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EDUCATION 4.0: INNOVATIVE APPROACHES TO COMPETENCE
DEVELOPMENT IN DIGITAL ORGANIZATIONS

Purpose. Development of scientifically based concepts for the development of enterprise personnel competencies
within the context of digital transformation.

Methodology. The study is based on a comprehensive interdisciplinary approach, which includes the analysis of
scientific sources, methods of predictive analysis, scenario modeling and comparative analysis. The methodology of
systems analysis was applied to determine the relationships between technological changes and organizational knowl-
edge and competency needs. Content analysis of scientific literature and digital learning practices was used to develop
structured approaches for organizing continuous competency development in digital organizations.

Findings. The concept of employee competence development has been substantiated through innovative ap-
proaches dictated by Education 4.0, which is based on the following key principles: forecasting needs in knowledge
and competencies, implementing knowledge-based digital twins, creating self-learning ecosystems and integrating
artificial intelligence into knowledge management processes. Three innovative concepts of continuous learning were
developed: integrative digital andragogy, workflow-integrated microadaptive learning, and ecosystem-based develop-
ment of transversal competencies. It has been proven that their application allows adapting to the requirements of
digital transformation, developing the intellectual potential of enterprises through personalized and adaptive educa-
tional strategies.

Originality. Theoretical and methodological foundations for the development of competencies in digital organiza-
tions have been developed, which take into account the dynamic updating of new competencies and the integration of
intelligent technologies. New approaches to the organization of continuous learning based on digital andragogy,
adaptive microlearning, and cognitive profiling of competencies have been proposed. A model of microadaptive
learning has been proposed, which allows for the operational updating of knowledge in response to the digital trans-
formation of the enterprise. Additionally, this study expands the concept of competence development in the context
of Education 4.0 through the use of artificial intelligence and Big Data in predicting the required knowledge and
competences of employees.

Practical value. The practical significance of the results obtained lies in the possibility of their application by en-
terprises at different levels of digital maturity to develop knowledge management strategies that will meet the require-
ments of Education 4.0. The proposed concepts can be used to create corporate learning platforms, integrate adaptive
learning modules into production processes, as well as to form personalized educational trajectories of employees.
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Introduction. In today’s digital transformation of
enterprises, continuous training and development of
personnel play a key role, ensuring the adaptability of
organizations to a dynamic environment. Technologi-
cal changes are occurring at an unprecedented rate,
and traditional approaches to knowledge management
are losing their effectiveness, because traditional
learning models do not take into account new reali-
ties, including the rapid development of artificial in-
telligence, big data, blockchain technologies and
metaverses. As a result, employees often do not have
time to absorb new knowledge and adapt to changes,
which negatively affects the productivity of enterprises
and their innovative potential. An enterprise’s ability
not only to adapt to changes but also to anticipate
them, forming strategies for the development of intel-
lectual potential, becomes a critical condition for
competitiveness. In this context, the development of
innovative educational concepts that are able to pro-
vide advanced knowledge management, integration of
learning into the work process, and the use of digital
technologies to personalize educational trajectories
deserves special attention.
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The introduction of digital technologies into the ed-
ucational process of enterprises is changing traditional
paradigms of professional development. The concepts
of proactive knowledge management, adaptive learning,
digital andragogy, microadaptive learning, and an eco-
system approach to the formation of competencies are
coming to the fore. At the same time, digitalization cre-
ates new challenges that require the development of
methodological foundations for the formation of educa-
tional ecosystems that are able not only to respond to
technological changes, but also to proactively shape the
future competencies of employees.

Therefore, the relevance of this study lies in the need
to develop theoretical concepts for the modern require-
ments of Education 4.0, theoretical justification and de-
velopment of innovative approaches to continuous
training of employees and the development of their in-
novative competencies in the context of digital transfor-
mation of enterprises.

Literature review. Studies of professional literature
and practical cases of modern enterprises demonstrate
the growing interest of scientists and practitioners in the
issues of innovative development of employee compe-
tencies, which are dictated by Education 4.0 and are in
demand in digital organizations. Both domestic and for-
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eign theorists and practitioners are working on the issue,
each of whom focuses their attention on revealing nar-
row issues of this area of research. The increased atten-
tion of scientists and the growing number of scientific
works in this scientific area indicate its growing rele-
vance. After all, today enterprises are actively imple-
menting digital technologies in their activities. However,
employee knowledge and skills often do not meet the
requirements of digital enterprises. Under such condi-
tions, there is an imbalance between the growing level
and scale of implementation of digital technologies at
enterprises and the growth of the level of education,
knowledge and competencies that are necessary for work
in digital companies. That is, the development of Indus-
try 4.0 has not only provided technological opportunities
for enterprises to digitalize, but also laid the foundation
for the development of Education 4.0 to ensure a balance
between these interconnected components. The devel-
opment of Education 4.0 is closely related to the trans-
formation of traditional approaches to learning and the
need to form new digital competencies. The foundations
of the educational process are revealed in classical works,
in particular Bloom’s taxonomy of educational objec-
tives [Bloom, B. S., Krathwohl, D. R., 1984], which be-
came the basis for further development of learning mod-
els. The theoretical basis for innovative approaches to
education is Mezirow’s theories of andragogy
[Mezirow, J., 1981] and Jarvis’s concept of lifelong
learning [Jarvis, P., 2009]. Modern educational systems
actively integrate digital technologies and adaptive learn-
ing [Brusilovsky, P., Peylo, C., 2003], using connectiv-
ism approaches as a new educational paradigm [1, 2].

Scientists pay special attention to the connection be-
tween Education 4.0 and Industry technologies. 4.0.
Smart Factory concept [3] and the development of digi-
tal enterprises [4] demonstrate the need to train a new
generation of professionals with deep knowledge of the
digital economy. The study of IT company business
models [5] also highlights the role of digital competen-
cies in modern organizations.

Considerable attention in the literature is paid to
knowledge management as a component of organiza-
tional strategy development and innovation [6, 7]. In de-
veloping this issue, scientists emphasize the role and sig-
nificance of knowledge management, organizational
learning in increasing the efficiency of the organization
[8, 9]. In particular, a team of researchers [10] revealed
knowledge management as a factor in the formation and
implementation of the organization’s strategy. The role
of the green economy and sustainable development in the
context of knowledge management is relevant [11, 12].

