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Abstract.

Relevance. The rapid digitalization of the educational environment is significantly changing the structure of cognitive
activity, information processing mechanisms, and approaches to competence development. In the digital economy, there is
a growing need for a theoretical rethinking of how digital technologies affect the structure of thinking, cognitive strategies,
and the professional development of students. This necessitates a comprehensive study of the evolution of cognitive models
and their role in the modernization of the higher education system. The aim of the research is to analyze the evolution of
cognitive learning models in the digital educational environment and to identify the key structural characteristics of their
transformation.

Results. It has been substantiated that cognitive processes in the digital environment function as a multilevel system
that combines various areas of cognitive engagement, including organized learning, self-education, professional activity,
recreational practices, and other types of intellectual interaction. The cone model presented demonstrates the sectoral
structure of cognitive activity and reflects the gradual complication of its content in connection with the development of
competencies, including digital professional skills. Six levels of cognitive processes (initial, general-scientific, professional,
research, integrative, innovative-analytical) and six levels of cognitive activity organization (basic, structural-informational,
professional-functional, research-analytical, project-integrative, strategic) have been identified.

Conclusions. The proposed models make it possible to optimize the structure of the educational process, align cognitive
development levels with expected learning outcomes, and provide a foundation for the development of innovative approaches
to training specialists for the digital economy.
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EBosionisi KOTHITUBHUX MOJIeJieil HABYAHHA B IU(PpPoBOMY
OCBITHBOMY CepeI0BHUILi

booOpo Harauist
€sponeiicokuii ynieepcumem (Kuis, Yxkpaina; Banvyenxaysen, Ilseiiyapisn)

AHoTauis.

AkTyasbHicTh. CTpiMKa IH(POBI3aLis OCBITHBOIO CEPEJOBUILA CYTTEBO 3MIHIOE CTPYKTYPY Mi3HABaJIbHOI IiSUIBHOCTI,
MEXaHi3MH ONpaIfoBaHHs iH(popMamii Ta crnocodu (opMyBaHHS KOMIETCHTHOCTel. B ymoBax mudpoBoi exoHOMIKH
3pocTae TOTpeda y TEOPETHYHOMY IEPEOCMHUCIICHHI TOTO, K came IM(POBI TEXHOJOTIl BIUIMBAIOTH HAa CTPYKTYPY
MHCIJICHHS, KOTHITHBHI cTparerii Ta npodeciiiHuii po3BUTOK 3100yBadiB 0cBiTH. Lle 3yMOBII0O€ HEOOXIJHICTH KOMIUIEKCHOTO
JOCIIIIPKEHHs] €BOMIOLIT KOTHITUBHUX MOJeJel Ta iX poni y MoAepHizalii cucTeMu BUIIOI OCBiTU. MeTOI MOCILIKEHHS
€ aHaJli3 CBOJIOLII KOTHITHBHUAX MOJEJICH HaBYaHHS y HU(PPOBOMY OCBITHBOMY CCPCAOBHINI Ta BH3HAYCHHS KIFOUOBHX
CTPYKTYPHHX XapaKTEPUCTHK IX TpaHchopmarii.

Pe3yabrarun. O6rpyHTOBaHO, 110 KOTHITHBHI Ipouecu y NU(POBOMY cepenoBUIli (YHKIIOHYIOTh SIK OararopiBHEBa
cucTema, sika TOEIHY€e Pi3Hi cdepu Mi3HABAJILHOI aKTUBHOCTI — OpraHi3oBaHE HaBYaHHS, CaMOOCBITY, MpodeciiiHy
JUSUTBHICTB, pEKpealliiiHi MPaKTUKHU Ta iHIII BUJIM IHTEIEKTyanbHOI B3aemoii. [IpecTaBieHa KOHyCHA MOJICIb IEMOHCTPYE
CEKTOpaJIbHY Oyl0BY KOTHITHBHOI IisSUIBHOCTI Ta BiloOpa)ae MOCTYNOBE yCKIaJHEHHS i1 3MICTYy y 3B’s13Ky 3 (DOPMYyBaHHAM
KOMIIETEHTHOCTEH, BKIIFOYHO 3 IIU(YPOBUMHE MPOPECITHUMU YMIHHAMHU. BHOKpEMIIEHO IIiCTh PiBHIB KOTHITHBHHX IPOLIECIB
(TouaTkoBMH, 3arallbHOHAYKOBHM, MPOQECIHHNHN, AOCTITHUIILKUN, IHTErPaTUBHUM, IHHOBALlIHHO-aHATITUYHUHN) Ta IIICTh
piBHIB oOprasizaiii KOTHITMBHOI AisibHOCTI (0a30Buil, CTPyKTypHO-iHboOpMauiliHuil, npodeciiino-QpyHKIiOHATBHUI,
JIOCTITHUIBKO-aHAIII THYHHIA, TIPOEKTHO-IHTETpaLliHHIMA, CTpATETiYHUN ).

