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POST-INDUSTRIAL TRANSFORMATIONS OF SOCIETY
AND THEIR IMPACT ON THE EMPLOYMENT STRUCTURE

Purpose. To clarify the essence and consequences of digital transformation of employment in the context of post-
industrial transformations, to identify key factors influencing the structure, forms, and dynamics of employment in
the digital economy, and to subsequently develop a methodological approach to analyzing these changes based on
cognitive modeling.

Methodology. The study uses cognitive modeling as an interdisciplinary tool for analyzing the transformation of
employment in the digital economy. The methodological basis is a systematic approach to identifying and formalizing
complex cause-and-effect relationships between economic, technological, socio-demographic, and institutional fac-
tors that determine changes in the structure of the labor market. The modeling process uses an expert analytical
knowledge base that provides a representative reflection of current transformation trends, in particular the dynamics
of the formation of new forms of employment (gig economy, remote work) and the gradual reduction of traditional
forms of labor participation. This approach allows for the effective study of insufficiently structured or poorly formal-
ized processes characteristic of rapid digitalization.

Findings. A cognitive model of employment transformation has been developed, which visualizes the interrela-
tionships between the main factors of digitalization and structural changes in the labor market. The key influences of
technological progress on changes in labor demand, professional mobility, the dynamics of the emergence of new
professions, and the transformation of labor relations have been identified. The model allows forming scenarios for
the development of employment in the digital economy and adapt labor market policies to new challenges.

Originality. The feasibility of using cognitive modeling as a tool for studying employment transformation is sub-
stantiated, which provides a deeper understanding of structural changes in the labor market in the context of digitali-
zation. A conceptual model has been developed that combines technological, social and economic aspects of post-
industrial changes and allows predicting their impact on employment, identifying hidden relationships and creating a
basis for making strategic management decisions.

Practical value. The results of the study can be used to improve employment management strategies in the context
of the digital transformation of the economy. The proposed cognitive model of the digital transformation of employ-
ment allows us to identify key factors that determine the dynamics of changes in the structure of the labor market.
Along with this, it can be used to assess the risks and potential of automation in various sectors of the economy, to
model employment development scenarios depending on the level of digitalization. The practical application of the
results of cognitive modeling will allow us to form more effective employment policy directions that can ensure flex-
ibility, social sustainability and competitiveness of the national labor market in the long term.
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Introduction. The modern world is undergoing post-
industrial transformations that began in the 1970s and
are now clearly demonstrating the emergence of a fun-
damentally new society. Its main feature is the transition
from an industrial economy to an economy based on
knowledge and information. The driving force behind
the development of such a society is breakthrough tech-
nologies that revolutionize production, open up new
ways of increasing labor productivity, generate new or-
ganizational forms, and change the social and institu-
tional landscape. All these technologies have one key
feature in common: they use the power of digitalization
and information technology [1]. The latter not only rad-
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ically change the ways in which production and man-
agement models function, but also transform the very
nature of employment.

Intensive implementation of digital technologies,
such as automation, artificial intelligence, machine
learning, big data processing platforms, cause a struc-
tural restructuring of the labor market. This is manifest-
ed in the decline of traditional forms of work and the
emergence of new formats of employment. The latter
require employees with a high level of digital compe-
tence who are capable of continuous learning, possess
flexibility, cross-functionality, and the ability to adapt to
technological changes. The labor market increasingly
differentiates workers not by education, qualifications
and work experience, but by their ability to effectively
use digital tools [2, 3].
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This process is multifactorial and nonlinear, as it is
determined by a number of interrelated socio-econom-
ic, technological, institutional, and demographic fac-
tors [4]. Initially, under the influence of breakthrough
technologies, the technological system of society is
structurally renewed, giving impetus to qualitative
changes within the socio-economic and institutional
spheres of social organization [5]. Under the pressure of
new technologies, socio-cultural institutions and domi-
nant models of economic coordination are modified,
and the role of the state is radically changed. At the same
time, the issue of regulating processes related to changes
in traditional employment models, the establishment of
new forms of management, and economic security sys-
tems becomes acute [6].

Under such conditions, socio-economic relations
acquire new forms and meanings, primarily due to the
changing role and place of people in production pro-
cesses. New digital technologies release a significant
part of the workforce from direct production and, in re-
turn, create a very small number of jobs in high-tech
sectors of the economy. This is an objective process. At
the same time, they give impetus to the emergence and
development of new areas of economic activity support-
ed by these technologies. Empirical studies of the last
decade prove that, despite digitalization and automa-
tion, regional labor markets are still achieving fairly high
rates of employment growth [7]. This is evidence not
only of changes in forms of employment, but also of
structural transformations of a transformational nature.

Such interrelated and interdependent processes re-
quire effective coordination based on consideration of the
system of factors of technological change and their socio-
economic consequences in the field of employment.

Literature review. The complexity and non-linearity
of the impact of post-industrial transformations on all
spheres of society is one of the main topics of contem-
porary scientific research. In an attempt to establish
causal links between the introduction of digital technol-
ogies and changes in employment in all socio-economic
and institutional contexts, researchers have come to un-
derstand the profound interdependence between these
processes.

For example, Goos M., Manning A., and Salo-
mons A. found polarization of jobs in 16 Western Euro-
pean countries between 1993 and 2010, which was
caused by technological changes. The researchers re-
corded an increase in the share of employment of highly
paid specialists and managers, as well as low-paid work-
ers in the service economy. On the other hand, a de-
crease in jobs in the direct production sector was ob-
served [8].

Further research has deepened these ideas. In par-
ticular, Liu J., Tang Q., and Ayangbah F., based on the
data from companies listed on the stock exchange from
2011 to 2021, found that the impact of digitalization on
employment is not a simple linear relationship, but is
subject to the “double threshold effect”: when the level
of digital innovation reaches a certain threshold, the ef-
fect of promoting employment becomes more signifi-
cant [9].

