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THEORETICAL FOUNDATIONS FOR IMPLEMENTING MODERN MODELS OF
PROFESSIONAL TRAINING FOR FUTURE IT SPECIALISTS

R. V. Diadiushkin*

The article presents a systematic theoretical analysis, -classification, and comparative
characterization of contemporary global and national pedagogical models of professional training for
IT specialists, based on identifying vectors of their integration and digitalization amid the growing
quadlification gap. The study of these models is critically important for ensuring that graduates’
professional training aligns with current industry requirements.

A multi-level classification of IT training models is substantiated, highlighting the paradigmatic
foundations of competency-based learning, the operational effectiveness of project-based learning,
and the TPACK framework. The organizational-integrative model of Work-Integrated Learning
(WIL)/ Dual Education is analyzed in the context of addressing Ukraine’s workforce needs. It is
demonstrated that the optimal pathway for professional training is the transition to the hybrid Agile
CBE (Agile Competency-Based Education) model, which combines the flexibility of iterative
methodologies with a strong focus on skill mastery.

A structured classification of models based on paradigmatic, operational, and integrative
approaches is provided. The necessity of integrating Agile principles into a Competency-Based
Learning environment for the effective development of transversal (soft) skills is substantiated. For the
first time, the role of universal IT toolsets as a key platform for the successful implementation of dual
education within Ukraine’s vocational education system is examined in detail.

The results may be used by higher education institutions to enhance curricula, develop synergistic
educational programs aligned with the needs of the IT industry, and implement standardized,
transparent mechanisms for assessing competencies.

Keywords: competency-based approach, dual education, project-based learning, TPACK, agile
pedagogy, qualification gap, digital competencies.
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YMO8AX 3pOCMAIOU020 KEANIPIKAUIIH020 po3pusy. BuguerHs yux moodeneil € KpUmMuUHO 8AIKAUBUM
onst 3abesneueHHsi 8i0NoGIOHOCMI NpogpeciliHoi nid20mosKU BUNYCKHUKI8 CYUACHUM BUMO2aM
iHOycmpii.

Ob6tpyHmosarHo 6azamopigHegy Kaacugikayito mooeneii nideomosku IT-¢paxisuis, eudineHo
napaouzmantbHi OCHOBU KOMNEMEeHMHICHO-OPIEHMOBAH020 HABUAHHSL, ONepauyiliHy edexmueHicmb
NPOEKMHO-OpIEHMO8AH020 HasuaHHsi ma gpeiimgopky TPACK. IIpoaHanizo8GHO Op2aHI3aAUiliHO-
inmezpauitiny mooenv Work-Integrated Learning (WIL)//AyanvHoi oceimu 8 KoHmMeKkcmi noOOSAAHHS
Kaoposux nompeb Ykpainu. [loged0eHo, W0 ONMUMANLHUM UWLISIXOM NpogpeciliHoi nidzomosKku €
nepexio 0o 2ibpudroi modeni Agile CBE (Agile Competency-Based Education), ska noeoHye eHyuKicmob
imepamugHUX Memo0oJi02ill 3 AKYeHMoM HA Habymms malicmepHoCmi.

Cucmemamuszogaro Kaacugikayito moodeseii HA OCHO8L NAPAOULMANIBLHUX, ONEepauiiiHuUx ma
iHmeepayitiHux  nioxodig.  Ob6IpyHmosarHo  HeobxiOHicme  iHmezpauii Agile-npunHyunia Yy
KomnemeHnmHicHO-opieHmosaHe cepedoguiye O0ssi epeKmusHo20 po38UMKY MPAHCEEPCalbHUX
Haguuok (Soft Skills). Bnepuwe demanibHO NPOAHANIZ3080HO POSb YHigepcanibHozo IT-iHcmpymeHmapito
S KH0U0801 niamgopmu 0151 YCNiuHo20 8Npo8adrKeHHst 0YanibHOL oceimu 8 YKpaiHcobKill cucmemi
npogpecitiHoi oceimu.

