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TRANSFORMATION

OF THE HUMAN CAPITAL
REPRODUCTION IN LINE
WITH INDUSTRIES 4.0 AND 50

Abstract

The study’s relevance relates to the transformation of the human capital reproduction
during the transition to a new socio-economic model and changes (digitalization, cy-
berization, customization, etc.) that are now taking place within Industries 4.0 and 5.0.
The purpose of the study is to formulate the content and key directions of learning
processes based on modeling and the formation of digital twins for the production
and consumption of goods. The research method is based on the analysis of structural
links in socio-economic systems, where the potential of human capital is realized. The
study describes a trialectic model for the system development mechanism, which gives
grounds to distinguish three types of essential components of implementing the spe-
cialists’ competencies (material, information, and communication). Based on the con-
cept of “system of systems’, the necessity of multifunctional training of specialists for
socio-economic systems is substantiated and shown on the list of personal knowledge/
skills in the renewable energy sector. Recent trends in the reproduction of human capi-
tal, such as intellectualization, increased communication, internationalization, acqui-
sition of skills, customization, and communication with consumers, are stated in line
with Industries 4.0 and 5.0. The potential for future research is aimed at harmonizing
relations between humans and cyber-physical systems, motivating the needs for self-
development, and using disruptive technologies in the reproduction of human capital.

Keywords education, learning, socio-economic system, knowledge,

skill, digital twin, information, modeling

JEL Classification D83, 015, J24

INTRODUCTION

Humanity is going through a transition to a new socio-economic real-
ity, where a person will have to live in completely different conditions
and need to act in accordance with completely different principles and
laws. The reality dictates the need for critical changes in the education
system based on total informatization, computer modeling, virtual-
ization of the learning process, and artificial intelligence. Quite a lot of
studies were devoted to these issues. In particular the changes caused
by Industry 3.0 were analyzed in publications (Rifkin, 2013; Shahan,
2020), Industry 4.0 (Schwab, 2017; Schwab et al., 2018; Skinner, 2018;
Kartanaité etal., 2021), and Industry 5.0 (Rossi, 2018; Rada, 2018) bring
to humanity. Vikhman and Romm (2021) concluded that in learning
processes it is necessary to ensure the perception of the trialectic na-
ture around a man: the world of real objects; the world of relations
and the world of virtual digital data. David et al. (2018) have analyzed
three key concepts in learning theory: behaviorism, cognitivism, and
humanism, which allowed tracing the evolution of modern learning
processes and digital twins. Tvende et al. (2019) have analyzed the role
and use of simulation-based learning in a manufacturing learning fac-
tory, which could be seen as a factor of increased productivity in a sec-
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tor. Many scientists (Arcelay et al., 2021; Dozortsev, 2020; Shkarupa et al., 2021; Sabadash & Petrovska,
2014; Koblianska et al., 2020; Polyakov, et al., 2020; Suknunan & Maharaj, 2019) investigate the char-
acteristics of the reproduction of knowledge and skills (job profiles) in various sectors of the economy.
At the same time, these studies lack an analysis of transformation processes related to human capital
reproduction and the formation of digital twins, which can be effectively used in learning processes.

The study aims to formulate the directions of transformation of educational processes in line with mod-
ern industrial revolutions and to develop critical elements of learning processes. For this purpose, the
nature and vectors of influence of three modern industrial revolutions (Industries 3.0, 4.0, and 5.0) on

the socio-economic systems are revealed.

1. THEORETICAL
BACKGROUND

Current industrial revolutions
as prerequisites

for the transformation

of the education system

1.1,

The modern generation has to live in condi-
tions of three industrial revolutions simultane-
ously. Therefore, every industrial formation is
interconnected with the other two and has its
separate focus, development, logic, and goals. It
just so happened that the formal birthplace of
this industrial formation is the European Union
countries.

The goals of the Third Industrial Revolution
(Industry 3.0) were proclaimed in the second
half of the 2000s by the European Commission
and aimed to prevent a global environmental cri-
sis. The EU has formulated the following specific
tasks: transition to alternative energy sources, in
particular through the introduction of state sup-
port mechanisms aimed at encouraging green en-
ergy production, consumption, and transmission
(Kurbatova et al., 2018; Prokopenko et al., 2021;
Skibina et al., 2021), electrification of transport;
the formation of horizontal production systems
(in particular, EnerNet); fast dematerialization
of the processes of production and consump-
tion (Rifkin, 2013; Shahan, 2020; Shkarupa, et al.,
2017; Klymchuk et al., 2020).

