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Abstract. Recently, higher education has undergone significant changes due to the use of digital
technologies and innovations. The use of innovative platforms, hybrid models and online services
cannot overcome the requirements of today. To solve these problems, the article proposes a
hypothesis regarding the use of a digital twin of a teacher. The use of modeling, design and
optimization of the pedagogical educational process based on a cyber-physical system built on
mathematical modeling and synergy is suggested. The study presents the process of building
cooperation between a teacher and a higher education student when creating a digital twin of the
latter, which integrates a model of the subject area of knowledge for the educational process, takes
into account the variable parameters of the education student and models the educational process
based on the use of the latest artificial intelligence technologies. The proposed architecture includes
Internet of Things (IoT) technologies, machine learning and big data analytics, which together
reflect the digitalization of Industry 4.0 and support for the “live” learning process. The results of
the study demonstrate the practical consequences of using artificial intelligence tools among
students and teachers. The need to use significant computing and machine equipment to analyze
the results of the implementation of a digital twin is emphasized. The results of a two-stage survey
of higher education students and university teachers are presented. They indicate positive aspects,
such as: work-life balance and flexibility of learning. At the same time, the disadvantages are
obvious as psychological safety and ethics of data use. As a result, the authors concluded that the
digital twin of a teacher is an individual, transparent, adaptive and motivational tool for improving
the educational process. Its further implementation depends in the future on resolving issues
related to the ethics of personal data and psychological support by creating a conference database,
impartiality algorithms and a reliable methodological foundation for resolving potential conflicts.

Keywords: digital twin, teacher, digitalization of administration, digital portrait of a student, stages
of digital twin development.

1. INTRODUCTION

The educational process is a primary aspect of societal development. Its main task is to train the new
generation for future changes, which are immutable. In the current conditions, the educational process
itself is constantly changing under the influence of the development of digital technologies. In recent
years, the main lever of influence has been artificial intelligence.

Due to digital tools and artificial intelligence (AI), monotonous processes of the teacher have become
automated, which provides the opportunity and, above all, time to prepare high-quality and


mailto:lezya86@gmail.com

170 O. Domina, K. Andriushchenko, A. Liezina, Y. Tsymbalenko, O. Titova, O. Kyryliuk, Y. Vylgin

substantiated content, improving the efficiency of the educational process. Artificial intelligence is the
property of intelligent systems to perform those functions and tasks that are usually characteristic of
intelligent beings (Olmo & Alba, 2023). This can manifest itself in creativity, have a tendency to reason,
generalize, and learn from previous experience, and so on. Its development in the direction of science,
within which hardware or software modeling occurs. Al is often implied as a direction in IT, the main
goal of which is intelligent actions and reasoning using computer systems.

The active introduction of new digital technologies into public life gives rise to new tasks of social
and technological development. Globalization, acting as a trend of today, erases the boundaries between
different social systems (Liezina et al., 2023). Under the influence of objective processes, society makes
ever more demands on the education system, and the development of information resources creates
additional competitive opportunities for educational structures (Andriushchenko et al., 2022; Autiosalo,
2018).

The impact of the “new digital reality” dictates the need to transfer the sphere of professional
education to a qualitatively new level (Camacho & Loayza, 2023). Education, fulfilling the order of the
labor market, uses innovative methods of organizing management and tools that increase the efficiency
of various spheres of society’s life as an additional resource for improvement (Pokataiev, Teteruk &
Andriushchenko et al., 2023). This creates the opportunity to apply modern digital technologies used in
the manufacturing sector of the economy in pedagogical activities (Sepasgozar et al., 2023).

The terms “distance learning” and “e-learning” have been identified with the use of digital
technologies for over two decades to bring about a transformation in education, marking a shift to a
technology-driven approach. With the rapid growth of digitalization in all spheres of life, teaching and
learning methods must change to keep pace with this progress (Budnyk & Kotyk, 2024; Kiimmel &
Kimmerle, 2020). This shift has been further supported by the growing use of Al and data analytics in
education in light of the COVID-19 pandemic and war, which has forced all educational institutions to
shift to virtual classrooms and online platforms as a means for continuous interaction between teachers
and students. (Gonzalez et al., 2021; Gu et al.,, 2023). However, over the years, the focus of online
learning at the university level has been predominantly on content delivery and teaching methods,
while important areas such as online pedagogy, social aspects and informal learning have fallen victim
to this process. (Crawford et al., 2020).