This relationship is substantiated by studies that ad-
dress the impact of digital skills of personnel, relevant
technologies, and knowledge concentrated within the

internal environment of enterprises on overall employ-
ment processes and social inequality across the entire
national economy. Giovannoni D., Knoesen E., and
Mentz J. established a direct relationship between the
level of technology in companies and employment in
the country. It turned out that when companies intro-
duced more advanced technologies into their activities,
this increased the level of unemployment, particularly
for the sector of the population with low digital skills
[10]. Italian researchers Cirillo V., Mina A., and Ric-
ci A. proved that digitalization causes a profound reor-
ganization of work processes within a company. The
scientists found a strong correlation between the intro-
duction of new digital technologies and certain forms of
lean production. They also proved the impossibility of
completely replacing human labor, given the need for a
certain degree of creativity and flexibility in the produc-
tion process [11].

Structural transformations in the sectoral structure
of the economy and their impact on employment are be-
ing actively studied by Chinese researchers. This is be-
cause it was in this country that a successful policy of
transition to an innovative path of development was
implemented, which brought it to the forefront of global
technology leaders. Liu L., Wu C., and Zhu Y. analyzed
the impact of industrial policy, which was implemented
in the form of stimulating strategic industries, on em-
ployment. To measure the impact of structural changes
in such industries on employment, the authors con-
structed a regression equation, which showed that the
rate of technological change in strategic industries is un-
stable and negatively correlated with employment [12].

GaoJ., LiZ., Nguyen T., and Zhang, W. came to the
same conclusion. The researchers used regression mod-
eling to measure the implementation of digital technol-
ogies at the enterprise level and to determine the rela-
tionship between digital transformation and employ-
ment. They found that the adoption of digital technolo-
gies such as artificial intelligence, big data, cloud com-
puting, and blockchain is accompanied by a significant
reduction in overall employment in enterprises. The
scale of this reduction is greater in industrial sectors
where there is less competition. At the same time, the
researchers emphasize that digital transformation has
the potential to improve the structure of employment in
enterprises by increasing the share of well-educated and
highly skilled workers [13].

Porzio T., Rossi F., and Santangelo G. confirmed
the existence of a link between human capital and struc-
tural transformation of the economy. Using information
on the level of education in cohorts of employed persons
and data on educational reforms in countries with dif-
ferent levels of economic development, the researchers
showed that the increase in the level of education for
newer cohorts contributed to a reduction in employ-
ment in traditional industries [ 14].

Matthess M. and Kunkel S., researching the prob-
lem of possible potential links between structural chang-
es in the labor market and digitalization, used an inte-
grated methodological approach based on understand-
ing of the interdependence and mutual influence of
these processes [15]. The researchers conclude that,
first, digitalization processes contribute to increased
productivity in certain sectors of the economy, but there
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is no evidence that the structural changes in employ-
ment caused by these processes will be accompanied by
equal gains from technological progress for those em-
ployed. Secondly, according to the authors of this work,
the need to upgrade the skills of employees as a result of
the introduction of digital technologies increases the
degree of risk not only for fair income, but also for inter-
company relations. The researchers also note that the
claim that digitalization helps developing countries get a
better spot in global markets is up for debate. This is be-
cause there is a chance that their participation in global
value chains could shrink due to the relatively bigger ad-
vantages for developed countries. Therefore, as Mat-
thess M. and Kunkel S. rightly point out, there is an ur-
gent need for further empirical research aimed at identi-
fying the interaction between structural change and
digitalization processes in relation to specific technolo-
gies, industries, and countries.

One such study is the work by Sen K., in which the
researcher investigated the consequences of post-indus-
trial transformations in countries with different levels of
development. The scientist proved that in low-income
economies, a completely different mechanism of trans-
formational changes in employment operates compared
to rich countries [16].

Our previous studies came to a similar conclusion,
revealing a correlation between technical and techno-
logical development and profound transformations in
the qualities of the workforce. Based on statistical data
from 26 countries around the world, the dominant role
of innovative intellectual and social capital in economic
development was proven. The calculated indices of these
types of capital showed a strong bilateral direct relation-
ship between the indicators studied. This serves as an
argument to explain the unevenness of global economic
development. Poor countries do not have sufficient re-
sources to build up social and intellectual capital and,
therefore, cannot fully use these resources to improve
their final economic development indicators and achieve
their economic interests in the global space [17, 18].

Ukrainian researchers Revenko D., Romanen-
ko Yu., Polozova T. and Lebedchenko V., studying the
impact of digitalization processes on the economic
growth of the European Union, came to the conclusion
that the introduction of modern technologies in high-
income countries allows the population to fully realize
their intellectual and creative potential through employ-
ment in high-tech sectors of the economy and areas of
knowledge-intensive services [19]. To prove the hypoth-
esis of the positive impact of digitalization on economic
development, the researchers used a neoclassical pro-
duction function model in which digitalization is an ex-
ternal or internal quasi-variable that has a separate or
global impact on capital, labor, and overall productivity.
The use of this model allowed researchers to find that
the level of digital transformation of the labor market in
countries with above-average income is significantly
lower than in other countries. At the same time, it was
found that the low prevalence of information and com-
munication technologies in low-income countries
makes it impossible for their populations to join the
global digital labor market.

Other Ukrainian researchers [20] use regression
modeling to figure out the possible link between the

number of job openings on the labor market, on the one
hand, and the number of companies providing Internet
connection services, the number of companies engaged
in e-commerce, and the number of economic entities
operating in the field of “information and telecommuni-
cations” on the other. According to the results of this
modeling, the most influential factor on the dynamics of
vacancies in the labor market was the number of compa-
nies providing Internet connection services. The authors
of this work also argue that the digitalization of the
economy is a complex process that creates both addi-
tional opportunities and threats, especially in terms of
employment.

An analysis of scientific publications has revealed
arguments in favor of a certain connection between the
processes of digitalization and structural changes in
employment. However, these conclusions need further
verification, given the more complex and multifactorial
impact of digitalization on employment. It is necessary
to identify the key factors that determine the trends,
scale, and consequences of the digital transformation
of employment, including its structure and contempo-
rary forms.

Solving these problems requires the use of appropri-
ate research methodology, as traditional methodologi-
cal approaches have very limited capabilities for repro-
ducing the complex logic of digital transformations and
their consequences. This necessitates the use of tools
capable of recording, structuring, and analyzing the
multi-component interrelationships between influenc-
ing factors.

One such tool is cognitive modeling, which provides
a structured cause-and-effect framework for the impact
of digitalization on various aspects of employment. This
approach allows us to identify the dominant factors of
transformation and simulate possible scenarios for their
course, taking into account the dynamics of change, the
institutional context, and social consequences. Cogni-
tive modeling is not just a means of visualizing complex
systems; it is an analytical tool for strategic planning and
supporting management decisions in the field of em-
ployment in the digital economy [21].