The fourth industrial revolution (Industry 4.0)

was initiated in 2011 by the business and sci-
entific community in Germany to increase the
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competitiveness of enterprises through the de-
velopment and use of automated cyber-physi-
cal systems (Schwab, 2017; Schwab et al., 2018;
Skinenner, 2018; Sotnyk & Zavrazhnyi, 2017;
Sotnyk et al., 2020; Kolot, et al., 2020).

The goals of the Fifth Industrial Revolution
were formulated in the mid-2010s in the works
of individual scientists. And since 2019, a spe-
cial Industry 5.0 department has appeared in
the scientific management of the European
Commission. The main direction of this revo-
lution is the search for the role and place of a
man in the processes of production and con-
sumption for better use of artificial intelligence
and automated means (Rossi, 2018; Rada, 2018;
Gauri, 2019; Ostergaard, 2021).

Digitalization of socio-economic systems and
cyberization of living space in the course of
Industry 4.0 requires a transition to new meth-
ods of human capital reproduction. Therefore,
today the main objective of education and train-
ing is the formation of a synergetic unity of a
person’s cognitive abilities with cyber-physical
systems, as well as the development of person-
ality nature to activate his/her creative potential
in line with Industry 5.0.

1.2. Main directions of digital-related
transformation in education

The complexity of the phase transition to the digi-
tal economy requires addressing issues related to
the management of economic systems in the con-
text of three industrial revolutions. Such radical
changes in social life lead to revolutionary chang-
es in education, which is schematically shown in
Figure 1.
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From local living skills to global
living skills

Using digital technologies and
Al for the governing economic
and technical smart systems on

micro, regional and macro
levels

From human participation in
production processes to cyber-
physical systems and loT
control of social life within
Industry 4.0

To the use of modern disruptive
technologies (modeling, big
data, digital twins, virtual and
augmented realities, gaming) to
predict the consequences and
risks of actions taken

From skills to produce and
consume material goods to
skills for operating with
intangible ones

Vectors of educational
transformation

To the synergetic integration
of human intelligence with
the cognitive potential of
cyber-physical systems within
Industry 5.0

Source: Authors’ development.

From the ability to use material
means of production to the
ability to operate with in-
tangible and virtual
instruments

From teaching knowledge and
skills to teaching the ability to
self-learn and relearn

From skills of action through
direct material contacts to
skills of action in virtual reality
and remote contacts

Use digital technologies and Al
for creative work

Figure 1. Key vectors of education transformation in the context of current industrial revolutions

(Industries 3.0, 4.0, 5.0)

1.3. The growing role of modeling
and a digital twin in education
and training

Human capital formation in modern realities re-
quires good teaching and training systems to ob-
tain current knowledge and skills. David et al.
(2018) have incorporated the three critical social
concepts in learning theory: behaviorism, cogni-
tivism, and humanism. Thus, behaviorism is based
on the maximum use of the material signaling sys-
tem of influence on the student and experimental
methods. Cognitivism learning theory advocates
that “people are rational creatures and learning
involves active participation and actions that are
consequences of cognition... As such, the learner
assumes a very active role” (Ertmer et al., 2013). In
the learning theory, humanism is seen as a need for
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learning as an innate desire. Therefore, the learn-
ing process proceeds most effectively when it is
consistent with the subjective desire of a learner to
study throughout life. Thus, a learner is assumed to
be an active subject, and a teacher acts as a facilita-
tor. Analysis of modern teaching methods convinc-
es the objective necessity to activate methods based
on humanism learning theory, where the student
is an active subject, and his/her desire to learn is
an essential component of the educational process.

The increased relevance of digital modeling in life
and education relates to several important points:

o The general trend of digitalization of produc-

tion processes. The modern means of produc-
tion are increasingly acquiring information
entities both in performing essential func-
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tions by information and in the cost of the
information.

The growing efficiency of digital models. Thus,
the replacing of physical objects and the use of
digital models predict the behavior of physi-
cal objects and minimize costs (including en-
vironments), and potential consequences and
risks of their actual use (Veklych et al., 2020).