Virtual classrooms, on the other hand, involve real-time interaction between teachers and students
and offer plenty of opportunities for interaction through questions, discussions, and group activities (Al-
Samarraie, 2019; Andriushchenko et al., 2020). In fact, these platforms even facilitate the cross-cultural
adoption of technology in education, allowing students from different parts of the world to collaborate,
share ideas, and support each other in study groups and team-based learning projects. In this case, the
teacher creates tags (digital traces) as a conventional designation of typical tasks within the framework
of completing assignments aimed at acquiring the ability to perform the necessary action, without
making its implementation a conscious goal (Afiez, 2023; Andriushchenko et al., 2025). However, the
teacher must in each case evaluate the results of each student in order to determine which tags should be
used to form the assignment. The digital trace of the teacher is considered as a set of aggregated
statistical data, as well as the tag/tags that were determined by the teacher as relevant for forming an
individual assignment for the student's digital trace data (Fathy, Jaber & Nadeem, 2021). The digital
twin of the teacher is the result of modeling the activity of the teacher, who selects the appropriate tags
based on the patterns of the teacher's digital traces (De Giusti, 2023; Chamorro-Atalaya et al., 2023).

Effective learning outcomes depend on engagement, and new approaches are needed to fill the gaps
in existing virtual platforms. At the same time, the use of online and video conferencing helps apply
different learning skills, such as: creativity, deep critical thinking, and increased attention to subject-
specific tasks. It has quickly become a cornerstone of all forms of digital, hybrid, and blended learning
models, providing face-to-face interactions when physical presence is not possible (Kovtun et al., 2020;
Yatsenko et al., 2017). Apps such as Google Meet, Microsoft Teams, and Zoom facilitate collaboration —
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using emoji reactions, live polls, question voting, and virtual whiteboards — making learning more
dynamic and active. Traditional virtual learning platforms lack robust methods for checking in with
students in real time and do not sufficiently account for differences in cross-cultural participation
(Hassan & Izquierdo, 2021; Onaji et al., 2022).

The growing interest in learning engagement research is necessary due to the need to understand
students” academic behavior. In this article, we discuss the existing limitations and tactics that can be
used to engage students in online lectures (Pokataiev et al., 2023). It is noted that online education has
led to radical changes in students” perceptions and participation in online courses. This article examines
the effective use of various online platforms that have impacted student engagement (Andriushchenko
et al., 2022).

PricewaterhouseCoopers estimates that the implementation of artificial intelligence will have
increased global gross domestic product (GDP) by 14% by 2030, adding an additional US$15.7 trillion to
the global economy. PWC also predicts that strategic investments in various types of Al technologies
will contribute to significant increases in productivity and GDP of the global economy. It is predicted
that by 2030, the demand for artificial intelligence systems and highly qualified labor of specialists with
developed neuro-digital competencies will have increased significantly (Bond et al., 2023; Carvajal &
Arenas, 2022).

2. THEORETICAL BACKGROUND

The latest technologies are driving factors of revolutionary breakthrough in the development and
improvement of the educational process. The most significant ones include the use of artificial
intelligence tools (robotics, machine learning, natural language processing), the creation of virtual,
augmented and augmented reality, as well as the Internet of Things (IoT).

Let us turn to the experience of (Carbonell et al., 2023), who carried out a detailed analysis of digital
tools that transform educational systems. The author identifies two key aspects of the scientific task of
analysis based on big data: infrastructural-technological and competence-based. We should agree with
the conclusion of (Carbonell et al., 2023) regarding the intensive development of various digital services
and the presence of regulatory frameworks for the use of digital technologies in education, but at the
same time insufficient improvement of the methods of “evidence-based management and methodology
development” based on big data (Antonijevic et al., 2022).

Most researchers consider the most common digital technologies adapted to pedagogical tasks to be:
distance learning, cloud technologies, augmented and virtual reality (Franco, 2022), (Gonzalez, 2023).
Less attention is paid to technologies such as: distributed registry system and blockchain, big data
analysis, artificial intelligence (Guc, Viola & Chen, 2021; Han et al., 2023).

A special place in the possibility of using digital technologies for educational purposes is occupied
by a digital twin. Industry and public administration have accumulated experience in using Digital
Twins technology in a short period of time. Education is just beginning to go this way.

The study was conducted using the following methods: analysis and generalization, formalization,
modeling, synthesis and description. The main materials for the study were the results of research work
devoted to issues of automated generation of educational subtasks based on the tag and criteria
methodology.