Pesynomamu moxxyms 6ymu UKOPUCMAHI 3aKAA0AMU SUWOI oceimu Ot NOKPAULEHHS
HABUANILHUX NJLAHIB, PO3POOKU CUHEePeeMUUHUX HABUAIbHUX NPo2pam, KL gionogioaroms gumozam IT-
iHOYycmpii, ma enpo8adIKeHHsL CMAHOAPMUI08AHUX, NPO3OPUX MEXAHIZMIB OUIHIOBAHHSL KOMNEMEeHUYT.

Knrouoei cnoea: komnemeHmuicHUl nioxid, 0yanbHa 0ceima, NPOEKMHO-OPIEHMOBAHE HABUAHHS
TPACK, agile-nedazozixa, KeanigpikayiliHuii po3pus, Uugposi KomnemeHmHocmi.

Introduction of the issue. The rapid traditional model and the needs of the IT
development of information technologies industry, where flexible and iterative
and global digitalization require the (Agile) methodologies dominate.
higher education system to radically Therefore, updating the content of
transform its approaches to the curricula should be accompanied by
professional training of future IT changes in pedagogical models and
specialists. In conditions where mechanisms for integrating education
technological stacks are changing at a with production.
speed that significantly exceeds the rate Current state of the issue. The
of updating curricula, it is critically problem of professional training of future
important to ensure that graduates IT specialists is examined in scholarly
develop not only relevant technical works within both Ukrainian and
knowledge (Hard Skills), but also high international research domains. At the
adaptability and skills that allow them to general theoretical level, issues of
work  effectively in a  dynamic professional and pedagogical training in
environment. These transversal skills the context of digitalization have been
(Soft Skills), including critical thinking, analyzed by M. Chernenko,
teamwork, communication and creativity, Ya. Honcharenko, A. Prokopenko,
are recognized by the industry as equally S. Semerikov, V. Shcherbak, K. Striuk,
valuable, and sometimes more important, T. Vakaliuk, among others.
than purely technical ones. Foreign studies pay considerable

The Ukrainian higher education attention to practice-oriented learning
system, guided by global trends of models such as Project-Based Learning
globalization and continuity of education, (PjBL), Problem-Based Learning (PBL),
faces an acute problem of the Competency-Based Education (CBE), as
qualification gap (Qualification Gap). well as the need to develop soft skills in
Labor market studies show that despite technical fields (S. Gharbavi, S. Shishov,
the availability of specialists with higher O. Yalcinkaya, M. Zarour, etc.).
education, they often do not meet the Conceptual aspects of dual education and
current requirements of employers, which the qualification gap in the Ukrainian
leads to a shortage of qualified personnel context have been analyzed by
[6: 71-72]. This situation emphasizes the V. Ostapchuk, H. Sliusarenko, and
structural mismatch  between the L. Strashynska.

educational outcomes provided by the
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Thus, the research  landscape
demonstrates a wide range of models —
from competency-based and technological
to integrative — yet lacks a comprehensive
theoretical synthesis that would merge
these approaches into a coherent system
of professional training adapted to
Ukrainian specifics.

Aim of the research. To identify,
analyze, and systematize key global
models of professional training for IT
specialists, substantiate their
methodological value for the Ukrainian
higher education system, and determine
optimal vectors for integration through
the development of hybrid pedagogical
models.

Results and discussion.  The
professional training of IT specialists is
the subject of active scholarly
investigation, within which several
fundamental methodological directions
have emerged that shape contemporary
approaches to organizing the educational
process.

Competency-Based Education (CBE),
initiated in the works of R. Boyatzis, is
understood as an instructional approach
focused on mastery rather than the
duration of learning. Current research
concentrates on developing instruments
for standardized competence assessment,
including the use of artificial intelligence
(SmartRubrics [5: 16-17]) for measuring
soft skills.

The TPACK framework (P. Mishra,
M. Koehler) represents a key model for
integrating technology into education [9].
Empirical studies emphasize that TPACK
development requires an  organic
combination of theoretical instruction
and its practical implementation [8: 166-
167].

Practice-oriented learning formats
such as Project-Based Learning (PjBL)
and Problem-Based Learning (PBL) hold a
leading position in modern IT education,
as they enable modelling of real
engineering challenges and the
development of managerial skills. In this
context, the CDIO approach (Conceive,
Design, Implement, Operate), proposed by
E. Crawley, provides a holistic cycle of
engineering activity [2].
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There is increasing interest in the
implementation of Agile pedagogy, which
adapts the educational process to the
industrial logic of iterativity and flexibility
[16: 272].