Despite the growing attention of the scientific com-
munity to the problems of digital transformation of em-
ployment, the application of the cognitive approach in
this area remains fragmentary. The relevance of devel-
oping a cognitive model lies not only in its explanatory
potential, but also in its practical ability to support the
formation of adaptive, flexible, and strategically orient-
ed employment policies capable of responding to the
challenges of post-industrial transformations.

Purpose. To clarify the essence and consequences of
the digital transformation of employment in the context
of post-industrial transformations, to identify the key
factors influencing the structure, forms, and dynamics
of employment in the digital economy, and to subse-
quently develop a methodological approach to analyz-
ing these changes based on cognitive modeling.

Methods. In the process of researching the transfor-
mation of employment in the digital economy, cognitive
modeling was used as a tool for structural analysis of
complex systems with multiple interdependent factors.
The chosen approach ensures the formalization of qual-
itative information, visualization of cause-and-effect
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relationships, and modeling of the dynamics of the im-
pact of individual factors on the structure of employ-
ment. This allows us to reproduce the logic of transfor-
mations that arise as a result of technological shifts,
changes in qualification requirements, and the emer-
gence of new organizational forms of labor. The research
methodology is implemented through the construction
of a cognitive model of digital transformation of em-
ployment, which reflects the systemic interaction of
economic, technological, socio-demographic, institu-
tional, and behavioral factors that determine changes in
the field of employment. The structure of the model is
based on an expert-analytical approach that takes into
account both formalized and latent influences, especial-
ly in conditions of fragmentation or lack of reliable sta-
tistical data.

Results. Modern development has entered a new era
in which digitalization is one of the key factors of eco-
nomic and social transformation, as significant progress
in digital technologies has brought about striking chang-
es — from the way we communicate and access informa-
tion to how we do business and interact with our envi-
ronment. Digitalization has opened up new avenues for
innovation, efficiency, and inclusion, bringing tangible
benefits and new opportunities for individuals, organi-
zations, and countries.

In theoretical economic discourse, digitalization is
viewed, on the one hand, as a phenomenon that reflects
a systemic change in the way economic value is pro-
duced, exchanged, distributed, and consumed through
the widespread adoption of digital technologies. On the
other hand, digitalization is seen as a process that in-
volves the gradual introduction of digital solutions into
all areas of society. These two aspects allow us to under-
stand the essence of digitalization in all its causal rela-
tionships and, at the same time, to see the dynamic pro-
cess of its unfolding and transformational impact. The
latter is realized through a system of economic, political,
social, and other factors.

These factors form the basis for the implementation
of the proposed cognitive approach to the analysis of
employment transformation. The development of a cog-
nitive model involves the sequential identification and
structuring of the main components of the system, the
analysis of the cause-and-effect relationships between
them, and the formalization of these relationships in a
form convenient for further research. Cognitive model-
ing takes place in several interrelated stages: research on
factors, model development, calculation of the degree of
balance, and development of strategies for managing
employment transformation.

Thus, at the first stage, an information base is
formed, which is the basis for the further construction of
a cognitive model. This makes it possible to take into
account both general trends in digitalization and the
specifics of the national labor market, which is critically
important for further modeling. At the second stage, the
cause-and-effect relationships between the factors in-
fluencing the structure of employment are visualized.
The cognitive map created at this stage becomes a visual
tool for analysis, as it reflects not only the key elements
of the system, but also the nature of their interaction. At
the third stage, a quantitative assessment of the impact
of individual factors is carried out, which allows one not

only to predict the consequences of changes, but also to
identify critical points in the system that require special
attention from management. This makes it possible to
evaluate various scenarios for the development of the la-
bor market and identify potential risks and opportunities
associated with digital transformation. At the final stage,
based on the results obtained, strategies and recommen-
dations for managing the transformation of employment
are developed. This includes the formation of mecha-
nisms for staff adaptation, the development of retraining
programs, the improvement of digital literacy, and the
provision of social protection for employees. The imple-
mentation of cognitive modeling of employment trans-
formations in the digital economy at the first and second
stages made it possible to identify the key factors influ-
encing the impact of digitalization on employment and
to explore the relationship between them.

Economic factors in the context of digitalization are
key determinants of employment transformation, caus-
ing changes in both the quantitative and qualitative pa-
rameters of the labor market. The shift in focus from
physical capital to intellectual and digital resources is
changing the structure of labor demand, causing a gap
between employers’ qualification expectations and the
actual competencies of employees, and creating new
challenges for the labor market in conditions of uneven
access to technology and education.

One of the main economic triggers for these changes
is investment in digital technologies. These investments
are mainly directed toward production automation, the
use of artificial intelligence, and the introduction of ro-
botic systems and platforms for customer service. This
contributes to increased labor productivity but leads to
the displacement of workers involved in routine, mo-
notonous operations. According to OECD experts, up
to 14 % of all jobs are at risk of automation, and another
32 % may undergo significant changes in their functions
[22]. At the same time, investment in innovation gener-
ates new forms of employment in the fields of digital de-
velopment, IT infrastructure maintenance, data pro-
cessing, and digital management. This process is ac-
companied by the formation of new professional niches
and growing demand for specialists capable of working
in a rapidly changing technological environment. A re-
port on the future of jobs in 2025, prepared by experts
from the World Economic Forum, notes that as a result
of technological, economic, and demographic changes,
92 million jobs will be lost by 2030, while 170 million
new jobs will be created, representing a net increase of
78 million [23]. The knowledge economy is replacing
the industrial model of employment, with a focus on de-
veloping the creative, analytical, and interdisciplinary
competencies of employees.

Another important economic factor is changes in the
structure of labor demand caused by the transformation
of the sectoral structure of GDP. Knowledge-intensive,
service-oriented, and digital content sectors are showing
growth in employment, while traditional manufacturing
sectors are reducing their workforce. As a result, there is
a stratification into highly skilled and low-skilled profes-
sions, with a simultaneous reduction in the middle class.
Coursera’s fourth annual report, which examines the
critical skills that individuals and institutions will priori-
tize in 2025, notes that artificial intelligence skills are in
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highest demand worldwide. In 2025 alone, the number
of registrations for courses that develop such skills in-
creased by 866 % compared to last year [24]. Coursera’s
data in the report highlights a key trend in new technol-
ogies: the growing global adoption of generative artificial
intelligence is leading to a sharp increase in demand for
GenAl training. In countries with low digital infrastruc-
ture or insufficient access to retraining, the threat of
long-term structural unemployment is growing.

