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THEORETICAL CONSTANTS OF DEVELOPMENT
OF CREATIVE THINKING OF FUTURE DOCTORS
IN THE PROCESS OF PHARMACOLOGICAL TRAINING

@ The theoretical basis for developing future doctors’ creative thinking skills during their pharmacological training is discussed in this article.
The relevance of this topic is due to the current challenges in medicine, which require not only a high level of doctors’ knowledge but also their
ability to think outside the box and to be creative in clinical situations. This study focused on how pharmacological training can help future
doctors develop creative skills.

Particular attention is paid to pedagogical approaches such as problem-based learning, interactive methods, and innovative technologies.
Problem-based learning is seen as a way to develop critical thinking and the ability to solve complex clinical cases by applying pharmacological
knowledge in practice. Interactive methods such as group discussions, simulations, and role-playing games contribute to the development
of the ability to make quick decisions under conditions as close to real life as possible. Virtual simulations and multimedia programs allow
students to experiment with different therapeutic approaches and analyze their effects.

The article also emphasizes the importance of critical thinking about pharmacological knowledge, which allows students not only to
memorize information and use it creatively to solve nonstandard medical problems. Stimulating intrinsic motivation and teamwork promotes
creative thinking when students actively discuss ideas and generate innovative treatment approaches.

This study focused on the analysis of online tools for simulating clinical cases, which is an important component of modern medical
education. Platforms such as Body Interact and Prognosis: Your Diagnosis” simulate real clinical situations, allowing students to make informed
decisions and analyze their consequences. Tools such as Lecturio and OpenLabyrinth offer interactive learning materials and tests that promote
deeper learning. Virtual reality, as in the case of SimX, helps create realistic clinical simulations for teamwork. These tools provide flexible
learning, redlistic clinical cases, and support the development of creative thinking and decision-making skills. They help future doctors prepare
for the real world by integrating theory and practice.

The application of these approaches will enable future doctors not only to successfully use pharmacological knowledge in real life but also
to develop the ability to think creatively, which is a key aspect of modern medical practice.

b
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TEOPETUYHI KOHCTAHTY PO3BUTKY KPEATUBHOTO MUCJIEHHA MABYTHIX JIIKAPIB
Y NPOLIECI ®APMAKOJIOTIYHOI NMIArOTOBKM

9 Posenadatomeca meopemuyHi KOHCMAaHmMu po3gUMKy KpeamusHO20 MUC/TEHHA MalbymHix nikapie y npoueci papmakonoeiyHoi
ni0zomosKu. AKmyasnbHicmbe memu 3yMo8/IeHa Cy4acHUMU BUKUKAamU y cepi MeduyuHu, 0e 30amHicme 00 HeCMAHOdPMHO20 MUC/IEHHA
ma meopyux nioxoodig € BAXUBUMU efleMeHmMamu npogecitiHoi KomnemeHmMHocmi JikapA. AKUeHmyemoca yeaza HA HeobxioHocmi
PO38UMKY KpeamugHOCMI, Aka donomazae MatibymHim nikapam eghekmugHO 8upily8amu ckIaoHi KNiHidHi 3a80aHHA, 0c061uB0 y 8UNadkax
HeCmaHoapmHux KniHidHUXx cumyayit, wo nompebyiome meopyux pilueHe.

OcHosHa ysaza cmammi npudineHa nedazoziyHum nioxodam, AKi cnpusiome (HOPMYBAHHIO KPeAmUBHO20 MUC/EHHH, ceped AKUX
8UOINAMbCA: NPO6IeMHO-0PIEHMOBAHE HABYAHHS, IHMEPAKMuBHi Memoou Ma 8UKOPUCMAHHA IHHOBAYIUIHUX mexHOoozili 8 0C8IMHbOMY
npoyeci. [lpobnemHo-opieHMo8aHe HABYAHHA 00380/4€ 3006y8a4Yam 8UWOT 0CBIMU caMoCMIliHO supiluy8amu CKAAoHi KAiHiYHi 8UNAOKU,
3acmocosytoyu Habymi apmakosnoaiyHi 3HaHHA 0118 aHANi3y ma cuHmesy iHghopmayii. [HmepakmueHi Memoou Ha8YAaHHA, Maki AK OUCKYcil,
POJIbOBI igpu ma cumMynauii KniHiYHUX 8unaodkis, donomazaome po3gusamu 30amHicme 00 WeUOKo20 NPUUHAMMA pilleHb y peanbHUX
yMo8ax. IHHoB8auiliHi mexHoJI02ii, 30Kpema 8ipmyasibHi cumynayii ma mynemumediliHi npozpamu, 00380/150Mb 3006y8a4Yam 8ULOI oc8imu
eKkcnepumMeHmMy8amu 3 pisHUMU mepanesmuyHUMU nidxo0amu ma Mooesi8amu HAcJTioKuU C80IX pilueHs.