Work-Integrated Learning (WIL) models
are viewed as one of the most effective
mechanisms for integrating formal
education with workplace practice,
particularly in the conditions of a digital
economy [7].

The Ukrainian scholarly tradition
actively incorporates these global trends.
Researchers such as K. Striuk,
S. Semerikov, T. Vakaliuk and others
focus on the development of information
and communication competencies and
the enhancement of project-based skills.
Studies on dual education tailored to the
needs of the IT industry are also gaining
prominence.

The synthesis of these findings allows
for the identification of three groups of
models — paradigmatic, operational, and
organizational-integrative - which
collectively form a coherent system of
modern IT training and create a
foundation for the development of hybrid
pedagogical models relevant to the
Ukrainian context.

Paradigmatic foundations.
Competency-Based Education (CBE) is a
fundamental paradigm that ensures
direct alignment of learning outcomes
with the requirements of the IT industry.
Unlike traditional education, which is
oriented toward the amount of time spent
in an educational institution, CBE
focuses on the demonstration of mastery
and the successful acquisition of a clearly
defined set of knowledge and skills [1: 7].

A key argument in favor of CBE is the
need to bridge the qualification gap. While
the traditional system guarantees only
the time devoted to learning, CBE
requires proof that a student is capable of
performing tasks relevant to their future
profession. This is particularly critical in
IT, where mastery of technical skills (such

as mathematical and computer
modelling) must be complemented by
highly developed transversal
competencies.
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An analysis of industry requirements
clearly shows that soft skills
(communication, critical thinking, stress
management) are just as essential for
individual and team success as technical
knowledge. Moreover, employers
frequently note a lack of these skills
among early-career professionals [11: 15,
14: 10]. Competency-based learning
inherently requires the inclusion of these
competencies in learning objectives and
their mandatory assessment.

One of the key challenges in
implementing CBE is the development of
reliable and standardized methods for

assessing such complex competencies.
Contemporary studies highlight the
potential of Al-based tools, which can
provide automated generation and
evaluation of tasks, thereby enhancing

standardization and objectivity in IT
education [5: 16-17].
A comparison of the underlying

principles demonstrates the need for a
methodological transition from the
traditional model toward a competency-
based one, focused on measurable
outcomes, the development of flexible
skills, and the enhancement of learner
autonomy.

Table 1
Comparison of Competency-Based and Traditional Models of IT Specialist
Training
Comparison parameter Competency-Based Traditional Model
Model

Progress focus Demonstration of mastery | Number of classroom
and skills hours

Unit of measurement Set of acquired Completed courses or
competencies subjects

Assessment requirements | Comprehensive Knowledge-based

portfolio)

assessment of
competencies and soft
skills (SmartRubrics,

assessment (exams, tests)

Role of the educator

Coach, facilitator,
experience designer

Lecturer, transmitter of
knowledge

An equally important paradigmatic
foundation  is the  Technological,
Pedagogical, and Content Knowledge

(TPACK) model, which is fundamental for
ensuring the effective integration of ICT
into the didactic process. The model
identifies three domains of knowledge
that must converge to enable successful

teaching: technological, content, and
pedagogical knowledge [9].
Technological knowledge (TK)

encompasses mastery of the tools and
technologies required for the future
specialist’s professional activity. Content
knowledge (CK) refers to a deep
understanding the instructional
content (for example, software
architecture or algorithms). Pedagogical

of
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knowledge (PK) involves proficiency in
instructional methods, strategies, and
teaching processes [9].

In the field of IT education, where
instructors often possess a high level of
TK and CK, special attention must be paid
to the development of pedagogical
knowledge (PK), particularly the ability to
effectively use mobile ICT tools to teach
informatics-related subjects.

Studies emphasize that TPACK
develops most successfully when
instructors not only undergo training but
also have the opportunity to immediately
apply the acquired knowledge in real
teaching contexts. However, a widely
recognized barrier to effective professional
development is the lack of time and
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financial incentives for educators. This
creates a paradox: although the need to
enhance TPACK is high due to the rapid

evolution of technology, institutional
barriers slow down this process,
negatively affecting the quality of

digitalization in education [8: 178].