A separate vector of research directly concerns Edu-
cation 4.0. In particular, E. Mukul and G. Buyukozkan
[13] conducted a systematic review of the digital trans-
formation of education, and M. Sony and K. Karingada
[14] outlined the critical factors for the successful imple-
mentation of Education 4.0. Innovative technologies
such as generative Al, digital twins [15], SmallTalk Al
[16], serious games [17], and 5G technologies [18] play
an important role in ensuring individualized and effec-
tive learning and developing in-demand competencies.
In particular, Y. Lin, et al. [15] highlighted that Fourth
Industrial Revolution (4IR) technologies, such as cloud
computing, machine learning, and artificial intelligence,

have increased productivity but exacerbated the chal-
lenges of training and retraining workers. In their study,
they introduced the Multi-Fidelity Model Digital Twin,
which reconciles the complexity of Digital Twin with
Bloom’s Taxonomy [1], providing a scalable education-
al structure. Scientists Malik M., et al. [19] in their study
note that firms must create digital strategic flexibility
and the key to this is technological education focused on
creativity in the era of Industry 4.0 [20]. In this context,
the internationalization of higher education in the new
reality will be of great importance [21].

Thus, the analyzed sources demonstrate the multi-
faceted nature of scientific views on knowledge manage-
ment, competence development, and the implementa-
tion of new technologies in accordance with the require-
ments of Education 4.0 and Industry 4.0. However, the
scientific literature has not yet sufficiently explored how
digital transformation affects educational approaches in
organizations, what mechanisms are most effective for
increasing the level of employee competence, and how
the combination of individual and collective learning
can contribute to the development of the enterprise’s in-
tellectual capital.

Unsolved aspects of the problem. However, despite a
significant amount of scientific research related to
knowledge management, digital learning, and concepts
of continuing education in the context of Education 4.0,
a comprehensive approach to the formation of integrat-
ed models of personnel development in the context of
enterprise digitalization has not yet been developed. In
particular, the following aspects remain insufficiently
researched:

1) predictive knowledge management: using artifi-
cial intelligence and Big Data for analyzing trends, weak
signals and predicting future needs in knowledge and
competencies; scenario modeling based on big data for
forming alternative development strategies; implemen-
tation of knowledge digital twins, which analyze in real
time the impact of new knowledge on the organization’s
business processes;

2) dynamic knowledge ecosystems: creation of self-
organizing knowledge management systems that auto-
matically update information and adapt to changes;
implementation of distributed knowledge bases based
on blockchain technology to ensure transparency, rele-
vance and reliability of information; use of knowledge
metauniverses that allow modeling of future scenarios in
a virtual environment;

3) intelligent neural network learning platforms: the
use of intelligent learning algorithms that recognize
knowledge gaps and form individual educational tra-
jectories for knowledge seekers; the use of neural inter-
faces that accelerate human interaction with knowl-
edge systems and simplify cognitive processes; gamifi-
cation of learning based on user behavior data to in-
crease motivation;

4) collective intelligence and knowledge decentraliza-
tion: the use of crowdsourcing platforms that combine the
knowledge of experts in global communities; the develop-
ment of DAO (Decentralized Autonomous Organiza-
tions) for knowledge, where decision-making is based on
decentralized consensus; the use of cognitive Al assistants
that work as personal “advisors”, analyzing the individual
thinking style and level of knowledge of their seeker.
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These challenges require scientific justification and
the development of an integrative methodology that will
ensure effective knowledge management and compe-
tence development in the context of digital transforma-
tion of enterprises. The lack of coordinated strategies
and models of continuous learning makes it impossible
to fully realize the potential of digital technologies in the
field of personnel management and reduces the com-
petitiveness of organizations.

Purpose. The research is aimed at forming method-
ological approaches to the implementation of proactive
knowledge management, the integration of digital edu-
cational platforms into production processes and the
creation of flexible mechanisms for the development of
employee competencies. The results of this work will al-
low forming the basis for strategic knowledge manage-
ment, which will contribute to increasing the efficiency
of digital transformation of enterprises and the develop-
ment of their intellectual potential.

Methodology. The methodology of the study is based
on an interdisciplinary approach that combines analytical,
predictive and empirical methods for studying proactive
knowledge management in the context of digital transfor-
mation of organizations. The study includes two key stages.

The first stage involved a theoretical analysis of the
scientific literature covering classical and contemporary
concepts of knowledge management, digital andragogy,
and innovative educational technologies. Key principles
of forecasting, decentralization, personalization, and
integration of educational practices into production
processes were identified.

The second stage involves the development of a con-
ceptual model of advanced knowledge management,
which is based on three innovative approaches: integra-
tive digital andragogy, micro-adaptive learning in the
workflow, and ecosystem-based development of trans-
versal competencies. The specifics of digital, smart, and
virtual enterprises are taken into account, which allows
adapting educational strategies according to their tech-
nological needs.

The results of the study confirm the effectiveness of
the developed concepts in increasing the adaptability,
cognitive mobility, and competitiveness of organizations
in the digital age.

Findings. Currently, the problem of developing a
methodology for advanced knowledge management and
dynamic updating of new knowledge by employees is ex-
tremely relevant. The pace of technological change is so
rapid that traditional reactive management models are
losing their effectiveness. Fundamentally new ap-
proaches are needed that are able not only to adapt to
changes, but also to predict them, to form advanced
strategies for the development of intellectual potential.
Consequently, the problem of developing innovative
concepts for the development of competencies and a
methodology for advanced knowledge management in
an organization, which would be based on the following
principles (Fig. 1), is extremely relevant.

An organization’s intellectual potential development
strategy, built on these principles, will ensure high adapt-
ability and ability to anticipate changes, automatic updat-
ing and self-learning of organizational knowledge sys-
tems, the formation of proactive strategies for developing
intellectual capital, and increasing the competitiveness of
organizations through the innovative use of knowledge.

However, using all the advantages of modern digital
technologies is impossible without forming a new type
of digital literacy of employees, their ability to perma-
nent learning and adaptation in conditions of high un-
certainty. Specialists and scientists have developed the
following concepts of continuous education:

1. The concept of “lifelong learning” was developed
by Peter Jarvis, Knud Illeris and Alan Tate. It is an ap-
proach to education that views learning as a continuous
process throughout a person’s life, not just in formal
educational institutions. The concept emphasizes the
importance of continuous development of knowledge
and skills in different contexts (formal, non-formal, in-
formal) for personal growth and professional adaptation
to changes in society and the labor market.

alternative development strategies, as well as the implementation of knowledge digital twins that assess the impact of new
information on the organization's business processes in real time.

