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B Abstract. The modern world establishes new demands in education, necessitating innovative approaches to
professional training. Integrating artificial intelligence, neuropedagogy, and the competency-based approach
emerges as a cornerstone for creating effective vocational education models. This study aimed to develop and
test innovative models that combine the capabilities of artificial intelligence (including smart robotics) with
neuropedagogical competency-based strategies to enhance the effectiveness of vocational education. The
research methodology encompassed an analysis of contemporary literature and practices, the development of
experimental models integrating artificial intelligence into the educational process, and empirical investigations
in educational institutions. Analysis, synthesis, modelling, observation, and experimentation methods were
employed. The proposed innovative models include personalised learning platforms with adaptive algorithms,
intelligent systems for analysing learners’ emotional states, virtual environments and gamified simulations,
as well as robotic automated assessment and reporting systems in vocational education. The integration of
artificial intelligence into neuropedagogical processes facilitates personalised learning, enhances learners’
motivation, and fosters the development of critical thinking. Artificial intelligence enables the creation of adaptive
educational platforms that cater to the individual characteristics and needs of learners. Its implementation
also automates routine tasks for educators, allowing them to focus on the creative aspects of the educational
process. The findings highlight the significance of integrating artificial intelligence into vocational education
as a means to enhance its competitiveness. Given the dynamic advancement of technologies, future research is
expected to explore immersive neurointerfaces for developing engaging interactive learning environments, as
well as the ethical considerations surrounding the use of artificial intelligence in education, with an emphasis
on critical thinking. The results of the study are of practical value for the development of innovative educational
technologies and approaches that meet the contemporary demands of the labour market and the expectations
of progressive youth
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® Introduction

The realm of vocational education is rapidly evolving,
combining cutting-edge technologies with a profound
understanding of human learning. The integration
of artificial intelligence (AI), neuropedagogy, and the
competency-based approach unveils new possibili-
ties for preparing future professionals. Al functions
as a personal mentor through personalised learning
platforms and adaptive algorithms, ensuring that each
learner receives education tailored to their pace and
needs. Robotics and virtual simulations provide real-
istic environments for hands-on experience, while in-
telligent systems analyse learners’ emotional states,
adjusting the educational process and sustaining moti-
vation. Neuropedagogy harnesses the brain’s potential
by leveraging insights into its functioning, while neuro-
pedagogical approaches make learning both engaging
and effective. Various regions of the brain are activated,
facilitating improved comprehension and retention of
material. The competency-based approach focuses on
developing practical skills and knowledge required for
specific fields, shaping practitioners equipped to tackle
the challenges of a competitive labour market. Modern
vocational education, a strategically significant area
supported by the Ministry of Education and Science of
Ukraine, demands innovative approaches. The synergy
of Al, neuropedagogy, and the competency-based ap-
proach leads to the development of symbiotic learning
models. These models optimise educational process-
es, enhance learning outcomes, and cultivate essential
competencies among vocational education learners
(Piddubna et al., 2023).

Research in this field focuses on developing and
testing innovative models that personalise the learn-
ing experience. According to R. Zhoga (2024), Al algo-
rithms analyse data about learners, tailoring educa-
tional programmes and materials to their individual
needs, learning pace, and information processing styles.
V. Mykhailets (2023) emphasised that neuropedagogi-
cal methods, based on insights into brain function, make
learning more engaging and captivating, enhancing
learners’ motivation and active participation. T. Luho-
va (2021) explored the use of gamification, virtual envi-
ronments, and simulations combined with Al systems,
enabling learners to apply knowledge in practice while
developing critical thinking and problem-solving skills.
0.Bazeliuk (2021) highlighted that Al systems automate
routine tasks, such as marking assignments and assess-
ing knowledge, freeing educators to focus on the more
creative and strategic aspects of the educational process.

Asignificant portion of contemporary vocational ed-
ucation methods relies on the use of advanced technol-
ogies. Analysing existing theoretical sources, including
prior research, provides a foundation for developing in-
novative vocational education models. This process in-
volves designing new approaches and empirically test-
ing various educational models. The study of L. Yildiz et
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al. (2021) demonstrated that gamification significantly
enhances learner motivation, forming the basis for in-
corporating game elements into personalised learning
platforms. L. Sharma & M. Srivastava (2019) empha-
sised the importance of motivating educators to adopt
technologies, highlighting the need to foster a compe-
tency-based approach among teaching professionals.
Research by A. Rakhmanina et al. (2022) revealed the
substantial potential of robotics in developing critical
thinking and practical skills, which contributed to the
inclusion of robotic automated assessment systems
in model design. M.S. Ramirez-Montoya et al. (2021)
stressed the necessity of integrating innovative tech-
nologies into educational practices, shaping the strate-
gy for developing four distinct models.

S. Lytvynova & N. Soroko (2022) highlighted the
advantages of immersive technologies, which have be-
come a foundation for creating effective virtual learning
environments. N. Grigorieva et al. (2021) emphasised
the importance of leveraging international experience
in education, facilitating the adaptation of best practic-
es to the Ukrainian educational system. O. Petrovych et
al. (2022) underscored the significance of neuroped-
agogical approaches, which serve as the basis for de-
veloping effective teaching methods. L. Lysiak (2020)
stressed the necessity of continuous monitoring of edu-
cational innovations, an essential component in model
development. S. Fedko (2023) explored the emerging
field of neuropsychology in learning, emphasising its
importance for integration into vocational education.
L. Elouafi et al. (2021) confirmed the positive impact of
neuropedagogical methods on the educational process,
while N. Bilonozhko (2021) analysed teaching quality
in the context of educational internationalisation, fo-
cusing on innovative teaching methods.

