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Abstract
The present paper offers a theoretical review of the concept of human capital and its
component elements, namely Knowledge, Skills, Abilities and Working Activities, and
attempts to sketch the requirements of the production structure in the Greek
economy. In addition, the role is stressed of the educational model in Greece in
positively affecting the changes underway under the simultaneous impact of the 4 th
industrial revolution and COVID-19.
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1. Introduction
Human capital as an essential component of economic growth has been extensively studied.
As an element which founds human societies and (economic) continuity, knowledge expands
the range of (economic) activities by reducing the time required through its intergenerational
transmission, thus transforming economies and structures of production. In contemporary
economies, the constant changes brought about by technological developments, create shifts
in the needs of the productive model and, hence, in the labor demands of businesses.
This paper attempts to establish the rudiments of the relation between human capital and
productive model in the context of the Greek economy. Part 2 concerns an overview of the
theoretical underpinnings of human capital. The theory of human capital bases economic
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development on both exogenous and endogenous models of development. Thus, in part 3, we
focus on furthering the theory of human capital.
Out of a range of approaches, we focus on the most contemporary one which interrelates the
requirements in human capital with the current tasks and activities of labor. The
characteristics of human capital are analyzed through its internal categorization, whereby it
consists of Knowledge, Skills, Abilities and Working Activities. This approach is not new
(Autor, 2013; Acemoglu and Autor, 2011) but in the present paper, the effects are analyzed of
the two great economic crises of 2008 and 2020 in the categorization of the quality of human
capital and technological change (part 4). In part 5, concluding remarks are presented and
possible recommendations for economic policy are discussed .
2.The Theoretical Background of Human Capital Theory
The emphasis on the concept of human capital as a growth factor makes its appearance in the
1950s. In general, the reference to human capital involves people’s abilities and skills and the
productive wealth that inheres in labor, knowledge and skills, thus contributing to the
economic prosperity of individuals (OECD, 2001).
The importance of human capital and of education had already been noted in the era of the
classical economists. Smith (Smith, 2007) acknowledged the acquisition of knowledge as a
process that was expensive but beneficial for the wealth of nations. Owen (Bernard et al.,
1988) recognized the fundamental importance of socialization as he believed that individuals’
behavior and thinking could be modified by changes in the physical environment. Education
was the essential means for improving quality of life, as was technology.
Even though the abstract concept of human capital and the view that education could affect
scale economies both existed, the 1940s and 1950s with the neoclassic approach of the models
of economic growth were the ones that consolidated the concept of human capital by using
models to include and define the sense of human capital. In the 1940s, Solow and Swan
(Dimand and Spencer, 2008) developed an exogenous model of growth. The Solow-Swan
model states that long-term development is achieved through the accumulation of capital,
specialized labor (human capital), population growth and technological progress (Solow,
1956).
Through Solow’s exogenous model of growth, attention was increasingly paid to human
capital (Miner, 1958; Shultz, 1961) leading in the 60s, to Becker’s approach to human capital.
In Becker’s work (1994) human capital is conceived as an investment choice for individuals in
the context of a cost benefit analysis. Following that, in the 1980s and 1990s, the endogenous
models of growth appear (Lucas, 1988; Romer, 1991) in which education is incorporated and
becomes the main factor of change within economies with particularly positive effects on
human capital and economic growth.
Later, in the endogenous model of technological change of Galor and Weil (Galor and Weil,
2000) a solution is provided to the problem of the Malthusian Trap. Specifically, the
accumulation of human capital leads to an increase in per capita income which, in turn, implies
an increase of earnings in relation to human capital. This mechanism provides incentives for
an even greater investment in human capital and knowledge, as well as a change of behavior
on the part of parents who are now having fewer but better educated children. Thus, the
change of demographic characteristics follows a shift from the extensive utilization of labor
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forces to an intensive one, through the operation of human capital (Galor and Weil, 200). This
fact is attested to by the increase of children enrolled in primary education (Winthrop et al.,
2018).
These processes led to an endogenous perspective of inclusion of human capital to economic
theory coinciding with the movement of microfoundations of economic theory, mainly with
the aim of improving its predictive capacity (Petrakis, 2020b). They also led to the theoretical
research of growth in knowledge and innovation within the rational choice frame of action,
but also to the need for an interdisciplinary approach that would encompass all the relevant
determining factors (Petrakis, 2020a, 2020b).
In recent years, with environmental developments at center stage, the same is the case with
the concept of sustainable development for the utilization of (non-recyclable productive)
factors (Arrow et al., 2004). In this process, human capital can play an important role
(González-Salamanca et al., 2020; Maremveliotakis and Manioudis, forthcoming; Osiobe,