The issue of unstable employment is becoming
particularly relevant. With the spread of digital plat-
forms, freelance models, and the gig economy, not
only are work formats changing, but so is the econom-
ic logic of the labor market. Employers are increas-
ingly less likely to enter into long-term contracts, pre-
ferring project-based or temporary employment. This
leads to irregular income, a lack of social benefits, and
reduced institutional protection for workers. Accord-
ingly, new economic challenges are emerging for the
social security system and labor law. In addition, the
digitalization of employment is closely linked to mac-
roeconomic fluctuations. During an economic upturn,
companies have more resources to innovate and create
new jobs. In contrast, during a crisis, investment activ-
ity declines and technological upgrades are suspended
or postponed, which can partially stabilize employ-
ment levels in vulnerable (traditional) sectors. Thus,
macroeconomic dynamics act as a restraining factor or
catalyst for technological transformation of the labor
market.

Government economic policy, which determines the
scale and direction of digital transformation, is also a
significant factor. Programs to support digital educa-
tion, stimulate startups, invest in regional digital hubs,
and develop e-governance create new employment op-
portunities. Conversely, the lack of an adaptive eco-
nomic strategy in the digital sphere can lead to a loss of
competitive advantages and an outflow of personnel.
Thus, economic and political factors not only modify
the structure of the labor market in the context of digital
transformation, but also act as a catalyst for institutional
changes related to employment, social protection, and
professional mobility policies. Ensuring a sustainable
transition to a digital economy requires comprehensive
consideration of these factors in the process of forming
a socio-economic strategy.

Human capital, as a stock of knowledge, skills, and
motivations created through investment in education,
health care, accumulation of professional experience,
information search, labor mobility, etc. (Bekker, 1962),
is also closely linked to employment and directly influ-
ences its structure. First, it is the realization of human
capital that actually determines both the place of an in-
dividual in the system of social production, the content
and form of their employment, and the structure of the
labor market as a whole. Second, the development of
individual and national human capital under the influ-
ence of scientific, technical, and technological changes
is objectively accompanied by the acquisition of new
knowledge, skills, and competencies, which are embod-
ied in new professions and new professional experience,
which also leads to structural changes in the labor mar-
ket. And as practice shows, the development of human
capital in the context of modern post-industrial trans-

formation is primarily determined by the acquisition of
digital skills and abilities by its carriers.

Social factors also have a close relationship with hu-
man capital and influence employment. Digitalization
has changed social relations: thanks to the Internet,
cloud services, and networks, people increasingly feel
interconnected and globally united, increasing their
level of individual social capital. It allows for a signifi-
cant reduction in transaction costs and expands the
scope of entrepreneurial activity and self-employment.
At the same time, social capital, thanks to digitalization,
promotes inclusiveness: it creates additional opportuni-
ties for people who face social barriers when looking for
work or accessing production resources. This applies to
the integration of women, people with disabilities, and
residents of remote or mono-industrial areas. Targeted
outsourcing can increasingly provide work via the Inter-
net for poor and socially vulnerable segments of the
population [25].

However, such opportunities are often limited by
digital inequality, which manifests itself in two main
ways. On the one hand, there is unequal access to digital
technologies (due to insufficient income and limited de-
velopment of information infrastructure), and on the
other hand, there is unequal access to digital knowledge
and the opportunity to acquire skills and competencies
in their application. As practice shows, digital inequality
manifests itself not only through limited access to the In-
ternet and digital devices, but also through varying levels
of digital literacy, which hinders full participation in new
forms of economic activity. Rural residents, the elderly,
low-income groups, and workers with low levels of edu-
cation are particularly vulnerable. They fall into the so-
called “digital poverty trap”, where limited access to
digital resources reproduces social marginalization and
hinders the transition to new areas of employment.

Social and digital inequality directly affects employ-
ment levels in key sectors. For example, in the health,
education, and social security sectors, the level of digital
decision-making among employees is linked to the suc-
cessful implementation of electronic technologies
(eHealth, distance learning). In sectors with low digital
culture or active resistance, the transition to new em-
ployment models is slower, which ultimately reduces the
overall productivity and competitiveness of the economy.

Behavioral factors such as the ability to adapt to dig-
ital transformations, natural abilities and psychological
characteristics of the individual, and the type of domi-
nant culture also play an important role in this. Society’s
attitude toward digital change varies from active accep-
tance to open or latent resistance, which significantly
affects individual employment trajectories and the ef-
fectiveness of the digital transformation of the economy.
Adapting to the digital environment involves gradually
learning new tools and changing professional behavior
and expectations. Employees who have access to reskill-
ing and upskilling programs and employer support dem-
onstrate greater willingness and ability to adapt to new
requirements. At the mega and macro levels, these
groups of attitudes toward digital technologies form a
kind of “behavioral map” of digital transformation. Ac-
cording to this map, regions are divided into those with
a high level of acceptance and adaptation of digital tech-
nologies, which become centers of employment in the
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fields of ICT, finance, logistics, and creative industries,
and regions with widespread resistance, which are expe-
riencing the degradation of local labor markets, the loss
of part of the population from productive employment,
and increased social isolation.

The impact of this group of factors creates a situation
where the dividends of digitalization are reaped by a
more affluent, educated, and experienced workforce in
terms of digital skills. It is this workforce that employers
increasingly prefer, thereby creating digital unemploy-
ment and pushing those who, for various reasons, are
unable to quickly develop their digital skills to the lower
levels of the income pyramid. The compilation of fac-
tors influencing employment in the context of digitali-
zation in Table 1 and the selection of indicators for their
quantitative assessment complete the first two stages of
cognitive modeling.

The third stage involves calculating the degree of
balance of the cognitive model 5(G), which will allow us
to assess how consistent the relationships between its el-
ements are and how they interact within the system. It is
the ratio of the number of positive contours of the
formed orgraph to their total number, provided that
b(G) € [0; 1]

C 1 p
k
bG) = =100
7tk

b
k=3 K

where py is the number of positive cycles of length &; 7, is
the total number of cycles of length k; c is the length of
the longest cycle in the orgraph G [26].