Increasing opportunities for enhancing ed-
ucational processes. The computer models
made it possible to bring students closer to re-
al-life processes and realize their activity and
creativity.

A digital twin is a basis for computer simulation
and is seen as a software analog of a physical, bio-
logical or social system that models its internal pa-
rameters, algorithms, behavior, and reactions to
influencing factors. Depending on the functions
performed, the digital twins can be differentiated
into some groups (Table 1).

Table 1. Types of digital twins depending on the
functions performed

Source: Compiled by the authors based on Bacic (2005), Dozortsev (2020),
Derev’yanko et al. (2020), Grives et al. (2017), Skytt et al. (2015).

Functions Examples

i Databases for 3D-models creation

Digital containers (digital prototypes) at
i the design stage

Data storage

i Software simulation for testing
Duplicate of an original : engineering systems

3D and VR/MR interfaces in remote
i control systems

{ Virtualization of unmeasured
i parameters of a physical object

Reality continuation
and augmentation in
space and time

Predicting the trajectories of changes
i in the parameters of a physical

i object in response to a change in the
i environment

Simulation Simplified models of physical objects for
for simplified i visual demonstration in education
demonstration Simple simulators and gaming

Modeling rare and non-existent states
i of a physical object

Basis for analysis i Analysis of “bottlenecks” and possible

i emergencies

Simulation for emergency training

Depending on the tasks being implemented, digital
twins (DT) can be differentiated into the following
groups (Dozortsev, 2020): information DT serves for

http://dx.doi.org/10.21511/ppm.19(2).2021.38
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the accumulation, storage, and reproduction of in-
formation about a real object; diagnostic DT serves to

monitor the current state of a real thing, identify bot-
tlenecks and the possibility of unforeseen situations;

predictive DT helps to predict and visualize the form

of a real object in the future or hypothetical scenari-
os; operating DT helps to control production process-
es and optimize the operations performed.

1.4. Results

1.5. Formulating the content
of the digital twin for the learning
model

1.5.1. Trialectics modeling system
of the digital twin

Essential natural origins are the fundamental
forces determining the occurrence, self-organiza-
tion, functioning, and development of natural and
social systems. As such systems, one can consid-
er structures with coordinated behavior (physical
particles and molecules), living organisms, eco-
systems, and public organizations (firms, mac-
ro-organizations, markets). The emergence and
existence of any system occur in the interaction
of essential natural origins. When modeling the
state of any system, one should consider the tria-
lectic nature of its essence (Melnyk, 2021):

« material and energy are needed to form the
movement in the system (the implementation
of metabolism, interaction with the environ-
ment, the development of the system);

o the information provides directionality of
movement in space/time, and forms an algo-
rithm for the interaction between individual
parts (subsystems) in length and a program to
develop the system in time;

o synergetic provides the implementation of
links between the interaction of subsystems
with each other and the system with the envi-
ronment; there is an integration of individual
elements into a single system.

The key directions of the reproduction mechanism

could be reflected in computer modeling and edu-
cation (Figure 2).
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Conditions for consistent behavior of subsystems (connections,
communications, languages-codes)
Conditions (principles, rules, institutes, limitations, protocol) for a

Source: Authors’ development.

communication system with the environment

* Fabrication of
material
elements

* Production of
initial resources

*  Processes of
their evolution
and co-evolution

* Environmental
impact

e Limits and risks
of functioning

Synergetic
origin

Material
origin

Reproduction potential

* Composition and
structure of
subsystems and
system as a
whole.

* Algorithm of the
interaction of
subsystems

* Algorithm
interaction of the
system with the
environment

* Program of the
system
development

Information
origin

reproduction

process

e Conditions for the implementation of the full cycle of the system

e Obstacles, limitations, and risks for the system reproduction

Figure 2. Directions of modeling key processes of system reproduction and their simulation in
education

1.5.2. Modeling the social systems

The importance of studying the trialectic nature
of the system and its formalization in the digital
twin is underlined by Vikhman and Romm (2021),
and modern people should perceive that they live
in three worlds:

1) the world of natural objects, processes, and
interactions;

2) the world of social relations, meanings, and
people; and

3) the world of virtual digital data, technologies,
and content.
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In addition, it is needed to deepen the content of
the socio-economic system in the formation of a
digital twin. Any socio-economic object is a com-
plex system of material and information blocks,
each of which is a system that realizes and re-
produces itself in space and time. The consisten-
cy of this construction lies in the interconnection
and mutual conditioning of all blocks. Their joint
functioning can be understood only by taking in-
to account the interaction of individual blocks:

o the behavior of each element affects the be-

havior of the whole;

« no block affects the behavior of the system

without the influence of other blocks;

http://dx.doi.org/10.21511/ppm.19(2).2021.38



o each block has properties that are lost if sepa-
rated from the system.