The principle of predictive knowledge management involves the use of artificial intelligence and Big Data to analyze
trends, weak signals, and predict future knowledge needs. It includes scenario modeling based on big data to develop

The principle of Self-Evolving Knowledge Ecosystems is based on the creation of self-organizing knowledge
management systems that automatically update information and adapt to changes. The development of this concept
includes the use of distributed knowledge bases based on blockchain technology to ensure transparency, relevance

The principle of AI-Powered Learning Networks focuses on the use of intelligent learning algorithms that identify
knowledge gaps and create individual educational trajectories for knowledge seekers. The use of neural interfaces
helps to accelerate human interaction with knowledge systems and simplify cognitive processes, and gamification of
the learning process based on the analysis of users' behavioral data increases their motivation.

@ and reliability.
I

decentralized consensus, and cognitive Al assistants function as personal "advisors", analyzing the individual thinking style

The principle of collective intelligence and decentralization of knowledge promotes the involvement of crowdsourcing
platforms that pool the knowledge of experts in global communities. Within this approach, DAOs (Decentralized
Autonomous Organizations) are being developed for knowledge management, where decision-making is based on
and level of knowledge of the seeker.

Fig. 1. Principles of developing a methodology for proactive knowledge management in an organization
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2. Connectivism Theory in Digital Learning. Devel-
oped by George Siemens [2] and Stephen Downes [1].
This theory views learning in the digital age as a process
of creating networks and connections between different
sources of information. According to connectivism,
knowledge is distributed in networks, and learning is a
process of connecting to and navigating between these
networks. The theory emphasizes the importance of the
ability to find, evaluate, and use information in a dy-
namic digital environment.

3. The concept of transformative adult learning. De-
veloped by Jack Mezirow. This concept focuses on how
adults change their established views, beliefs, and per-
spectives through critical reflection. Transformative
learning occurs when a person is confronted with a “dis-
orienting dilemma” that forces them to rethink their as-
sumptions and worldview, leading to profound personal
change and a new understanding of themselves and the
world.

4. The 70:20:10 Model for Workplace Learning. De-
veloped by Morgan McCall, Michael Lombardo, and
Robert Eichinger (1996). According to this model, 70 %
of professional learning occurs through experience and
work tasks, 20 % through social interaction and observa-
tion of others (mentoring, coaching), and only 10 %
through formal training (courses, training). The model
emphasizes the importance of practical experience and
social learning in professional development.

5. The concept of adaptive learning. Introduced by
Benjamin Bloom and developed by Peter Brusilovsky. It
is an approach to learning that dynamically adapts
learning content, methods, and pace to the individual
needs and abilities of the learner. With the development
of computer technology, the concept has evolved into
systems that use algorithms and artificial intelligence to
personalize the learning experience and optimize learn-
ing paths for each learner.

The acceleration of the pace of digitalization of all
spheres of human life creates the need to form new ho-
listic concepts of continuing education that would take
into account the specifics of the digital era and ensure
the development of not only professional, but also meta-
cognitive competencies of employees.

The analysis of scientific literature shows that con-
tinuing education in the digital age should be based on
the principles of adaptability, personalization, multi-
modality and reflexivity. These principles allow creating
educational ecosystems that are able to dynamically re-
spond to changes in the technological and social con-
text, ensuring the continuous development of the hu-
man capital of organizations. Based on these principles,
we offer the following promising innovative concepts of
continuing education:

1. The concept of integrative digital andragogy: in-
volves the deep integration of formal, non-formal and
informal educational practices into a single personalized
trajectory of employee development. It is based on the
understanding of adult learning as a multidimensional
process that occurs simultaneously in physical and digi-
tal space, combining structured educational activities
with daily experience of solving work tasks.

A key feature of this concept is the introduction of a
“metacognitive core” — a set of educational practices
aimed at developing the ability of employees to be aware

of and manage their own cognitive processes. This in-
volves the use of techniques of reflective analysis, men-
tal modeling and self-monitoring, which allow an indi-
vidual not only to acquire new knowledge, but also to
transform the ways in which it is processed and applied.

Within the framework of the concept of integrative
digital andragogy, organizations should create “learning
hubs” — physical and virtual spaces where intensive
knowledge exchange takes place between different gen-
erations of employees, external experts and artificial in-
telligent systems. These hubs will function as intersec-
tions of different types of knowledge — theoretical and
practical, explicit and implicit, disciplinary and inter-
disciplinary — creating conditions for the emergence of
productive cognitive conflicts and insights.

2. The concept of micro-adaptive learning in the
workflow: focuses on integrating educational practices
directly into the daily activities of employees. Unlike
traditional approaches that view learning as a discrete
process separated from work functions, this concept in-
volves the creation of intelligent support systems that
analyze employee activities in real time and provide
contextually relevant knowledge and tools.

Central to this concept are “adaptive microinterven-
tions” — brief educational episodes lasting from a few
seconds to a few minutes, activated at moments when an
employee is faced with cognitive challenges or potential
opportunities for development. These interventions can
take various forms: from contextual prompts and recom-
mendations to short simulations or exercises aimed at de-
veloping specific aspects of critical thinking or creativity.

Of particular note is the introduction of “social-re-
flexive circuits” — mechanisms for collective reflection
on work experience that allow employees to articulate
tacit knowledge, form shared mental models, and de-
velop metacognitive strategies in the process of solving
real organizational challenges. These circuits ensure the
transformation of individual learning into collective or-
ganizational development.

3. The concept of ecosystem-based development of
transversal competencies: considers continuing educa-
tion as a process of development of transversal compe-
tencies — universal abilities that allow one to act effec-
tively in different professional and social contexts. These
include complex problem solving, systems thinking, in-
tercultural communication, digital literacy, adaptability
and ethical leadership.

A feature of this concept is the ecosystem approach,
which involves the involvement of various stakeholders
(educational institutions, technology companies, public
organizations, government agencies) in the creation of
integrated educational initiatives. These initiatives are
characterized by a high level of interdisciplinarity and
combine different learning modalities — from traditional
educational programs to hackathons, mentoring proj-
ects and communities of practice.

