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Abstract: The digital economy is redefining the nature, formation, and valuation of
human capital. This article examines how the classical notion of human capital as an
accumulated stock of education, experience, and health is being reconfigured into a
dynamic, continuously renewed asset shaped by digital technologies, automation, and
artificial intelligence. Drawing on human capital theory, the literature on skill-biased
and routine-biased technological change, and recent empirical evidence from the World
Economic Forum's Future of Jobs Report 2025, the study identifies four dimensions of
transformation: a shift in skill composition toward cognitive and socio-emotional
competencies; a transition from human capital as a stock to human capital as a flow
sustained through lifelong learning; the emergence of human-machine complementarity
as a source of value creation; and the decentralization of learning through digital
platforms and micro-credentials. The article further analyzes the associated risks — the
digital divide, accelerated skills obsolescence, and labour-market polarization — and
illustrates the argument with the experience of a transition economy through the case of
Uzbekistan's “Digital Uzbekistan - 2030” strategy. It concludes that in the digital
economy the competitiveness of individuals, firms, and nations increasingly depends on
the capacity to renew human capital rather than merely to accumulate it, and outlines
policy implications for education systems and lifelong-learning institutions.

Keywords: human capital, digital economy, digital skills, automation, artificial
intelligence, lifelong learning, reskilling, skills gap, human-machine complementarity,
transition economies.

The digital economy has become one of the defining structural features of the
twenty-first century. Understood as the share of economic output derived from digital
technologies, data, and networked infrastructures, it now permeates production,
exchange, governance, and everyday social life. As economic value increasingly
originates in intangible assets — software, data, algorithms, and the knowledge
required to create and combine them — the question of what constitutes productive
human capability, and how such capability is formed, has moved to the centre of
economic policy. Where the industrial economy prized manual dexterity, physical
stamina, and the routine execution of standardized tasks, the digital economy rewards
analytical reasoning, adaptive problem-solving, and the ability to work alongside
intelligent machines.

This shift has profound implications for human capital, the productive stock of
knowledge, skills, competencies, and attributes embodied in people. For six decades,
the dominant framework has treated human capital as an accumulated asset built
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primarily through formal schooling and workplace experience, yielding returns over
the course of a career. That framework remains valuable, but it is increasingly
incomplete. In a digital economy where technological change is rapid and pervasive,
the value of a given stock of skills can depreciate within years rather than decades, and
the boundary between what humans and machines do is continually redrawn. Human
capital is therefore being transformed not only in its composition — which skills
matter — but in its very logic, from a stock to be accumulated once into a flow to be
sustained continuously.

The purpose of this article is to analyze the transformation of human capital in
the digital economy, both conceptually and empirically. It pursues four objectives.
First, it traces the theoretical evolution of the human capital concept from its classical
formulation to its digital reconceptualization. Second, it identifies the principal drivers
of transformation, with particular attention to automation and artificial intelligence.
Third, it delineates the dimensions along which human capital is being reshaped and
examines the emerging skills gap on the basis of recent international evidence. Fourth,
it considers the challenges and policy implications of this transformation, illustrating
the discussion with the case of Uzbekistan as a transition economy pursuing an
ambitious national digitalization agenda. The article concludes that the capacity to
renew human capital — rather than simply to accumulate it — is becoming the
decisive determinant of competitiveness for individuals, organizations, and nations
alike.

The modern theory of human capital emerged in the early 1960s with the work of
Theodore Schultz and Gary Becker, who argued that expenditures on education,
training, and health should be understood not as consumption but as investment in
productive capacity. Schultz maintained that a substantial part of the growth in
national income unexplained by increases in land, labour hours, and physical capital
could be attributed to improvements in the quality of human effort. Becker formalized
the analysis, distinguishing general from firm-specific skills and modelling the
individual's decision to invest in education as a comparison of expected future
earnings against current costs. Jacob Mincer's earnings function subsequently
provided the empirical instrument — relating wages to years of schooling and
experience — that anchored decades of applied research.

Human capital moved from the microeconomics of the individual to the
macroeconomics of growth through the endogenous growth theory of the 1980s and
1990s. Paul Romer treated knowledge as a non-rival, partially excludable input whose
accumulation could sustain long-run growth, while Robert Lucas emphasized the
external effects of human capital, whereby the average level of skills in a society raises
the productivity of all its members. In these models, the stock of human capital is not
merely a private asset but a public engine of technological progress and prosperity.