Based on this, any economic entity can be called
a “System of Systems”, when there is an integration
of systems within a common supersystem (more is
presented in Figure 3 and Table 2). Each of the low-
er-level system can also act as a subsystem in other
higher-level systems that goes beyond this supersys-
tem. For example, people who are part of the con-
ventional concept of “human capital” for a certain
enterprise can also act as subjects in other supersys-
tems: public organizations, voluntary associations

Problems and Perspectives in Management, Volume 19, Issue 2, 2021

(hunters, gardeners, members of housing and other
cooperatives), sports teams, amateur art groups, etc.

Once again, it is needed to emphasize the intercon-
nection and systemic interdependence of individual
blocks of the “System of Systems”. In particular, the
human factor determines the state of all other blocks
(subsystems) of a given system (Tarkhov et al., 2012).
To be more specific, the human factor affects the pa-
rameters of physical capital, defines the goals and
functions of an enterprise and its divisions, deter-
mines the dynamics of processes and material me-
tabolism at the enterprise, establishes relationships

Source: Authors’ development.

Human capital

Self-organization

Physical capital

mechanism
Stability and Aims and
variability functions
Social institutes
Management Dynamics of
and motivation processes
Economic o )
instruments Legislative basis
External Metabolism
environment
Limitations Information and

memory

Relationships and
communications

Figure 3. Conditional scheme of the reproduction mechanism of the principal block of the “system
of system” for a social-economic structure

http://dx.doi.org/10.21511/ppm.19(2).2021.38
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and connections between individual performers
and departments, forms the content of information
capital and memory, determines external and inter-
nal constraints, forms the behavior of the enterprise
with external factors, implements management and
motivation, provides stability (Melnyk et al., 2019)
and the necessary variability of the system. On the
other hand, all of these subsystems define a person
as a subject of the implementation of the production
process and economic relations at the enterprise. In
one case, these factors are a tool for selecting people
with the necessary competencies to work at the en-
terprise. On the other hand, they have a stimulating
effect on reproducing the required properties (skills,
knowledge, worldview, moral foundations, and other
qualities) among the enterprise’s employees.

The phase transition within modern industrial
formations requires a radical change in the form
of the above-mentioned “Systems of systems”
blocks of an enterprise. Only those economic
structures that pass the phase barrier will re-
ceive the chances and advantages of competition
in the new socio-economic conditions.

The reproduction mechanism of the “System of
Systems” properties is realized as a result of the in-

teraction of “economic instruments”, “legislative
framework”, and “social institutions” (which formal-
ly belong to the category of institutions).

The Legislative basis forms a framework for econom-
ic entities to operate. Legal actions include prohibi-
tions, recognition and registration procedures, envi-
ronmental standards, resource quotas, waste quotas,
environmental regulation of advertising, restrictions,
manufacturer’s obligations, declaration of content,
etc. In particular, the EU Directive 2010/31/EU19 of
May 19, 2010, on the energy consumption of build-
ings, stimulates each EU member state to ensure that
after December 31, 2018, all new buildings occupied
by public institutions (or owned by them) must have
“zero energy consumption”, and after December 31,
2020, all new buildings must meet this requirement.

The Economic instruments form a motivation-
al field (incentives and disincentives) that de-
termines the motives of an enterprise to act in a
specific direction. As an example, one can name
environmental taxes and tariffs, payments, oth-
er forms of financial assistance, market licenses,
transfer of forms of ownership, economic sanc-
tions, etc. (Lindsay & Hudson, 2019). Several eco-
nomic instruments can make laws, but not all eco-

Table 2. Main blocks (subsystems) of “systems of systems”

Source: Authors’ development.