According to T. Semigina & Yu. Rashkevych (2023),
the effectiveness of innovative models is assessed
through methods of systems analysis, pedagogical ex-
perimentation, and statistical forecasting. Research
findings confirm that the integration of artificial intel-
ligence, neuropedagogy, and a competency-based ap-
proach leads to personalised learning, where learners
acquire knowledge and skills that align with their indi-
vidual needs and goals; increased motivation, as learn-
ing becomes more engaging and exciting, leading to
heightened interest and engagement among learners;
the development of critical thinking, specifically the
ability to apply knowledge in practice, solve problems,
and make informed decisions; and improved learning
outcomes, manifested in better material retention, in-
creased knowledge and skill levels among learners.

Regarding the competency-based approach, it
does not require a separate model, as it should be in-
tegrated into all four proposed models. For instance,
personalised learning platforms can be designed to fos-
ter the development of specific competencies, virtual
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environments can simulate real workplace scenarios,
and robotic assessment systems can evaluate not only
knowledge but also the skills necessary for success in a
particular field or profession. The study aimed to devel-
op and implement new educational models that lever-
age the potential of artificial intelligence and robotics
in integration with neuropedagogical approaches, en-
hancing the learning process and fostering the devel-
opment of professional competencies among learners.
The research intended to evaluate the effectiveness of
these models through practical trials in real education-
al settings, addressing the needs of a competitive la-
bour market, mitigating the consequences of the war in
Ukraine, and supporting the establishment of a newly
European-integrated Ukrainian state.

® Materials and Methods
The research methodology is grounded in a systemic
approach encompassing both theoretical and empirical
methods. Theoretical methods include the analysis and
synthesis of contemporary scientific approaches, com-
parative analysis of methods and models employed in
various countries, and the modelling of new approach-
es. These approaches incorporate personalised learn-
ing platforms, intelligent systems for emotional state
analysis, virtual environments, gamified simulations,
and automated assessment systems. The research
drawn on a broad source base, including contemporary
scientific publications, national and international reg-
ulatory frameworks, and analytical reports on the use
of artificial intelligence and innovative technologies in
education. Key methods of scientific inquiry employed
in the study include the analysis and synthesis of the
literature, comparative analysis of the effectiveness of
various innovative teaching methods, modelling ex-
perimental educational frameworks, and testing these
models in real-world settings. At the theoretical level,
the model development process relied on SWOT anal-
ysis and illustrative schematic synthesis of contempo-
rary theoretical concepts such as artificial intelligence,
neuropedagogy, and the competency-based approach
in vocational education. This approach facilitated the
identification of the core aspects of each concept and
their potential for integration into the educational
process. At the empirical level, the study involved the
implementation of personalised learning platforms, in-
telligent systems for analysing pupils’ emotional states,
the creation of virtual learning environments, gamified
simulations, and the application of automated assess-
ment systems for evaluating educational outcomes.
The empirical investigations were designed to collect
quantitative and qualitative data on the effectiveness of
these approaches in improving the quality of learning
and developing learners’ professional competencies.
Experiments using virtual learning environments
(VLEs) were conducted to assess their impact on pu-
pils’ motivation and engagement, providing valuable

insights into the effectiveness of these innovative meth-
ods. As part of the experiments, several diverse VLEs
were created, incorporating interactive lessons, virtu-
al laboratories, and simulation games. Students had
the opportunity to immerse themselves in a virtual
environment where they completed tasks, interacted
with virtual objects, and collaborated with other par-
ticipants. The experiments involved the preparation
and configuration of VLEs, including content creation,
the development of interactive elements, and the setup
of feedback systems. The integration of VLEs into the
educational process included embedding virtual envi-
ronments into regular lessons, where students were as-
signed tasks to complete within the VLE. This approach
allowed them to apply theoretical knowledge in prac-
tice. Data collection and analysis during the experiment
involved both quantitative and qualitative methods,
such as surveys, interviews, observations, and auto-
mated data collection systems. These data were used
to assess students’ behaviour, activity, motivation lev-
els, and engagement. Based on the collected data, a
detailed analysis of the effectiveness of the VLEs was
conducted. The experiment was carried out following
the Declaration of Helsinki (2013). The results showed
that the use of virtual environments contributed to in-
creased student motivation, active participation in the
learning process, and the development of collaborative
skills. Students demonstrated a higher level of interest
in learning, achieved better results in task completion,
and showed greater engagement. Based on the results
obtained, recommendations were developed for the
continued use and integration of VLEs into the edu-
cational process. These recommendations included
specific strategies and approaches that could enhance
the effectiveness and quality of the learning process
through the use of virtual learning environments.

® Results and Discussion

The war in Ukraine has served as a catalyst for re-eval-
uating many aspects of life, including education. The
destruction of infrastructure, loss of lives, and mass
displacement of people have had a detrimental effect
on the availability of a qualified workforce in the coun-
try. Outdated teaching methods are increasingly inad-
equate to meet the dynamic demands of the modern
labour market and the challenges of the contemporary
world. This situation underscores an urgent need for
innovative models based on the principles of personali-
sation, efficiency, practicality, and accessibility. Accord-
ing to Yu. Boychuk & A. Boyarska-Khomenko (2023),
a comprehensive approach to modernising infrastruc-
ture and ensuring stable funding is essential to address
these issues. However, contrary to this view, the authors
of this study argue that the integration of artificial in-
telligence, neuropedagogy, and the competency-based
approach offers a more flexible and effective solution
for vocational education. The integration and synergy

Professional Education: Methodology, Theory and Technologies, 2024, Vol. 10, No. 1



of these methodologies enable the creation of person-
alised educational platforms, adaptive algorithms, and
intelligent systems capable of dynamically responding
to the evolving demands of the labour market. This en-
sures more effective and practical learning outcomes.
The authors of this research proposed four key
models that impact the learning and assessment pro-
cesses of learners. The first model involves person-
alised learning platforms with adaptive algorithms,
learners’ students to learn at their own pace and focus
on individual needs. These platforms enhance the effi-
ciency of knowledge acquisition and the overall quality
of education. The second model introduces intelligent
systems for analysing the emotional state of learners,
allowing educators to adjust the educational process
to align with the emotional needs of learners while
considering the ethical implications of data collection.
The third model incorporates virtual environments
and gamified simulations, offering practical experience
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without real-world risks by creating realistic condi-
tions for professional activities. However, their imple-
mentation requires significant financial investment.
The fourth model includes robotic automated systems
for assessment and reporting, simplifying the evalua-
tion process and providing accurate records of learner
achievements while reducing reliance on technology.
The implementation of these models significantly influ-
ences the quality and accessibility of vocational educa-
tion in Ukraine.