2019). The development of human capital in this process is critical (Goldin, 2016; World Bank,
2019) and it hinges, by and large, on the efficiency and culture of the prevalent institutions
and on the extent to which nations exhibit resilience (Petrakis, 2020b).
The institutional framework pursues through structural changes the improvement of
conditions within economies regarding growth as well as social cohesion. These measures
concern the improvement of conditions through promoting education, improving productivity
and work conditions and reducing discrimination in the workplace (Borjas, 2015; Ngai and
Petrongolo, 2017). In general, the quality of a country’s education and literacy levels are
reflected in the qualitative characteristics of the human capital (Bloom et al., 1914) which
creates economies of scale and efficient resource management (Romer, 1990). The effect of
knowledge (qualitatively) on human capital (Nelson and Phelps, 1966) is seen in the ability to
emulate successful techniques of the productive process which are employed in other
developed economies.
3. Describing Human Capital
The measurement of human capital may be done either through the budget allocations for
education or through the (marginal) productivity of labor (Borjas, 2015). The evaluation of
human capital and its (productive) potential will need to take into consideration the needs of
the existing production structures as well as the historical development of the cultural
background.
At the turn of last century, the production structure required mainly knowledge at the level of
functional literacy (that is to say, writing, reading, arithmetic and comprehension) insofar as
the level of the technology was congruent with these requirements. One way of evaluating
human capital is to break it down into its component elements. The approach that emerged
after Becker’s work, recognized two types of labor competencies, a “general” one which
applied to the great number of businesses and a “specific” form that concerned specific
businesses.
In other words, it entailed a distinction between competencies at the level of general
knowledge and specialization in the context of the needs of specific enterprises. In terms of
such specialization, individuals derived (upon completing their education) the benefits of
knowledge accumulation with higher returns. Practically, this means that the initial
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categorization had to do with a distinction between levels of education and concomitant
(choices of) specialization which is broken down into the cost of the provision of education,
although without specifying the kind of educational provisions. This is a cumulative approach
to the value of human capital which can scarcely be reduced to partial qualitative components.
In an attempt to arrive at a more specialized analysis of the components of human capital and
how it is accumulated, Shaw (Shaw, 1984) introduced the concept of “occupational
investment” to explain the accumulation of human capital on the basis of which, investment in
the know-how of professions with common (or closely allied) characteristics, leads to
“transferrable skills” through the contiguous branches of those professions. Next, Neal (Neal,
1995) confirmed the existence of “transferrable skills” since the earnings of the unemployed
who were incorporated in the labor market related to levels of their earnings in their old
affiliations, prior to unemployment. With Neal’s contribution (Neal, 1995), the theory of
Becker was subjected to a critique which emphasized the concepts of “industry specific” and
“occupation specific” human capital –which, however, is not lost as it was in Becker’s firmspecific theory, but accumulates and is utilized in comparable jobs with similar needs.
Another concept, that of “task specific” human capital (Gibbons and Waldman, 2004) links the
accumulation of human capital with the requirements of specific jobs. In essence, this
approach establishes the idea that different kinds of work entail different requirements from
(the qualitative kind of) human capital.
As different industries have different requirements of human capital, it makes sense to
distinguish between their production structures so as to analyze their work-related features.
In terms of distinguishing between kinds of production structures, three basic industries are
found: a) the primary sector of agricultural production and mining, b) the secondary sector of
processing and industry and c) the tertiary sector of services. This distinction, however does
not provide details –beyond broad logical inductions– about the skills and knowledge that are
required.
For the purpose of evaluating the skills and knowledge required in each industry data bases
of occupational posts are used, comprised by statistical services and international
organizations. In these data bases, the different occupations are classified and grouped into
clusters of related professions. The three such largest data bases are O*NET of the US
statistical services and ministry of labor, ESCO which is put together by the European
Commission and CEDEFOP.
O*NET has 1016 occupations classified under 23 large clusters, 98 small groups and 459
broader occupations. ESCO is a data base of 2942 occupations classified on the basis of ISCO08, into 10 large clusters before being further subdivided into various subcategories. The
catalogues note the requirements of Task-Specific Human Capital needed for every
occupation. For every occupation, a description is given and a list of competencies ascribed,
necessary for efficiently carrying out the obligations attendant to the job. Also, a list is given
of optional skills and competencies. The data bases vary somewhat in their descriptions of
these processes.
These categorizations help to identify “task-specific” human capital. In ESCO, there are 13485
skills/competencies which are divided in: A (attitudes and Values), K (knowledge), L
(language skills and knowledge) and S (skills). In O*NET, we encounter more categories, out