An important component of this concept is “dynam-
ic competency profiling” — an approach to assessing and
developing employees’ skills that takes into account not
only the current level of mastery of certain competen-
cies, but also the potential for their development and
combination in non-standard situations. This approach
allows for the identification of latent talents and the cre-
ation of personalized development trajectories that best
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Fig. 2. Diagram of the relationships between classical and innovative concepts of adult education

meet both the individual characteristics of employees
and the strategic needs of the organization.

The proposed innovative concepts are closely related
to the classical fundamental concepts of continuing edu-
cation, as demonstrated by the scheme presented in Fig. 2.

This scheme reflects the relationships between clas-
sical and innovative concepts of adult education, where:

1) integrative digital andragogy combines elements of:

- lifelong learning (continuity of education);

- connectivism (networked learning in digital space);

- transformative learning (reflection and transfor-
mation through the “metacognitive core”);

- partly the 70:20:10 model (integration of formal,
non-formal and informal practices);

- partially adaptive learning (personalized develop-
ment trajectories);

2) workflow-integrated microadaptive learning is
based on:

- lifelong learning (continuity in the context of work);

- partly connectivism (connections between differ-
ent sources of knowledge);

- partially transformative learning (through “social-
reflexive circuits™);

- the 70:20:10 model (on-the-job training);

- adaptive learning (contextual provision of know-
ledge);

3) the ecosystem-based development of transversal
competencies is based on:

- lifelong learning (development of universal com-
petencies);

- connectivism (involving different stakeholders and
modalities);

- transformative learning (through interdisciplinary
initiatives);

- partially the 70:20:10 model (combination of dif-
ferent learning formats);

- partially adaptive learning (dynamic profiling of
competencies).

As can be seen from Fig. 2, innovative concepts are
also interconnected:

1. The relationship between integrative digital andra-
gogy and workflow-integrated microadaptive learning:

- complementary perspectives: integrative digital
andragogy creates a general framework and philosophy
for adult learning in a digital environment, while micro-
adaptive learning offers specific mechanisms for imple-
menting these principles directly into the work process;

- metacognitive practices: the metacognitive core of in-
tegrative andragogy provides the basic skills of self-reflec-
tion and conscious learning that are necessary for the ef-
fective use of adaptive microinterventions in the workflow;

- learning hubs and social-reflexive circuits: learning
hubs in integrative andragogy become physical and vir-
tual spaces where social-reflexive circuits of microadap-
tive learning are formed and function;

- supporting different types of learning: integrative
andragogy provides a deep understanding of learning
processes, and microadaptive learning ensures its opera-
tionalization in specific work contexts.

2. The relationship between workflow-integrated mi-
croadaptive learning and the ecosystem-based develop-
ment of transversal competencies:

- practical application of transversal competencies:
microadaptive learning provides specific mechanisms
for developing transversal competencies directly during
work tasks;

- contextualization of competencies: adaptive micro-
interventions help employees understand how abstract
transversal competencies apply in specific work situations;

- feedback for dynamic profiling: data obtained in
the process of microadaptive learning becomes a valu-
able source of information for dynamic profiling of
competencies;

- interdisciplinary application: social-reflexive cir-
cuits support the interdisciplinary dialogue necessary for
the development of complex transversal competencies.
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3. The relationship between the ecosystem-based de-
velopment of transversal competencies and integrative
digital andragogy:

- holistic vision of development: the ecosystem-
based development of transversal competencies deter-
mines the general directions of employee development,
while integrative andragogy provides the methodologi-
cal foundations for their implementation;

- involvement of various stakeholders: the ecosystem
approach expands the concept of learning hubs, involv-
ing not only internal but also external stakeholders;

- the connection of competencies with metacogni-
tion: the development of transversal competencies (in
particular, systems thinking, complex problem solving)
is closely related to the metacognitive practices of inte-
grative andragogy;

- personalization and universalization: integrative
andragogy offers personalized learning trajectories that,
in the context of an ecosystem approach, are aimed at
developing universal transversal competencies, creating a
productive balance between the unique and the general.

These relationships form an integrated system, where
each concept reinforces and complements the others,
creating a holistic approach to adult education in the
digital age that simultaneously takes into account indi-
vidual employee needs, organizational requirements,
and global trends.

It should be noted that, depending on the depth of
transformation, digitalization can be carried out both on
alarge scale, i.e. of the entire enterprise, and on a partial
one — of its individual business processes. Digitization
of the enterprise’s activities at any level (large-scale or
partial) forms a flexible, adaptive, sustainable, custom-
er-oriented and competitive company that provides
higher quality services using modern business applica-
tions, increasing the client base, expanding the nomen-
clature and assortment range and scale of activity. Fi-
los E. — an expert in the coordination of ICT projects
within the Seventh EU Framework Programme for Sci-
entific and Technical Cooperation, classifies modern
“smart enterprises” into three main categories depend-
ing on the direction of digital transformations: Digital,
Smart and Virtual. Each of these forms is distinguished
by specific features that are implemented through the
implementation of appropriate software aimed at solv-
ing certain tasks and achieving set business goals [3].

A study of the professional literature [3, 22] helped
to form the characteristic features of three main types:
digital, smart and virtual. After all, their difference lies
in the focus of digital changes and the level of integra-
tion of ICT into production and management processes.

Digital enterprises are primarily focused on the imple-
mentation of digital technologies at the early stages of
product development. At the stage of research and cre-
ation of new products, computer-aided design and mod-
eling tools are used, which allows you to build digital
prototypes, create “digital mockups” and “digital twins”.
This approach allows you to optimize development, re-
duce time to market, reduce costs and ensure product
individualization in accordance with customer require-
ments. The main technologies used in such enterprises
include CAD/CAM/CAE, product data management
systems (PDM), product lifecycle management plat-
forms (PLM) and numerically controlled machine tools.

In turn, smart enterprises are focused on mass produc-
tion while maintaining maximum adaptability and effi-
ciency in management. Such enterprises widely use auto-
mation and robotics, thanks to which processes can be
carried out without direct human participation. All pro-
duction elements are combined into a single digital net-
work via next-generation protocols (for example, 1Pv6),
which allows for flexible management. The main tech-
nologies here include automated technology manage-
ment systems, APS planning systems, MES systems, the
Industrial Internet of Things (I1oT') and big data analytics.

