concluded that artificial 

intelligence, on balance, serves as a net positive contributor to human capital-based educational 

development, although they cautioned that its benefits are not evenly distributed and may 

simultaneously widen existing educational disparities between and within nations.  

This study is applauded for its rigorous cross-national panel methodology, its use of a composite 

index that captures both quality and future returns to education rather than relying on enrolment 

figures alone, and its explicit disaggregation of effects by income group and pandemic period, 

which lends nuance often absent from single-country studies. However, a notable gap remains in 

that the study operates strictly at the macroeconomic level, relying on national aggregate 

indicators, and does not examine how these effects are experienced at the level of individual 

learners, classrooms, or specific artificial intelligence-driven pedagogical tools. The current review 

addressed this gap by complementing the macro-level evidence with micro-level, tool-specific and 

case-based evidence of how artificial intelligence applications directly shape learning processes 

and skills formation among individual learners. 

Matjie et al. (2026) examined the relationship between artificial intelligence adoption and the 

digital divide in education, a study situated within the broader field of educational technology and 

inequality studies in the Global South. The study area was not confined to a single country but 

drew comparatively on countries sharing similar socio-economic profiles and visible urban-rural 

divides, with particular attention paid to contexts in southern Africa. The research was grounded 

in digital divide theory, extended to account for algorithmic dimensions of inequality that arise 

specifically from artificial intelligence systems, including access-related, skills-related, and 

outcome-related divides. Methodologically, the authors employed a focused narrative and 

comparative review design, which involved the purposive selection of published case studies from 

countries exhibiting comparable socio-economic conditions and clear urban-rural disparities, 

rather than the recruitment of primary human participants; the sampling technique was therefore a 

purposive, criterion-based selection of secondary case-study literature relevant to algorithmic bias, 

linguistic exclusion, and infrastructural inequality in artificial intelligence-enabled education. Data 

were collected through a structured review and thematic comparison of existing case studies, 

policy documents, and empirical reports addressing artificial intelligence deployment in unevenly 

resourced educational settings. The major findings indicated that artificial intelligence is not a 

neutral educational tool, and that without deliberate commitments to inclusive design, 
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transparency, and governance, it risks reproducing and even intensifying existing social hierarchies 

rather than levelling them. 

 The review identified specific mechanisms of disadvantage, including proxy bias, disparate 

impact, and biased targeting linked to race, gender, disability, socioeconomic status, and 

geographic location, alongside evidence that such bias compounds over time through repeated 

patterns of learner interaction with artificial intelligence systems. The authors concluded that 

algorithmic bias constitutes a structural threat to educational equity that requires systemic 

intervention, arguing that digital divide theories, although frequently invoked in the literature, are 

rarely applied systematically enough to capture the layered nature of artificial intelligence-related 

inequality, particularly the second- and third-level divides concerning skills and meaningful use 

rather than mere access.  

This study is commendable for extending classical digital divide theory into the algorithmic era 

and for grounding its argument in comparative case evidence drawn from structurally similar, 

historically marginalised contexts rather than treating the Global South as a homogeneous 

afterthought. Nonetheless, a clear gap emerges in that the review is qualitative and comparative in 

nature, drawing on secondary case material without generating new primary data on how 

algorithmic bias is actually experienced or measured within specific classrooms, and it does not 

quantify the extent to which such bias measurably affects learning outcomes or long-term human 

capital accumulation. The current review addresses this gap by triangulating the qualitative 

evidence on algorithmic and infrastructural bias with quantitative, outcome-based studies, thereby 

offering a more balanced assessment of how documented challenges translate into measurable 

effects on human capital formation. 

Poghosyan et al. (2026) conducted an empirical study on reskilling human capital in the artificial 

intelligence era, proposing a human-centric conceptual model of knowledge and technology 

integration. The study area comprised sixty-eight upper-middle-income countries, selected to 

reflect economies at a comparable stage of technological and economic transition where the long-

term implications of artificial intelligence for workforce development are most keenly contested. 

