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Abstract

Introduction. Integration into the modern European educational environment brings a series of changes 
and modernization in approaches to the educational process, professional activities, and the need for 
digital solutions in everyday life. At the same time, the application and impact of artificial intelligence (AI) 
in the educational, scientific, and healthcare remain controversial.
Aim. To highlight the results of the analysis of readiness and experience in the application of artificial 
intelligence in medical education in Ukraine.
Materials and methods. To accomplish the tasks set, the following theoretical and empirical research methods 
were used: bibliosemantic method, system analysis method, conversations and interviews with participants 
in the educational process, analysis of readiness and experience in the application of artificial intelligence in 
medical education in Ukraine, surveying (464 respondents participated in the survey: 439 higher education 
students and 25 students of professional pre-higher education from Bogomolets National Medical University).
Results. We conducted a  questionnaire on the use of AI by medical education students. The results of the 
survey showed widespread use of AI, and the respondents was indicated by the positive effect of its use. We also 
summarized the functions and capabilities of AI that respondents would like to have in educational applications 
and grouped them into five categories. We conducted a  thorough analysis of the Digital Competency 
Frameworks to determine readiness for AI applications in various industries, including the healthcare.
Conclusions. The analysis key Frameworks shows that AI is an important tool that can be applied in 
various fields of activity and also create a  foundation for integrating AI into education and healthcare. 
AI is a crucial element of Ukraine’s digital transformation and has significant potential for application in 
healthcare. The development of AI requires a  comprehensive approach, including regulation, education, 
and professional training.
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INTRODUCTION

Integration into the modern European educational 
environment brings a series of changes and modernization 
in approaches to the educational process, professional 
activities, and the need for digital solutions in everyday 
life. When implementing and adapting European 
legislative documents and requirements, it is important 
to understand the necessity of such implementation and 
its positive outcomes for society. At the same time, the 
application and impact of artificial intelligence (AI) in 
the educational, scientific, and medical fields remain 
controversial. AI regulation in Ukraine is a matter of time, 
and active legislation is already being developed to support 

AI development while ensuring the protection of human 
rights and ethical principles. A  significant milestone in 
regulating these issues was the Resolution of the Cabinet 
of Ministers of Ukraine «On Approving the Action Plan 
for the Implementation of the Artificial Intelligence 
Development Concept in Ukraine for 2021‑2024» [1].

In 2023, the Ministry of Digital Transformation 
of Ukraine developed and presented the Roadmap [2], 
which outlines the key directions for the development and 
implementation of AI in various fields. These directions 
have been supported after the publication of the White 
Paper [3] and the increased regulation of AI in Ukraine. 
Additionally, AI holds a  key place in three resources: 
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the Framework for Digital Competence of Ukrainian 
Citizens [4]; the Conceptual and Referential Framework 
for the Digital Competence of Pedagogical and Scientific-
Pedagogical Workers [5]; the Framework for the Digital 
Competence of Healthcare Workers [6].

AIM

The aim of the article is to highlight the results of 
the analysis of readiness and experience in the application 
of artificial intelligence in medical education in Ukraine.

MATERIALS AND METHODS

To accomplish the tasks set, the following 
theoretical and empirical research methods were used: 
bibliosemantic method, system analysis method, 
conversations and interviews with participants in the 
educational process, analysis of readiness and experience 
in the application of artificial intelligence in medical 
education in Ukraine, surveying (464 respondents 
participated in the survey: 439 higher education students 
and 25 students of professional pre-higher education from 
Bogomolets National Medical University).

RESULTS

In November 2024 we conducted a  study on the use 
of AI by medical education students. The responses were 
distributed by study form as follows: 86.4% full-time, 

9.7% part-time, and 3.9% evening study. Additionally, 
5% of respondents represented professional pre-higher 
education – the first (bachelor’s) level of higher education, 
73.5% – second (master’s) level of higher education, and 
5% were from the third (educational-scientific) level of 
higher education. We obtained the following distribution 
by specialties: «Dentistry» – 9.7%, «Medicine» – 
38.6%, «Pharmacy, Industrial Pharmacy» – 18.3%, 
«Pediatrics» – 28.7%, «Medical Diagnostics and Treatment 
Technologies» – 1.3%, «Public Health» – 0.9%, and others.

On the question of evaluating their own competence 
in the use of AI, 79.5% of respondents considered 
themselves competent in this area, while 20.5% did not. 
Regarding the use of AI to obtain additional information 
in the educational process, 73.7% used AI (ChatGPT, 
Gemini, etc.), 20.3% did not, and 6% were unsure.