If b(G) =0, the orgraph is considered balanced, and
if b(G) = 1, it is considered unbalanced. The construct-
ed model revealed 128 contours, of which 71 are ampli-
fying and 57 are stabilizing. This indicates that the sys-
tem is dominated by processes that amplify influences,
but a significant number of stabilizing contours ensure

Table 1

Factors and indicators of employment transformation
in the digital economy

Group of Indicators
factors

Result Share of employment in the digital economy

indicator in the total employment structure (v;)

Digitalization | Level of digital infrastructure (v,)
Investment in digital technologies (vs)
Implementation of automation of routine
tasks, robotization (v,)
Distribution of digital platforms for
employment (v,)
Global technological trends (vg)

Socio- Social and digital inequality (v-)

behavioral Population’s attitude towards digital

factors technologies (acceptance, resistance,
adaptation) (vg)

Economic Changes in employment levels in key

factors sectors (vg)
Unemployment levels among different
categories of workers (v;)

Human Professional and qualification skills (v;)

capital Level of digital literacy of the population (v;,)
Availability of reskilling/upskilling
programs (v;3)

Regulatory Auvailability of a state digital strategy (v,4)

factors Level of business support for digital
transformation (v;s)

the system’s ability to self-regulate and prevent exces-
sive fluctuations. This structure gives hope for the ef-
fective functioning of the model, as it combines both
development and stabilization mechanisms, which is
important for maintaining the stability and adaptability
of the system. Then the measure of balance of the
model is

1 1 1

234+ —-18+—-11+--7

5 6 7 —0.478.

A balance measure of 0.478 indicates a balanced sys-
tem structure, in which reinforcing and stabilizing influ-
ences are present in approximately equal amounts, en-
suring a balance between the potential for development
and self-control. Such a system is not overly rigid, is not
prone to excessive amplification of changes, and can re-
spond effectively to external factors while maintaining
stability without the risk of unpredictable fluctuations.
However, since the value is close to the middle of the
range, it is important to conduct additional analysis of
development scenarios to identify factors that could up-
set the balance and predict their impact on the overall
effectiveness of the system. In general, this value of the
balance measure indicates that the system is fairly bal-
anced but requires careful monitoring to maintain an
optimal balance between development and stability.

Next, the fourth stage of cognitive modeling be-
gins — the implementation of the impulse process of
employment structure transformation. Based on the

1 1 1 1

38+ —-18+—-21+—--10+—-1

6 7 8 9

constructed symbolic orgraph, an adjacency matrix
(Ag=A=lay,.,) is formed under the following condition

1, ifedge (u;,u;) is positive
sgn(u;,u;) =4 -1, ifedge (u;,u;) is negative.  (2)

0, ifedge (u;,u;) is missing

The definition of an autonomous impulse process is
carried out by the classical method proposed in (Rob-
erts F., 1976)

n
vi(t+1):vi(t)+2sgn(uj,ui)pj(t), 3)
i=1
where v,(¢) is the momentum value at the i vertex at the
previous moment (simulation cycle); v(n +1) is the value
of the impulse at the i* vertex at a specific moment for the
researcher (n + 1); p(n) is the vector of disturbances and
control influences entering the vertex at moment (7).

182 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, N2 5



To implement the impulse process, disturbing impuls-
es were introduced in stages into individual vertices of a
constructed oriented graph (orgraph), which reflects the
cognitive model of interrelationships between key factors
influencing the transformation of the employment struc-
ture in the digital economy. At each stage of modeling, it
was recorded how a single disturbance in a separate factor
(node) is transmitted through the network of interdepen-
dencies and how it affects the target vertex — v; “Share of
those employed in the digital economy”. This approach
made it possible to identify the strength, direction, and
nature of the impact of individual factors on transforma-
tion processes in the field of employment.

As a result of the calculations, a set of scenarios for the
possible development of the situation (cognitive model)
was formed, demonstrating different trajectories of chang-
es in the structure of employment depending on which
factor initiates the disturbance of the system (Fig. 1).

Scenario 1. A disruptive positive impulse is given to ver-
tex 2 (digital infrastructure level) — imp,(¢) = (0, 1, 0,..., 0,
0). The result of the impulse modeling is shown in Fig. 2.

Fig. 2 shows that the dynamics of the share of people
employed in the digital economy, assuming growth in the
level of digital infrastructure, has a pronounced upward
trend: there is a gradual and steady increase in the number
of workers involved in the digital sector. The development
of digital infrastructure directly contributes to the cre-
ation of new jobs in the field of digital technologies, stim-
ulating structural changes in the labor market and in-
creasing demand for specialists with digital competencies.

Particularly noticeable are sharp growth spurts at cer-
tain stages, which indicate periods of active digital trans-
formation, the introduction of innovative technologies,
and the scaling of digital projects. This, in turn, not only
contributes to higher employment in the digital economy,
but also provides a foundation for the further development
of related industries, the formation of new professions,
and increased competitiveness of the economy as a whole.

Scenario 2. The initial impulse is given to vertex 3
(investments in digital technologies) — imps(f) = (0, 0, 1,
0,...,0,0), which leads to the activation of digital trans-
formation processes in the relevant sectors of the econ-
omy, stimulates the implementation of innovative solu-
tions, and increases the efficiency of production and
management processes (Fig. 3).

As a result of impulse modeling, there is an increase
in the share of people employed in the digital economy,
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Fig. 1. Cognitive model of digital transformation of em-
ployment

provided that investment in digital technologies increas-
es. This dynamic is driven by the acceleration of digital
business transformation processes, the emergence of
new forms of employment, and growing demand for
workers with relevant digital skills. Attracting capital to
the digital sphere stimulates the development of innova-
tive products and services, the transformation of tradi-
tional business models, and the creation of new jobs in
industries related to information technology, artificial
intelligence, data analysis, and the Internet of Things.

Scenario 3. The impulse is given to vertex 4 (imple-
mentation of automation of routine tasks, robotiza-
tion) — imp4(£) = (0, 0, 0, 1,..., 0) (Fig. 4).