A parallel and, for present purposes, crucial line of inquiry examined the
interaction between technology and skills. The skill-biased technological change
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hypothesis holds that new technologies raise the relative demand for skilled workers,
widening wage differentials in their favour. Claudia Goldin and Lawrence Katz
captured this dynamic in their influential metaphor of a “race between education and
technology”: prosperity and equality depend on whether the supply of educated
workers keeps pace with technology-driven demand. When education leads, the
returns to skill are broadly shared; when technology outruns education, inequality
rises. The digital economy intensifies this race, because the pace at which technology
transforms skill requirements has accelerated while the institutions that supply skills
have changed comparatively slowly.

These foundations remain indispensable, yet they were developed for an
economy in which the content of skills was relatively stable across a working life. The
digital economy strains three of their implicit assumptions: that human capital, once
acquired, retains its value; that formal education is the principal site of its formation;
and that the division of labour between humans and machines is fixed. Relaxing these
assumptions yields what may be called a digital conception of human capital, to which
the article now turns.

Human capital in the digital economy is best understood as a multidimensional
and dynamic construct rather than a single stock measured by years of schooling. At
least five interdependent dimensions can be distinguished. The first is digital literacy
— the foundational capacity to access, evaluate, and use information through digital
tools, and to participate safely and effectively in digital environments. The second is
technical and ICT competence, ranging from the operation of standard software to
programming, data analytics, cybersecurity, and the design of digital systems. The
third is a cluster of cognitive and analytical skills — critical thinking, complex
problem-solving, and the interpretation of data — that acquire heightened value
precisely because they resist automation. The fourth is a set of socio-emotional and
relational skills, including collaboration, communication, empathy, and leadership,
which complement rather than compete with intelligent machines. The fifth, and
increasingly the most important, is adaptive and metacognitive capacity: the ability to
learn how to learn, to unlearn obsolete practices, and to reconfigure one's
competencies as circumstances change.

The distinction between these dimensions clarifies why the digital
transformation of human capital is not simply a matter of teaching more people to
code. Van Laar and colleagues, in a systematic review of the relationship between
twenty-first-century skills and digital skills, showed that technical proficiency is
necessary but far from sufficient: it must be embedded within broader cognitive and
social competencies to translate into productive performance. Similarly, David
Deming's research documents the growing labour-market premium on social skills,
which have become complements to, rather than substitutes for, analytical ability.
Table 1 summarizes the five dimensions, their defining content, and their relationship
to automation.
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Table 1.
Dimensions of human capital in the digital economy
Dimension Core content Relation to automation
Digital literacy Accessing, evaluating and using digital | Baseline for
information; online safety participation
Technical / ICT | Software use, programming, data | Directly created by
competence analytics, cybersecurity digital demand
Cognitive-analytical Critical thinking, complex problem- | Complements
skills solving, data interpretation machines; resists
automation
Socio-emotional skills Collaboration, communication, empathy, | Hard to automate;
leadership rising premium
Adaptive-metacognitive | Learning to learn, unlearning, self- | Enables continuous
capacity directed reskilling renewal

Four interlocking forces are driving the transformation of human capital in the
digital economy: automation, artificial intelligence, the reorganization of work through
digital platforms, and the diffusion of generative Al. Their common effect is to redraw
the boundary between tasks performed by people and tasks performed by machines,
thereby altering which human capabilities command economic value.

Automation and routine-biased technological change. The most influential
account of how technology reshapes skill demand is the task-based framework of
Autor, Levy, and Murnane, who showed that computerization substitutes most readily
for routine tasks — those that can be expressed as explicit rules — whether cognitive,
such as bookkeeping, or manual, such as assembly. Non-routine tasks, whether
analytical or interpersonal, are complemented rather than replaced. Because routine
tasks were concentrated in middle-wage occupations, their automation contributed to
a “hollowing out” or polarization of the labour market, expanding employment at the
high-skill and low-skill ends while eroding the middle. Frey and Osborne extended this
line of analysis with a widely cited estimate that a large share of jobs was potentially
susceptible to computerization, sparking sustained debate about the future of work.