In summary, competency-based
education and the TPACK model form a
complementary foundation for
modernizing the training of future IT
specialists. CBE ensures a focus on
measurable outcomes and relevant
professional competencies, while TPACK
defines the conditions necessary for high-
quality integration of digital technologies
and improved pedagogical mastery.
Together, these paradigms set a strategic
direction for updating educational
programs in alignment with industry
needs, the development of soft skills, and
effective digitalization of the educational
process.

Operational models provide the
mechanisms through which competency-

based education is implemented in
practice. In international academic
discourse, two core models are

distinguished: Problem-Based Learning
and Project-Based Learning. Both are
active learning formats, yet their end
goals and areas of focus differ.

PBL (Problem-Based Learning) is
centered on developing critical thinking
and decision-making skills through the
analysis and resolution of complex,
"unstructured", or "ill-defined" problems.
Its goal is to teach students to analyze a
situation, formulate a problem, and
generate possible solutions [4].

PjBL (Project-Based Learning) focuses
on learning through direct experience in
completing real-world projects. The
primary outcome of PjBL is the creation of

a final functional product (software,
system, or solution). PjBL effectively
increases motivation, develops

collaboration skills, and enables the
application of theoretical knowledge in a
relevant context [15: 110-111]. Ukrainian
scholars actively study the use of PjBL,
particularly for developing IT project
management competencies by using ICT
and online courses.
The key differences between these
models are summarized in Table 2.
Table 2

Differentiation of Project-Based Learning (PjBL) and Problem-Based Learning
(PBL) Models

Characteristic Problem-Based Learning Project-Based Learning
(PBL) (PjBL)

Primary goal Development of critical | Creation of a final product
thinking and the ability to
solve complex problems

Duration Short-term (focused on a | Long-term (covers a
single problem) broader set of concepts)

Task type Solving an "unstructured" [ Completing a real or
problem simulated project

Key skills Analysis, diagnosis, | Planning, teamwork,
scientific inquiry project management

For engineering education and the IT
sector, PjBL can be effectively structured
using the CDIO framework (Conceive,
Design, Implement, Operate), an initiative
launched at the Massachusetts Institute
of Technology. CDIO provides training
across the full product life cycle — from
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idea conception to implementation and
operation — which increases the practical
orientation of the educational process and
aligns it more closely with real production
conditions [18].

The success of project-based learning
is directly linked to the methodologies
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widely used in the information technology
industry. Existing research indicates that

traditional approaches, including the
"waterfall" model, are insufficiently
effective =~ for long-term  knowledge
retention and the development of

sustainable competencies. In contrast,
Agile pedagogy offers a flexible and
iterative approach focused on learner
needs and the dynamic nature of
instructional content. Its key principles
revolve around iterativity, which involves
frequent cycles of learning interaction
with systematic feedback, and value
orientation, where course content is
structured according to its priority and
relevance for the learner. Within this
approach, students first articulate the
desired outcome and only then take steps
to achieve it, which contributes to a better
understanding of learning goals [16: 272].
A systematic review confirms that Agile
methodologies can be effectively applied
both for studying Agile practices
themselves and as a general pedagogical
approach to mastering non-Agile content,
enhancing the relevance and practical
orientation of information systems in
education.

PBL, PjBL, CDIO, and Agile pedagogy
form an integrated system of operational
models that ensure the practical
implementation of the competency-based
approach in IT education. PBL develops
intellectual and analytical competencies;
PjBL provides experience in professional
activity and product creation; CDIO
structures this experience within the logic
of the engineering life cycle; and Agile
pedagogy adds flexibility and alignment
with contemporary industry practices.
Together, they constitute a balanced
methodological foundation capable of
preparing competitive IT professionals in
a dynamic digital environment.

Organizational-integration models
play a crucial role in bridging theoretical
learning with real professional
experience. In global practice, one of the
most effective approaches is Work-
Integrated Learning (WIL), a model aimed
at the deep integration of academic
training and practical activity within the
contemporary digital economy [7]. Its key
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objective is to <create a learning
environment in which students can
systematically apply their acquired

knowledge to real production situations.