Hazonowyemsbca Ha HeobxiOHOCMi KPUMUYHO20 MUC/IEHHS, WO PO3BUBAEMbCA Yepe3 aHANI3 CKNAaOHUX KNiHiYHUX 8unaodkis. CmeopeHHs
MeOopYUX 3a80aHb | BUKOPUCMAHHA Cy4acHUX MeXHOJ0zili MAKoxX Cnpusie (hOPMYBAHHIO KpeamusHUX HABUYOK MalibymHix nikapie.
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3acmocysaHHA 3anponoHOBAaHUx Memodig 003801UMb CMyOeHMAM He Juwie 3anam’amosysamu iHgopmayito, a U 3Haxooumu Hoei,
HecmaHOapmHi piwieHHA 0714 N00asbW020 BUKOPUCMAHHA 8 IxHill npogbeciliHili OigneHocMI.

Knioyoei cnoea: kpeamusHe Muc/ieHHs; 0ceimHe cepedosuuie; meopya ocobucmicme; (papMarosoeiyHa nid2omoska; iHmepakmueHi
Memoou; NpobsieMHO-0piEHMOBAHE HABYAHHS, IHHOBAUIUHI mexHoozii

Relevance of the problem. In modern rapidly evolving
medical and pharmaceutical industry, there is a need to train
doctors capable of thinking outside the box and using creative
approaches to solve complex medical problems. Creative
thinking has become one of the main competencies of a modern
doctor, as it allows to find optimal solutions in non-standard
clinical situations. The pharmacological training of future
doctors plays a significant role in this process, as it is within the
framework of pharmacology that the skills of analyzing and using
alarge amount of information, as well as the ability to create new
therapeutic approaches are formed.

At the same time, the relevance of the chosen problem is
due to a number of factors that characterize modern medicine.
The first one is that the rapid progress in the field of medicine
and pharmacology requires doctors to adapt to new knowledge,
technologies, and treatments. The second one is that the
global changes in healthcare systems caused by pandemics,
demographic changes, and changes in lifestyles require doctors
to be flexible and able to make quick decisions. In this context,
creativity is becoming an important tool for physicians to find
effective solutions in non-standard situations, develop new
therapeutic strategies, and adapt treatment to the needs of a
particular patient.

Thirdly, modern learning technologies, including online
tools and simulation platforms, create new opportunities
for the development of creative thinking among medical
students. They allow for the integration of theory and practice,
enabling students to experiment with different clinical scenarios
and receive immediate feedback. This contributes to the
development of critical thinking skills, analysis and synthesis
of information, which are key to the successful professional
activity of a doctor.

Analysis of previous studies and publications. In the
context of the study of the development of creative thinking of
future medical professionals, it should be noted that a significant
number of works are devoted to the use of innovative teaching
methods, interactive technologies and game approaches.
The team of scientists emphasizes that gaming technologies
contribute to the development of creative potential and active
participation of students in the learning process, which is an
important aspect for any specialty, including the medical field,
where it is necessary to develop creative thinking to solve
complex clinical problems [1]. O. Borovets and T. Yakovyshyna
consider the conditions for the formation of creativity in higher
education, in particular in the educational process aimed at
forming a creative personality [3]. Another study focuses on the
introduction of digital technologies in the educational process.
It is important that the use of tools such as virtual simulations
and online platforms contributes to the development of skills
in analysis, decision-making, and creative approach to solving
medical problems [5].
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Y.Kaliuzhna studies the methodology of developing students'
creative potential through independent educational activities
[6]. N. Kurmisheva and O. Makhla investigate creativity as an
important element of teachers' professional competence. They
emphasize that creativity is key not only in pedagogy, but also in
any profession, including medicine, where a creative approach to
patient care is an integral part of professional competence [7; 9].

Highlighting the previously unresolved parts of the general
problem to which this article is devoted. The article discusses the
previously unresolved parts of the general problem of developing
creative thinking in the process of pharmacological training of
future doctors. Particular emphasis is placed on such aspects as
the use of creative approaches in pharmacology, where standard
teaching methods are mostly focused on memorizing facts and
characteristics of medicines. Instead, the article emphasizes
the importance of interactive teaching methods that stimulate
students' creativity, develop their ability to make non-standard
decisions and adapt knowledge to specific situations.

In addition, the issue of using problem-based learning is
raised, which is considered as a tool for developing students'
analytical and critical thinking, which has not yet been sufficiently
studied in the context of pharmacological training. This approach
allows students to independently solve complex clinical cases
using the acquired knowledge. The article also focuses on the
need to integrate innovative educational technologies, such
as virtual simulations and multimedia programs, which allow
students to experiment with different therapeutic approaches,
developing creative thinking.