I. MODEL OF A PERSONALISED LEARNING
PLATFORM WITH ADAPTIVE ALGORITHMS

The personalised learning platform model, featuring
adaptive algorithms (Fig. 1), has been specifically de-
signed to meet contemporary demands for vocational
education and incorporates identified key factors. The
modellingprocessforthisplatforminvolved several stag-
es, ensuring optimal efficiency and utility for learners.

RQ: What education-related categories should be selected for developing the
functionality of the innovative service-oriented mobility platform prototype?

v

Literature analysis for identifying crucial factors:

Pedagogy @ Technology

RQl RQZ

RQ3 RQ4

’ Interviews (open-ended responses), n=140 ‘

v

’ Material preparation and selection (stop words elimination) ‘

v

Identification of main threads with NVivo Word Frequency Query

/

Figure 1. Implementation of the NVivo Word Frequency Query Platform in personalised vocational learning

Source: created by the authors

NVivo Word Frequency Query is a powerful tool for
analysing unstructured data, including text documents,
interviews, audio, and video recordings. The Word Fre-
quency Query function in NVivo enables the analysis
of textual data to determine the frequency of specific
words or phrases within a dataset. The word frequen-
cy analysis counts the occurrences of particular words
in selected text or texts. This approach aids in identi-
fying central themes or keywords critical to specific
research. Data visualisation can be presented as tables,
charts, or word clouds. According to P. Mykytenko &
0. Halytskyi (2021), word clouds are a popular visual-
isation technique, representing the most frequently
used words in larger fonts, while less frequent words

are displayed in smaller fonts. The effectiveness of
word clouds may vary depending on the context and
purpose of the visualisation. This highlights the poten-
tial for discussions on the optimal use of various vis-
ualisation methods tailored to different types of data
and audiences.

When filtering and excluding words, queries are con-
figured to remove common or irrelevant terms, known

s “stop words”, such as conjunctions and prepositions.
ThlS process ensures greater focus on significant terms.
Alongside frequency analysis, NVivo also examines the
context in which these words appear, providing insights
into how key terms are utilised within texts. The appli-
cation of the NVivo Word Frequency Query is beneficial
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in social sciences, educational research, marketing, and
other professional fields. It facilitates the identifica-
tion of core themes, understanding of trends in textual
data, and supports theoretical analysis. The modelling
process consisted of several stages. The initial phase
involved a detailed literature review, which identified
the key factors to be considered in designing the plat-
form model. The authors of this study concentrated on
four primary categories: competencies (RQ1), pedago-
gy (RQ2), organisation (RQ3), and technology (RQ4).

This stage established the theoretical foundation
and identified existing approaches and methods that
could be integrated into the new model. The subse-
quent step involved conducting 140 interviews with
experts and educators, who provided open-ended re-
sponses regarding the needs and requirements for
the platform. These interviews offered an in-depth
understanding of specific demands and preferences
that needed to be considered in the platform’s design.
The responses gathered from the interviews were in-
strumental in understanding the practical aspects and
needs in the field of vocational education, forming the
basis for the following research phases. After data col-
lection, rigorous preparation and selection of materials
were undertaken, including the removal of stop words
to ensure data quality for further analysis. This process
enabled the refinement of material for the subsequent
stages of development. The cleaned data ensured the
accuracy and relevance of the analysis results, which is
critical for building an effective platform. Identification
of key information flows was conducted using the NVi-
vo Word Frequency Query (Mitcheltree, 2021), which
helped determine the most significant themes and cat-
egories for inclusion in the platform’s functionality. The

use of NVivo facilitated a systematic approach to text
data analysis, highlighting key terms and themes most
relevant to platform development. This phase guided
the platform design towards the most crucial aspects of
vocational learning, ensuring alignment with the needs
and expectations of end users.

As a result of the conducted research, a prototype
of an innovative service-oriented mobility platform
was developed. This prototype effectively integrates
artificial intelligence, neuropedagogy, and the compe-
tency-based approach into vocational education. It pro-
vides a personalised learning experience with adaptive
algorithms, facilitating the development of essential
skills and competencies for learners. Thus, NVivo Word
Frequency Query is recommended as a powerful tool
for analysing textual data, aiding educators in identi-
fying key terms and themes relevant to further peda-
gogical research. This tool is particularly useful for ex-
amining unstructured data across various professional
domains. Its use enables the systematic organisation
and visualisation of data, which is crucial for develop-
ing effective educational programmes and approaches.
Overall, NVivo Word Frequency Query proves to be an
invaluable resource for educators working with large
volumes of text data, allowing the identification of key
terms and themes important to their research. It pro-
vides deep insights into the content and structure of
textual data, supporting a more accurate and informed
analysis of educational needs and trends. To evaluate
the personalised learning platform model with adap-
tive algorithms, which offers a flexible and efficient ap-
proach to vocational learning while accounting for the
individual characteristics of each learner, conducting a
SWOT analysis was deemed appropriate (Table 1).