Block conditional name

Subsystem content and characteristics

Human capital H ) : e
i personnel to achieve its specific goals

i Includes knowledge, skills, competencies, worldview, physical condition, motivation of the enterprise

Physical capital : .
ysical capita ' functions

{Includes material and energy resources (fixed and circulating capital), which a company has to perform its

Aims and functions

{Includes strategic and tactical goals, as well as operational tasks, functions, and processes that an
i enterprise carries out in space and time

D i H S
ynamics i cyclicality, etc.)

i Characterizes the functioning processes of an enterprise in time (speed of operations, their sequence,

Metabolism H ) :
i material and energy transformations

i Characterizes the flows of material resources going through an enterprise, as well as the processes of

Information and memory

Relationships and

communications §enterprise

i Characterizes external and internal relations and communications of individual structural sub-blocks of an

Limitations - .
i which an enterprise operates

Characterizes the system of material, information, financial, natural, institutional, and legal restrictions in

External environment : )
i external to the enterprise

i Characterizes the state and impact of natural factors of the social community, as well as economic entities

{ Characterizes the driving forces (incentives and demotivators) that determine the organization,

ian enterprise

coordination, desires, and motives of individual performers in achieving the goals and solving problems of

Stability and variability

i Characterizes the dialectical relationship of two polar states of the enterprise, namely, to maintain and
its structure and basic characteristics

Self-organization mechanism : .
tinfluence

erizes the ability of an enterprise to maintain its func

| activity without direct external
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nomic instruments have a legislative basis. Some
of them can be formed by the initiative of local
administration bodies, state and private enterpris-
es, international and non-governmental organi-
zations. In particular, the International Bank for
Reconstruction and Development compensates
legal entities and individuals up to 20% of the
cost related to the installation of heat pumps. In
addition, many international non-governmental
organizations provide grants and awards to cities,
businesses, and individuals for work related to the
implementation of Industries 3.0 and 4.0.

Social institutions create a social atmosphere of
tolerance or intolerance towards specific actions
of economic agents. Such measures include in-
formal norms, social foundations, customs, tra-
ditions, moral incentives, people’s worldview, cul-
tural and religious values, public actions (for ex-
ample, protests, appeals, etc.), influencing public

Problems and Perspectives in Management, Volume 19, Issue 2, 2021

opinion through social networks, etc. In particu-
lar, in some countries, due to social intolerance
towards manufacturers of environmentally unfa-
vorable products, it is possible to form consumers’
preferences not to purchase products associated
with harmful effects on nature.

One of the most complex and vital problems is
harmonizing the motivational tools to achieve the
goals and objectives of the three industrial revo-
lutions. In particular, the stimulation of the cy-
ber-physical systems development and the orien-
tation towards increasing efficiency and produc-
tivity (which are declared by Industry 4.0) often
contradict the tasks of the humanizing output and
consumption of products (which are declared dur-
ing Industry 5.0). To achieve such harmonization,
it is necessary to clearly understand the events’
logic, cause-and-effect relationships, and industri-
al revolutions’ interdependence.

Source: Compiled based on literary sources.

Propylene production (Dozortsev, 2021)

Carbon fiber production (Constantinessu et al., 2020)

Metal additives production for 3D-printing (Liu et al., 2020)

In downhole drilling (Janda et al., 2019)

For truck assembly (Compos-Ferreira et al., 2019)

For the design of construction projects (Negri et al., 2019)

For laying water pipelines (Fuertes, 2020)

For optimizing the organization of a factory (Eschemann, 2021)

In metal melting process (Fergani et al., 2020)

In testing cold bending of sheet metal (Haag et al., 2018)

Examples of
DT application

For monitoring the operation

For diagnostics of aircraft engine tests (Zhang et al., 2020)

of an electronical substation (Hu et al., 2020)

Figure 4. Examples of DT application in industries

http://dx.doi.org/10.21511/ppm.19(2).2021.38
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1.6. Practical application
of digital twins (DT)
Recently, the scope of DT has expanded signifi-

cantly. Their use is especially effective in indus-
tries with harmful and hazardous working con-

ditions in hard-to-reach control areas (Dozortsev,
2021). DT are used to identify ineffective equip-
ment operation and potential safety threats to op-
timize equipment operating parameters. Some ex-
amples of practical applications of DT are shown
in Figure 4.

Table 3. List of selected future green knowledge and skills/competencies for the renewable energy sector

Source: Complied based on Akyazi et al. (2020), Sineviciene et al. (2021), Arcelay et al. (2021), Voronenko et al. (2017).