Presentation of the main material. Creative thinking in
modern education and professional training of doctors is defined
as the ability to generate new ideas, to take a non-standard
approach to problem solving, and to apply knowledge in new,
unpredictable conditions. Creativity is important for healthcare
professionals because each patient is unique, and the approach
to treatment should be individualized.

Pharmacological training is one of the most complex and
theoretically rich disciplines in medical education. Teaching
pharmacology often focuses on memorizing a large number of
drugs, their properties and uses. However, to develop creative
thinking, it is necessary to use methods that promote the creative
activity of higher education students, such as:

Problem-based learning is a pedagogical approach that aims
to develop critical thinking and problem-solving skills through
active work with complex situations close to real life. In this
approach, higher education students are faced with clinical cases
or problems that require the application of their knowledge of
pharmacology to solve. It is important that in problem-based
learning, students do not receive ready-made answers from
teachers, but must look for solutions themselves, working in
groups and analyzing different options for the development of
the situation [16].
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This approach promotes the development of skills in
information analysis and synthesis, as higher education
students must not only find the right solution to the problem,
but also justify their choice, taking into account all aspects
of pharmacological therapy. They learn to assess the risks,
consequences and effectiveness of various treatments. This
approach allows them to apply their theoretical knowledge in
practice, preparing them for real clinical situations [9].

Interactive teaching methods are an effective means of
developing creative thinking and actively involving higher
education students in the learning process. They include such
forms as group discussions, clinical case simulations and role-
playing games. These methods allow higher education students
to feel like a doctor, faced with problems that require quick but
informed decisions.

During such classes, students not only repeat the material,
but also actively use their knowledge to solve clinical problems,
discuss different solutions in groups, and critically evaluate
each other's actions. This contributes to the development of
communication and teamwork skills, which are key for healthcare
professionals [7].

Innovative technologies in education. Modern technologies
open up new opportunities for pharmacology education,
making it more interactive and practically oriented. The use of
virtual simulations, multimedia training programs and online
platforms allows higher education students to gain experience
as close as possible to real clinical situations.

Virtual simulations, for example, provide an opportunity to
model different clinical cases where students can experiment
with different treatment strategies, analyze their results and study
the possible consequences of their decisions. This allows not
only to memorize the material, but also to use creative thinking
to solve real problems. Innovative technologies contribute to
the development of decision-making skills and help higher
education students generate new ideas and approaches in the
learning process.

Such technologies also make it possible to adapt the learning
process to the individual needs of students, providing them with
the opportunity to practice at a time and pace convenient for
them [10].

Motivation of higher education students to study plays an
important role in the development of creative thinking. Teachers
should create conditions where future doctors feel interested
in the topic and want to explore new approaches. Stimulating
intrinsic motivation, for example, through the use of real clinical
cases or scientific research, can significantly increase the level of
creativity.

Creativity is developed not only through individual learning
but also in teamwork. During group discussions and solving
clinical problems, higher education students exchange ideas,
generate new approaches to treatment and look for innovative
solutions together. Such collective activities allow developing
creative thinking skills through interaction with others.

Pharmacology training should not only involve teaching
information, but also stimulating critical thinking. For example,
analyzing complex cases of adverse drug events can be

important for developing the ability to assess risks and predict
consequences.

Assignments that require students to create new treatment
regimens or modify existing approaches are a powerful stimulus
for developing their creativity. Teachers can encourage students
to propose non-standard solutions and defend them with
reasons [1; 6].

Innovative educational technologies, such as clinical situation
simulators, allow higher education students not only to practice
their skills but also to formulate creative solutions in conditions
as close to real life as possible.

We consider it appropriate to propose the option of
conducting a training session on “Creative Approach to
Personalized Pharmacotherapy in Patients with Chronic Diseases”
as part of our study.

This class aims to teach higher education students to develop
individualized treatment regimens for patients with chronic
diseases, taking into account their individual characteristics.
Students should develop creative thinking skills in the process
of pharmacological training, which will help them find non-
standard approaches to treatment. Additionally, the class
will help to deepen knowledge of pharmacodynamics and
pharmacokinetics of drugs in different categories of patients,
whichis a key aspect for the development of effective therapeutic
regimens.

The expected outcomes are that higher education
students should learn to conduct individualized assessment of
pharmacotherapy for patients with chronic diseases, offer non-
standard and personalized approaches to treatment, taking into
account pharmacokinetic and pharmacodynamic parameters.
They should also be able to defend their proposals with
arguments and substantiate them with scientific data.

In the introductory part of the class, higher education
students are introduced to topics related to individualization of
therapy for patients with chronic diseases such as hypertension,
diabetes, and chronic renal failure. During this stage, the
teacher provides a brief overview of the pharmacokinetic and
pharmacodynamic features of the main groups of drugs used
to treat these diseases. Particular attention is paid to the factors
thatinfluence the choice of dosage and regimen for each patient,
taking into account their individual characteristics.