Table 1. SWOT analysis of the personalised learning platform model with adaptive algorithms
in the context of a competency-based approach to vocational education

Strengths

Weaknesses

The platform tailors the educational process to the individual needs
of each learner, considering their knowledge, skills, experience, and
learning styles

High costs associated with the development and implementation of a
personalised platform

Interactive teaching methods and personalised content make
learning more engaging and motivating for learners

Developing adaptive algorithms and personalised content is complex
and labour-intensive

Adaptive algorithms assist learners in better mastering educational
material by focusing on their strengths and weaknesses

Effective platform operation requires large volumes of data on
learners and their academic performance

The personalised platform enables learners to assimilate educational
content more quickly, improving overall learning outcomes

Adaptive algorithms may be biased if the data they are based on is
not representative

The platform supports learners to develop the essential
competencies for successful professional performance

Learners may require additional support when using the
personalised platform
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Opportunities

The personalised platform facilitates the integration of a
competency-based approach in vocational education, focusing on
developing competencies rather than merely acquiring knowledge
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Table 1. Continued

Threats

Rapid technological advancements may render personalised
platforms obsolete

Customisation of education for diverse groups of learners with
varying needs and goals

Risk of misuse of data for unethical purposes

The platform can support informal education and self-directed
learning, helping learners develop competencies throughout their
lives

Learners or educators may resist or lack the skills to use
personalised platforms effectively

Data collection on learners’ competencies can improve teaching and
assessment processes

Learners and educators may not receive adequate support when
working with the personalised platform

The personalised platform enhances learners’ competencies for
professional success, boosting their competitiveness in the labour
market

Development and implementation of personalised platforms may
face insufficient funding from governments, educational institutions,
or private investors

Source: created by the authors

This analysis revealed that the model of a person-
alised learning platform with adaptive algorithms of-
fers significant strengths and opportunities that should
be leveraged to enhance the quality of vocational ed-
ucation. However, it also presents certain weaknesses
and threats that require attention to maximise its ef-
fectiveness. Recommendations include: reducing de-
velopment and implementation costs; improving data
availability; providing adequate support for learners
and educators; conducting further research; promoting
collaboration among government bodies, educational
institutions, the private sector, and civil society to sup-
port the development and implementation of personal-
ised platforms.

The implementation of personalised platforms has
a profound impact on vocational education, making it
more individualised, effective, and aligned with the de-
mands of the modern labour market. According to re-
search by 0. Bilier et al. (2023), innovative educational
technologies, including neuropedagogy, play a critical
role. The authors emphasise that such technologies sig-
nificantly enhance the quality of education by adapting
learning materials to the individual needs of learners.
This approach fosters deeper knowledge acquisition
and better preparation for the requirements of labour
market. This study highlights that the effectiveness of in-
novative technologies in vocational education can vary
depending on the context and the methods of implemen-
tation, raising questions about the optimal approach to
modernising the educational process. It is essential to
recognise and address potential challenges associated
with this model to ensure it is applied ethically and re-
sponsibly. In addition to considering knowledge, skills,

and learning styles, attention must also be paid to learn-
ers’ emotional states, as these factors significantly influ-
ence motivation, engagement, and learning outcomes.

II. MODEL OF INTELLIGENT SYSTEMS

FOR ANALYSING THE EMOTIONAL STATE

OF LEARNERS IN VOCATIONAL EDUCATION

This model integrates the emotional state of learners
into the vocational learning process. By employing
emotion recognition technologies, the system identifies
learners’ emotional reactions to educational materials
and adjusts the content to align with their needs. Ac-
cording to G. Dermott et al. (2023), affective computing
is utilised to adapt the learning process in real-time.
Their research supports the notion that artificial intel-
ligence analyses emotional data collected from learners
and modifies educational videos, interactive tasks, and
other resources to suit the emotional state of each par-
ticipant.

The model offers several advantages. Firstly, it ena-
bles the personalisation of vocational learning through
the use of affective computing and emotional analysis,
which fosters motivation and engagement. Secondly, ef-
fective knowledge acquisition is achieved through the
use of video and a theoretical framework (Fig. 2), which
helps structure and visualise the learning material.
Thirdly, video content based on real-world profession-
al scenarios provides learners with the opportunity to
gain practical experience in a safe and controlled envi-
ronment. Finally, by considering the emotional state of
learners, the model creates a comfortable and motivat-
ing learning environment, which helps reduce stress
and enhance learning outcomes.
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Figure 2. Symbiosis of the utilised video, emotional analysis, and the theoretical framework

Source: created by the authors

The model of intelligent systems for analysing the
emotional state of vocational education learners in-
troduces a range of innovative approaches to create a
personalised and effective educational environment. It
integrates video-based learning, scheme theory, emo-
tion analysis (Emotions), and affective computing to
establish a tailored and efficient learning process. Vid-
eobased learning employs educational video materials
designed around calculated professional scenarios and
simulations of real working conditions.

According to K. Zavalko (2022) and T. Nikulochki-
na et al. (2022), video provides both visual and audito-
ry representations of the learning material, facilitating
better retention of information and the development of
practical skills. In this study, scheme theory, proposed
for structuring learning content and organising knowl-
edge, opens up new opportunities. It enables learners
to easily navigate the material, understand the connec-
tions between general concepts, and effectively absorb
new information. Thus, both approaches can play an
important role in enhancing the learning process, de-
pending on the context and characteristics of the edu-
cational programme, and they provide grounds for fur-
ther discussion on the optimal use of various methods
of visualisation and content structuring.

The model of intelligent systems for analysing the
emotional state of learners opens up new possibilities
in the field of personalised learning, considering both

the cognitive and emotional aspects of the learning
process. This model uses artificial intelligence to ana-
lyse the emotional state by employing various methods,
such as the analysis of facial expressions, body lan-
guage, tone of voice, and physiological data, to deter-
mine the learner’s emotional condition. The use of this
model involves providing feedback to learners on how
their emotions affect their learning, as well as dynam-
ically adapting the learning process to their emotional
state. For example, in the case of anxiety, according to
N. Ilyashenko & A. Rosokhata (2023), the system may
offer additional resources or adjust the pace oflearning,
thereby supporting the learner’s emotional well-be-
ing. This model enhances motivation and engagement
in the learning process, improves material retention,
and supports learners’ emotional health. Adapting the
learning process to the emotional state of the learners
makes education more personalised and effective, help-
ing them achieve their learning goals and become more
competitive in the job market.