In the early periods (1—3), there is a decline in mo-
mentum, indicating short-term adaptive inertia of the
system. Starting from the fourth period, momentum
shows a gradual increase, with slight volatility in the mid-
dle stages (periods 6—9) and steady acceleration in the
final periods. This indicates that the system is entering a
phase of active transformation, when the positive effect
of technological disruption begins to manifest itself fully.

Thus, the growth in the number of implementations
of automation of routine tasks and robotization of pro-
duction and service processes contributes to a gradual
increase in the share of those employed in the digital
economy. This is due to a shift in focus from traditional
forms of employment to activities related to the manage-
ment, support, and development of digital systems.

Scenario 4. The initial impulse is given at vertex 6 (global
technological trends) — imp(f) = (0, 0, ..., 1,..., 0) (Fig. 5).

Scenario modeling demonstrates a steady upward
trend in the share of people employed in the digital econ-

Fig. 2. Scenario of changes in the share of people em-
ployed in the digital economy in the overall employ-
ment structure, assuming growth in the level of digital
infrastructure

period

Fig. 3. Scenario of changes in the share of people em-
ployed in the digital economy, assuming growth in in-
vestment in digital technologies
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period

Fig. 4. Scenario of changes in the share of people em-
ployed in the digital economy in the context of auto-
mation and robotization

omy amid intensifying global technological trends. Only
in the sixth period is there a slight temporary decline, due
to the adaptive inertia of the system, delays in retraining
workers, or short-term structural imbalances between the
supply and demand for digital skills. In subsequent peri-
ods, the dynamics show stable growth, indicating the ef-
fect of scaling digital solutions, growing sustainable de-
mand for digital specialists, and the gradual overcoming
of transformation barriers. This dynamic is driven by sev-
eral key factors. First, the active introduction of digital
technologies in various sectors of the economy contrib-
utes to the expansion of demand for specialists involved
in the development, implementation, and support of
digital solutions. This applies to industries working with
big data, cloud services, artificial intelligence, automated
management systems, and the Internet of Things. Sec-
ond, the structural transformation of business models
and the transition of companies to digital formats of ac-
tivity stimulates the creation of new forms of employ-
ment, particularly in the gig economy, remote work, and
digital entrepreneurship. Thirdly, global investment
trends show a shift in priorities towards digital infrastruc-
ture, digital services, and technology startups, which ac-
celerates the formation of a digitally oriented labor mar-
ket. Finally, adapting the education system and improv-
ing the digital literacy of the population allows broader
segments of the population to integrate into the digital
economy, further reinforcing the positive trend.

Scenario 5. The impulse is given at vertex 9 (change
in employment levels in key sectors) — impy(f) = (0, 0, ...,
1,..., 0) (Fig. 6).

Fig. 6 demonstrates the uneven dynamics of the
share of those employed in the digital economy, which is
shaped by changes in employment levels in key sectors.
During the first six periods, there is a relative stabiliza-
tion of the share of employed persons, which indicates
the inertial nature of transformations and the limited
response of the digital sector to initial fluctuations in the
basic sectors of the economy. This is followed by a tem-
porary decline in the share of digital employment, which
may be related to the redistribution of labor resources,
an adaptive decline, or a drop in employment in sectors
with weak links to digital industries. From period 9 on-
wards, the share rises again, indicating the intensifica-
tion of the impact of sectoral shifts, in particular the
decline in employment in traditional industries (e.g.,
manufacturing, agriculture) and the flow of personnel to
the digital sphere. Periods 12—13 show a sharp decline,
which may be caused by crisis processes, the exhaustion

of the spillover effect, or limited absorption by the digi-
tal sector. In subsequent periods, there is a rapid in-
crease in the share of people employed in the digital
economy, indicating a turning point in the transforma-
tion, possibly due to the large-scale introduction of
technologies, labor market reforms, or accelerated auto-
mation in key sectors.

Scenario 6. The initial impulse is given at vertex 13
(availability of reskilling/upskilling programs) —
imp;(1) =(0,0,..., 1,0, 0) (Fig. 7).

In the initial periods, the share of people employed in
the digital economy shows a slight but steady increase, in-
dicating a moderate initial impact of reskilling/upskilling
programs, which in the early stages are implemented on a
selective or pilot basis, without covering broad segments
of the population. In periods 5—6, there is a decline in
momentum, which may be due to the labor market’s in-
sufficient adaptation to new skills or a temporary decline
in the activity of training programs or their funding. Peri-
ods 7—9 show an acceleration in the growth of the share of
people employed in the digital economy. This is explained
by the more widespread implementation of retraining
programs, support from the state and business, and grow-
ing demand for digital skills. This phase reflects the grad-
ual expansion of workers’ opportunities to adapt to new
labor market conditions, but in periods 11—12, the dy-
namics stabilize, indicating that the programs have
reached their short-term effectiveness limit or that there is
a need for a qualitative update of educational and struc-
tural approaches. In recent periods, there has been a rapid
increase in the share of people employed in the digital
economy, which indicates the cumulative effect of previ-

impulse

-ty
\

period

Fig. 5. Scenario of changes in the share of people em-
ployed in the digital economy under the influence of
global technological trends
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Fig. 6. Modeling changes in the share of digital employ-
ment under the influence of cross-sectoral shifts in
the labor market
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ous investments in human capital development. This may
be due to the achievement of a critical mass of retrained
personnel capable of filling new digital positions, as well
as the transformation of traditional sectors of the econo-
my towards digitalization, which opens up new employ-
ment opportunities in high-tech industries. Therefore,
the results confirm that investment in retraining and up-
skilling of workers is a strategically important factor in the
formation of a digital economy. Although the effect of
such programs is not immediate, it manifests itself in the
long term through the accumulation of human capital and
structural shifts in employment.

Scenario 7. The impulse is given to vertex 14 (presence
of a state digital strategy) — imp () = (0, 0,..., 0, 1, 0)
which activates systemic processes of forming a digital
transformation policy, promotes the integration of digital
technologies into public administration (Fig. 8).