Regarding the use of AI-based applications for self-
learning and exam preparation, 51.5% used such tools, 
36.6% did not, and 11.9% were unsure.

Among the most useful services during their studies, 
respondents mentioned ChatGPT (chatbot from OpenAI) 
and Gemini (AI  assistant from Google). Regarding 
the impact of AI on the educational process, 49.8% of 
respondents believed that AI increased the effectiveness 
of learning, and 60.3% noted that AI-based applications 
helped them understand the material better. Responses 
to questions about attitudes toward AI in the educational 
process are presented in Fig. 1.

Figure 1. Attitudes towards the use of AI in the educational process of the Bogomolets National Medical University.

To the question «How often do you use AI 
technologies during your studies?», the respondents 
provided the following answers: 5% – constantly, 15.1% – 
often, 43.1% – occasionally, 20.7% – rarely, and 15.9% 
indicated that they do not use them. 57.1% of respondents 
noted the convenience of using AI tools in the learning 
process. The responses regarding the use of AI in scientific 
work and the educational process are presented in Fig. 2.

We also summarized the functions and capabilities 
of AI that respondents would like to have in educational 
applications and grouped them into five categories: 
information search and access, explanation and 
assistance in learning, visualization and interactivity, 
automation and knowledge assessment, additional 
capabilities (Table 1).
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Figure 2. Attitudes to AI in education and research of the Bogomolets National Medical University.

Table 1
Generalized functions and capabilities of AI

Search and Access to 
information

Explanation and 
Learning Assistance

Visualization and 
Interactivity

Automation and 
Knowledge Evaluation

Additional 
Opportunities

Fast and accurate search 
for educational material

Simplified explanation of 
material

Illustrations, diagrams, 
tables, 3D models Automatic test correction Text-to-speech and audio 

lectures

Selection and 
recommendation of 
reliable sources

Answers to questions 
with explanations

Visualization of 
complex processes, 
chemical structures, 
medical research

Formation of notes, 
digests and brief 
summaries

Generation of 
presentations based on 
provided materials

Access to foreign sources 
and their translation

Correct explanation of 
mistakes in the text

Graph and visual 
content generators Electronic gradebook Support for students with 

special educational needs

Extracting key information 
from articles and books

Interactive explanations 
through chatbots or voice 
assistants

Simulations and 
imitations (e. g., 
surgical operations)

Analysis of the student’s 
knowledge level and 
selection of tasks at the 
appropriate level

Development of critical 
thinking skills

Search for the latest research 
and scientific articles

Individualized learning 
and task adaptation

DISCUSSION

The Digital Competence Framework for Ukrainian 
citizens serves as the foundation for developing digital 
skills among citizens, aiming to provide an understanding 
of the need to possess basic and advanced digital skills 
for effective interaction with technologies, including AI. 
Within the scope of this document, AI is an important 
tool that enhances the effectiveness of interacting with 
information and fosters modern approaches to problem-
solving in various areas of citizens’ lives. In the Digital 
Competence Framework for Ukrainian citizens, AI is 
categorized under Area 0: Basic Computer Literacy, 
C0.A4: Using the Internet and Online Applications. 
Citizens are expected to assess the pros and cons of 
using AI-powered search systems (for example, while 
they can help users find the necessary data, they might 
compromise privacy and personal data, or prioritize 

commercial interests): using AI for searching and 
analyzing information online, effectively using various 
online services and web applications, including AI-
powered ones; selecting the best online solutions, and 
using AI-driven search engines. The Digital Competence 
Framework covers a  wide range of issues related to 
modern IT technologies that are crucial both for citizens’ 
professional activities and their everyday life. It includes 
not only basic knowledge and skills needed to work with 
digital devices but also more complex aspects, such as 
digital content creation and analysis, enabling adaptation 
to rapid technological changes. As noted in [7], it is 
important to approach the development of competencies 
in a  personalized way, considering the needs of specific 
individuals rather than just general trends. Defining and 
selecting the necessary competencies also requires broad 
discussions among professionals and representatives 
of different social groups. This approach provides 
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a  more objective understanding of what citizens need 
for effective work in the digital environment and allows 
for adapting national training programs to the most 
important skills. This approach also enables employers, 
even those whose activities are not directly related to IT, 
to form requirements for the digital competencies of their 
employees, optimizing human resources by introducing 
digital tools into production processes.