The competency-based approach permeates each
of the models discussed, including the model of intelli-
gent systems for analysing emotional stat, and ensures
a synergistic effect from their interaction. An important
aspect is the examination of the strengths and weak-
nesses of this model, as well as the opportunities and
threats it may face during implementation, which is re-
flected in the SWOT analysis (Table 2).

Table 2. SWOT analysis of the intelligent systems for analysing the emotional state
of learners in vocational education within the context of the competency-based approach

Intelligent systems analyse learners’ emotions more objectively than
humans, who may be prone to biases. This helps educators provide
learners with more accurate and impartial feedback on their work

The need for large volumes of data and powerful computational
resources to process emotional reactions, as well as substantial
computational power for data analysis

Emotion analysis helps educators better understand how emotions
affect learners’ perception of the material, motivation, engagement,
and overall learning outcomes

Emotion analysis systems can sometimes make errors, leading to
incorrect conclusions about learners’ emotional states. It is essential
to use these systems ethically, respecting learners’ privacy and rights

Based on emotion analysis, the learning process is personalised,
offering individual tasks, support, and teaching methods that align
with learners’ emotional states and needs

Emotional reactions can vary depending on culture, context, and
personal characteristics. Emotion analysis systems must be adapted
to these differences to ensure accuracy and ethical use

Emotion analysis helps educators identify learners who need
additional motivation and/or support, enhancing their engagement
in the learning process

Developing, implementing, and maintaining emotion analysis
systems can be costly, which may limit their availability for a wider
range of educational institutions
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The increasing popularity of personalised learning and the use of
artificial intelligence is driving demand for emotion analysis systems
for learners
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Table 2. Continued

Threats

Some learners and educators may not be ready for their emotions to
be analysed by computer systems

The rapid development of machine learning and artificial intelligence
technologies is improving the accuracy, reliability, and ethical
standards of emotion analysis systems

Misuse of data on the emotional state of learners for unethical
purposes, potentially harming learners

Support from governments, educational institutions, and the private
sector in terms of funding for the development, implementation, and
research of emotion analysis systems

The lack of standards and regulations governing the development
and implementation of such systems

Source: created by the authors

Table 2 illustrates how the model of intelligent
systems for analysing the emotional state of learn-
ers integrates various aspects of a competency-based
approach, thereby creating a strong foundation for
building modern vocational education. This approach
is particularly important in the context of overcoming
the challenges of the war in Ukraine, as it contributes
to the development of vocational education as a stra-
tegically important direction. It helps not only to im-
prove the quality of education but also to provide emo-
tional support to learners, which is a key factor in their
success and resilience.

The model of intelligent systems for analysing the
emotional state of learners offers a new approach to
personalised learning that takes into account not only
cognitive but also emotional aspects of learning. Using
artificial intelligence, the system analyses facial expres-
sions, body language, tone of voice, and physiological
data to determine learners’ emotional states. Based on
the analysis of emotional states, the system provides
learners with feedback on how their emotions affect
their learning. The system dynamically adapts the ed-
ucational process, taking into account the emotional
state of learners. For example, if a participant feels anx-
ious, the system may offer them additional resources or
adjust the pace of learning. The emotional well-being of
learners is supported, their motivation and engagement
are increased, learning is individualised, and leads to
better retention of the material (Melnyk & Petryk, 2022).

Thus, the model of intelligent systems for analys-
ing the emotional state of learners is an innovative
approach to personalised learning that helps learners
learn better, achieve their goals, and become more com-
petitive in the job market (Sz6kol et al., 2023). It uses
artificial intelligence to analyse learners’ emotional
states, helping them to better absorb material, be more
motivated, and improve their emotional well-being.
Moreover, as argued by T. Kramarenko et al. (2023), it is
also important to create learning conditions for learn-
ers that promote their engagement, motivation, and
practical application of knowledge.

The model of virtual environments and gamified
simulations complements the previous two models
by offering learners interactive and engaging virtual
environments in the form of simulations of real-world
professional scenarios, where learners can apply their

knowledge and skills in practice. Gamified elements,
such as the use of game mechanics like points, badges,
and leaderboards, make learning more interesting and
motivating. A personalised experience, tailored to the
individual needs and emotional state of each learner,
ensures an optimal learning experience.

III. THE MODEL OF VIRTUAL ENVIRONMENTS

AND GAMIFIED SIMULATIONS

According to N. Folomieieva et al. (2024), the use of
virtual environments and gamified simulations in
Ukrainian vocational education represents a novel in-
novative approach. These technologies offer significant
potential for improving the effectiveness and outcomes
of learning. However, their successful implementation
requires attention to technical, methodological, and
organisational aspects, as well as consideration of po-
tential challenges related to the availability of technical
resources and the training of pedagogical staff.

Virtual spaces are created that simulate real-world
professional environments such as laboratories, hospi-
tals, factories, offices, and so on. Interactive simulations
are developed that allow learners to apply their knowl-
edge and skills in practice, make decisions, solve prob-
lems, and receive feedback. The system adapts to the
individual needs and emotional state of each learner,
ensuring an optimal learning experience (Fig. 3).

The schema illustrates a multi layered architecture
of the process of creating gamified educational videos.
The data used to create e-learning videos consists of
video files recorded from webcams, video conferences,
and digital (virtual) participants. The content layer con-
tains e-learning video materials created using the data.
Video materials can be either gamified or non-gamified,
and can also have different levels of complexity. Anoth-
er layer uses artificial intelligence to detect emotions
and create a congruence model. Artificial intelligence
is also used to adapt content to individual user needs.
Educators and educational discipline developers create
curricula and courses, as well as develop educational
materials. Policymakers O. Sagan (2023) and R. Nacion-
al (2024) apply rules and regulations that govern the
use of the e-learning video material system. Overall, the
e-learning video material system is a powerful tool that
should be used to create a personalised and engaging
learning experience.
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Figure 3. Layers of the e-learning video materials system

Source: created by the authors

The use of e-learning video material systems of-
fers numerous opportunities for vocational educa-
tion. According to O. Bazeliuk (2023), the system per-
sonalises content, facilitating individualised learning
for each user. The presence of both gamified and
non-gamified materials makes the learning process
more engaging and varied. However, it is important
to consider that collecting data on user progress and

providing feedback may require significant compu-
tational resources, limiting the system’s accessibility
to a wide range of users. Thus, while the system has
the potential to enhance the effectiveness of profes-
sional training, its use requires careful planning and
consideration of various aspects related to ensuring
the quality and accessibility of educational services
(Table 3).