Automation as displacement and reinstatement. Daron Acemoglu and Pascual
Restrepo refined the picture by distinguishing two opposing effects of automation. A
displacement effect removes tasks from labour, reducing demand for the workers who
performed them; but a countervailing reinstatement effect creates new tasks in which
labour holds a comparative advantage.

The net impact on employment and wages depends on the balance between the
two. Crucially, the reinstatement of labour through new tasks requires workers to
possess, or to acquire, the human capital those tasks demand — which places the
renewal of skills at the very centre of the adjustment process. Automation does not so
much abolish work as continuously reshape its content.

Digital platforms and the reorganization of work. Beyond automating tasks,
digital technologies reorganize how work is coordinated. Platform and “gig” models
disaggregate jobs into discrete, tradable tasks, expand remote and hybrid
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arrangements, and enable global competition for digitally deliverable services. For
workers, this raises the premium on self-management, digital self-marketing, and the
ability to assemble a portfolio of skills, while weakening the traditional role of the firm
as the site of on-the-job training — shifting more of the burden of human capital
formation onto individuals and public systems.

Generative artificial intelligence. The public release of large language models
from late 2022 marked an inflection point, extending automation into domains —
writing, coding, design, analysis — previously regarded as safely non-routine and
cognitively demanding. Generative Al functions less as a replacement for whole
occupations than as a general-purpose tool that augments task performance, again
redrawing the human-machine boundary. Its diffusion has sharply raised demand for
the ability to work with Al — to prompt, supervise, evaluate, and integrate its outputs
— making Al fluency a rapidly emerging component of human capital.

The cumulative scale of these forces is captured by the World Economic Forum's
Future of Jobs Report 2025, which synthesizes the expectations of over a thousand
employers representing more than fourteen million workers across fifty-five
economies. Employers anticipate that structural labour-market change will create
some 170 million new roles and displace about 92 million by 2030, a net increase of
roughly 78 million jobs equivalent to around 22 per cent of current employment.
Behind this churn lies a comprehensive reshaping of skills, examined in the next
section.

The forces described above do not merely add digital skills to an unchanged
notion of human capital; they alter its structure and logic along four dimensions.

From one skill composition to another. The digital economy is shifting the balance
of demand away from routine execution toward cognitive and socio-emotional
capabilities. According to the Future of Jobs Report 2025, employers expect that 39 per
cent of the core skills required in jobs will change by 2030 — a substantial disruption,
though notably down from 44 per cent in the 2023 edition, a moderation attributed to
the spread of reskilling. Analytical thinking remains the single most sought-after core
skill, cited as essential by roughly seven in ten employers, followed by resilience,
flexibility and agility, and by leadership and social influence. Among the fastest-
growing skills, technological competencies — led by Al and big data, then networks
and cybersecurity and technological literacy — rise most rapidly, but they are closely
accompanied by creative thinking, curiosity and lifelong learning. The pattern is
unambiguous: the highest returns accrue to those who combine technical fluency with
distinctively human cognitive and social skills. Table 2 lists the skills rising fastest in

importance.
Table 2.
Skills of increasing importance toward 2030
Rank Skill Category
1 Al and big data Technological

515



MexxayHapoAHbIM Hay4YHbIHN KypHaJl Ne 37 (100), yactbl

«Hayunbiit ®okyc» HUions, 2026

2 Networks and cybersecurity Technological

3 Technological literacy Technological

4 Creative thinking Cognitive

5 Resilience, flexibility and agility Socio-emotional

6 Curiosity and lifelong learning Adaptive

7 Leadership and social influence Socio-emotional

8 Talent management Socio-emotional

9 Analytical thinking Cognitive

10 Environmental stewardship Cognitive

From stock to flow. The classical model treats human capital as a stock
accumulated during youth and drawn down over a career. In the digital economy, the
rapid depreciation of skills converts human capital into a flow that must be continually
replenished. Lifelong learning ceases to be an enrichment activity and becomes an
economic necessity. The Forum's evidence makes the point starkly: on a
representative sample of one hundred workers, some fifty-nine are projected to
require training by 2030; of these, roughly twenty-nine could be upskilled within their
current roles and nineteen reskilled and redeployed, while eleven are unlikely to
receive the training they need, leaving their prospects at risk. The share of the
workforce that has completed employer-provided training has already risen from 41
per cent in 2023 to about 50 per cent in 2025 — evidence that the transition from
stock to flow is under way, but also that it remains incomplete.