of which we retain the following: Tasks, Knowledge, Skills, Abilities, Working Activities and
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Detailed Working Activities. There is, then, a common distinction in these two bases
concerning occupational features between Knowledge and Skills while in O*NET there are also
Abilities.
This distinction between occupations based on features is particularly important for
understanding the requirements of human capital and can be helpful in better managing
existing policies. Indeed, the distinction of human capital into knowledge, skills and
competencies is not an innovation on the part of O*NET but widely referenced in the
bibliography (Buta, 2015).
Initially, we need to distinguish between competencies on the one hand, and on the other,
knowledge and skills. The latter are features which are acquired or intentionally cultivated by
the workers, whereas competencies are categorizations to do with the employee and to the
qualities of his characteristics. As far as knowledge and skills are concerned, they differ in what
they describe and which their basic sources are they derive from. Knowledge refers to data
and principles acquired in some field of information.
To better understand the analysis of human capital into knowledge, skills, abilities and
working activities, we include in the appendix an example of the human capital accrued in an
occupation that wouldn’t be thought to possess such characteristics, that of Logging
Equipment Operator. It can thus be seen that the analysis of the characteristics of human
capital is quite useful and illuminating regarding the way in which the labor market is
organized.
It is seen that the basic source of knowledge accumulation is education, whereby one can
accrue different types of information and understand a range of objects and their uses. Skills
represent the processes of utilization and application of knowledge about the work process
and they are acquired by the employee on the basis of experience. The requirements in skills,
abilities and knowledge are formed on the basis of the tasks of every employee and the
industry in which they work. Tasks comprise the Working Activities which the employee is
called to perform, out of which stem all these requirements of human capital. On the basis of
these four categories of employment characteristics (Knowledge, Skills, Abilities and Working
Activities) the human capital which is required by every occupation can be described.
4. Consequences of 4th Industrial Revolution in the Structure of Human Capital: The
Greek Case
In the course of the 21st century, labor markets are developing faster than ever, and especially
with the onset of the 4th industrial revolution, labor requirements are expected to change
radically. To this, the COVID-19 crisis is added as an exogenous productive shock. Long-term
forces (such as the 4th industrial revolution) and short-term ones (mainly COVID) interact and
operate jointly.
For Greece, the effects of technological change do not result from COVID-19 but were already
visible in the previous decade, during the fiscal crisis of 2010. If we isolate the effects of
technological change on labor market tendencies (mainly through automation) during the
previous crisis, we are able to see which industries were most impacted by it. In terms of
intensity of impact, there are industries impacted worldwide according to the production
structure of each country. For instance, according to the World Economic Forum (2020) the
occupations in the USA with the greater pressure towards a technological shift were Computer
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Operators, Executive Secretaries and Executive Administrative Assistants, OI Word Processors
and Typists and Telecommunications (Switchboard Operators including Answering Services
and Telemarketing.)
Technological change has been occurring steadily in the past decade and the COVID-19 crisis
greatly reinforces it, with the result that the changes observable today in the labor market in
terms of roles and occupations have a decidedly technological character. COVID-19 is an
exogenous shock that affected the channels of distribution and demand through a sudden stop,
and led to an acceleration in the shift of certain aspects of the production model.
Occupations in which a decline in demand is observed internationally (World Economic
Forum, 2020) relate to services of secretarial support and information provision, accountants,
unspecialized labor (work in the production line of factories) but also specialized work
(mechanics and machinery repairers).
On the other hand, under the impact of COVID-19, a range of technologies were accelerated.
These technologies by order of importance in the process of acceleration are the following:
Encryption and Cybersecurity, Cloud computing, Robots and Non-Humanoid (e.g. industrial
automation, drones), Augmented and Virtual Reality (1%), Distributed ledger technology (e.g.
blockchain), 3D Printing and Modeling, Artificial Intelligence etc. (BMI Research, 2018).
The coming decade will be defined by changes in labor distribution between human capital
and material capital (machines). This shift (World Economic Forum 2020) will be more
intense in branches where technology is already intensely present. Thus, new requirements
are created for the structural elements and skills of human capital.
Regarding the Greek economy, the corresponding changes are presented in Diagram 1. Here,
we see that the specializations with the greatest negative changes are waiters and related
professions, cleaners and household helpers, customer information officers, cashiers, tellers
and related professions, technical processing of food and clothing items. It is observed that
these are products and services of low added value in relation to the GDP, although they do,
nevertheless, have a pronounced presence in the productive structure.
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Diagram 1. Occupations with a decline in employment in Greece 2019-2020