Table 3. SWOT analysis of the virtual environments and gamified simulations model
in the context of the competency-based approach to vocational education

Virtual environments and gamified simulations make learning more
engaging and immersive, leading to increased learner involvement
and motivation

High cost of developing and implementing virtual environments and
gamified simulations

Virtual environments and gamified simulations help learners
develop problem-solving, critical thinking, and decision-making
skills

Learners and educators often need technical skills to work with
virtual environments and gamified simulations

Virtual environments and gamified simulations allow learners
to experiment and make mistakes safely, helping them better
understand the material

Virtual environments and gamified simulations must be carefully
designed to be effective and align with learning objectives

Virtual environments and gamified simulations make learning more
accessible to learners who cannot attend inperson classes

Technical issues may arise when working with virtual environments
and gamified simulations, potentially disrupting the learning process

Virtual environments and gamified simulations help learners
develop collaboration and teamwork skills

Virtual environments and gamified simulations need to be adapted
to different learning styles to be effective for all learners
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Table 3. Continued

Growing interest in using technology in education

Some learners and educators may not be ready to use virtual
environments and gamified simulations

Development of virtual and augmented reality technologies makes
virtual environments and gamified simulations more realistic and

engaging

Misuse of virtual environments for malicious purposes, such as
spreading disinformation and/or propaganda

Governments and educational institutions may allocate funding for
the development and implementation of virtual environments and
gamified simulations

Lack of standards and regulations for the development and use of
virtual environments and gamified simulations, which may lead to
compatibility and ethical issues

Source: created by the authors

The SWOT analysis has confirmed the hypothesis
that this model contributes to a better understanding
of knowledge and the development of practical skills
through interactive and motivating learning methods.
At the same time, the competency-based approach,
which permeates this model, ensures that the learn-
ing process corresponds to the real needs of the la-
bour market and prepares competitive specialists. The
e-learning video material system has the potential to
revolutionise professional training, as it uses artificial
intelligence to adapt content to individual user needs;
can be used to create both gamified and non-gamified
learning materials; can be used to restore user progress
and provide them with feedback; and can be used to
create personalised learning plans.

Through interactivity, gamification, and visual ap-
peal, vocational learning becomes more engaging and
motivating for learners. The practical application of
knowledge in virtual simulations contributes to a bet-
ter understanding and retention of information. Learn-
ers have the opportunity to develop practical skills
necessary for successful professional careers, such as
decision-making, teamwork, and problem-solving. Vir-
tual simulations allow learners to feel more confident
and better prepared for real-world professional chal-
lenges. However, in addition to interactive learning, it
is important to provide an objective and transparent
assessment system that allows for the evaluation of
learners’ knowledge and skills and provides them with
feedback on their own progress.

IV. MODEL OF ROBOTIC AUTOMATED

ASSESSMENT AND REPORTING SYSTEMS

IN VOCATIONAL EDUCATION

A model of robotic automated assessment and report-
ing systems in vocational education serves as a com-
plement to previous models, offering objective and
unbiased evaluation. The use of computer algorithms
and automated systems minimises human error and
ensures a more objective and impartial assessment
of learners’ knowledge and skills. Fast and efficient
assessment automates the professional learning pro-
cess, significantly reducing the time required to check
assignments and provide feedback. Detailed analysis
and reporting, i.e., the generation of detailed reports

on learners’ learning outcomes, are used to track their
progress, identify strengths and weaknesses, and
make informed decisions about further professional
development.

Personalised feedback helps learners better un-
derstand their mistakes and improve the competencies
required for professional development. This approach
fosters a deeper understanding of the material, devel-
ops independent thinking, and increases motivation to
learn. The symbiosis of all four models creates a com-
prehensive and flexible system of vocational education
that combines a competency-based approach to inter-
active learning with objective assessment and person-
alised feedback. This allows for the integration of var-
ious teaching methods and technologies, ensuring the
all-round development of learners and improving the
quality of the educational process. This helps learn-
ers better acquire learning material, develop practical
skills, critical thinking, and also receive an objective
assessment of their knowledge and skills. As a result,
they can achieve success in their professional careers,
be better prepared for the challenges of the modern la-
bour market, and gain a competitive advantage.

The study (Fig. 4) was conducted over a six-week
period and involved 18 participants in the anthropo-
morphic robot group and 19 participants in the tra-
ditional education group. According to M. Mihai &
D. Mapheto (2024), the anthropomorphic robot meth-
od used to facilitate interaction between participants
and an anthropomorphic robot teaching them rules
and tasks represents a significant step towards inter-
active learning. The robot employed various teaching
methods, including visual cues, audio instructions,
and tactile feedback, contributing to increased en-
gagement and effectiveness of the learning process.
However, research by S. Prasad Bhatt (2021) and
Yu. Cui & H. Zhang (2021) indicate a need for further
research into the optimal use of anthropomorphic
robots in educational settings, especially considering
the individual characteristics of students and peda-
gogical tasks. Thus, the introduction of anthropomor-
phic robots into the educational process opens up
a field for discussion regarding their impact and ef-
fectiveness, requiring a competency-based approach
and further research.
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Figure 4. Comparison of the effectiveness of anthropomorphic robots and traditional education