BucHoBKH. 3arrponoHOBaHiI MOJIEI JAFOTh MOKJIMBICTh ONITUMI3YBaTh CTPYKTYPY OCBITHBOTO MPOIIECY, Y3TOAUTH PiBHI
KOTHITUBHOTO PO3BHUTKY 3 O4iKyBAaHHMH PE3yJIbTaTAMH HaBYaHHS Ta 3a0e3MeYUTH i AIPyHTS U1 GOPMYBaHHS IHHOBALITHUX
MiAXO/IB y MiATOTOBIN (axiBiiB 1ist [U(GPOBOT EKOHOMIKH.

KurouoBi cioBa: KOTHITHBHI Tpoliecd, HU(QPOBE OCBITHE cepeoBHUIlE, IM(POBI KOMIETEHTHOCTI, HUPPOBHIA
YHIBEpCHUTET, U POoBi3aLlis
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Introduction.

The rapid digitalization of the educational space
is transforming established approaches to organizing
learning and significantly influencing the nature of
cognitive processes. Digital technologies expand access
to information, change the ways it is processed, and create
new formats for interaction between participants in the
educational process. In these conditions, higher education
institutions need to update their theoretical models of
learning and adapt them to the multidimensional digital
reality, which shapes a different pace, structure, and
dynamics of cognitive activity.

Parallel to technological changes, there is a
rethinking of the competence-based approach. The digital
environment requires a high level of self-regulation,
information literacy, critical thinking, and the ability to
integrate knowledge from different fields. This reinforces
the importance of studying the evolution of cognitive
models, as they reflect the mechanisms of forming these
skills and allow us to determine which educational
strategies are most productive in the context of digital
interaction.

Understanding changes in cognitive processes is
essential for the formation of a modern digital university
that combines research potential, teaching practices,
and digital tools into a single system. Analysis of the
evolutionary features of cognitive models makes it
possible to identify patterns in the development of
students’ thinking and to form well-founded approaches
to the modernization of educational programs.

Relevance. The issue of the evolution of cognitive
models in the digital educational environment is
determined by the growing role of digital technologies
in the formation and structuring of cognitive processes.
Modern technological platforms create new forms of
educational activity that affect not only the acquisition
of knowledge but also the development of professional
competencies, which requires scientific analysis of the
patterns of these changes.

In addition, the development of the digital economy
necessitates an update to the competence-based approach,
as traditional models of training specialists no longer
fully reflect the requirements for working with large data
sets, algorithmic thinking, and innovative technologies.
This emphasizes the importance of research that allows
us to understand how cognitive models are transformed
under the influence of digitalization and what conditions
ensure their effective functioning in the educational
environment.

The aim of the research is to analyze the evolution
of cognitive learning models in the digital educational
environment, identify changes in the structure of cognitive
processes under the influence of digital technologies,
and substantiate the conceptual foundations for the
development of competencies in a digital university.

Analysis of previous publications. Although
contemporary research on the digital transformation

88

of learning and cognitive processes in the digital
environment forms an important scientific foundation, a
number of theoretical and methodological gaps remain
in this area. In particular, the works of S. Balaskas et al.
(2025) and F. Hariyanti, I. Budayasa, R. Setianingsih
(2025) reveal in detail the psychological mechanisms
of digital learning and the role of artificial intelligence
in cognitive development, but they focus mainly on
individual aspects of cognition-motivation, cognitive
load, or statistical literacy. They do not cover the entire
“cognitive architectonics” of the learning process,
limiting their analysis to applied fragments without a
systematic consideration of the evolution of cognitive
models as a whole.