3. RESEARCH OBJECTIVE, METHODOLOGY AND DATA

Based on domestic and foreign experience in the development of digital technologies, a hypothesis
was formulated about the use of digital twins, which allows designing the pedagogical process, as well
as analyzing the behavior of the built pedagogical environment. The technological component was
based on information solutions used in industrial production and the real sector of the economy. In this
study, a hypothesis was built using the mathematical modulation method of Harichandana et al. (2023)
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and using information coding based on the theory of synergetic and self-organization of Kalantari et al.
(2022), which are embedded in thinking processes. On this basis, the main components of the digital
agent of the teacher were formed.

Besides, to strengthen the position of the authors and to prove the hypothesis, a mixed method of
design science research (DSR) was used. This method is based on the isolation and further assessment of
the meaningful memory of the teacher’s digital twin and its potential model (Andriyuschenko et al.,
2025). Collectively, the presented tools serve as a generalization for the accumulation, analysis and
transformation of the entire array of information with the subsequent aim of creating a synergy effect
and application with the exclusion of potential errors in the model’s operation (Yatsenko et al., 2018).

In the process of analysis, collection and correction are carried out in three stages. The first stage is a
thorough analysis of scientific achievements from open sources over the past five years, with special
attention paid to international scientific metric databases (Scopus and Web of Science) by selecting the
keywords “education”, “learning”, “digital twin”, “artificial intelligence” and “metaverse”. As a result,
it is possible to identify the main shortcomings and niches for further scientific achievements. At the
second stage, a semi-structured survey (12 in number) is created with the selection of experts (higher
education teachers) competent in this area with relevant experience in using Al tools (Andriyuschenko
et al., 2025). NVivo software was used for decoding, which emphasizes the importance of incorporating
digital technologies for the development of science. From the point of view of proving the hypothesis
are put forward, the key features, functionalities and shortcomings of the implementation of a digital
double of a teacher are determined. The third stage is a re-determination and analysis of quantitative
indicators of satisfaction of higher education students and employees of educational institutions
regarding the implementation of a digital twin in everyday work. Special attention at this stage was paid
to social, psychological and ethical aspects.

Definition of a digital twin largely reflects the possibility of its use for solving pedagogical problems.
Thus, “a digital twin is a mathematical model consisting of a matrix of target indicators reflecting the
requirements for an object and resource constraints when building it. The amount of data used to build a
twin reflects the behavior of a real object at all stages of the life cycle. At the same time, changes made to
the parameters of the object allow optimizing the system's operation and significantly reducing possible
costs.”

Engineering information reflects the parameters of the model elements: structure, functions, content.
Such a characteristic of the information parameter is similar to the typology by which pedagogical
modeling is carried out (Jones et al., 2020), with only one condition that the model should reflect both
the structure and functions with content. It follows that the existing pedagogical models in digital twins
will be engineering information about the proposed pedagogical project, or reflect the current
pedagogical system.

Information on the operation of the model is a way of processing information by mathematical
methods, i.e. “digitization of model parameters”. This element involves specialized technologies. If it is
not difficult to mathematically set the parameters of a physical system, then transferring data about a
social system or about the thought processes of an individual is a much larger task. The work of
researchers in the field of synergetics and self-organization (Kuts et al., 2020) can serve as a certain basis
for identifying the mathematical parameters of the elements of the pedagogical system.

The most difficult thing will be to meet the requirements for transferring information about
operations in real time (Lin, 2023). The focus of the problem is that between the physical object and its
digital analogue, a person will act as an operator, and much will depend on the subjective factor of the
individual (Abdullahi, Perinpanayagam & Hamidu, 2022).

Although innovative technologies have revolutionized teaching and learning methods, online
learning has several limitations and challenges. The cultural background of the participants may
influence their online learning experience in a remote learning environment (Garcia, 2023). Moreover,
students are also shy about using webcams during video conferencing, so some of them do not
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participate in the meeting (Corredor, 2022; Mourtzis, 2023). Interestingly, most students use the webcam
feature in the meeting rooms or create synchronous online sessions by themselves.

The integration of the technology in higher education has great potential to create more engaging
learning opportunities, but the current online education methods reduce student interaction in the
virtual environment and limit their learning (Wang et al., 2022). Due to two-dimensional technologies
and the development of common video platform tools such as Zoom, the behavioral and body cues used
in online education today are limited.

Martinez et al. (2021) noted that specific and standardized rules in the educational space are
extremely important for improving the quality of learning. However, according to the literature, a lack
of knowledge about technology leads to a wide range of problems. For example, many people reported
psychological effects of long video calls, known as “Zoom fatigue” (Mourtzis, 2023; Chiquito et al,,
2020).