Knowledge

Skill/competence

Adapt energy distribution schedules

Adaptability and adapt to change

Digital twin communlcatlon among components equlpment (I\/IZM) and

enV|ronment

i Electric generators

Knowledge and understandmg of mternahonal and nanonal standards and

legislation

Electrical power safety regulations in the energy
market

transformatlon

Knowledge an‘d understandmg of quahty procedures related to d|g|tal H

Energy efficiency

ﬁAct‘ing loT

i Machine learning

ﬁTraceabiIity

Troubleshoot

Use CAD software

i Use software tools for site modeling

‘ Waste reduction and waste management

http://dx.doi.org/10.21511/ppm.19(2).2021.38



Preparing future professionals for the renewa-
ble energy sector requires computer models and
digital twins in training. This is evident from the
knowledge and skills they need (table 3).

It should be noted that the competence of future
employees should be much broader than the perfor-
mance of technical functions at a particular work-
place. It is also extremely important to implement
the various communication relationships provided
by the synergetic origin (see Figure 2). In particular,
Koilo (2021) and Jakobsen et al. (2020) draw atten-
tion to four important types of relationships:

vertical links - companies associated with a
customer-supplier relationship (the latter is
seen as a value chain);

horizontal links - companies linked to each
other through complementarity (e.g., tourism,
where different industries such as accommo-
dation, catering, and culture together create
a coherent product) or substitutability in the
market;

knowledge and competence links - companies
and knowledge actors aligned by common or
complementary input factors, technologies,
processes, and competency needs (e.g., ener-
gy-intensive industry or technology industry);

ownership links — individual companies can be
part of the same group and be able to distrib-
ute capital and resources between divisions.

In the future, the relevance of these groups of rela-
tionships will only increase, and there are several
reasons for this:

customization of customer-supplier relation-
ships meeting the individual needs of custom-
ers when a manufacturer goes into direct con-
tacts with a consumer;

the transition of production to horizontal net-
works and a solidarity economy — manufactur-
ers become owners of the means of production
and must also implement economic relations;

digitalization of the economy causes the tran-
sition from the priority of material produc-

http://dx.doi.org/10.21511/ppm.19(2).2021.38
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tion to the importance of information pro-
duction, and the manufacturer also becomes
a communicator;

globalization leads to the internationalization
of economic communications, and the manu-
facturer must ensure cross-cultural and trans-
national relationships.

Traditionally, economists associate the concept
of “human capital” with the production sphere.
Meanwhile, customization of production, indi-
vidualization of products for orders of specific
consumers by introducing constructive or design
changes make the consumer an active participant
in the production process. This means that speak-
ing about the reproduction of human capital, one
should consider the directions of knowledge and
skills (by producer and consumer) that ensure
their readiness for such an active role.

2. DISCUSSION

A trend analysis of knowledge and skills of per-
sonnel that are already being formulated in new
sectors shows the impact of Industries 4.0 and 5.0
on this process. A renewable energy professional
must know and operate with Industry 4.0 prod-
ucts such as the Internet of Things, Big Data, ar-
tificial intelligence, augmented reality, machine
learning, cloud computing, digital twins, cyberse-
curity, etc. On the other hand, Industry 5.0 forces
a person to look for a new place and new creative
functions in the cybernetic world. This gives rise
to personnel requirements such as adaptability,
critical thinking, decision-making, cross-func-
tional process know-how, advanced literacy, com-
plex problem solving, advanced data analysis, and
others. These transformations in the reproduction
of human capital are a consequence of the changes
taking place in society and a factor that accelerates
these changes.

The possibility of full automation of economic
processes based on the Internet of Things has suf-
ficiently alarmed the world community with the
prospects of “dehumanizing” the spher4e of pro-
duction (Sotnyk & Zavrazhnyi, 2017). It took on-
ly a few years for the concept of Industry 5.0 to
appear, which, relatively speaking, “returned” a
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People
management

Creativity

Solving complex
problems

Critical
thinking

Emotional
intelligence

Cognitive
flexibility

Source: Compiled based on Backford (2020), The future (2018).