From a methodological point of view, a significant
proportion of studies remain dependent on cross-
sectional designs, self-reports, and relatively small
samples (Kortemeyer, Dittmann-Domenichini & Merki,
2025; Kovalska & Starkov, 2025). This makes it difficult
to draw general conclusions about how the digital
environment transforms cognitive processes in different
educational contexts. An additional limitation is the
uneven coverage of educational sectors: for example,
school students’ digital competence has been studied
in much greater depth (Lytvynova et al., 2025) than the
evolution of cognitive models among university students
or adult learners, even though the need for such data
is growing in line with the development of the digital
economy.

From a theoretical point of view, existing models
often focus only on individual components of competence
— digital literacy, media literacy, professional skills, or
behavioral aspects of interaction with digital systems
(Bobro, 2024; Krap, Bataiev, Bobro et al., 2024). At the
same time, integrative mechanisms for the development
of cognitive processes in the digital environment remain
overlooked, in particular the interaction between levels
of cognitive organization (from basic to innovative-
analytical), the dynamics of competence development,
and the role of the digital professional environment in
their actualization (Ren, Guo & Li, 2025). There is also
a lack of research that combines cognitive models with a
multi-level structure of digital competencies, rather than
just describing individual components.

In addition, most studies focus on the risks or
individual challenges of digitalization, while issues such
as effective cognitive strategies, adaptation mechanisms,
the role of digital self-regulation, and integrative models
of thinking development in the digital educational
environment have not been sufficiently addressed.
Thus, there is a need for a comprehensive study of the
evolution of cognitive models that would cover the
systemic dynamics of cognitive processes, competence-
based architectonics, and institutional conditions for the
formation of a digital educational space.

Research results.

Cognitive processes not only determine the basis of
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social development, but they also outline the formation
of a person as an individual and contribute to the
development of their professional identity. In the system
of higher professional education, these processes acquire
a particular significance, as the search for innovative
knowledge is combined with active interaction in digital
networks and the application of digital methods and
technologies. In this environment, cognitive processes
are implemented through scientific research in digital
networks, the organization of remote technological
practices, and the implementation of a set of educational
activities in the networked environment. Such forms of
work ensure the necessary level of knowledge acquisition
by students and are consistent with empirical observations
obtained in university studies after the pandemic period
(Kortemeyer, Dittmann-Domenichini & Merki, 2025).

The training of a specialist requires a balanced
proportion of different course cycles, including natural
sciences, humanities, general engineering, and specialized
courses, as well as the organization of the university’s
technological digital infrastructure. These requirements
reflect the structural dependence of cognitive processes
on the quality of digital infrastructure and educational
and methodological support. The organization of remote
methods of monitoring the professional training process
also remains important.

Competencies play a key role in this process. A
specialist’s competence is not static — it reflects the skills
and abilities to use modern methods and technologies
necessary for the development and implementation of
technological processes inrelevant areas of social practice.
Competence includes the ability to apply knowledge,
skills, practical experience, and demonstrate professional
and personal qualities. In scientific approaches,
competence is viewed as an integral characteristic of
an individual’s ability to perform activities in a specific
practical field, which is consistent with modern models
of digital and information competence (Lytvynova et al.,
2025).

The transition to the digital revolution highlights
the importance of developing competencies in the use
of digital technologies to find innovative ways of social
development. The connection between cognitive processes
and the organization of the educational process is revealed
through the model of cognitive process development and
the model of competencies used to assess them. These
models allow us to show the relationship between the
university’s research basis and the educational process in
a single digital space, as well as to identify opportunities
for managing these relationships. The model presented
(see Figure 1) is a cone divided into sectors, where each
sector reflects a type of cognitive activity: organized
learning, self-education, professional activity, sports,
family and household practices, spiritual sphere, etc.

The set of sectors determines the structure of an
individual’s cognitive activity and characterizes the level
of organization of their activity.
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Figure 1. Cone model of cognitive development.