Since 2020, the academic community has been forced and rapidly transitioned to online learning due
to the COVID-19 pandemic, which has become a turning point in the development of the educational
process. Similarly, 97% of college students report that their schools have transitioned to online learning;
but as more technology is used to support learning, more personal information about students is
collected. This has raised several privacy concerns regarding the type of student information being
collected and how it is used. Online courses are more vulnerable to cyber-attacks compared to
traditional courses, especially around endpoint security, privacy, and process (Aloqaily et al., 2023;
Andriushchenko et al., 2021). Moreover, students who misuse the biometric data collected from them,
such as unauthorized sharing or reuse, create risks to student autonomy and data integrity.

Currently, the development of Industry 4.0 is very rapid and has an impressive speed of
implementation. It is impossible to unequivocally state that Industry 4.0 still dominates, because many
in the scientific community already single out digital technologies as the first stages and offspring of
Industry 5.0. It is based on the concept of digital leadership, literacy and the dual nature of action. The
development of tools and means (such as computing large data sets, cloud storage, interaction sensors,
visualization of people, process phenomena, etc.) has become the key to the simultaneous creation of
digital twins and the existence of prototypes in real life. Thus, “digital twins” make it possible to
perform several operations simultaneously, improve time management and reach new levels of
forecasting analytics of results. To optimize production processes, it has become possible to obtain the
results of trial options without using the real process and accumulate the data obtained for future
projects (Grisales, 2022).

To create reliable and scientifically based conceptual foundations of the presented proposals, a data
validation protocol is already used at the initial stage of implementation (RaiSiené et al., 2019; Kniazieva
et al., 2023). The validity of the initial stage of data collection and analysis of scientific achievements has
good results, and also takes into account the results of surveys, expert opinion (n = 7) of scientists,
teachers and scientific and pedagogical staff. Based on the 5-point Likert scale, data analysis was carried
out, the completeness of the model, its components and their mutual consistency were determined. The
next step was the development of a methodological basis and the creation of a visual observational
example for further empirical research and pilot implementation in the educational process.

4. RESULTS AND DISCUSSION

For students of new technologies, prompt personalized feedback and adaptive learning, the way the
group got into intellectual education, which can effectively solve all problems in the field of education
process.

Thus, the introduction of Al is not intended to replace a person, but, on the contrary, to become a
great assistant. At the same time, it is necessary to understand that new technologies of artificial
intelligence are highly dependent on a person and the requirements for the conditions of creation, in this
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case there are no ready-made solutions. As the study showed, for the effective use of Al in education we
need:

- use of computing power, accumulation of a large amount of data;

- highly qualified specialist’s consultations on the creation and training of artificial intelligence
models;

- time for this training.

Artificial intelligence (AI) should be viewed as both a long-term technological investment and a
transformative tool that is already actively integrated into the field of education. Its implementation
enables universities and schools to provide more flexible, adaptive, and in-depth learning opportunities.
One of the most relevant applications of Al in education is the development of personalized teaching
systems, where the content and pace of instruction are tailored to the individual capabilities, prior
knowledge, and specific needs of each student.

Such systems have proven themselves most successfully in the exact sciences, in particular in
medicine, as well-structured knowledge. The report Intelligence Unleashed: An Argument for Al in
Education contains three models that underlie intelligent learning systems:

— Domain of knowledge model. Al needs knowledge about the discipline being studied: topics and
connections between them. The more detailed and accurately the structured subjects of knowledge, the
more efficiently the AI will work. Therefore, mathematics, physics, computer science and medicine are
the most suitable subjects for organizing AL

— Educational model of lifelong education. Artificial intelligence accumulates and generates all the
information of the student regarding achievements, features of perception, difficulties, emotional state,
empathy, etc.

— Teaching model of higher education. In this case, Al uses information about the teacher's
approaches in the educational process, providing feedback to the student, the ability to evaluate the
work performed, and the formation of skills for creating an educational context.

Thanks to artificial intelligence, digital technology interfaces adapt to the user and the abilities of
each student in real time. A personalized approach allows to fill in the gaps in education and
reinforcement of material based not on the general picture of changeability, but on the capabilities of a
specific student.

For example, the voice assistant Merlin Al and Poe Al are used as a digital assistant for teachers,
created on the basis of artificial intelligence. It is a voice assistant that can provide the necessary
presentation, quickly find images, and set a timer for a short knowledge check. Merlin allows the teacher
to save time and focus on really important tasks. In this vast ocean of Al options, Poe Al and Merlin Al
have attracted significant attention due to their unique capabilities and applications. Merlin Al is a set of
tools for all writing needs, whether it is for work, a large research project, or just an attempt to make
every day email more interesting. It has more than 70 writing tools that seamlessly integrate with more
than 5,00,000 web pages and applications. Poe Al can decode complex features such as context, tone, and
semantics, making it ideal for deployment in a variety of industries. It works by creating bots for a
variety of use cases.