The research was underpinned by human capital theory in combination with a novel conceptual 

framework, described by the authors as a spider-web model of reskilling, which conceptualises 

human capital formation as a continuous, layered process in which lifelong learning and reskilling 

form the foundation for sustained workforce relevance. A quantitative, cross-country research 

design was employed, using the World Bank's Human Capital Index as the dependent variable and 

a purposive sample of sixty-eight countries selected on the basis of income classification and data 

completeness for artificial intelligence governance readiness and knowledge-and-technology 

output indicators. Data were collected from secondary international sources, including global 

indices of artificial intelligence readiness, innovation output, and education and skills indicators, 

and were analysed using multiple regression analysis to test the association between these variables 

and national human capital outcomes. The major findings showed that both artificial intelligence 
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governance readiness and knowledge-and-technology outputs were positively and significantly 

associated with higher levels of education, skills, and workforce productivity, confirming that 

digital and innovation capacities are central drivers of long-term human development in 

transitioning economies. The study further found that the relationship between artificial 

intelligence readiness and human capital was not automatic but was mediated by the extent to 

which countries had institutionalised structured reskilling and lifelong learning mechanisms, 

reinforcing the argument that continuous learning, rather than one-off educational attainment, is 

what sustains human capital value in an artificial intelligence-saturated labour market. The authors 

concluded that policymakers must move beyond viewing artificial intelligence adoption as a 

technical upgrade and instead treat reskilling infrastructure as a strategic, ongoing national 

investment, since countries with stronger governance readiness but weak reskilling ecosystems 

still risked underutilising their human capital potential.  

This study is tried in offering a theoretically grounded, forward-looking model that links macro-

level artificial intelligence readiness to individual-level lifelong learning imperatives, and for 

testing this relationship empirically across a substantial cross-country sample rather than relying 

on conceptual assertion alone. However, a gap remains in that the study, being cross-sectional and 

correlational in design, cannot establish the long-term causal trajectory of human capital formation 

over time, nor does it examine how specific artificial intelligence-enabled digital education tools, 

such as adaptive tutoring systems or generative learning assistants, feed into the reskilling 

mechanisms the model describes. The current review addresses this gap by connecting the macro-

level implications identified in this study to concrete, tool-level evidence on how specific artificial 

intelligence-driven digital education platforms are already reshaping learning pathways, thereby 

providing a more complete account of the long-term trajectory from present-day classroom 

innovation to national human capital formation. 

Theoretical Framework: Human Capital Theory 

Human Capital Theory was propounded by Gary S. Becker (1964) in his seminal work “Human 

Capital: A Theoretical and Empirical Analysis, with Special Reference to Education”, building on 

earlier foundational insights advanced by Theodore Schultz (1961) on investment in human beings. 

Becker's formulation remains the most widely cited and most frequently operationalised version 

of the theory within contemporary education and labour economics literature, and it is this 

formulation that anchors the present review. 

The major assumptions of Human Capital Theory rest on the proposition that education, training, 

and skills acquisition constitute a form of investment in individuals, analogous to investment in 

physical capital, which yields measurable returns in the form of higher productivity, higher 

earnings, and improved economic outcomes over an individual's lifetime. The theory assumes that 

individuals and societies rationally allocate resources towards education and training because the 

expected future returns, in wages, employability, and broader welfare, outweigh the immediate 
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costs of forgone earnings and direct expenditure on learning. It further assumes that the knowledge, 

skills, competencies, and health embodied in individuals are not fixed but can be continuously 

augmented through deliberate investment, and that such augmentation is a principal driver of 

individual economic mobility as well as aggregate national economic growth. 

 A related assumption is that markets reward acquired skills relatively efficiently, such that 

individuals with higher levels of education and training are systematically compensated more 

favourably than those without, thereby creating a rational incentive structure that sustains 

continued investment in learning across the life course. 