In the Conceptual-Referential Framework for Digital 
Competence of Pedagogical and Scientific-Pedagogical 
Workers, AI is mentioned in the context of defining the term 
«digital technologies» as an example of automated analytics 
systems. This solution can be applied in Area 5: Fostering 
Competence in Problem Solving in the Digital Environment 
in Students: C5.A1: Forming and Developing Information 
Literacy and Media Literacy of Students; C5.A2: Forming 
and Developing Competence in Creating Digital Content; 
C5.A3: Teaching Students Effective Communication, 
Interaction, and Collaboration in the Digital Environment; 
C5.A4: Forming Digital Culture, Digital Security, and 
Cyber Hygiene in Students; and C5.A5: Fostering 
Competence in Problem Solving in the Digital Environment 
in Students. Educational and scientific-pedagogical workers 
are key users and implementers of new technologies. 
Considering the role of teachers in shaping future 
generations, the introduction of AI in the educational 
process will be a  significant step in modernizing teaching 
methods and ensuring access to innovative learning 
resources. This framework defines how teachers should use 
AI to improve the learning process, develop personalized 
approaches, and adapt to new technological realities. 
Competencies related to the use of AI systems are mostly 
developed by teachers through the system of postgraduate 
education, which is becoming increasingly important 
every year. It not only ensures the qualification of teachers 
but also adapts them to new technological requirements, 
particularly for the use of AI in the educational process. 
Recent studies actively explore the theoretical aspects of 
AI usage in professional activities of teachers and develop 
methodologies for developing such competencies.

The relevance of preparing teachers to use AI was 
addressed by L.  Kartashova, who emphasizes the need 
to integrate these technologies into curricula for more 
effective and adaptive learning. Her works aim to form 
the theoretical foundations for using AI in the educational 
environment and develop approaches to its integration 
into pedagogical practice [7]. A.  Melnyk, studying 
the potential and challenges of using AI in education, 
highlights the importance of adapting educational 
systems to new technologies and creating conditions for 
developing technological competencies in teachers. She 
addresses the key issues arising from AI integration into 
educational processes and proposes solutions, particularly 
by improving teacher qualifications [8].

Special attention should be given to the 
methodology of using AI systems, such as ChatGPT, 

particularly in the context of their use in educational 
institutions, offering recommendations for effectively 
integrating AI tools into the teaching process. The focus 
is on the advantages of AI for education, emphasizing 
its ability to tailor learning to individual students’ needs 
and develop their digital competencies. It also develops 
a  methodology for studying this topic in informatics 
lessons, which makes it possible, on the one hand, to 
build essential knowledge about technologies and, on 
the other hand, to enhance young people’s overall digital 
literacy [9]. According to the results of a nationwide study 
conducted by the Projector Creative & Tech Institute 
and the Small Academy of Sciences of Ukraine, with 
the support of Factum Group Ukraine and information 
support from the Ministry of Education and Science of 
Ukraine, 76% of surveyed teachers have used AI systems 
at least once, including ChatGPT, «To  the lesson», and 
other tools. Teachers applied these technologies for lesson 
preparation, creating tests for homework, conducting 
classes, and checking students’ knowledge [10].

In the Digital Competence Framework for 
Healthcare Workers, the use of AI in professional 
activities is reflected in Area 4: Digital Tools, Devices, 
and Applications in Healthcare, C4.A2: Using intelligent 
clinical decision support systems Use of DSS based on 
the results of intellectual analysis of clinical research 
(according to professional specialization).

Users should know the methods of formalizing 
healthcare tasks, their mathematical and computer 
modeling; know and understand the basic principles and 
main approaches to implementing AI-based information 
DSS. In the medical field, AI has the potential to 
significantly improve diagnosis, treatment, and disease 
prevention. The Digital Competence Framework for 
Healthcare Workers envisions the use of AI as a  tool for 
processing large amounts of medical data, increasing 
diagnostic accuracy and disease prediction, as well as 
for automating routine tasks, allowing doctors to focus 
on more complex aspects of treatment. In this context, 
healthcare professionals should be prepared to use AI 
technologies to improve the quality of medical services. 
For the successful digitalization of the healthcare sector 
in Ukraine, an important aspect is ensuring that workers 
in this field have the necessary digital skills. This includes 
the ability to work with electronic medical records, apply 
telemedicine technologies, and understand the basics 
of cybersecurity and digital literacy. Given that many 
healthcare workers have different levels of training in 
these areas, a  clear definition of the digital competence 
framework is necessary for standardizing their training 
and ensuring the integration of new technologies into 
medical practice. The Digital Competence Framework 
was created to unify the requirements for the level of 
training of healthcare workers. It will help not only 
to improve the level of digital literacy but also to 
create training programs that meet modern industry 
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requirements. In particular, the framework aims to 
integrate knowledge and skills in such key components 
as understanding the principles of e-health, the ability 
to work with telemedicine platforms, knowledge of the 
basics of cybersecurity and cyber hygiene, as well as the 
ability to use digital tools for administrative processes.