In this interpretation, cognitive processes develop an
individual’s practical cognitive activity in various areas,
including professional, creative, family, recreational, and
other sectors. Each sector represents a separate sphere
within which an individual exercises their cognitive
engagement, applying various methods of perception,
comprehension, and use of information. This approach
is consistent with modern models of multidimensional
cognition, where cognition is viewed as a set of parallel
and interrelated trajectories (Bobro, 2024; Krap, Bataiev,
Bobro et al., 2024).

The inner circle of the model defines the basic level
of cognitive development — the foundation that provides
the opportunity for further expansion of cognitive
activity in various directions. This basic level covers
initial ideas, basic ways of processing information, and
primary cognitive strategies, which are subsequently
supplemented and complicated. The transition from the
inner segment to the outer levels of the model indicates
the gradual acquisition of a certain amount of knowledge
and skills, the content of which is determined by the
relevant competencies. The number and content of the
competencies developed can characterize the structure of
the individual and their cognitive potential.

This approach aligns with well-known competency
models, where a sequence of sectors has been identified:
personal, social, technical, organizational, and
administrative competencies. These models pay particular
attention to “boundary competencies” — those that arise
at the intersection of sectors and ensure the integration of
different types of activities (Piao, Xie & Managi, 2024).
The difference between the model presented in Figure
1 lies in the inclusion in this sequence a separate sector
of digital professional competencies that determine an
individual’s ability to work with digital environments,
tools, and technologies.
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The cognitive process differs not only in terms of
areas of activity but also in terms of its content — the
degree of mastery of a set of competencies, the ability
to apply digital methods, algorithms, and tools. In this
context, we talk about the levels of organization of the
digital cognitive process, which corresponds to current
research on digital literacy and digital self-sufficiency
(Ren, Guo & Li, 2025).

The levels of cognitive process organization in a
particular field can be represented as a graphical model,
shown in Figure 2 as segments of concentric circles.

Each segment defines a specific area of knowledge
related to a particular specialization. The outer segments
reflect areas in which knowledge is formed through the
use of digital tools that require additional skills and
advanced competencies. This modeling format allows
the content of educational activities to be aligned with
the levels of digital training of students, which is also
emphasized in modern approaches to digital pedagogy
(Lytvynova et al., 2025).

Figure 2. Levels of cognitive processes and levels of cognitive activity organization: 1-6
— levels of cognitive processes; A-F — levels of cognitive process organization.

Segments A, B, C, D, E, and F in the proposed
model correspond to the levels of cognitive processes
organization that determine the content and complexity of
cognitive activity. Level A is basic, level B is structural-
informational, level C is professional-functional, level
D is research-analytical, level E is project-integrative,
and level F is strategic. They determine the possibility
of developing relevant competencies using digital
technologies while implementing learning objectives.
In the model, these levels are presented as sequential
“platforms” of a cone, reflecting the transition from the
basic organization of cognitive activity to its integrative
and strategic forms (Bobro, 2024; Krap, Bataiev, Bobro
et al., 2024).

The goal-setting system operating in the digital
space serves as the basis for designing the content of the
academic discipline, selecting the means of monitoring its
mastery, and further optimizing the educational process.
The description of the educational goal determines the
final professional capabilities of the student, the logic of
cognitive activity development, and the achievable level
of learning. In other words, the goal includes the action,
the conditions for its implementation, and the criteria for
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its performance using digital and network tools (Piao,
Xie & Managi, 2024).

Cognitive processes in society are organized as a
system of continuous education, covering primary and
secondary schools, colleges, vocational and technical
education institutions, higher education institutions, and
universities. In the initial model, this is reflected in the
form of concentric circles, where primary education
forms area A, secondary education forms arca B,
vocational education forms area C, and the development
of research skills forms area D. In the cone model, these
spheres are correlated with cognitive process levels
1-6: 1 — initial, 2 — general-scientific, 3 — professional,
4 — research, 5 — integrative, 6 — innovative-analytical.
This representation allows us to link educational levels
with the evolution of cognitive complexity in the digital
environment (Ren, Guo & Li, 2025).