In diagram 2, we present the increases in occupations, mainly observed in administrative
professionals, technical personnel in physics and engineering, mechanics (barring
electricians), sales assistants in shops, hairdressers etc.
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Diagram 2: Occupations with an increase in employment in Greece 2019-2020

Changes in the distribution of labor are not expected to be the only ones in the production
structure due to the 4th industrial revolution. Alongside the above changes, actual occupational
activities in the course of work are expected to change, not just the ratio of workers. This
makes sense as technological developments are modifying production and, hence, the work
environment.
Moreover, in Greece (OECD, 2018) there is a lack in skills to do with verbal, reasoning and
perceptual abilities. Another aspect of the profile of Greek work skills has to do with digital
literacy. In Greece (OECD, 2018; DESI 2018) digital skills are at low levels. The prevalent skills
in Greek society (OECD, 2018) are concentrated in the positive sciences such as biology, but
also in sectors such as architecture and engineering (mechanical and building/construction
knowledge, and repairing and installation skills). In terms of levels of knowledge (OECD, 2018)
Greek society rates quite a bit higher than the average country, although this is not reflected
in the income levels of the workers.
The direction of upskilling and reskilling is towards the development of digital skills and the
utilization of Communications and Information Technologies (CIT) as these expand in terms
of microeconomics in the changing behaviors of the employed and, also, in terms of
macroeconomics in digital enterprises, in the boosting of new entrepreneurship and
investment opportunities and the simplification of certain procedures (Bank of Greece, 2018).
5. Concluding Remarks
In the next decade, a considerable portion of new employment positions will come into play
in new occupational activities or in existing ones that will be substantially modified in terms
of content, skills and abilities (Acemoglu & Restrepo, 2018; Bessen, 2019). The way human
capital and employment posts will be affected is related to two issues: a) which sectors of the
economy will register skill shortages and b) the extent to which qualifications are aligned with
job requirements. The labor market is influenced by simultaneous forces in the one hand, and
in the other by the financial crisis, the COVID-19 crisis and the 4th Industrial Revolution.
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COVID-19 reinforced the need for shifting the productive model in line with technological
change. The observable changes in the labor market are a result of shifts in labor demands
and, inductively, changes in the needs of enterprises. Understanding this process can explain
the intensity of the demand for input of human capital in the service of producing the
corresponding goods (material or immaterial) required by the economy. In these conditions,
it is the quality of human capital that will define the comparative advantage of different
countries, ceteris paribus, as well as the institutional framework, both at the level of
productive infrastructure and in terms of the receptivity of different societies to
(technological) change and entrepreneurship.
In Greece, professional, scientific and technical occupations are in shortage while the
construction sector, by contrast, experiences a large occupational surplus (OECD 2018). Also,
the forestry and fishing sector are facing occupational shortages. Essentially, the middle level
of the production structure creates the preconditions for a demand side weakness while there
is a surplus work force (a supply side weakness) who do not appear to be in a position to adapt
to the requirements of the middle productive model, nor to create the supply conditions of a
workforce that would mobilize a restructuring of production along contemporary
requirements. Besides, brain drain absorbs critical quantities and qualities of human capital