Chatbots can also become virtual assistants for teachers. The role of a teacher can be performed by
chatbots, available to students around the clock, which makes it possible to convey the material to
students. Chatbots can also mark gaps in each student's knowledge.

The ALP (Kidaptive) cloud platform is able to create a psychometric profile of each student and
adjust the educational process to this data. The platform is also able to predict the ability of students in
certain areas of science. This is a powerful and flexible platform for assessment and reporting, designed
to collect data from various sources. The data is combined into a universal system and analyzed to create
a personalized student profile for each user. ALP allows you to customize interaction with students
based on carefully researched pedagogical principles.

The core application included a Kidaptive-developed Java application running on EC2 using an
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application load balancer, event processing using Apache Kafka, and Al processing based on HBase,
Spark, and Oozie.

Knewton is a platform that delivers tailored learning for higher education. Software products
skillfully fill in the gaps and, in particular, the gaps in the educational environment regarding the
specifics of the educational context due to machine learning and artificial intelligence. These predict
possible potential steps of education seekers in their intentions for cognition. Knewton applies Al to
tailor educational content to the needs of individual students, making the learning experience more
personalized and helping students achieve their best learning outcomes. Knewton is an Al-powered
platform that uses carefully curated educational content to tailor individual lesson plans for each
student. Knewton has attracted significant scholarly and professional attention within the education
industry. Since its founding in 2008, the company has raised over $180 million in funding and has
provided over $15 billion in personalized recommendations to students (Fig. 1).

One of the most famous assistant chatbots is Jill Watson, a virtual assistant based on the IBM
artificial intelligence system. A professor of computer science at the Georgia Institute of Technology has
“created” an assistant that will quickly answer the most popular questions of students. The machine
learning algorithm studied more than 40,000 messages on the Internet, and as a result, it surveyed
students on questions of interest to them. Many did not even realize that they were communicating with
a chatbot. Checking homework, filling out documents, preparing reports on the work done, drawing up
a lesson plan, which takes up 50% of the teacher's working time, is very important. This task is fully
automated and the teacher focuses his attention on teaching students.
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Source: development by the author’s

Some Chinese schools have already implemented programs based on artificial intelligence to assess
students” knowledge. In large-scale testing (in which 120 million people participated), the virtual
“teacher” fully justified itself. The virtual “teacher” received the qualification of a teacher, as in 92% of
testing cases he did not make a mistake.

In the USA, the Gradescope project developed by specialists of the University of California at
Berkeley was implemented to identify students” knowledge, where a virtual teacher estimated students'
knowledge without errors by as much as 90%. Gradescope can be used as a standalone application or as
a free integration with Canvas for teachers and students. The integration allows you to link the busy
schedule and tasks, and the grades will be automatically sent to the Canvas grade journal.
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The British company Century Tech used cognitive neuroscience to identify gaps in students’
knowledge. He proposed educational material, where students” answers to a certain science course are
automatically recorded and their correctness is automatically analyzed. Teachers monitor the accuracy
of individual components of the task, both for each student and for the students of the entire class with
the help of special tools.

Al algorithms process data from all models. The processing results are presented in the student's
interface in the form of adaptive educational content (text, sound, video, animation, tasks). As soon as
the student begins to interact with the content, he leaves a digital trace, which is also analyzed by using
Al methods. The latter were studied in the work and have a descriptive and quantitative result, which
indicates the relevance of introducing digital twins in teaching.

The results of the digital trace analysis serve as the basis for feedback and new adaptation of
educational content. During this process, large amounts of data are cyclically fed to the system for
dynamic optimization and self-improvement. The cycle is repeated until the student achieves the
educational result.

Dialogue-based learning systems are based on:

- pedagogical model;

- student model;

- knowledge domain model.