Cognitive characteristics of the individual change
in the process of cognitive activity, which is shown in
the model as a transition between levels 1-6, from initial
to innovative-analytical. At levels 3-4, professional and
research competencies are developed, while levels 5-6
are associated with the integration of previously acquired
knowledge and the ability to solve complex digital tasks.
This sequence corresponds to the idea of a gradual
increase in the complexity of learning content and the
growing role of digital tools in supporting cognitive
activity (Hariyanti, Budayasa & Setianingsih, 2025).

Each level of education — and, consequently,
the organization of cognitive processes in the digital
network space — is focused on developing a specific set
of competencies. These competencies determine both an
individual’s ability to participate in professional activities
in a network environment and their ability to manage
their own cognitive processes in a specific field using
digital technologies. In the model, these competencies
are represented as separate elements located along the
corresponding levels of cognitive processes and levels of
organization (Lytvynova et al., 2025).

The competencies developed during the learning
process at a higher education institution are aimed at
training professionally oriented specialists with research
skills. Their level of knowledge and skills determines
their competencies, which can be classified both by
type of cognitive work and by functional purpose
(Tymoshenko & Yahodzinskyi, 2024). Cognitive activity
can be classified into the following types:

— educational-cognitive competence characterizes
abilities and skills in the field of cognitive activity,
mastery of methods and technologies for acquiring and
processing knowledge;

— professional competence reflects the ability to act
successfully on the basis of knowledge, abilities, and
skills when solving professional tasks in accordance with
the standards of the relevant field of activity;

— nformation (digital) competence means the ability
to independently search for, analyze, select, process,
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and communicate the necessary scientific and technical
information.

In the graphic model presented in Figure 3,
professional competencies are divided according to their
functional purpose, in accordance with the specializations
represented in a particular professional field. In the
model, these specializations are represented as sectors
that delineate the segment of the main field of study. This
form of presentation demonstrates that the development
of competencies is not carried out in isolation, but through
the combination of content components that correspond
to different types of professional activities.

Professional environment of the individual
Cognitive process

Competencies

Areas i activif
ifi the innovation pro¢

-
2)
g
§,
i a
§ B g
& 3
¥ 0 )
o
/g 3
() —

Figure 3. Model of cognitive process organization in the university educational
environment.

The presented model reflects the structural interaction
between the cognitive process, the professional
environment of the individual, areas of educational
activity, and levels of training. The model is designed
in the form of sectors that demonstrate a sequential
transition from the student’s initial knowledge (Co)
to blocks of disciplines a, B, y, 8, which correspond to
different educational levels. Each upper sector indicates
the development of competencies and the deepening of
the content of educational activities in the innovation
process, which ensures the gradual complication and
professionalization of an individual’s cognitive activity
in a digital educational environment.

For example, to train specialists in the digital
economy, this competence structure requires mastering
knowledge in resource and production management,
logistics process organization, financial management,
human resource management, enterprise information
resource administration, and other related areas.
Each sector in the model represents a separate area of
professional activity and, at the same time, demonstrates
the interrelated nature of such knowledge, which meets
the modern requirements for interdisciplinarity in the
digital economy (Ren, Guo & Li, 2025).

Modern knowledge in a specialist’s various areas of
activity cannot be formed by studying only individual
disciplines without their interconnection. This necessitates
the division of educational material into levels of training
a, B, v, 8, which determines both the level of complexity
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and the focus of the educational process. This division
ensures the integrity of content mastery and allows
training to be structured in accordance with the gradual
complication of cognitive processes (Hariyanti, Budayasa
& Setianingsih, 2025).

In the context of education in the digital economy,
these levels form the following training blocks:

— o — basic level, which includes general theoretical
disciplines necessary for the formation of an initial
knowledge system;

— B — general organizational level, covering
disciplines aimed at understanding the structures and
processes of enterprises and organizations;

— v — professional level, which involves the study of
specialized disciplines and mastery of digital-economy
tools;

— & — special level, focused on in-depth professional
competencies and the application of digital technologies
in specific industry contexts.