(Petrakis, 2020a) and, hence, operates as an additional factor stalling the development of an
endogenous growth model centered on human capital.
With reference to the educational and lifelong learning systems the present and the future of
the production model worldwide and especially in Greece, will be better served by the
development of more flexible (low constant costs) educational structures for lifelong learning
because, due to their nature they can adapt faster and efficiently to the rapid and major
changes in the labor market. This approach is reasonable for two reasons. Firstly, conventional
education is a solid institution that needs time to adjust to changes of the cultural background
while lifelong learning educational structures adjust accordingly to changes in the labor
market almost immediately. Secondly, in Greece, public spending for education is low
(Heinrich & Hildebrand, 2005) and unable to afford the upskilling and reskilling of the labor
force.
Based on the features of technological change as well as the complexity of the occupational
structure, we may conclude that the top upcoming skills for 2025 will have to do with analytic
thinking and innovation, the solving of composite problems, creativity and the use of
technology (Cedefop, 2018), lifelong learning, as well as psychological features such as
resilience and stress management. To be sure, these changes concern entire vocational
clusters and extend in every direction of the production structure.
The outcome will be new occupations shaped by: new technologies and demand, new products
and services which create professional clusters and relate to green economy, to care economy,
AI economy, new roles for engineering, cloud computing, marketing, sales and content
productions. More specifically, the systematic use of technologies is included, such as twosided digital platforms, mobile economy, the Internet and social media, intelligent machines
and AI, the economy of apps and of new technological trends such as interfacing, internet of
things, big data 5G, encrypted coins and intangible assets and so on (Bank of Greece, 2018).
The specialization of the workforce leads to increased efficiency and production but has a
social cost. Initially, the unspecialized labor force is displaced (specialization is required), the
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specialized unemployed may be discouraged because of the drastic changes and the costs
involved in lifelong learning and turned into long-term unemployed, burdening the special
security system. Also, specialization is a burdensome process which constrains creativity and,
hence, the growth of entrepreneurship.
Concluding, technological change appears to point in the direction of technological
specialization, which leads to an increase in the demand of specialized labor (Acemoglu &
Restrepo, 2018). This demand is associated with specific skills but not without cost. In fact,
COVID-19 crisis led to intensification of technology and to the crowding out of jobs with a
background in smaller routines (Chernoff &Vartman, 2020; Acemoglu et al., 2021). A special
issue to note regarding this direction, is that without adopting an interdisciplinary view, the
persuasion of specialization will undermine creativity. That been, this must be resolved from
the policy makers when they design the educational and lifelong learning systems as
developing composite cognitive skills and abilities is a positive contribution to creative
thinking.
Appendix 1.
Appendix 1 uses as a vocational example the Logging Equipment Operator from the O*NET
data base, in terms of knowledge, skills, abilities and working activities. Below are presented
the competencies involved in this particular occupation. The abilities relate to characteristics
that serve in carrying out the requirements of the job, such as control of body posture,
steadiness of hand movements etc. These abilities relate to inherent traits.
Table 1: Basic Abilities Requirements (5 of 22) for 45-4022.00 – Logging Equipment Operators