In Ukraine, WIL is implemented
through dual education, which combines
theoretical learning in higher education
institutions with practical employment at
an enterprise. Pilot projects on dual
education were launched by the Ministry
of Education and Science of Ukraine in
2015-2017, demonstrating high
employment rates and improved quality of
professional training [3].

Despite the active discussion of
development pathways for training future
IT specialists in Ukrainian academic
discourse, the main barrier to the full
implementation of dual education -
especially in institutions of professional
pre-higher education - is the limited
resource base, including insufficient
funding and a shortage of specialists
proficient in modern  information
technologies at a professional level.

To overcome these constraints, it is
necessary to create a wunified digital
educational space that ensures active and
continuous interaction between
educational  institutions and  the
enterprise. Such an integrated digital
environment would allow leading IT
professionals to participate in key
educational processes, such as designing
and updating curricula, delivering
instruction, or participating in the
evaluation of final and qualification
projects [10].

Moreover, dual education requires
moving away from typical abstract
assignments, instead offering students
the opportunity to solve real technological
problems of an enterprise or to engage in
situational-practical tasks based on
simulation technologies. This emphasis
on pragmatism and real production
challenges is a direct pathway to
overcoming the structural qualification
gap.

The analysis of various pedagogical
models shows that IT training cannot rely
on a single conceptual foundation, as
high-quality educational practice requires
the combination of  paradigmatic
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approaches, operational methodologies,
and organizational structures. The
synergy of competency-based education,
project- or Agile-oriented learning, and
industry-integrated models such as dual
education makes it possible to provide
balanced training in which theoretical
acquisition, practical application, and
professional socialization act as mutually
reinforcing mechanisms. This integrated
perspective explains why PjBL creates a
context for applying knowledge through
work on a real project, yet CBE ensures
that the outcome of this process is verified
mastery rather than merely the
completion of a course. Similarly, WIL or
dual education provides an authentic
industrial environment [17: 393], but
without the TPACK framework teachers
cannot effectively integrate technological

tools into the complex, long-term,
multidimensional learning process that
requires deliberate pedagogical
management.

At the same time, the limitations of
implementing these models — particularly
in the Ukrainian context — are largely
determined by organizational and staffing
constraints. One of the key challenges is
the assessment of soft skills: although the
industry emphasizes their priority,
standardizing procedures for their
measurement remains extremely difficult.
The implementation of CBE requires
substantial investment in designing
detailed educational programs and
training methodologists capable of
applying them correctly. Effective dual
education demands close cooperation
with industry, including joint curriculum
development, which may conflict with
instructors’ desire to maintain autonomy
in course design, while administrators
focus on aligning content with employer
demands. Finding a balance between
these interests constitutes a complex
managerial and political task that
significantly influences the success of
pedagogical innovation implementation.

Justification of the Hybrid
Approach. For effective functioning
within the dynamic IT environment, the
modern system of professional training
must transition from linear, "waterfall'-
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style schemes to flexible models capable
of responding rapidly to technological
changes and industry demands. It is
precisely the need to overcome the
structural mismatch between educational
outcomes and professional standards
that highlights the relevance of
introducing the hybrid Agile CBE (Agile
Competency-Based Education) model.

The traditional education model based
on fixed curricula has proven insufficient
for preparing specialists who must work
in iterative, team-based, and high-
demand development settings. In
contrast, the hybrid Agile CBE model
integrates three key components:

e The competency orientation of

CBE, which ensures clarity,
measurability, and evidence-based
learning outcomes. A student
demonstrates  not merely course

completion but the attainment of a
defined level of mastery.

e The f{flexibility and cyclicality of
Agile, which organize the educational
process into short iterations (sprints) that
include planning, execution, reflection,
and continuous feedback. This makes
learning adaptive to technological
advances and promotes the development
of team communication skills.

e The contextuality of PjBL and WIL,
which immerse students in real projects
and authentic production tasks. Using a
unified digital environment, industry
partners can integrate into the
educational process, formulate tasks,
participate in reviews, and monitor
progress.