Virtual Enterprises are the next level of digital evolu-
tion, where an integrated network of organizations is
formed, including not only production units, but also
suppliers, logistics partners and customers. Such enter-
prises create and use virtual models for both internal
processes and for managing global supply chains. This
allows for effective coordination of the activities of all
production participants, optimize logistics, improve af-
ter-sales service and adapt to market changes. Among
the main systems used here are ERP, CRM and SCM
solutions, which provide end-to-end management of re-
sources, customer relationships and logistics chains.

It is important to realize that different types of “smart
enterprises” have their own specific characteristics, stra-
tegic goals and technological features, which determine
the feasibility and effectiveness of implementing certain
educational concepts to develop their intellectual poten-
tial. Understanding these relationships will allow enter-
prises to form optimal approaches to human capital de-
velopment in the context of digital transformation.

Before proceeding to the justification of the feasibil-
ity of implementing specific innovative concepts of con-
tinuous learning in different types of “smart enterpris-
es”, it is worth outlining a methodological approach to
analyzing this relationship. The basis for such an analy-
sis is the identification of key dimensions that determine
the compatibility of educational concepts with the char-
acteristics of different types of enterprises.

So, based on the above data, the following key di-
mensions can be identified for analysis:

1. Technological readiness of an enterprise is the
availability of appropriate technological infrastructure,
software, and the level of digitalization of processes,
which determines the possibility of implementing high-
tech educational solutions.

2. The scale and complexity of digital changes is the
depth of the transformation of the enterprise’s business
processes, which determines the requirements for em-
ployee flexibility and adaptability.

3. The focus of optimization is the direction of the
enterprise’s digital transformation (product develop-
ment, production, or supply chains), which determines
the priority areas of personnel development.

4. Organizational structure and culture — features of
interaction between departments and employees that in-
fluence the forms of organization of educational processes.

5. The level of automation and the role of humans
in business processes — the ratio of automated and hu-
man-performed processes that determines the focus of
educational initiatives.

Using these dimensions, we will analyze the feasibil-
ity of implementing various concepts of continuous
learning in digital, smart, and virtual enterprises.
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Digital enterprises are characterized by the develop-
ment of models using digital design and modeling tools,
the creation of “digital twins” and the release of custom-
ized products. Their activities are aimed at increasing the
efficiency of all stages of the product life cycle — from
research and development to the release of final products.
The main systems and technologies of such enterprises
are computer-aided design systems (CAD), product data
management systems (PDM) and application software
for product life cycle management (PLM). Therefore, for
digital enterprises, the most appropriate is to implement
the concept of integrative digital andragogy.

First, integrative digital andragogy involves a deep
integration of formal, non-formal and informal educa-
tional practices into a single personalized employee de-
velopment trajectory that corresponds to the nature of
digital enterprises, where research, design and engineer-
ing creativity play an important role. Employees of such
enterprises must constantly update their knowledge and
skills in the field of digital design, modeling and optimi-
zation, and this knowledge comes from a variety of
sources — both formal curricula and practical experi-
ence and independent learning.

Second, a key feature of integrative digital andragogy
is the introduction of a “metacognitive core” — a set of
educational practices aimed at developing employees’
ability to be aware of and manage their own cognitive
processes. This is especially important for specialists in-
volved in the development of new products and engi-
neering solutions, since their work requires a high level
of creativity, critical thinking and the ability to self-orga-
nize. The development of metacognitive skills helps en-
gineers and designers work more effectively with digital
models, critically evaluate the results of simulations and
find innovative solutions to complex technical problems.

Third, the concept of “learning hubs” — physical
and virtual spaces for intensive knowledge exchange —
fully meets the needs of digital enterprises in creating an
environment for collaborative learning, design and col-
laborative engineering problem-solving. Such hubs can
become a place for the intersection of different types of
knowledge — theoretical and practical, explicit and im-
plicit, disciplinary and interdisciplinary — which is criti-
cal for the development of innovative products and
technologies.

Practical implementation of integrative digital an-
dragogy in digital enterprises can include the creation of
internal digital platforms for knowledge sharing, the in-
tegration of educational modules directly into design
and modeling environments (CAD, PDM, PLM), as
well as the organization of collaborative spaces for joint
work on projects. An important element is also the im-
plementation of practices of reflective analysis of design
and development processes, which will help employees
to become aware of and improve their approaches to
solving engineering problems.

Implementing this concept in digital enterprises will
help create a culture of continuous learning and knowl-
edge sharing, increase employees’ ability to adapt in the
face of rapid technological development, and ensure
more effective use of digital design and modeling tools.

The concept of micro-adaptive learning in the
workflow is also highly relevant to digital enterprises,
although to a lesser extent than integrative digital an-

dragogy. Its relevance is determined by the following
factors:

- digital enterprises actively use complex software
systems, working with which requires constant updating
of skills and knowledge;

- “Adaptive microinterventions” — short educational
episodes activated at moments of cognitive challenge —
can be particularly useful when working with digital
models and simulations, when employees are faced with
new technical problems or atypical software usage sce-
narios;

- “Socio-reflexive circuits” — mechanisms for col-
lective reflection on work experience — contribute to
more effective collaboration between different special-
ists involved in the product design and development
process.

However, in digital enterprises, the implementation
of workflow-integrated microadaptive learning may face
certain limitations. In particular, design and develop-
ment processes often require deep focus and continuous
work on complex tasks, and in such cases, frequent edu-
cational interventions can disrupt the workflow. There-
fore, the implementation of this concept should be more
balanced and take into account the specifics of specific
workflows.

The concept of ecosystem-based development of
transversal competencies may also be appropriate for
digital enterprises, especially given the need to develop
such universal abilities as complex problem solving, sys-
tems thinking and interdisciplinary communication. Its
appropriateness is determined by the following factors:

- digital enterprises often work on complex engi-
neering projects that require an interdisciplinary ap-
proach and involve specialists from different industries.
In such conditions, transversal competencies become
critical for effective collaboration and coordination of
efforts of different teams and departments;

- an ecosystem approach that involves engaging di-
verse stakeholders in creating integrated educational
initiatives can help digital businesses equip their em-
ployees with the relevant knowledge and skills needed to
work at the forefront of technological development;

- “Dynamic competency profiling” — an approach
to assessing and developing skills that takes into account
not only the current level of mastery of certain compe-
tencies, but also the potential for their development —
can be particularly useful for identifying and developing
talented engineers and developers capable of generating
innovative ideas and solutions.