However, the difference is that such systems do not provide adapted educational content that
simulates a dialogue with students changes to help find the necessary solution, assess knowledge and
determine their level of assimilation of the material being studied, to consolidate the topic studied using
specific examples. In this context, the Watson Tutor software product serves as an illustrative example of
the practical application of artificial intelligence in education. As a dialogue-based learning system
developed by Pearson and IBM for universities, it is designed to deeply immerse students in a particular
topic of study. The program offers additional materials, tracks student responses and adapts the
conversation and makes a summary depending on the responses. Based on this approach, we have
generalized the logic of cooperation between the teacher and the student (Fig.2).
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Fig.2. Graphical representation of cooperation between a student and a teacher in the digital space
Source: development by the authors

“The digital twin of the teacher” is a program developed by the University of Pittsburgh — a
dialogue, which is based on a complex of neural networks, answers students’ questions. Another
technology is Deep Fake, which allows you to superimpose the image of the teacher’s face on a 3D doll
to simulate the effect of Representation. This technology is most widely used in universities in
Pittsburgh.
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The practical significance of using digital twins lies in two main possibilities: an ontological digital
model will reflect the behavior of a real pedagogical system and predict possible crises and defects; a
digital model, as an imitation of existing real processes, can become a new method of scientific research
in the design of the educational process.

Thus, the digital twin of the pedagogical model will be presented in the form of the following
parameters (Fig. 3): parameters of the subjects of the educational process; structure, functions and
content of the model; mathematical apparatus that transforms information; time and converted data.

In the foreseeable future, the logic of constructing research in pedagogical sciences will be oriented
towards digitalization and innovation, which, in turn, can give an additional impetus to the study of the
possibility of constructing digital twins in education. In addition to the possibility of using the
technology in question as a method of scientific knowledge, it is permissible to use its potential and
resources in solving fragmented educational problems. For example, a departmental system of
personnel training can implement the technology of digital twins for designing social behavior in order
to improve preventive work to prevent destructive and deviant behavior of citizens.

The result of the digital design stage is the development of a digital twin of a teacher. Here, it is
necessary, first of all, to create a methodological basis for its use, a technology for managing it (to
conduct a simulation of possible events).
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Fig. 3. Structure of the digital twin of the pedagogical model
Source: development by the authors

Simulation of the behavior of virtual prototypes of a teacher seems possible, for example, on the
basis of agents. In order for the use of a digital twin of a teacher to bring results when conducting
experiments (solving various classes of problems on it), dynamic simulation models can also be
designed in the presentation of data, their analysis and use. The digital twin of a teacher combines
virtual and physical environments, which include a physical system, external sensors, communication
interfaces, etc. (Fig. 4).

These data include information from physical systems, external sensors, information systems, etc.,
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they are transferred to the virtual environment to update the model in the digital twin. For example, the
management of an educational institution may also consider information systems that will serve as a
database. These include repositories of final works of applicants (diplomas), information bases of
distance courses, security systems, etc. It is assumed that there is a hardware and software complex that
simulates the work of an educational institution and the actions of students, teaching staff and
employees in it, due to which it solves certain classes of problems on the digital twin of the student.

For data processing, it is logical to use the mechanism of building a complex double - this is a set of
all currently known technologies for data aggregation, modeling, analysis and visualization. The entire
information base (“Big Data”) is formed at the base, which becomes the basis for decision-making as a
factor of possible action. The information field is created using open sources and its own database.
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Source: development by the authors

The synthesis of all information is created as a predictive model, in which the next step is the most
likely action from all the specified factors and events. In this case, an action scenario is formed based on
the “intuitive” development of events. And from the point of view of saving money - this is an indicator
of their preservation and multiplication in the absence of costs. To confirm the hypothesis put forward
in this study, the authors, based on the methods described above and the data obtained by the
Association of European Universities, calculated the positive impact of artificial intelligence and the
creation of a digital twin of a teacher (Needs and wellbeing of students and staff, 2023).

The survey was conducted in two stages: the first stage formed a collective understanding of
respondents about well-being and the parameters of its measurement (to emphasize ethical norms), the
second stage identified the factors that most influence the individual well-being of participants in the
educational process. As a result, according to respondents, artificial intelligence tools and the creation of
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a digital twin of a teacher include several aspects - physical, psychological, social, emotional and
cultural, which are structured into three groups: 1) community and culture; 2) policy and practice; 3)
institutional elements. The analysis of the assessment of the impact of factors on the well-being of
students and university staff showed the following results (Fig. 5).