Control Precision:

The ability to quickly and repeatedly adjust the controls of a machine or a vehicle to exact
positions.

Reaction Time:

The ability to quickly respond (with the hand, finger, or foot) to a signal (sound, light,
picture) when it appears.

Arm-Hand Steadiness:

The ability to keep your hand and arm steady while moving your arm or while holding your
arm and hand in one position.

Multilimb Coordination:

Depth Perception:

The ability to coordinate two or more limbs (for example, two arms, two legs, or one leg
and one arm) while sitting, standing, or lying down. It does not involve performing the
activities while the whole body is in motion.
The ability to judge which of several objects is closer or farther away from you, or to judge
the distance between you and an object.

Source: https://www.onetonline.org/link/summary/45-4022.00

Table 2 presents the knowledge required in the occupation of Logging Equipment Operator
which derive as a result of education system. This type of knowledge may correspond to other
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occupations with same requirements, though, the intensity in the use of such knowledge is the
differentiating factor among occupations requirements (Handel, 2016).
Table 2: Knowledge Requirements for 45-4022.00 - Logging Equipment Operators
Knowledge of machines and tools, including their designs, uses,
Mechanical:
repair, and maintenance.
Knowledge of relevant equipment, policies, procedures, and
strategies to promote effective local, state, or national security
Public Safety and Security:
operations for the protection of people, data, property, and
institutions.
Knowledge of raw materials, production processes, quality control,
Production and Processing:
costs, and other techniques for maximizing the effective
manufacture and distribution of goods.
Source: https://www.onetonline.org/link/summary/45-4022.00

Table 3 presents the skills requirements for the Logging Equipment Operator which are a
result of learning by doing.
Table 3: Skills Requirements for 45-4022.00 - Logging Equipment Operators
Operation and Control:
Controlling operations of equipment or systems.
Operation Monitoring:
Watching gauges, dials, or other indicators to make sure a
machine is working properly.
Performing routine maintenance on equipment and determining
Equipment Maintenance:
when and what kind of maintenance is needed.

Active Listening:

Giving full attention to what other people are saying, taking time to
understand the points being made, asking questions as
appropriate, and not interrupting
at inappropriate times.

Monitoring:

Monitoring/Assessing performance of yourself, other individuals, or
organizations to make improvements or take corrective action.

Quality Control Analysis

Conducting tests and inspections of products, services, or
processes to evaluate quality or performance.

Troubleshooting

Determining causes of operating errors and deciding what to do
about it.
Source: https://www.onetonline.org/link/summary/45-4022.00

All of the above were ascribed to the occupation of the Logging Equipment Operator on the
basis of the tasks that need to be carried out and which in essence, comprise the working
activities (table 4)
Table 4: Working Activities (5/27) for 45-4022.00 - Logging Equipment Operators
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Running, maneuvering, navigating, or driving vehicles or
mechanized equipment, such as forklifts, passenger vehicles,
aircraft, or water craft.
Using either control mechanisms or direct physical activity to
operate machines or processes (not including computers or
vehicles).
Servicing, repairing, adjusting, and testing machines, devices,
moving parts, and equipment that operate primarily on the basis of
mechanical (not electronic)
principles.
Observing, receiving, and otherwise obtaining information from all
relevant sources.
Monitoring/Assessing performance of yourself,
other individuals, or organizations to make improvements or take
corrective action.
Inspecting equipment, structures, or materials to identify the cause
of errors or other problems or defects.

Source: https://www.onetonline.org/link/summary/45-4022.00
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