 

The strengths of Human Capital Theory lie chiefly in its parsimony and its strong empirical 

traceability, given that it has generated decades of quantifiable, cross-nationally comparable 

research linking educational investment to measurable economic and developmental outcomes, 

including composite indices such as the World Bank's Human Capital Index. The theory offers a 

coherent rationale for public and private investment in education and training, and it adapts readily 

to new technological contexts, since any innovation that improves the acquisition, retention, or 

application of skills, including artificial intelligence-driven digital education, can be directly 

incorporated into its investment-return logic without requiring a wholesale reformulation of the 

theory itself. Its flexibility in accommodating both individual-level and macroeconomic-level 

analysis further explains its continued dominance in recent artificial intelligence and education 

literature, where it has been extended to model relationships between artificial intelligence 

readiness, reskilling, and national human capital outcomes. 

The weaknesses of the theory are, however, notable and relevant to a contemporary reassessment. 

Human Capital Theory has been criticised for its narrowly economistic conception of education, 

which risks reducing the intrinsic and social value of learning to its instrumental contribution to 

earnings and productivity, thereby overlooking non-market benefits such as civic participation, 

wellbeing, and critical consciousness. The theory also assumes a relatively frictionless and 

meritocratic labour market in which skills are fairly rewarded, an assumption that recent evidence 

on algorithmic bias and unequal access to artificial intelligence-enabled learning tools substantially 

complicates, since returns to educational investment can be systematically distorted by structural 

inequality rather than by skill differentials alone.  

Furthermore, the theory was originally conceived around relatively stable, linear career trajectories 

in which a fixed stock of education yielded predictable lifetime returns, an assumption that sits 

uneasily with the rapidly shifting skills demands of an artificial intelligence-driven labour market, 

where competencies can depreciate quickly and where the theory's static notion of a human capital 

"stock" requires reinterpretation as a continuously renewed flow. 
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Applied to the present paper, Human Capital Theory offers a coherent and contemporary lens 

through which to examine how artificial intelligence-driven digital education functions as a 

mechanism of investment in individuals' cognitive and technical capacities, and how the returns to 

that investment are distributed across learners, institutions, and nations. 

Within the dimension of opportunities, the theory explains why personalised, adaptive, and 

generative artificial intelligence tools are valued: by improving the efficiency and precision with 

which skills and knowledge are transmitted, these tools lower the effective cost of acquiring human 

capital and potentially raise its returns, a logic empirically reflected in cross-country evidence 

linking artificial intelligence adoption to improved human capital-based educational development. 

 Within the dimension of challenges, the theory's assumption of a fair and efficient market for skills 

is directly tested by evidence of algorithmic bias and unequal access to artificial intelligence-

enabled learning, which shows that the returns to educational investment are not neutrally 

distributed but are mediated by infrastructure, governance, and socioeconomic position, thereby 

exposing a genuine limitation in the classical formulation of the theory that this paper must account 

for rather than assume away.  

Within the dimension of implications for the future of learning, the theory's static conception of 

human capital as a fixed stock is productively challenged and extended by the emerging emphasis 

on continuous reskilling and lifelong learning in an artificial intelligence-saturated economy, 

positioning human capital formation as an ongoing, renewable process rather than a one-off 

educational achievement, which aligns closely with recent reskilling-oriented reformulations of 

the theory in the artificial intelligence and human capital literature.  

Human Capital Theory therefore provides both the analytical foundation and, through its 

acknowledged limitations, the critical entry point for interrogating how artificial intelligence-

driven digital education shapes human capital development in a manner that is neither 

automatically beneficial nor evenly distributed. 

Methodology 

This paper adopted a narrative literature review design, appropriate for a conceptual and theory-

driven inquiry that seeks to synthesise, interrogate, and integrate existing scholarship on artificial 

intelligence-driven digital education and human capital development, rather than to generate new 

primary data. The narrative review design was deliberately preferred over a strict systematic 

review protocol because the paper's purpose is explanatory and integrative, namely to trace how 

opportunities, challenges, and long-term implications interconnect across a rapidly evolving and 

thematically diverse body of literature, a task better served by thematic synthesis than by the 

narrower, criterion-bound screening procedures characteristic of systematic reviews such as 

PRISMA.  
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Sources were purposively identified through targeted searches of reputable academic databases 

and publisher platforms, including ScienceDirect, Frontiers, Springer Nature, Taylor and Francis, 

MDPI, and Nature Portfolio journals, using search terms combining artificial intelligence, digital 

education, generative artificial intelligence, adaptive learning, human capital, and lifelong 

learning.  