Source: created by the authors

The traditional education method involved partic-
ipants receiving instructions from a human educator.
The educator used various teaching methods such as
lectures, demonstrations, and practical exercises. The
study evaluated the effectiveness of the two teaching
methods using the following measures: pre-test and
post-test, where participants completed tests before
and after the study to assess their knowledge of the
rules and tasks; interviews, where participants took
part in interviews after the study to share their expe-
riences of learning with an anthropomorphic robot or
a traditional educator. The results of the study showed
that the anthropomorphic robot method was more ef-
fective than the traditional education method. Partici-
pants in the anthropomorphic robot group performed
better on the post-test and gave more positive feedback

Table 4. SWOT analysis of the

about their learning experience. The authors of this
study suggest that the anthropomorphic robot method
was more effective because it provided greater inter-
activity and engagement among participants (partici-
pants in the anthropomorphic robot group were more
involved in the learning process and had the opportuni-
ty to actively interact with the robot). At the same time,
0. Dushchenko (2021) and R.A.Z. El Islami et al. (2022)
highlighted that the robot provided participants with
more personalised and timely feedback, contributing to
better material acquisition. In the context of the grow-
ing use of intelligent robots in the educational process,
the presence of potential threats and advantages of this
model necessitated a SWOT analysis (Table 4) of the
robotic automated assessment and reporting model in
vocational education.

robotic automated assessment

and reporting systems model in vocational education in the context of the competency-based approach

Robotic assessment systems are objective and unbiased

Weaknesses

Large volumes of data on learner performance are required for
effective operation of robotic assessment systems, along with
powerful computational resources for processing

Robotic assessment systems are personalised for each learner, which
promotes a better understanding of the material

Robotic assessment systems can make errors, leading to inaccurate
grading and unfair treatment of learners. Ethical use of these
systems, and respecting learners’ rights, are essential

Robotic assessment systems significantly reduce the time required
for assessment, freeing up educators’ time for other tasks

The need to adapt to various learning styles and assessment formats

Learners have 24/7 access to their grades and feedback, helping
them better understand their progress

Opportunities

Artificial intelligence is becoming an increasingly popular tool in
education, leading to higher demand for robotic assessment systems

The development, implementation, and maintenance of robotic
assessment systems are costly, limiting their availability to a wide
range of educational institutions

Some learners and educators may not be ready for their learning
outcomes to be assessed by computer systems
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Table 4. Continued

Rapid development of digital technologies will improve the accuracy,
reliability, and ethics of robotic assessment systems

Data on learners’ results could be misused, leading to negative
g
consequences for learners

Support from governments, educational institutions, and the private
sector in the form of funding for the development, implementation,
and research of robotic assessment systems

The lack of unified standards for the development and use of robotic
assessment systems could lead to compatibility and ethical issues

Integration with other systems, such as Learning Management
Systems (LMS) and e-portfolio systems

Potential negative impact on the emotional well-being of learners

Source: created by the authors

According to the conducted SWOT analysis, this
model has demonstrated significant potential in im-
proving the quality of vocational education and has
proven the sufficient effectiveness of anthropomorphic
robots as tools for vocational learning. Anthropomor-
phic robots can be used to complement traditional
teaching methods or to provide training in cases where
traditional teaching methods are not viable. A common
concept for all four models is their potential to improve
vocational education through the integration of tech-
nologies that facilitate personalised learning, increase
efficiency, and provide access to knowledge and assess-
ments at any time. Each model demonstrates strengths
in the form of objectivity of assessment and time saving
but requires attention to challenges such as the need for
large amounts of data and ethical considerations. For
the further successful implementation of these models,
it is important to develop standards and promote their
compatibility with existing educational practices.

® Conclusions
Innovative models of vocational education play a pivot-
al role in Ukraine’s strategic development, particularly
in the context of overcoming the challenges of military
aggression. All four models: personalised learning plat-
forms with adaptive algorithms, intelligent systems for
analysing the emotional state oflearners, virtual environ-
ments and gamified simulations, and robotic automated
assessment and reporting systems - form a powerful
synergistic symbiosis permeated by acompetency-based
approach. Each of these models independently increas-
es the efficiency and personalisation of learning, and
their combination creates an exceptionally strong com-
plex educational process. This allows for consideration
of both cognitive and emotional aspects of learning,
adaptation of the material to the individual needs of
learners, and ensuring constant support and feedback.
The competency-based approach, which is not a
separate element but permeates each model, allows for
the creation of a learning environment focused on de-
veloping the key competencies required for the modern
labour market. Personalised learning platforms with
adaptive algorithms use data on the individual needs

and characteristics of each learner, allowing for the cre-
ation of individualised learning trajectories. This con-
tributes to the development of both professional and
general competencies, such as critical thinking, crea-
tivity, and the ability to work in a team. Intelligent sys-
tems for analysing the emotional state of learners not
only help to adapt the learning process to the emotional
needs of students but also support the development of
emotional intelligence, which is an important element
of the competency-based approach.

Virtual environments and gamified simulations
create opportunities to acquire practical experience in
conditions that closely resemble real-world profession-
al situations. This allows learners to develop practical
skills and competencies in a safe environment, contrib-
uting to better preparation for real-world challenges in
the workplace. Gamified elements, such as game-based
tasks and simulations, increase learner motivation
and engagement, positively influencing the learning
process and the development of professional compe-
tencies. Robotic automated assessment and reporting
systems ensure objective and fair assessment of learn-
ers’ knowledge and skills, which is essential in shaping
a competency-based approach. Research has confirmed
the great potential of integrating artificial intelligence,
neuropedagogy, and a competency-based approach,
which improve the quality of learning and develop pro-
fessional skills. The implementation of such approaches
is a strategic priority for the development of Ukraine’s
education systems, which meet the challenges of the
modern labour market.