However, for digital enterprises focused primarily on
the technical aspects of product development, imple-
menting this concept may be a lower priority than im-
plementing integrative digital andragogy or microadap-
tive learning into the workflow.

Smart enterprises are characterized by a focus on
mass production of products while maintaining maxi-
mum production flexibility, a high level of automation
and robotization, and the ability to produce products
without human intervention. The main systems and
technologies of such enterprises are automated process
control systems, synchronous production planning
(APS), manufacturing process management systems
(MES), Industrial Internet of Things (IloT) and Big
Data analysis technologies. Therefore, for smart enter-
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prises, it is most appropriate to implement the concept
of micro-adaptive learning in the workflow.

The high level of automation and robotics in smart
factories is changing the role of humans in the pro-
duction process — workers are increasingly perform-
ing the functions of setting up, monitoring and mak-
ing decisions based on data, rather than directly per-
forming production operations. In such conditions,
the ability to quickly master new skills and knowledge
directly in the context of work situations becomes es-
pecially important, which is the essence of microad-
aptive learning.

“Adaptive microinterventions” — short educational
episodes activated at moments of cognitive challenge —
are ideal for smart enterprise environments, where
workers may encounter new situations and challenges
while managing automated systems. Such interventions
can provide contextually relevant knowledge and in-
struction at the exact moment they are needed.

“Social-reflexive circuits” — mechanisms for collec-
tive reflection on work experience — can be particularly
useful for developing and improving management pro-
cesses in highly automated production. They allow work-
ers to share experiences in solving non-standard situa-
tions, form shared mental models, and develop practices
for proactive management of production processes.

Practical implementation of micro-adaptive learning
in smart factories can include integrating educational
modules into manufacturing execution systems (MES),
using augmented reality to provide contextual instruc-
tions and information, and creating digital platforms for
sharing experiences and best practices between opera-
tors of automated systems. Implementing this concept
in smart factories will increase the adaptability of em-
ployees to new technologies and production processes,
ensure more efficient use of automated systems, and re-
duce risks associated with the human factor.

The concept of ecosystem-based development of
transversal competencies is also highly relevant for smart
enterprises, although to a lesser extent than micro-adap-
tive learning in the workflow. Its feasibility is determined
by the following factors:

1. Smart enterprises operate in an environment of
constant technological change and innovation, which
requires employees to develop such transversal compe-
tencies as adaptability, systems thinking, and the ability
to continuous learning.

2. An ecosystem approach involving diverse stake-
holders in creating integrated educational initiatives can
help smart businesses equip their employees with rele-
vant knowledge and skills in automation, robotics, and
data analytics.

3. “Dynamic competency profiling” can be partic-
ularly useful for identifying and developing employees
who can effectively manage complex automated systems
and make decisions based on big data analysis.

Transversal competencies such as understanding the
interrelationships between different technological sys-
tems, the ability to interpret data and make decisions
under uncertainty, and the skills to communicate effec-
tively across functional units can be of particular value
for smart enterprises. An ecosystem approach to devel-
oping these competencies can provide a more compre-
hensive and systematic development of personnel.

The implementation of the concept of integrative
digital andragogy in smart enterprises is less of a priority
than the implementation of workflow-integrated micro-
adaptive learning or the ecosystem-based development
of transversal competencies, but still has some potential,
especially in the context of training specific groups of
employees:

- integrative digital andragogy, with its focus on per-
sonalized learning trajectories and the development of
metacognitive skills, can be useful for engineers and
technicians responsible for the design, implementation,
and optimization of automated production systems. For
these categories of workers, it is important to develop
the ability to think systems, critical analysis, and cre-
ative problem solving, which are key elements of the
“metacognitive core”;

- the concept of “learning hubs” can be adapted to
create an environment for sharing knowledge and expe-
rience between different functional units of a smart en-
terprise, which will contribute to more effective coordi-
nation and integration of automated processes.

However, for most operators and technicians in-
volved in the direct management of automated systems,
it is more appropriate to use workflow-integrated micro-
adaptive learning, which provides more targeted and
contextually relevant support in the process of perform-
ing work tasks.

Virtual enterprises are a network of digital and
“smart” enterprises, which also includes suppliers of ma-
terials, components and services. They allow developing
and using a virtual model of all organizational, techno-
logical, logistical and other processes that take place not
only at the enterprise, but at the level of distributed pro-
duction assets and global supply chains. The main sys-
tems and technologies of such enterprises are enterprise
resource planning systems (ERP), customer relationship
management systems (CRM) and supply chain manage-
ment (SCM). Therefore, for virtual enterprises, the most
appropriate is to implement the concept of ecosystem-
based development of transversal competencies.

Virtual enterprises function as complex network
structures that unite different participants in the pro-
duction and logistics chain — from raw material suppli-
ers to after-sales service of end users. In such conditions,
transversal competencies become especially important,
allowing for effective interaction in distributed and het-
erogeneous teams, understanding the relationships be-
tween different elements of the system and making deci-
sions taking into account the global context.

The ecosystem approach, which involves the in-
volvement of various stakeholders in the creation of in-
tegrated educational initiatives, fully corresponds to the
networked nature of virtual enterprises. It allows for the
creation of educational programs and initiatives that
take into account the needs and perspectives of all par-
ticipants in the production and logistics chain.

“Dynamic competency profiling” is particularly
valuable for virtual enterprises, as it allows for the iden-
tification and development of employees who are able to
function effectively in network structures and coordi-
nate the actions of different participants in the produc-
tion and logistics chain.

Practical implementation of ecosystem-based devel-
opment of transversal competencies in virtual enterpris-
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es may include the creation of inter-organizational edu-
cational platforms, joint training programs for employ-
ees of different companies participating in a virtual en-
terprise, as well as the organization of interdisciplinary
projects and initiatives aimed at developing cooperation
and coordination skills.

The implementation of this concept in virtual enter-
prises will increase the ability of employees to interact
effectively in network structures, ensure more effective
coordination of actions of various participants in the
production and logistics chain, and contribute to the
formation of a common understanding of strategic goals
and objectives.