Priority was given to peer-reviewed empirical studies, systematic reviews, and meta-analyses 

published within the most recent publication cycle, so as to ensure that the evidence base reflects 

the current state of a fast-moving field, while foundational theoretical sources were retained 

irrespective of publication date where they remain the canonical statement of the theory concerned. 

Inclusion was restricted to sources that were independently traceable through a digital object 

identifier or a stable publisher uniform resource locator, thereby excluding unverifiable, 

hypothetical, or non-traceable material.  

Retrieved sources were read, catalogued, and thematically organised according to the paper's three 

objectives, namely opportunities, challenges, and implications for the future of learning and long-

term human capital formation, after which three studies judged most methodologically robust and 

directly relevant to each respective objective were subjected to a more detailed empirical review, 

examining their theoretical grounding, research design, sample, data collection procedures, and 

findings. The resulting thematic synthesis was then interpreted through the lens of Human Capital 

Theory (Becker, 1964), which served as the analytical framework guiding the discussion and 

integration of findings across the three objectives. 

Discussion 

This discussion of this paper interrogates the findings presented above in light of the three 

objectives guiding the paper, namely the opportunities that artificial intelligence-driven digital 

education presents for human capital development, the challenges associated with its integration, 

and its implications for the future of learning and long-term human capital formation. Rather than 

merely restating the findings, the discussion critically examines points of convergence and 

divergence among the authors reviewed, and thereafter justifies how Human Capital Theory 

accounts for, and lends coherence to, the pattern of findings obtained. 

With respect to the first objective, the weight of empirical evidence reviewed lends considerable 

support to the proposition that artificial intelligence-driven digital education generates measurable 

gains in human capital. Zhang et al. (2026) and Wang et al. (2025), drawing on independently 

conducted meta-analyses of experimental studies, both report statistically significant positive 

effects of generative artificial intelligence tools on learning performance, and their convergence 

on this point, despite differing sample sizes and study inclusion criteria, strengthens the credibility 

of the claim that artificial intelligence measurably improves cognitive outcomes. However, this 

optimism is not uncontested. Ross and Kirschner (2025) offer a pointed methodological critique 

of the very meta-analytic tradition that underlies these claims, arguing that many of the primary 
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studies synthesised by Deng et al. (2025) lack random assignment, adequate control conditions, 

and pre-test measures of prior knowledge, such that the observed effects may reflect confounded 

instructional variables rather than the causal influence of artificial intelligence itself. 

This tension between enthusiastic quantification and methodological scepticism is instructive: it 

suggests that while the direction of the evidence favours artificial intelligence as a net contributor 

to learning, the magnitude of that contribution reported in early meta-analyses should be 

interpreted with caution rather than treated as definitive. At the macro level, Tian and Zhang (2025) 

provide corroborating cross-national evidence, showing that artificial intelligence adoption is 

positively associated with human capital-based educational development across twenty-nine 

countries, a finding that is particularly persuasive because it operationalises human capital not 

merely as test performance but as a composite index incorporating educational quality and future 

income returns. 

Complementing this macro-level picture, case-based evidence from Al-Kubaisi (2025) in Qatari 

schools and Ramírez-Montoya et al. (2025) in STEM tutoring contexts illustrates the micro-level 

mechanism through which this macro relationship likely operates: intelligent tutoring systems 

generate real-time diagnostic feedback that narrows the gap between instruction and individual 

learner need far more precisely than conventional, teacher-paced methods allow. Taken together, 

these authors substantiate one another across levels of analysis, though the divergence introduced 

by Ross and Kirschner (2025) usefully tempers the strength of causal claims that can be drawn 

from the aggregate literature. 