Analysis of the impact of digital or hybrid education on well-being using digital twins showed that
out of 17 factors that are directly or indirectly influenced by digital technologies, a positive effect is
observed in only 2 — “work-life balance” and “flexible approaches to learning and teaching”. Digital
technologies have a maximally neutral impact on a fairly large group of factors. However, it should be
noted that a smaller proportion of responses for all factors were given by students: a particularly
noticeable difference compared to employees is noted in the assessment of the impact of digital
technologies on “psychological safety” (20.39%), which may indicate an underestimation of this impact
by university employees.
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Fig. 5. Al tools and teacher digital twin creation that have the greatest impact on the well-being of students
and university staff
Source: calculated by the authors
Considering the digital double of a teacher as one of the tools for creating an adaptive educational
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environment, it is worth remembering that of all aspects of its application in the educational
environment — working with big data, computer calculations, educational values — the last aspect will
always be a priority. The implementation of educational values is possible only on an ethical basis
(Vasianovych et al., 2023). Ethics is a kind of filter that filters out decisions that can negatively affect
education and the person in it. Therefore, the issue of using artificial intelligence in the educational
process must undergo an ethical assessment in order to minimize the possible risks of errors and
malicious use. Today, issues remain relevant, in particular:

- finding criteria for ethically acceptable artificial intelligence technology in education;

- determining the ethical obligations of companies and educational organizations that are engaged
in the development and research of digitalization products for educational purposes;

- combining the changing goals, interests and emotions of different groups of students with the
ethics of using artificial intelligence;

- ethical implications of displaying personal information in large data sets, which additionally
raises the issue of data confidentiality and user identity security.

Digital twins of teachers actively use this technology in the transitional stage in Industry 5.0, since
the collection and accumulation of all available data allows analyzing the behavior of a real object and
managing it. Processing digital twin data involves the exchange of a huge amount of information, which
comes, as noted earlier, both in structured and unstructured form. The sources of this data are diverse
and heterogeneous. The problem is not only the diversity of the collected information, but also the
limited bandwidth of the data transmission system from information collection systems to information
processing systems. Here, high-bandwidth highways for transmitting information, cloud storage
schemes, and systems for ensuring the security of this data are needed. The features of big data also
include the fact that they are not created for research purposes, but cover the entire population, provide
an idea of \u200b\u200bpeople’s behavior at the micro level and are generated and processed in real
time. This is very important in the study of human social behavior, since it gives an idea of
\u200b\u200bthe real actions and interests of students. Analysis of such data using Big Data
technologies allows you to effectively perform important management functions. The results of big data
processing allow us to identify trends and patterns, on the basis of which various forecasts can be made.
Digital twin data can be used for analysis, development of strategies and making the right decisions
when forming its life trajectory. It is further proposed to create an intelligent decision-making system in
a certain class of problems based on the obtained results of processing the digital twin data of a person.

5. CONCLUSIONS

The conducted brief analysis leads to the conclusion that the hypothesis about the possibility of
using the digital modeling tool for pedagogical processes is confirmed by the presence of the elements
required for the implementation of the technology. The digital twin allows for a complete analysis of all
factors affecting the quality of the pedagogical process. Despite the fact that the technology under
consideration in education is currently only a hypothetical possibility, the digital twin is capable of
improving the quality of the educational process, leveling out the negative consequences of various
influencing factors. Accompanying the educational process with digital imitation helps to identify
hidden problems, which will subsequently have a positive effect on the quality of the formation of the
student's worldview. The most important condition for creating a digital twin of the pedagogical process
is the competent definition of all parameters of the pedagogical model, as well as high-quality
aggregation, analysis and visualization of information transmitting the system parameters. The basis for
the development of scientific thought in the field of technologization of professional education can be
the technological frontier of domestic and international engineering thought, which over almost thirty
years of accumulation of experience in the use of “intelligent assistants” has generated various digital
platforms that allow optimizing production cycles and the operation of the entire production system.



The Impact of Artificial Intelligence on the Formation of a Teacher’s Digital... 181

The construction of digital replicas of pedagogical models fits harmoniously into the updated passports
of specialties for the training of teachers and lecturers, providing researchers with the opportunity to use
modern digital resources in the context of the digital transformation of professional education. Further
development of pedagogical thought can be associated, among other things, with the construction of
“digital ontological models” of the process of teaching and upbringing of an individual, as a specific
method of scientific knowledge in pedagogy.
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Avomina OxcaHa, AnapromieHko Karepmna, esina Amnacracis, Ilumbasenko fIna, Titosa Oaena, Kupnarox
Okcana, Bmarin €sren. Bmams mrTyuHoro inteaekty Ha ¢opMmyBaHHS HIUQPOBOTO ABifiHMKA BMKJAajada B
MeTascecBiTi. Kypnax [Ipuxapnamcokozo ynisepcumemy imeri Bacurs Cmedanuxa, 12 (3) (2025), 169-185.