The existence of a state digital strategy has a positive
impact on employment dynamics in the digital sector, as
confirmed by a steady upward trend. Such a strategy acts
as a catalyst for structural changes in the labor market,
contributing to the creation of new jobs in IT, cybersecu-
rity, data analysis, digital administration, and other areas
of the digital economy. This not only expands employ-
ment opportunities but also contributes to the modern-
ization of the employment structure as a whole. Institu-
tional support in the form of a digital strategy ensures
coordination between the state, business, and education,
which contributes to increasing the digital literacy of the
population. The predictability and consistency of state
policy in the field of digitalization creates a favorable en-
vironment for business, allowing the private sector to
plan digital transformations in advance and proactively
attract IT specialists. International experience of coun-
tries with developed digital strategies (in particular, Esto-
nia, Singapore, and South Korea) confirms that a sys-

impulse

M 2 3 &4 5 6 7 8 9 10 11 12 13 14 15

period

Fig. 7. Impact of reskilling and upskilling programs on
employment dynamics in the digital economy

impulse

& % W 1M 12 13 1 15

period

Fig. 8. The role of the state digital strategy in shaping
employment trends in the digital sector

tematic approach to digitalization is accompanied not
only by growth in digital employment, but also by a grad-
ual reduction in social and digital inequality, thanks to
expanded access to digital services, education, and op-
portunities for self-realization in the digital environment.
This is precisely the dynamic demonstrated by impulse
modeling, which shows a correlation between the exis-
tence of a national digital strategy, growth in digital em-
ployment, and a reduction in the digital divide (Fig. 9),
indicating its relevance and alignment with global trends.
Scenario 8. In order to model the combined impact
of key factors on the model, we will set the initial im-
pulse at two vertices: the level of digital literacy of the
population and the availability of reskilling/upskilling
programs — impy, ;5(f) = (0, 0,..., 1, 1, 0, 0) (Fig. 10).
Fig. 10 shows that in the initial stages there is a slight
increase in the number of people employed in the digital
sector, but after a certain period of intensification of
reskilling and upskilling programs, as well as an increase
in the level of digital literacy, there is a noticeable ac-
celeration in employment rates. This indicates a positive
correlation between investment in professional develop-
ment of personnel and growth in the number of employ-
ees in the digital sphere. The results confirm that the
systematic implementation of educational initiatives
aimed at developing digital competencies has a cumula-
tive effect and significantly influences employment indi-
cators in the digital sector. Thus, the development of
digital literacy and the continuous updating of skills are
key factors in ensuring sustainable economic growth and
competitiveness in the context of digital transformation.
Scenario 9. As part of modeling the combined impact
of key factors on the model, we will set the initial impulse
at two vertices: the level of digital literacy of the popula-
tion and the level of business support for digital transfor-
mation — impy, ,5(f) = (0, 0,..., 1,0, 0, 1) (Fig. 11).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1S
period

Fig. 9. Reduction of digital inequality in the context of
implementing a digital strategy

impulse

§ 9 10 11 12 13 14 15
period

Fig. 10. Impact of digital literacy and reskilling/upskill-
ing programs on employment in the digital sector
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The analysis of the dynamics of employment in the
digital sector, shown in Fig. 11, reveals a nonlinear na-
ture of change, which is associated with the initial phase
of adaptation to the new conditions of digital transfor-
mation. In the initial stages, there is a stabilization of in-
dicators, followed by a temporary decline in employ-
ment, which may be due to structural changes, reorgani-
zation of business processes, or the need for staff retrain-
ing. This confirms the importance of taking time lags
into account when assessing the effectiveness of invest-
ments in digital literacy and business support. In the lon-
ger term, after overcoming the initial difficulties of adap-
tation, there is steady and accelerated growth in employ-
ment in the digital sector. This indicates the cumulative
effect of systematic support for the development of digi-
tal competencies and the active introduction of innova-
tive approaches in the business environment. Thus, the
integration of digital literacy and business support for
digital transformation is a key factor in ensuring long-
term employment growth in the digital economy.

Conclusions. Post-industrial transformations are
taking place under the influence of breakthrough tech-
nologies that are revolutionizing all spheres of society.
They are based on digitalization, which is systematically
changing the very ways in which economic value is cre-
ated and, at the same time, involves the phased intro-
duction of digital solutions.

The transformative impact of digitalization affects
employment — its very nature is changing. This is happen-
ing due to a system of economic, political, social, and
other factors. The most significant of these are economic,
regulatory, human capital, and socio-behavioral factors.
Taking into account their impact on employment in the
process of digitalization requires the creation of a meth-
odological approach that would allow us to consider the
impact of post-industrial transformations on employ-
ment in the entirety of interrelationships and interactions.

Cognitive modeling is a powerful tool for structuring
complex economic and social problems, as it allows for-
malizing the relationships between key factors, predicting
the consequences of management decisions, and devel-
oping optimal strategies for adapting to dynamic changes.
This method makes it possible not only to quickly assess
the current state of the system, but also to quickly identify
the main cause-and-effect relationships, allowing the
most effective paths for development to be chosen.

The results of applying cognitive modeling show that,
in the context of digital transformation, there is a gradual

impulse
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Fig. 11. Impact of digital literacy and business support for
digital transformation on employment in the digital
sector

and sustained change in the structure of employment in
favor of the digital sector. This process is most influenced
by the growth of digital infrastructure, increased invest-
ment in digital technologies, the introduction of automa-
tion and robotization in production processes, the
strengthening of global technological trends (manifested
in the scaling effect of digital solutions), growing steady
demand for digital specialists, and the gradual overcom-
ing of transformation barriers. Changes in the share of
digital employment were also identified under the influ-
ence of cross-sectoral shifts in the labor market, the im-
plementation of the state digital strategy in shaping em-
ployment trends in the digital sector, the reduction of
digital inequality, the growth of digital literacy, and the
implementation of reskilling/upskilling programs.

Understanding these influences and their conse-
quences enables comprehensive strategic planning in
the areas of employment, education, and innovative de-
velopment. This will contribute to the formation of
adaptive employment policies capable of ensuring flexi-
bility, social stability, and competitiveness of the nation-
al labor market in the long term.
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Mera. 3’sicyBaHHSI CyTHOCTI i1 HAaCJIiAKiB IU(MPOBOI
TpaHchopMallii 3aifHITOCTI B yMOBaX ITOCTiHIYCTpi-
aTbHUX TpaHc(opMalliii, BUSBICHHS KJIIOYOBUX YMH-
HUKIB, III0 BIUIMBAIOTh Ha CTPYKTYpPY, (OpMU It TUHA-

MiKy 3aiAHATOCTI Y U (POBili EKOHOMIlli 3 TOAATBIIIUM
¢opMyBaHHSIM METOAOJIOTIYHOrO MiAXOAY IO aHalizy
1IMX 3MiH Ha OCHOBi KOTHITUBHOTO MOJETIOBaHHSI.