From substitution to complementarity. A third dimension concerns the changing
relationship between people and machines. The productive frontier of the digital
economy lies not in tasks that machines perform alone, nor in those reserved entirely
for humans, but in the expanding zone of collaboration between them. Value is created
where human judgment, creativity, and ethical responsibility are combined with the
speed, scale, and pattern-recognition of intelligent systems. This reframes the policy
debate: the objective is not to protect workers from machines but to equip them to
work productively with machines, which demands a distinctive blend of technical
fluency and higher-order human skills.

From centralized to distributed learning. Finally, the formation of human capital
is becoming decentralized. Online courses, micro-credentials, professional
certifications, and Al-assisted tutoring diversify the sites and modes of learning
beyond the formal education system. This democratizes access to skill formation and
shortens the distance between emerging demand and available training, but it also
fragments credentialing and raises new questions of quality assurance, recognition,
and equity of access — questions that education and labour-market institutions have
only begun to address.

If human capital is increasingly a flow, its adequacy must be judged by the
alignment between the skills workers possess and those the economy demands — that
is, by the skills gap. The Future of Jobs Report 2025 finds that skills gaps are regarded
as the single most important barrier to business transformation, identified as a major
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obstacle by 63 per cent of employers over the 2025-2030 period. In response, some 85
per cent of employers plan to prioritize the upskilling of their workforce, and a large
majority expect to hire staff with new skills, confirming that the renewal of human
capital has become a strategic corporate priority rather than a peripheral human-
resources function.

Measuring digital human capital is nonetheless methodologically challenging.
Conventional proxies such as years of schooling or the share of the population with
tertiary qualifications capture the stock of formal education but say little about digital
competence, adaptability, or the currency of skills. Composite indicators — combining
measures of connectivity, digital-skills prevalence, participation in continuing
education, and the intensity of technology use at work — offer a fuller picture but
remain imperfect and unevenly available across countries. The measurement problem
is not merely technical: because what is measured tends to be managed, the
persistence of stock-based metrics can bias education and labour-market policy
toward the accumulation of credentials rather than the cultivation of adaptive
capacity.

The gap, moreover, is unevenly distributed. Skill disruption varies markedly
across industries and regions, and the risk of exclusion falls disproportionately on
workers in routine-intensive occupations, on older workers whose skills depreciate
faster than they can be renewed, and on those with limited access to training. Left
unaddressed, these asymmetries translate the abstract skills gap into concrete labour-
market polarization and rising inequality — the very outcome that Goldin and Katz's
race between education and technology predicts when education fails to keep pace.

The transformation of human capital carries significant risks that policy must
confront. The first is the digital divide. As Jan van Dijk and others have argued, the
divide is not a single gap in physical access but a layered phenomenon: an access
divide in connectivity and devices; a usage divide in the skills required to employ
technology productively; and an outcomes divide in the economic and social benefits
actually realized. As basic access widens, inequality increasingly migrates from the
first layer to the second and third, so that disparities in digital human capital — rather
than in connectivity alone — become the principal axis of digital inequality.

The second risk is the accelerated obsolescence of skills. When the half-life of a
technical competence shrinks to a few years, human capital acquired at considerable
cost can depreciate before the investment is fully recovered. This raises difficult
questions about who bears the cost and risk of continual reskilling — individuals,
employers, or the state — and about how to protect workers whose skills become
obsolete through no fault of their own. Absent effective institutions of lifelong learning
and social protection, obsolescence can produce structural unemployment even amid
abundant vacancies.

The third risk is polarization and inequality. If the returns to digital and cognitive
skills continue to rise while routine work is automated, the wage distribution may
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stretch further, concentrating gains among those able to renew their human capital
and marginalizing those who cannot. There are also broader concerns for well-being:
intensified pressure to reskill continuously, the blurring of boundaries between work
and life in remote and platform arrangements, and the psychological demands of
perpetual adaptation. A humane digital economy must treat the renewal of human
capital as a shared responsibility, not solely an individual burden.