For example, the relevance of using AI in medicine 
is discussed in several works, including [11], which 
concludes that AI medical assistants can improve safety 
standards under the supervision of a  doctor, and [12], 
where issues of data, modeling, and confidentiality are 
explored, which need to be overcome to realize the full 
potential of multimodal AI in healthcare.

CONCLUSIONS

The analysis of three key resources – the Digital 
Competence Framework for Ukrainian citizens, 
the Conceptual-Referential Framework for Digital 
Competence of Pedagogical and Scientific-Pedagogical 
Workers, and the Digital Competence Framework for 
Healthcare Workers – shows that AI is considered 
an important tool that can be applied in various 
fields of activity. AI is a  crucial element of Ukraine’s 
digital transformation and has significant potential 
for application in medical areas. The development 
of AI requires a  comprehensive approach, including 
regulation, education, and professional training. These 
three frameworks are important stages in the integration 
of AI into the daily life and professional activities of 
Ukrainians, defining the necessary digital competencies 
for the effective use of cutting-edge technologies. They 
contribute not only to skill development but also to 
building a foundation for integrating AI into key sectors of 
the economy and society, including education, healthcare, 
and the public sector.

The integration into the European educational space 
involves the implementation of digital technologies, 
particularly AI, which generates both positive and 
controversial reactions. A study conducted among medical 
students at O. O. Bogomolets National Medical University 
showed that 79.5% of respondents consider themselves 
competent in using AI, and 73.7% have already applied 
it in their educational activities. Half of the respondents 
confirm that AI enhances learning efficiency and helps 
better understand the material. However, a  significant 

portion of respondents perceives risks in AI, particularly 
regarding academic integrity and the accuracy of the 
information obtained. Most do not support replacing 
teachers with AI but express a  positive attitude toward 
automated assessment of test tasks. The study also found 
that 81.5% of students have encountered situations where 
AI provided inaccurate information. Therefore, the need 
for regulation and adaptation of AI in education remains 
a relevant issue.

Perspectives for further research. The future of AI 
in medicine looks promising. Gradually, AI will become 
an integral part of medical practice, which will save 
more lives and improve the quality of life of millions of 
people. Therefore, further directions of our work are the 
development of recommendations for the use of AI in 
healthcare, both for students and doctors.
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Резюме

ДОСЛІДЖЕННЯ ГОТОВНОСТІ ДО ЗАСТОСУВАННЯ ШТУЧНОГО ІНТЕЛЕКТУ В МЕДИЧНІЙ ОСВІТІ
Інна І. Кучеренко, Павло В. Микитенко, Тетяна С. Грузєва, Антон Г. Чеботаренко, Дмитро В. Золотов, 
Катерина О. Гололобова

Національний медичний університет імені О. О. Богомольця, м. Київ, Україна

Вступ. Інтеграція в  сучасне європейське освітнє середовище несе низку змін і  модернізації підходів 
освітнього процесу, професійної діяльності та потреби в  цифрових рішеннях у  повсякденному житті. У  той 
же час застосування та вплив штучного інтелекту (ШІ) в  освіті, науці та охороні здоров’я залишаються 
суперечливими.
Мета. Висвітлення результатів аналізу готовності та досвіду застосування штучного інтелекту в  медичній 
освіті в Україні.
Матеріали та методи. Для виконання поставлених завдань були використані такі теоретичні та емпіричні 
методи дослідження: бібліосемантичний метод, метод системного аналізу, бесіди та інтерв’ю з  учасниками 
навчального процесу, аналіз готовності та досвіду застосування штучного інтелекту в  медичній освіті 
в Україні, опитування (в опитуванні взяли участь 464 респонденти: 439 студентів вищих навчальних закладів 
та 25 студентів професійної передвищої освіти НМУ імені О. О. Богомольця).
Результати. Проведено анкетування щодо використання ШІ здобувачами вищої медичної освіти. Результати 
опитування показали широке використання ШІ, а  респонденти відзначили позитивний ефект від його 
використання. Також узагальнено функції та можливості ШІ, які респонденти хотіли  б мати в  освітніх 
програмах, і згруповано їх у п’ять категорій. Здійснено ретельний аналіз Рамок цифрових компетентностей, 
з метою визначення готовності до застосування ШІ в різних галузях, включаючи охорону здоров’я.
Висновки. Аналіз ключових Рамок цифрових компетентностей показує, що ШІ є важливим інструментом, 
який можна застосовувати в різних сферах діяльності, а також створює основу для інтеграції ШІ в освіту та 
охорону здоров’я. ШІ є ключовим елементом цифрової трансформації України та має значний потенціал для 
застосування в  охороні здоров’я. Розвиток штучного інтелекту потребує комплексного підходу, що включає 
регулювання, освіту та професійну підготовку.