Ability
to negotiate

Ability
to coordinate
with other
people

Judgment and
decision-making
ability

Service
orientation

Figure 5. Ten critical work skills projected for 2022

person to the production environment, but only
transformed production functions in such a way
that the creative (personal) principle of a person
would be applied there. In the new economy, the
need for low-skilled personnel skills is significant-
ly reduced, which is noticeable from the forecast of
labor automation trends for 2022 in the course of
Industry 4.0 (Table 4 and Figure 5).

Table 4. The average likelihood of work
automation across industries during Industry 4.0

Source: Compiled based on The future (2018), Skinner (2018).

. - Average probability score
Field of activity gep o v !
%
Low-skilled workers 78
Care, entertainment, and 77
other services
Sales and customer service 75
specialists
Qualified exchange workers 75
Process plant and machine 62
operators
Administrators and Secretaries 41
hnicians 38

Junior t

Managers, directors,
executives ;
Qualified specialists 13

16
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The production skills that will be in demand in fu-
ture production are quickly intellectualized and
computerized. Skills that were among the leading
ones five years ago came to the background: “qual-
ity control”, “dexterity”, and “orientation in space”
(Matsenko & Ovcharenko, 2013). New technolo-
gies provide new opportunities, and we need to
make most of them.

3. FURTHER STUDIES

Improving production both along the path of its
digitalization (Satell, 2019) and cyberization and
humanization is possible only if a person sets
more and more complex tasks for himself and ar-
tificial intelligence. Development is possible only
when new problems arise, which is true both for
large systems and functions. However, the har-
monization of objectives implemented, on the one
hand, by cyber-physical systems and artificial in-
telligence, and, on the other hand, by human cre-
ativity, requires additional studies. The main idea
that can be traced is the need for human co-evolu-
tion/co-adaptation with developing artificial intel-
ligence and cyber-physical systems. This forces to
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change the content and direction of the essential
components of the mechanism of influence (eco-
nomic instruments, legal framework, and social
institutions). The new economy requires the re-
production of a new person (including his knowl-
edge, skills, moral principles, the fundamental ba-
sis, which is the personal principle). On the oth-
er hand, the person himself is transforming the
Industry 4.0 and must control the trends in the

Problems and Perspectives in Management, Volume 19, Issue 2, 2021

development of the technological environment. In
Industry 5.0, the tasks of increasing efficiency and
productivity are replaced by improving the condi-
tions for the social development of a human per-
sonality. In this regard, it is important not only to
determine the objectives and content of a human’s
social (personality) development but also to form
a motivation system for self-improvement and
self-development of the human personality.

CONCLUSION

The implementation of three Industrial Revolutions simultaneously and the increased requirements for
human capital’s cognitive and creative skills in connection with the development of artificial intelli-
gence and the cyberization of socio-economic relations require an early transformation of the training
and retraining system of human capital. But, unfortunately, relatively few companies and enterprises re-
alize the importance of using digital twins and augmented reality in training human capital in practice.

The literature review pointed out that the human learning system must be transformed with the devel-
opment of the person himself and the influence of technological progress. The humanistic theory of
learning comes to the core today, recognizing that a person has an innate quality to lifelong learning.
It is becoming clear that it is necessary to reproduce human capital throughout life, and the most suc-
cessful models meet human needs by integrating learning based on smart manufacturing and smart
economy, where developing and reproducing digital twins is an essential component of such training.
To perform the learning function, the digital twin must simultaneously reproduce the effect of contact
with the material (physical) entity, information data, and simulate the synergistic component (intercon-
nection of subsystems). It is necessary to reproduce such a learning model that would enable a person to
integrate, find himself and reproduce in a “system of systems”, which, thanks to digitalization, becomes
a part of every person’s life. Due to the Internet of Things, a person becomes an intelligent consum-
er though the individualization of the processes of production and consumption of products, which
can affect this production. Therefore, along with the creation of digital twins, which are an analogy of
goods, one could talk about the creation of a digital twin that would characterize the main features of
the consumer.

The importance of transforming the training system is related to constant changes in production pro-
cesses and value chains. The study reveals that a person needs to acquire new knowledge and skills in
the shortest possible time. To achieve this goal, it is necessary to use modeling and digital twins and oth-
er disruptive technologies (virtual and augmented reality, artificial intelligence, gamification, Big Data,
Cloud Technologies) to reproduce digital analogs of specific tasks and simulate practical situations.
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