In this configuration, Agile defines the
mode of organizing learning, CBE
specifies the content and expected
outcomes, while PjBL and WIL create the
environment for authentic practice.
Meanwhile, TPACK ensures pedagogical
and technological coherence, without
which digital tools cannot be effectively
integrated into a complex, long-term,
multidimensional learning process.
Altogether, Agile CBE becomes not merely
a set of methods but a systemic response
to contemporary industry demands
requiring a combination of flexibility,
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practical relevance, and a high level of
professional competence.

Since these pedagogical models
perform different functions within the
structure of the hybrid approach -
content-related, procedural, techno-
pedagogical, and contextual - it is
essential to identify their key components
and methodological distinctions. This

makes it possible to understand how they
complement one another within Agile
CBE and which elements of each model
are integrated into the shared framework.
The systematized characteristics of
these models are presented in Table 3,
allowing the wunderlying approaches,
methods, and foundational principles to

be traced and compared.
Table 3

Systematized Characteristics of Contemporary Models of Professional Training
for IT Specialists

Model Approaches Methods Principles
Competency- Competency-based; | Programmatic Mastery-oriented
Based Education [ learner-centered; assessment of | education; priority of
(CBE) systemic (for | competencies; skills [ demonstrated

structuring measurement in | outcomes over time
competencies). realistic spent; focus on
environments; complex
formative competencies.
assessment through
feedback.
Project-/Problem- | Activity-based,; Project-based Authenticity and
Based Learning | contextual, method; problem- | relevance of tasks;
(PjBL/PBL) constructivist. based method. fostering critical
thinking; learning
through collaborative
inquiry and selection
of optimal solutions.
TPACK Technological- Professional Convergence of three
pedagogical, development of | knowledge  domains
integrative instructors; self- | (technology, pedagogy,
approach; reflective | assessment across | content); effective ICT
approach. knowledge integration into
components (CK, PK, | learning content;
TK). continuous
professional
development.
WIL/Dual Integrative;  social | Solving real | Social partnership;
Education partnership; technological provision of an
digitalization- problems of the|authentic industrial
driven. enterprise; context.
workplace-based
practical training
(internship).
Conclusions and research training for future IT specialists requires

perspectives. The theoretical analysis
conducted confirms that the
contemporary system of professional
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a comprehensive renewal of pedagogical
approaches. The functioning of education
under conditions of global digitalization
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and the rapid growth of the qualification
gap is possible only through the transition
to integrated, practice-oriented, and
flexible models of learning organization.
The key methodological foundation of
such renewal 1is competency-based
education, which reorients professional
training toward the achievement and
demonstration of mastery and ensures
the development of critically important
soft skills that determine a specialist’s
competitiveness in the modern labor
market.

The effectiveness of the educational
process is strengthened through the
combination of project-based learning
and the principles of Agile pedagogy,
which provide the necessary flexibility,
iterativity, and adaptability of educational
programs. This combination enables a
prompt response to the dynamics of
technological change, while allowing
students to develop competencies
relevant to the working conditions of IT
companies that operate under iterative

methodologies.
The integration of theoretical and
practical components becomes

particularly significant, especially within
the framework of Work-Integrated
Learning and dual education formats. In
the Ukrainian context, where the material
and technical resources of educational
institutions are limited, the effectiveness

of such models largely depends on the use
of universal and open digital tools. These
tools make it possible to create a holistic
digitalized educational space and ensure
sustainable cooperation between
educational institutions and industry
partners.

The generalization of the obtained
results allows recommending a transition
to hybrid pedagogical models, such as
Agile CBE, which integrate the goals,
processes, and contexts of professional
training. @ Within this model, the
competency-based approach defines the
expected learning outcomes, Agile
methodology  provides a  dynamic
mechanism for achieving them, and
project-based and industry-integrated
learning create a practical environment
for their realization. This approach is the
most effective for preparing specialists
capable of functioning in a highly
dynamic, technologically saturated, and
uncertain professional environment.

Future research perspectives include
empirical verification of the effectiveness
of hybrid models of professional training,
the development of methodologies for
assessing the formation of integrated
competencies (both technical and soft) of
IT specialists, as well as exploring the
potential for scaling Agile pedagogy within
formal and non-formal education.
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