Ключові слова: цифрова компетентність, штучний інтелект (ШІ), рамка цифрової компетентності, 
медична освіта
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ВПЛИВ ДЕФІЦИТУ АБО НЕДОСТАТНОСТІ ВІТАМІНУ D НА СТУПІНЬ 
ТЯЖКОСТІ ПЕРЕБІГУ COVID‑19 У ШПИТАЛІЗОВАНИХ ПАЦІЄНТІВ
Ольга А. Голубовська, Кирило О. Чалий, Олександра В. Безродна, Анастасія О. Голубовська

Національний медичний університет імені О. О. Богомольця, м. Київ, Україна

Резюме

Вступ. Серед факторів ризику тяжкого, ускладненого перебігу коронавірусної хвороби 2019 
(COVID‑19) все більшу увагу привертає потенційна роль дефіциту або недостатності вітаміну D.
Мета. Проаналізувати частоту виявлення дефіциту або недостатності вітаміну D у шпиталізованих 
пацієнтів із лабораторно підтвердженим діагнозом COVID‑19 в  залежності від ступеня тяжкості 
перебігу захворювання.
Матеріали та методи. Було проведено ретроспективний аналіз медичних записів 118 пацієнтів із 
COVID‑19 (діагноз підтверджений методом ПЛР або експрес-тестом на якісне визначення антигену 
вірусу), які знаходились на стаціонарному лікуванні у приватній клініці «Оберіг» у 2020‑2021 роках. 
Усім хворим проводилося визначення рівня вітаміну D – 25(ОН)D3 з  наступним аналізом частоти 
виявлення дефіциту або недостатності вітаміну D в залежності від тяжкості перебігу захворювання.
Результати. Встановлено, що у 73,7% (n=87) пацієнтів був наявний дефіцит або недостатність вітаміну 
D; частота серед жінок склала 79,2% (n=48), серед чоловіків – 70,0% (n=49). Дефіцит або недостатність 
вітаміну D спостерігалися: у 76,8% (n=33) пацієнтів із перебігом хвороби середньої тяжкості; у 66,7% 
(n=30) пацієнтів із важким або критичним перебігом хвороби; у 80,0% (n=24) пацієнтів, які померли. 
Частота летальних випадків (ЧЛВ) серед пацієнтів із нормальним рівнем вітаміну D склала 19,4% (95% 
ДІ 7,2‑35,6) проти 27,6% (95% ДІ 18,6‑37,5) серед пацієнтів із дефіцитом або недостатністю вітаміну D. 
ЧЛВ серед пацієнтів вікової групи старше 65 років із нормальним рівнем вітаміну D продемонструвала 
результат 30,0% (95%ДІ 4,8‑65,0), проте у  пацієнтів із дефіцитом/недостатністю вітаміну D вона 
виявилась приблизно у 1,5 рази вищою та становила 44,7% (95%ДІ 29,0‑61,1).
Висновки. Відповідно до отриманих результатів, частота виявлення дефіциту або недостатності 
вітаміну D серед шпиталізованих пацієнтів із лабораторно підтвердженим діагнозом COVID‑19 
складає 73,7%. Проте при проведенні множинного порівняння не встановлено залежності між 
віком пацієнтів та частотою виявлення низького рівня вітаміну D в  основній вибірці та окремо 
у чоловіків та жінок. Також не було виявлено статистично значущої відмінності рівня вітаміну D 
у пацієнтів із дефіцитом або недостатністю вітаміну D у кластерах за ступенем тяжкості перебігу 
хвороби. Було відмічено збільшення у  1,5 раза частоти летальних випадків серед пацієнтів 
вікової групи старше 65 років з  дефіцитом/недостатністю вітаміну D порівняно з  пацієнтами 
із нормальним рівнем вітаміну D, що може вказувати на важливість профілактики дефіциту та 
недостатності вітаміну D у попередженні тяжкого перебігу захворювання.

Ключові слова: COVID‑19, недостатність вітаміну D, дефіцит вітаміну D, тяжкість перебігу 
захворювання, частота летальних випадків
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