The dynamics described above are global, but they unfold differently in transition
and emerging economies, where digital infrastructure, education systems, and labour
markets are still maturing. Uzbekistan offers an instructive case. Since 2020 the
country has pursued the “Digital Uzbekistan - 2030” strategy, a comprehensive
programme encompassing more than two hundred priority projects across e-
government, digital infrastructure, digital education, and the digital economy. The
strategy explicitly identifies human capital development as a central condition of
success, recognizing that infrastructure alone cannot generate the productive
capabilities the digital economy requires.

The scale of the human capital effort is considerable. National initiatives such as
“One Million Uzbek Coders” and the more recent programme to train large cohorts of
Al specialists aim to raise digital literacy across the population while cultivating a
pipeline of advanced technical talent; the Al development strategy adopted in 2024 set
the ambitious goal of training around one million specialists. The results are visible in
the labour market: employment in the information and communication sector has
grown substantially, the number of self-employed digital professionals has expanded
many times over, and exports of IT services have risen from around 170 million to
close to one billion US dollars within five years, with a national target of five billion.
The country has also announced the establishment of new IT Park branches in regional
centres — including Bukhara — in an effort to broaden participation beyond the
capital.

Yet the case also exhibits the characteristic tensions of the global transformation.
Analyses by the OECD and other bodies note that firms, particularly small and
medium-sized enterprises, tend to underinvest in the digital upskilling of their
employees, and that a pronounced rural-urban divide concentrates opportunities in
the capital, where the great majority of IT specialists are based. Assessments of school
infrastructure have revealed significant gaps in connectivity and equipment in parts of
the country. These findings mirror, at the national scale, the layered digital divide and
the stock-versus-flow challenge discussed above: building connectivity and training a
technical elite is necessary but not sufficient; the deeper task is to embed continuous,
inclusive skill formation across the whole workforce and all regions. For a transition
economy with a young and growing population, the transformation of human capital is
thus simultaneously the principal opportunity and the principal risk of the digital
transition.

The analysis yields several policy implications.

518



MexxayHapoAHbIM Hay4YHbIHN KypHaJl Ne 37 (100), yactbl
«Hayunbiit ®okyc» HUions, 2026

First, education systems should shift emphasis from the one-time transmission of
static knowledge toward the cultivation of adaptive and metacognitive capacity — the
ability to learn, unlearn, and relearn — alongside foundational digital literacy for all
learners. Second, lifelong learning must be institutionalized as a permanent
component of the economy rather than an optional supplement, supported by
portable, recognized micro-credentials, accessible financing, and time for workers to
train.

Third, because the burden of continual reskilling cannot fall on individuals alone,
effective public-private partnerships are needed to share the costs and risks of human
capital renewal among the state, employers, and workers. Fourth, deliberate attention
to inclusion — across income, gender, age, and the rural-urban divide — is essential to
prevent the digital transformation of human capital from widening existing
inequalities.

For transition economies in particular, sequencing matters: investments in
connectivity and technical elites should be accompanied from the outset by broad-
based programmes of digital and adaptive skill formation.

The digital economy is transforming human capital in more than degree; it is
changing its kind.

The classical understanding of human capital as a stock of education and
experience, accumulated in youth and drawn upon over a career, is giving way to a
conception of human capital as a dynamic, continuously renewed capability shaped by
automation, artificial intelligence, and the reorganization of work.

This transformation proceeds along four dimensions: a shift in skill composition
toward cognitive and socio-emotional competencies; a movement from stock to flow
sustained by lifelong learning; the rise of human-machine complementarity as the
locus of value creation; and the decentralization of learning through digital platforms.

Recent evidence confirms both the scale of the change — with roughly two-fifths
of core skills expected to alter by 2030 and the majority of workers requiring training
— and its uneven distribution, which threatens polarization and exclusion where the
renewal of human capital is not actively supported.

The central conclusion is that competitiveness in the digital economy depends
less on the stock of human capital a person, firm, or nation has accumulated than on
the capacity to renew it.

The decisive asset is adaptability itself. For education systems, employers, and
governments — and with particular urgency for transition economies such as
Uzbekistan — the strategic task is to build the institutions of continuous, inclusive
learning that can sustain the flow of human capital on which prosperity in the digital
age will rest.

Realizing this task fully will require further research into the measurement of
digital human capital and into the design of lifelong-learning systems that are at once
effective, financially sustainable, and equitable.
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