OcranHiM yacoM BMIIla OCBiTa IligBAagHa 3MiHaM 4epe3 3acTOCyBaHHs IVM(POBUX TEXHOAOTIN. Buxkopucranusa
iHHOBaLiHNX NAaTPOpM, riOpUAHNX MOJAeaell Ta OHAAH-CepBiCiB ITOBHOIO MipoIo He 3a0e3IedyIoTh BUMOTHU A0
HajaHHsA SAKICHMX OCBiTHiIX mocayr. Jas BUpillleHHS LMX 3aB4aHb B CTaTTi 3aIllpOIIOHOBAHO TIiNOTe3y IO40
BUKOPUCTaHHA 1IM¢POBOro ABilfHMKa BuKAajada. [IpeacTaBaeHo Ha ocHOBI kibepdisnuHoi crucremy, 1obyAoBaHOI
Ha MaTeMaTMYHOMY MOJeAIOBaHHI Ta CHHepTii 3acTOCOBYBaTU MOAEAIOBaHH:, MPOEKTYBaHHs Ta ONTUMIi3alliio
OCBiTHBOTO TIporecy. B socaigxeHHi BUCBiTAeHO Iporiec MOOyA0BM CHIiBIIpari DUQpPOBOro ABiliHMKa BUKAajada i
3400yBada BMIIIOI OCBiTH, B Pe3yAbTaTi AKOTO iHTEI'pPOBaHO MOJeAb IpejMeTHOI 0041acTi 3HaHb AJAs HaBYaHH,
BpaXoBy€ 3MiHHI IlapameTpu 3400yBada OCBITM Ta 34iliCHEHO MOJEAIOBaHHA OCBITHBOTO IIPOIleCYy Ha OCHOBI
BUKOPVCTAaHHsI HOBIiTHIX TEXHOAOTi} IITyYHOTO iHTeAeKTy. 3allpOIOHOBaHa apXiTeKTOHiKa BKAIOYA€ TeXHOAOTIi
Intepner peuvent (IoT), MammMHHe HaBYaHH:A Ta aHAAIiTUKy BeAMKUX JaHMX, IO B CYKyIHOCTI BigoOpakae
mndposisanio iHaycrpii 4.0 Ta mATpMMKY “XmBOro” mporecy HaBYaHHA. PesyapTaté  A0CAiAKeHH:
AEMOHCTPYIOTh ITPAKTUJHI HACAiAKY BUKOPUCTaHH IHCTPYMEHTIB IITYYHOIO iHTeAeKTy ceped 3400yBadiB OcBiTU Ta
BUKAaJadiB. IligkpecaeHo HeoOXigHICTh 3acTOCyBaHHA OOUMCAIOBAABHOI TeXHIKM Ta MAIIMHHOTO CIIOPsAXKEeHHS A5
aHaJi3y pe3yAbTaTiB BIIpOBaJ’KeHH: IIUPPOBOro ApiiiHMKa. IIpeseHTOBAaHO pe3yaAbTaTy ABOETAITHOTO OIIMTYBaHHI
3400yBauiB BUIIIOI OCBITM Ta BUKAaAauiB YHiBepCUTETIiB, sIKi BKa3yIOTh Ha O3UTMBHI CTOPOHH, TakKi sK: OalaHC Mix
SKUTTSIM Ta POOOTOIO, THYUKiCTh HaBJaHHs. AJe B TOJ JKe Yac IIPUCYTHI HeAOAIKM — IICUX040TiuHa De3Iiexa Ta eTuKa
BUKOPUCTaHHA JaHMX. Y pe3yaAbTaTi aBTopaMm IIiACyMOBaHO, IO UMQPOBMIT ABIIHMK BUKJAajada €
iHAUBiAyaAbHUM, HPO3OPUM, ajalTUBHUM 1 MOTHMBALI{HMM IHCTPYMEHTOM AAs YAOCKOHAaJeHHsSI OCBiTHBOTO
polecy. Voro moaaablie BIIPOBaA KeHHsA 3aleXUTh y MalOyTHbOMY Bi4 BUPpIIlIeHHA INUTaHb 11040 E€TUKU
0CODOBMX AaHMX Ta IICMXOAOTIYHOI MIATPMMKHU 3a PaXyHOK CTBOPeHHs KOH(epeHIIiiiHOI Oa3y AaHMX, aATOPUTMIB
HeyIepeA>XeHOCTI Ta HaAillHOI MeTO40A0TIiYHO1 Oaszu BperyA10BaHHSI IIOTeHLIHIX KOH(I)AiKTiB.

Karouosi caosa: 1iudposuit ABiHNK, BUKAajad, U posisaliis yrpasaiHas, IUQPOBUIl IOPTPeT YUH:, eTaru
PpO3po0KM P POBOTO ABiTHIKA.
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