The second objective, concerning the challenges of artificial intelligence integration, reveals a 

more contested body of evidence in which authors do not merely report different findings but 

actively interrogate the normative assumptions embedded in the opportunities literature. Matjie et 

al. (2026) directly challenge the implicit assumption, present in much of the personalised-learning 

literature, that artificial intelligence is a neutral instrument whose benefits accrue automatically 

once access is provided; their comparative case analysis demonstrates that algorithmic bias 

operates through mechanisms such as proxy bias and disparate impact that systematically 

disadvantage learners on the basis of race, geography, and socioeconomic status, meaning that the 

same technology celebrated by Zhang et al. (2026) for improving average learning outcomes may 

simultaneously be widening the variance of outcomes across social groups.  

This is a critical point of interrogation, because it exposes a methodological blind spot in much of 

the opportunities-focused literature: studies reporting positive average treatment effects, such as 

those synthesised by Wang et al. (2025), rarely disaggregate their findings by learners' 

socioeconomic or geographic position, and therefore cannot speak to the distributional concerns 

that Matjie et al. (2026) and Bulathwela et al. (2025) raise. Nguyen et al. (2025) and Oyelere et al. 

(2025) extend this critique into the domain of governance, documenting that although more than 

three hundred artificial intelligence ethics guidelines have been issued globally, regulatory 
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frameworks remain fragmented and poorly enforced, such that the ethical safeguards assumed 

necessary by proponents of artificial intelligence-enabled education frequently exist on paper 

without being operationalised in classroom practice.  

A further point of productive disagreement emerges in the domain of academic integrity and 

critical thinking. Jamal Eddine et al. (2025) find that while ChatGPT enhances performance in 

structured, well-defined problem-solving tasks, it simultaneously carries the potential to erode 

critical thinking in disciplines reliant on text-based assessment, a nuanced position that neither 

wholly endorses nor wholly rejects the optimistic findings of Zhang et al. (2026), but instead insists 

that the effect of artificial intelligence on human capital quality is conditional upon disciplinary 

context and assessment design rather than uniform across educational settings. This body of 

evidence collectively demonstrates that the challenges identified are not merely operational 

obstacles to an otherwise straightforwardly beneficial technology, but substantive theoretical 

challenges to the assumption that artificial intelligence-enabled human capital gains are equitably 

distributed or unconditionally positive. 

Concerning the third objective, the reviewed literature converges more strongly around the 

proposition that artificial intelligence is restructuring the temporal and institutional logic of human 

capital formation, even where authors differ in emphasis. Poghosyan et al. (2026) and Osei-Owusu 

(2026) both provide cross-country regression evidence linking artificial intelligence readiness to 

national human capital outcomes, but their principal contribution lies less in demonstrating a 

positive association, which by this stage of the paper is unsurprising, than in showing that this 

association is conditional upon the presence of structured reskilling mechanisms; countries with 

strong artificial intelligence governance readiness but weak lifelong learning infrastructure were 

found to underutilise their human capital potential.  

This finding is corroborated at the policy level by Lim et al. (2025), whose account of Singapore's 

SkillsFuture programme provides a concrete illustration of how this conditional relationship can 

be operationalised in practice through a nationally coordinated, continuously accessible reskilling 

credit system. Romero (2024) interrogates this literature from a pedagogical rather than an 

economic standpoint, arguing that lifelong learning in the artificial intelligence era must be 

anchored in computational thinking and artificial intelligence literacy as foundational 

competencies, a position that implicitly critiques purely macroeconomic treatments of reskilling, 

such as that of Poghosyan et al. (2026), for underspecifying what, pedagogically, individuals must 

actually learn in order to remain economically relevant.  

Alzahrani (2026) extends the discussion further by demonstrating that the long-term implications 

of artificial intelligence are not confined to learners alone but extend to the professional capital of 

educational leaders themselves, whose human, social, and decisional capital must be 

reconceptualised to include a digital-adaptive dimension; this finding usefully broadens the unit of 

analysis beyond the individual learner to the institutional actors responsible for sustaining artificial 
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intelligence-enabled learning systems over time. Long et al. (2026) synthesise these strands by 

arguing that the long-term realisation of artificial intelligence's transformative potential in 

education depends on a shift from fragmented, tool-centric experimentation towards pedagogy-

driven institutional redesign, a conclusion that is less a contradiction of the preceding authors than 

an integrative statement of the conditions under which their individually observed benefits might 

be sustained at scale. 