Meroauka. Y nocimKeHHi BAKOPUCTAaHO KOTHITUB-
He MOJETIOBAHHS SIK MiXKIUCLIUTUTIHAPDHUI iHCTPYMEHT
IUJIST aHATi3y TpaHchopMallii 3aifHSITOCTi B yMOBax Iud-
POBOI eKOHOMiKKU. MeTog0/I0riYHy OCHOBY CTAHOBUTh
CUCTEMHUI minxim mo imenTudikauii Ta dpopMaizalii
CKIamHUX TIPUIMHHO-HACTIIKOBUX B3a€EMO3B’SI3KiB
MiXK eKOHOMIYHUMU, TEXHOJIOTIYHUMM, COLiaJIbHO-IE-
MorpaiYHUMU, IHCTUTYUIMHUMU YNHHUKAMU, 1110 3y-
MOBJTIOIOTh 3MiHY CTPYKTYPU PUHKY Tpali. ¥ mpoueci
MOJICJIIOBAHHSI BUKOPHCTAHAa EKCIepTHO-aHaTiTUYHa
0a3a 3HaHb, 110 3a0e3Meuy€e pernpe3eHTaTUBHE Binoopa-
KEHHSI CydacHUX TpaHchOopMaliiiHUX TeHAEHLIil, 30-
KpeMa AuHaMiKu (hOpMyBaHHSI HOBUX (pOPM 3aiiHSATOC-
Ti (Tir-eKoHOMiKa, IUCTaHUiiHA TIpalisl) i TTOCTYMOBOI
penykuii TpaguLiiHux GopM Tpyaosoi ydacti. Takuii
miaxia 1o3BoJisie e(eKTUBHO IOCIIIKYBaTU HEIOCTaT-
HBO CTPYKTYpOBaHi abo cj1abo dopmasizoBaHi mpoiie-
CH, XapaKTepHi IUIST YMOB CTPIMKOI T poBi3arlii.

Pe3yabTaTi. Po3pobiieHa KOTHITUBHA MOJIE/Ib TPAHC-
(opMaliii 3aiiHATOCTI, 1110 Bi3yaslizye B3a€MO3B’SI3KU MixX
OCHOBHMMMU (hakTOopamMu LIMbPoBi3allii Ta CTPyKTYPHUMU
3pYLIEHHSIMU Ha PUHKY mMpalli. Bu3HauyeHi KTo4oBi
BIUTMBM TEXHOJIOTIYHOTO MPOrpecy Ha 3MiHy MOMUTY Ha
Tnpaito, npodeciiiHy MOOLUIbHICTb, IMHAMIKY BAHUKHEH-
Hsl HOBUX ITpodeciii i TpaHcdopMaliiio TpyIoBUX BiZHO-
cuH. Mogenb 103Bossie (popMyBaTH ClLieHapil PO3BUTKY
3affHATOCTI B yMOBaxX LU(PPOBOi EKOHOMIKH I aganTyBa-
TU MOJIITUKY PUHKY Tpalli 10 HOBUX BUKJIUKIB.

HaykoBa HoBH3HA. OOrpyHTOBaHA MOIIBHICTD BU-
KOPHUCTAaHHS KOTHITUBHOTI'O MOICITIOBAHHS SIK iHCTPY-
MEHTY JOCJiIXEeHHs TpaHchopMmallii 3aifHSITOCTI, 1110
3ab6e3reuye MIMOIIe PO3YMiHHSI CTPYKTYPHUX 3MiH Ha
pUHKY TIpalli B yMoBax Hudposizauii. Po3pobieHa
KOHIIeTNITyaJlbHa MOJE/b, 110 MOEAHYE TEXHOJIOTIUHI,
COLliaJIbHI i1 €EKOHOMIYHI aCIEeKTHU MOCTiHAYCTPiaIbHUX
3MiH i 103BOJISIE MPOTHO3YBATH 1XHill BIJIMB Ha 3aiiHsI-
TiCTh, BUSIBJISITU MPUXOBaHi B3aEMO3B’SI3KM Ta CTBOPIO-
BaTU OCHOBY [UISI IPUMHSTTS CTpaTeriuHUX YIpaBJliH-
CbKUX pillIeHb.

IIpakTiyna 3HauuMmicTh. Pe3yabTatu mOCHiIKEHHS
MOXKYTb OYTH BUKOPUCTAHI ST BIOCKOHAJICHHS CTpa-
TeTili yIpaBIIiHHS 3afHATICTIO B yMOBaxX IMOPOBOI
TpaHcdopMmallii eKOHOMIKM. 3aIpornoHOBaHa KOTHi-
TUBHA MOJENb LHU@PPOBOI TpaHchOpMallii 3aiiHATOCTi
TI03BOJISIE iIeHTU(hIKYyBaTH KJIIOYOBi YNHHUKHU, 110 BU-
3HAyalTh AWHAMIKy 3MiH y CTPYKTYpi PUHKY Mpalli.
IMopsn i3 uuM, 3a i JOIMTOMOIo MOXHa 31iiiCHIOBAaTU
OLIIHKY PU3UKIB i MOTEeHIIiaJly aBTOMAaTH3allii B pi3HUX
CEeKTOpaxX eKOHOMiKM, MOJIEJIIOBaTH CLIeHAPil PO3BUTKY
3affHSTOCTI 3aj7eXXHO Bim piBHS 1udposizanii. [Tpak-
TUYHE 3aCTOCYBAHHSI pe3yJIbTaTiB KOTHITUBHOI'O MOJIE-
JIFOBAHHSI TO3BOJIUTH (POPMYBATH OiNIbIIT €(heKTUBHI Ha-
OpsSIMU TIOJIITUKM 3afHSITOCTi, 3JaTHOI 3a0e3neuyuTu
THYYKICTb, COLIaJbHY CTIMKICTh i KOHKYpPEHTOCIIPO-
MOXHICTh HalliOHAJILHOTO PUHKY Mpalli y JOBrocTpo-
KOBIli MepCHEKTUBI.
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