The transition from level f to level y, and then to level
d, is accompanied by an increase in the number of digital
specialized disciplines in each sector of the educational
program. This reflects the growing complexity and
expansion of the set of competencies characteristic of the
corresponding level of professional specialization. At the
level §, the development of competencies is determined
by the university’s interaction with the digital professional
environment — enterprises, organizations, and platforms
that use modern digital technologies. The need for such
interaction is due to the constant dynamics of technical,
natural, and social factors that influence the updating of
the digital environment and the requirements for training
specialists (Bobro, 2024).

The final set of digital competencies at each level of
training determines the student’s established competence.
In this context, two key elements are distinguished:

— the area of competencies, which covers the set of
knowledge and skills characteristic of a certain level of
activity of an individual or organization;

— competency codes that reflect a predetermined
norm — a social requirement for a level of student
academic training. This approach correlates with the logic
of modern models for assessing digital and professional
skills, where competencies are structured according to
learning outcomes and expected professional functions
(Piao, Xie & Managi, 2024; Fink, 2016, p. 3).

In practical terms, particular attention should be
paid to the continuous updating of digital competencies,
which is becoming critically important at higher levels
of training. This is due to the introduction of new digital
technologies, methods, and tools that emerge as a result
of scientific research and innovation activities in the
professional environment (Krap, Bataiev, Bobro et al.,
2024).

The results of fundamental and applied research
in the professional sphere serve as the content and
technological basis for the development of innovative
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academic disciplines and programs aimed at updating the
structure of competencies at each level of training. Their
integration into the educational process improves its
quality, strengthens the connection between theoretical
knowledge and digital practices, and aligns the content
of training with the current requirements of the digital
economy.

Thus, the organization of cognitive processes in
the digital university environment is determined by the
need for innovative development of specialist training,
primarily through the formation and maintenance of
relevant digital competencies. The university’s digital
research infrastructure plays a key role in this process, as
it provides the foundation for the creation of educational
courses focused on the use and development of digital
and network technologies in professional activities
(Lytvynova et al., 2025).

The formation of a multi-level system of professional
competencies opens up the possibility of applying digital
methods of managing the educational process and
developing recommendations for the advancement of
digital cognitive processes and technologies within the
structure of higher education institutions.

Conclusions.

The study showed that cognitive processes are not
only the basis of social development, but also a key
mechanism for the formation of the individual and their
professional identity. In higher education, they mediate the
search for innovative knowledge, integrating traditional
forms of learning with work in digital networks, remote
practices, and network formats of scientific activity,
which corresponds to empirical observations regarding
the transformation of universities in the period of total
digitalization.

The proposed models of cognitive development and
organization of cognitive activity demonstrate that the
digital educational environment requires a multi-level
structuring of cognitive processes. The cone model of
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cognitive engagement sectors represents the connection
between different spheres of an individual’s activity
(organized learning, self-education, professional,
family and household, spiritual, etc.) and the level of
organization of their cognitive work. The designed model
of cognitive process levels (1-6) and cognitive activity
organization levels (A-F) allows us to interpret learning
as a sequential transition from initial forms of knowledge
management to integrative and innovative-analytical
modes of thinking directly related to digital tools.

In turn, analysis of the competency dimension of
cognitive models has shown that the digital transformation
of education shifts the focus from the acquisition of
fragmented knowledge to the formation of integrated sets
of competencies. Educational, cognitive, professional,
and informational (digital) competencies act as structural
“nodes” of the cognitive system, which ensure the ability
of students not only to act within the framework of given
professional standards, but also to effectively organize
their own cognitive activity in a digital environment. A
multi-level system of professional competencies, based
on blocks of basic, general organizational, professional,
and specialized training, makes it possible to link the
complexity of learning content with the transition to
higher levels of cognitive organization.

It has been established that the institutional
prerequisite for the sustainable development of
cognitive learning models is the university’s digital
research infrastructure. It ensures the ongoing updating
of course content, the integration of fundamental and
applied research findings into the learning process, and
the maintenance of graduates’ digital competencies
in the dynamic environment of the digital economy.
Therefore, the evolution of cognitive learning models
in the digital educational environment should be viewed
as a continuous process of aligning three components:
cognitive structures, competence-based architectonics,
and the university’s institutional digital foundation.
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