The concept of integrative digital andragogy is also
relevant for virtual enterprises, although to a lesser ex-
tent than the ecosystem-based development of transver-
sal competencies. Its feasibility is determined by the fol-
lowing factors:

- virtual enterprises operate in a complex informa-
tion environment where employees must constantly
process and integrate information from different sources
and systems (ERP, CRM, SCM). In such conditions,
the development of metacognitive skills is especially im-
portant, which is a key element of integrative digital an-
dragogy;

- the concept of “learning hubs” — physical and vir-
tual spaces for intensive knowledge exchange — can be
adapted to create an environment for sharing knowledge
and experience between different participants in a virtual
enterprise, which is especially important in the context
of geographically distributed teams and organizations;

- integrative digital andragogy, with its focus on inte-
grating formal, non-formal, and informal educational
practices, can help employees of virtual enterprises ef-
fectively process large amounts of information and form
a holistic understanding of complex business processes.

Practical implementation of integrative digital an-
dragogy in virtual enterprises may include the creation
of inter-organizational digital platforms for knowledge
exchange, the implementation of practices of reflective
analysis of business processes, as well as the organiza-
tion of virtual learning hubs for collaboration and joint
training of employees of different organizations.

The concept of micro-adaptive learning in the work-
flow also has some potential for virtual enterprises, al-
though to a lesser extent than ecosystem-based develop-
ment of transversal competencies or integrative digital
andragogy. Its feasibility is determined by the following
factors:

- employees of virtual enterprises often interact
with complex information systems (ERP, CRM,
SCM), and microadaptive learning can help them ef-
fectively master new functions of these systems directly
in the process of work;

- “Adaptive microinterventions” can be useful to
support employees in the decision-making process
based on the analysis of data from various sources and
systems;

- “Social-reflexive circuits” can promote more ef-
fective collaboration between employees of different or-
ganizations involved in a virtual enterprise and the for-
mation of joint approaches to solving business problems.

However, for virtual enterprises, which function as
complex network structures with numerous participants
and processes, the development of a systemic under-
standing of interrelationships and transversal competen-
cies is more of a priority than spot-on learning in the
context of individual work situations. Therefore, micro-
adaptive learning may only be appropriate as a comple-
ment to a more systemic approach, such as ecosystem-
based development of transversal competencies.

Schematically, the relationships between the three
types of “smart enterprises” and the three innovative
learning concepts are shown in Fig. 3.

It is important to note that in the real practice of
digital transformation of enterprises, hybridization of
types of “smart enterprises” is often observed. An enter-
prise can simultaneously exhibit characteristics of digi-
tal, smart and virtual types in its various divisions or
processes. In such cases, an integrated approach to the
implementation of continuous learning concepts is ap-
propriate, taking into account the specifics of different
functional areas and categories of personnel.

For example, a company may have a digital engi-
neering department, smart manufacturing, and virtual
partner networks. Such hybridization of the enterprise

Innovative adult learning concepts

Integrative digital
andragogy

Workflow-integrated
microadaptive learning

Ecosystem-based development of
transversal competencies

Digital enterprises Smart enterprises Virtual enterprises
(CAD, PDM, PLM) (APS, MES, IIoT, Big Data) (ERP, CRM, SCM)
Types of “smart enterprises”
== the most appropriate concept; secondary concept; — — additional concept

Fig. 3. Diagram of the relationships between types of “smart enterprises” and innovative training concepts
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dictates the need for a combined approach to imple-
menting innovative educational concepts. In particular:

- adigital engineering department can use digital an-
dragogy to develop competencies in 3D modeling and
digital twins;

- smart manufacturing requires micro-adaptive
learning, which allows workers to quickly master new
automated technologies.

Virtual interaction with partners requires the devel-
opment of transversal competencies that ensure effec-
tive management of international projects.

Such functional differentiation of educational con-
cepts will allow for flexible adaptation of the learning
process to the technological, organizational and indi-
vidual needs of each unit, which will significantly in-
crease the effectiveness of digital transformation and the
development of intellectual capital. Thus, the integra-
tion of educational strategies with business models of
“smart enterprises” is the key to the success of compa-
nies in their future activities.

The proposed innovative concepts of continuous
education and the developed recommendations for their
application by various types of modern smart enterprises
create a theoretical and methodological basis for the
formation of flexible, adaptive systems for the develop-
ment of their personnel, capable of effectively function-
ing in strategic knowledge management systems of the
digital era. Their implementation will allow smart enter-
prises not only to increase the level of professional com-
petencies of their employees, but also to form a sustain-
able culture of continuous learning, necessary for suc-
cessful adaptation to intensive technological and social
changes.

Conclusions. In the current conditions of digital
transformation of enterprises, the problem of proactive
knowledge management and dynamic updating of em-
ployee competencies is of particular relevance. Within
the framework of the conducted research, a scientifi-
cally based concept of knowledge management has been
developed, which is based on the principles of forecast-
ing, decentralization, personalization and integration of
educational practices into production processes. The
scientific novelty of the obtained results lies in the devel-
opment and theoretical substantiation of innovative ap-
proaches to continuous training of employees in the
conditions of digital transformation of enterprise activi-
ties. Three promising innovative concepts have been
proposed: integrative digital andragogy, workflow-inte-
grated microadaptive learning and ecosystem-based de-
velopment of transversal competencies. These concepts
are consistent with classical theories of adult learning,
such as “lifelong learning”, the theory of connectivism,
the 70:20:10 model, the concept of transformative learn-
ing and the concept of adaptive learning.

The practical significance of the results obtained lies
in the possibility of their use by enterprises of different
levels of digital maturity. The proposed educational
models are adapted to different types of “smart enter-
prises”: digital, intelligent and virtual ones. Integrative
digital andragogy contributes to the development of en-
gineering and research personnel of digital enterprises,
microadaptive learning allows for rapid updating of
knowledge of employees of smart enterprises, and the
ecosystem-based development of transversal competen-

cies ensures effective interaction of participants of vir-
tual enterprises.

The results of the study highlight the importance of
adapting educational strategies to technological chang-
es. The implementation of digital platforms, cognitive
artificial intelligence, blockchain ecosystems and neural
network learning platforms can significantly increase
the efficiency of knowledge management and employee
competencies. This, in turn, contributes to the growth of
the competitiveness of enterprises in the digital era.