The strategic importance of such a comprehensive
approach to vocational education is particularly rele-
vant in the context of overcoming the challenges of mil-
itary aggression in Ukraine. Innovative models, perme-
ated by a competency-based approach, ensure not only
a high level of professional training but also support
the emotional well-being of learners, which is critical-
ly important in difficult circumstances. This integrated
approach helps to create a resilient and competitive
vocational education system capable of effectively re-
sponding to the challenges and needs of the mod-
ern labour market, contributing to the recovery and
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development of Ukraine’s economy. Future research in-
cludes the creation of digital interfaces for interactive
immersive vocational education environments, which
will allow for further increasing the quality of educa-
tion and preparing learners for real-world professional
challenges. Thus, the implementation of these models
is not only an educational but also a strategically im-
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IHHOBaUiMHiI Mopgeni npodecinHOoiI 0CBiTU: CUM6BIO3 LUTYYHOIO iIHTENEKTY,
Henponeparorikm Ta KOMNeTeHTHiCHOro nigxony
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B AHoTtauig. CydyacHUH CBIiT JUKTY€E HOBi MpaBu/a OCBiTH, BUMaraw4iu iHHOBal[ilHUX MiZX0AiB 10 HMiATOTOBKU
¢daxiBuiB. IHTerparnis mTy4yHoro iHTeseKkTy, Helponeaaroriku Ta KOMIETEHTHICHOTO MiAX0AY CTa€ KJIOYeM [0
cTBOpeHHs epeKTUBHUX Mojesel npodeciiiHoi ocBiTH. MeTow focipkeHHs 6yJaM po3pobseHHs U anpobaris
iHHOBaLiHHUX MoJiesieH, SIKi MOEJHYIOTh MOXKJIUBOCTI LITYYHOTO iHTeJeKTy (30KpeMa CMapT-po6OTOTEXHIKH)
3 HeWpolneaaroriyvHUMHU KOMIETEHTHICHUMH MiJX0AaMH, [AJs HiABUIEHHS Pe3yJbTaTUBHOCTI mpodeciiiHol
ocBiTH. MeTozoJ10Tia AocaipkeHHs 6a3yBasiacsl Ha aHaJi3yBaHHI cydacHOI JiiTepaTypy Ta MPaKTUK, po3pooii
eKCIlepUMeHTa/IbHUX MO/JieJiel iHTerpauil lTy4HOr o iHTeJIeKTy 10 HaBYaJIbHOI0 IPOLIeCY, a TAKOX Ha IPpOBe/leHHI
eMITIpUYHUX JOCAIpKEHb Y 3aK/1aJaX OCBITH. Y 0C/Ii[P)KEHHI BUKOPUCTAHO METO/IU aHaJli3y, CHHTEe3Y, MO/le/IF0BaHHS,
CIIOCTEpPEKEHHS W €eKCHepUMEHTY. Y $SKOCTi IHHOBAL[iMHHUX MOJeJied 3alpolNOHOBAaHO IepCcOHasi30BaHi
HaB4Ya/bHi miaTdopMu 3 aZalTUBHUMHU aJrOPUTMaMHM, iHTeJeKTyalbHi CUCTEMH aHaJi3yBaHHS €MOL[iHHOro
cTaHy 3700yBadiB OCBITH, BipTyasibHiI cepeZioBUINa Ta TredMidikoBaHi cUMyssnii, a TakoXX pPOOGOTHU30BAHO-
aBTOMAaTH30BaHi CHCTEMHU OIiHIOBaHHS Ta 3BiTHOCTI B mpodeciiiHiil ocBiTi. IHTerpanis mry4yHoro iHTeNeKTy [0
HeHlpoleaaroriyHUX MPoIeciB COpUs€e NMepcoHasi3alii HaBYaHHS, MiABUINEHHIO MOTHBALil 3/100yBaviB OCBiTH
Ta PO3BUTKY IX KPUTHYHOIO MUCJEHHA. BUKOPHUCTAaHHA IITYYHOTO iHTEJNEKTy [03BOJISIE CTBOPUTH aJalNTUBHI
ocBiTHI ny1aT$opMHy, sKi BpaxoBYIOTh iH/AUBI/IyalbHi 0COGJIMBOCTI Ta NOTPe6bU 3/106yBayiB 0CcBiTH. BnpoBa/pkeHHS
LITYYHOTO IHTEJIeKTY CIPUAE aBTOMATU3alil pyTUHHUX 3aBJaHb BUKJIAJAuiB, 110 [03BOJIAE IM 30CepeUTUCA
Ha KpeaTUBHHUX acleKTax OCBITHbOTO npouecy. BUCHOBKU A0CaipKeHHS NiIKPECI0Th 3HAaYyLiCTh iHTerpanii
LITYYHOIO iHTeJeKTY J0 npodeciiiHoi ocBiTH K 3aco6y mifiBUILeHHS 1l KOHKYPEHTOCIPOMOXHOCTI. 3 OT/IsAAy
Ha JUHAaMiYHUM PO3BUTOK TEXHOJIOTIM OYiKyeTbCH, 110 B MaHOYyTHbOMY OyAyTbh [JOCJiKeHI fK iMepciiHi
HelipoiHTepdelicu AJis CTBOPEHHS 3aXOIIIOIYUX iIHTEPAaKTUBHUX HaBYaJIbHUX CEPEIOBUII, TAK i ETUYHI aCIEKTH
BUKOPHUCTAHHSA LITYYHOTO IHTEJIEKTY B OCBITI 3 ypaxyBaHHAM KPUTHUYHOTO MUCJIEeHHA. Pe3ysibTaTu AOCIIP)KeHHSA
MalTh NpPaKTUYHE 3HA4YeHHs [AJIs1 PO3pOO6JIEHHS HOBHUX OCBITHIX TeXHOJIOTIH i miaxofiB, 110 BiAMOBiarOTH
Cy4acHMM BUMOTaM PUHKY Mpari Ta norpe6aM nporpecuBHoOi Mool

B KnoyoBi cnoBa: nepcoHasisalis HaBYaHHSA; afalTHBHI aJropuTMy; iHAMBiAyaabHI OCBiTHI TpaekTopil;
BipTyasbHi cepeZjoBUINA; pOGOTU30BAHO-aBTOMATH30BaHEe OI[iHIOBAHHS; KPUTHUYHE MUCJEHHs, NpodeciiiHa
MiIrOTOBKA
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