Human Capital Theory adopted in this paper provides a coherent and empirically well-fitted 

framework for interpreting this pattern of findings, precisely because its central proposition, that 

investment in education and skills yields measurable returns in productivity and economic welfare, 

is directly reflected in the positive associations reported by Zhang et al. (2026), Tian and Zhang 

(2025), and Poghosyan et al. (2026) between artificial intelligence-enabled learning and human 

capital outcomes. The theory's assumption that individuals rationally invest in skills acquisition 

when expected returns are sufficiently high helps to explain why learners and institutions have so 

rapidly adopted generative and adaptive artificial intelligence tools despite their novelty and cost, 

since the empirical evidence, however methodologically contested by Ross and Kirschner (2025), 

consistently signals a positive expected return on this investment in the form of improved 

performance and efficiency. In this sense, Human Capital Theory does not merely provide a 

background rationale for the paper but actively organises its three principal findings into a single 

coherent narrative: artificial intelligence-driven digital education expands the opportunities for 

human capital investment, its integration is complicated by conditions that mediate the fairness of 

returns to that investment, and its long-term implication is the transformation of human capital 

formation from a discrete educational event into a continuous, technologically mediated process 

of lifelong investment. 

Conclusion 

Ultimately, this paper contends that artificial intelligence-driven digital education should be 

understood neither as an unqualified engine of human capital progress nor as an inherently 

disruptive threat to equitable learning, but as a technologically mediated investment process whose 

developmental value is contingent upon the deliberateness with which access, governance, and 

institutional capacity are managed around it. The value of situating this discussion within Human 

Capital Theory lies precisely in this conditionality: the theory reminds us that returns to educational 

investment have never been automatic, and that artificial intelligence, far from suspending this 

economic logic, intensifies the stakes attached to how fairly and how continuously that investment 

is distributed across learners, institutions, and nations.  

Conclusively, the opportunities, challenges, and implications examined in this paper therefore 

point towards a single overarching conclusion, namely that the long-term human capital dividend 

of artificial intelligence-enabled digital education will be determined less by the sophistication of 
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the technology itself than by the deliberateness of the human and institutional choices made in its 

design, regulation, and integration into lifelong learning systems. 

Recommendations 

Arising from these findings, and in line with the three objectives guiding this paper, three practical 

and actionable recommendations are proposed: 

1. Firstly, in relation to the opportunities identified, education ministries and institutions in 

low- and middle-income contexts should prioritise investment in low-bandwidth, context-

aware adaptive learning platforms, of the kind demonstrated by Ibrahim et al. (2026), rather 

than defaulting to cloud-dependent generative artificial intelligence tools designed 

primarily for well-resourced settings, so that the documented cognitive and efficiency gains 

from artificial intelligence-enabled instruction are captured by learners in infrastructurally 

constrained environments rather than being confined to already advantaged systems.  

2. Secondly, in relation to the challenges identified, national and institutional regulators 

should move beyond issuing broad ethical guidelines and instead mandate routine 

algorithmic bias audits of artificial intelligence tools deployed in classrooms, 

disaggregated by socioeconomic status, geography, and language group, so that the 

distributional harms documented by Matjie et al. (2026) and Bulathwela et al. (2025) are 

identified and corrected before they compound into entrenched educational inequality.  

3. Thirdly, in relation to the implications for the future of learning, governments and 

employers should co-develop nationally coordinated lifelong reskilling credit systems 

modelled on Singapore's SkillsFuture programme, as documented by Lim et al. (2025), 

thereby institutionalising continuous human capital renewal as a standard feature of 

national education and labour market policy rather than treating artificial intelligence-

related reskilling as an ad hoc employer responsibility. 
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