Prospects for further research include expanding the
empirical base for assessing the effectiveness of the pro-
posed concepts, developing flexible adaptive education-
al technologies based on artificial intelligence, and de-
veloping a methodology for dynamic assessment of
competencies in digital ecosystems. Additional attention
is required to study the impact of digital transformation
on changing behavior patterns and decision-making by
employees, which will allow improving human capital
management strategies in the context of technological
change.
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«JIbBiBCbKa MOJIITEXHiKa»,

Meta. Po3pobka HayKoOBO-OOIPDYHTOBaHMX KOH-
LIETIil pO3BUTKY KOMIIETEHLI MepcoHany Mianpu-
€MCTB B yMOBax LIM(bpoBoi TpaHcdopMallii.

Metomuka. JIoCTimKeHHSI IPYHTYETbCS Ha KOMII-
JIEKCHOMY MiXXIUCHUTUTIHAPHOMY MiAXOMi, 110 BKJIIO-
yae aHaJli3 HayKOBUX JKepes, METOAU MPOTHO3HOIO
aHaJli3y, CIIEHapHOTO MOJC/IIOBaHHSI if KOMIIapaTUBHO-
ro asamizy. 3acTocoBaHa METOIOJIOTiSI CUCTEMHOTO
aHaJTi3y UIsl BUBHAUCHHST B3aEMO3B’SI3KiB MixX TEXHO-
JIOTIYHUMM 3MiHaMU ¥ TIoTpebaMu opraHisauiii y 3Ha-

HHSIX 1 KOMITeTeH1isIX. BukopucraHo KOHTeHT-aHai3
HayKOBOI JIiTepaTypH Ta MpakKTUK LHU(PPOBOro HaBUaH-
HSl, 110 JO3BOJIMIIO CDOPMYBATH CTPYKTYpPOBaHi MigX0-
M 10 opraHizauii 0e3mepepBHOIO PO3BUTKY KOMIIE-
TEeHLI y TMPOBUX OopraHizallisx.

Pe3ymbrat. OOTrpyHTOBaHA KOHIICIIISI PO3BUTKY
KOMIIETEHIIi}l MpaliBHUKIB Yyepe3 NMpu3My iHHOBALIili-
HUX MiIXoiB, 1o mpoaukroBaHi OciTolo 4.0, gxa 6a-
3YETHCS Ha TaKUX KIFOUOBUX IPUHIIUIIAX: IIPOTHO3Y-
BaHHSI MOTpe® y 3HAHHSX i KOMIIETEHILisIX, YIMpoBa-
JIDKeHHST TMMPOBUX ABIMHUKIB 3HaHb, CTBOPEHHS Ca-
MOHAaBYaJIbHUX €KOCHUCTeM Ta iHTerpawisi IITYy4HOTO
IHTEJIEKTY Y MpOoLEeCcH yrpaBiHHs 3HaHHSIMU. Po3po-
OJieHi TpU iHHOBAILIIliHiI KOHIIEII1Iii 6e3mepepBHOTO Ha-
BUAHHS: iHTerpaTMBHa LKM(bpPOBa aHIparorika, Mikpoa-
JanTHBHE HAaBYaHHS B poOOYOMY IMOTOLI Ta €KOCHC-
TeMHe (hOpMYBaHHSI TpaHCBEpCAJIbHUX KOMITETEHIIIN.
HoBeneHo, 1110 iX 3aCTOCYBaHHSI T03BOJISIE alaNTyBaTH -
¢ 10 BUMOT IMMPOBOiI TpaHCc(opMallii, po3BUBaIOYN
IHTeJIeKTyaJIbHUI MOTEHLIia MiAIIPUEMCTB uepes Tep-
COHaJIi30BaHi ¥ aIaNTUBHI OCBITHI CTpaTerii.

HaykoBa HoBu3HA. P0o3po0JieHHI TEOPETUKO-METO-
JTOJIOTiYHI OCHOBU PO3BUTKY KOMIETEHLIN y nudpo-
BMX OpraHi3alisix, 10 BpaXOBYIOTbh IMHAMIUHY aKTya-
JIi3allito HOBUX KOMIIETEHLIii Ta iHTerpallito iHTeJIeKTy-
aJIbHUX TeXHOJIOTi. 3arnpornoHoBaHi HOBI MiAXOAU A0
oprasisailii 6e3rnepepBHOTO HaBUYaHHS, 1110 0a3ylOThCS
Ha LMOPOBi aHAparoriui, afanTUBHOMY MiKpOHaB-
YaHHIO 1 KOTHITUBHOMY TpOQiIOBAaHHIO KOMIIETEeH-
1iit. 3amponoHoBaHa MoJeNlb MiKpOaJanTUBHOTO Ha-
BUAHHY, IO [O3BOJISIE 3OIMCHIOBATU OIEpaTUBHE
OHOBIICHHS 3HaHb Y BiITOBiIb Ha I POBY TpaHCHOP-
Mauito minnpuemcrsa. Kpim toro, mociimkeHHsT po3-
IIAPIOE KOHIICIIIII0 pO3BUTKY KOMIIETCHIIIIf B yMOBax
OcBitu 4.0 4yepe3 BUKOPUCTAHHS IITYYHOTO iHTEJIEKTY
taBig DataynporHo3yBaHHi3aTpeOyBaHUX 3HAHbi KOM-
MeTeHLii MpalliBHUKIB.

IIpakTyna 3HaummicTb. [lpakThuHe 3HAYEHHS
OTPUMAHUX PE3YJIbTaTiB MOJISITA€ Y MOXKJIMBOCTI iX 3a-
CTOCYBaHHS MiAMPUEMCTBAMU Pi3HUX PiBHIB LIU(POBOI
3piNocTi M1t po30yoOoBM CTpaTeriii ympaBiiHHSI 3Ha-
HHSIMU, 1110 BinmoBimatuMyTh BumMoraM OcBitu 4.0. 3a-
MPOMOHOBAHI KOHLIEMIii MOXYTb OYTU BUKOPUCTAHI
IJIST CTBOPEHHST KOPIIOPAaTUBHMX HaBYaJIbHMX ILIAT-
¢dopm,iHTerpauiiaganTMBHUXHABYAJIbHUXMOIYJIiBY BU-
poOHUYI MpolecH, a TaKoX s (GOPMYBaHHSI TepCo-
HaJTi30BaHUX OCBITHIX TPAEKTOPiil CIIiIBPOOITHUKIB.

Kmiouosi caoBa: Ocsima 4.0, mikpoadanmuene Ha-
84aHHA, UUPposa anopaocika, GopmyeanHs mpaHceep-
CANbHUX KOMNnemeHyitl
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