During the presentation of clinical cases, the instructor
provides three different scenarios, each of which presents
challenging conditions for choosing personalized therapy. For
example, one case involves a patient with hypertension and
chronickidney disease, where standard doses of antihypertensive
drugs cause side effects that make treatment difficult. Another
case involves a patient with diabetes mellitus and obesity, where
the risks of insulin resistance should be taken into account when
choosing a therapy. The third clinical case involves an elderly
patient with polypharmacy and a high risk of drug interactions,
which requires a particularly careful selection of a drug regimen
(5 12].

During the group work, the students are organized into
groups of 4-5 people and receive one of the clinical cases. Their
task is to analyze the pharmacotherapy, taking into account the
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patient's individual characteristics, such as age, comorbidities,
and other medications. After that, each group has to propose
a personalized treatment regimen, taking into account the
pharmacokinetic and pharmacodynamic characteristics of
the drugs. Particular attention is paid to creative solutions,
such as modifying the dosage, choosing non-standard drug
combinations, or changing the dosage regimen.

During the presentation and discussion of solutions, each
group presents its therapeutic approaches, justifying the
choice of treatment and explaining why they chose these
methods. The discussion includes a detailed assessment of the
risks and benefits of the proposed solutions to determine their
effectiveness and safety. The discussion also helps to identify
new, creative approaches to personalizing treatment that take
into account the characteristics of patients. In addition, students
work together to identify possible alternative treatment options
or scenarios that could be applied in similar clinical cases.

The outcome of the lesson includes a summary of creative
and personalized approaches presented by the students during

ONLINE TOOLS FOR CREATING AN

the discussion. The lecturer emphasizes the importance of
individualizing pharmacotherapy to improve the effectiveness
of chronic disease treatment, which demonstrates the need to
take into account the characteristics of each patient. In addition,
the students' participation in teamwork, their cooperation skills,
and the level of argumentation of the proposed solutions are
assessed, which allows us to determine their readiness for real
clinical challenges.

Tools for conducting the lesson include several important
elements. A whiteboard or interactive panel is used to visualize
treatment regimens and visuals, which helps students better
understand the process of choosing a therapy. In addition,
students receive materials on the pharmacodynamics and
pharmacokinetics of the main drugs, which allow them to study
their effects on the body in more depth and help them make
decisions. Online tools for creating clinical case simulations
also play an important role, allowing to recreate realistic clinical
scenarios and engage students in interactive learning (figure 1):

CLINICAL CASE SIMULATIONS

Body Interact

Itis a high-quality virtual patient simulator that
allows higher education students to train on clinical
cases in real time

Prognosis: Your Diagnosis

This is an application for mobile devices that
offers clinical case simulations for medical
students and professionals

Lecturio Medical Education

The platform offers clinical cases with
interactive simulations and educational
materials in pharmacology, medicine and
related disciplines

Cureus

CHARACTERISTICS
OF ONLINE TOOLS

This is an enline platform that offers access to a
database of clinical cases published by doctors
from around the world

Simulab

A simulation tool for conducting interactive clinical
cases. The platform focuses on practical skills and
scenarios with real clinical problems

SimX
Virtual reality (VR) for clinical simulations,
which allows students to train on virtual
patients in a fully interactive environment

OpenLabyrinth

This Is a tool for creating and conducting clinical
scenarlos. It allows teachers to create and edit
training clinical cases for students, where they can
participate In simulations of various medical

decisions

Figure 1. Online tools for creating clinical case simulations

Body Interact. It is a high-quality virtual patient simulator
that allows higher education students to train on clinical cases
in real time. The program simulates real-life clinical scenarios

BODY INTERACT™

Learn with
virtual patients,
save real lives

New Partnership

A America’s Blood Centers™
& o ItsAbout Life

Simulator Solutions v Resources v Support ¥ Login v

where users can make decisions, observe results, and receive
feedback (figure 2):

Figure 2. Body Interact website interface
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Features of this tool include the ability to customize different
medical scenarios, which allows you to adapt the learning
process to the needs of both students and professionals. It
provides interactive clinical cases in real time, allowing users
to practice solving realistic medical problems and receive
immediate feedback on their solutions [2].

Prognosis: Your Diagnosis. This is an application for mobile
devices that offers clinical case simulations for medical students
and professionals. It has more than 150 interactive scenarios that
help students learn by solving real-life clinical problems.

Features of this tool include the display of real clinical cases,

SOLUTIONS v  FEATURES

SIM
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SIMULATIONS

diagnostic decisions, and treatment plans, allowing students to
work with realistic scenarios. It also provides built-in explanations
and clinical guidelines to help students better understand
the treatment process. In addition, there is an interactive
treatment choice option where users can see explanations of the
consequences of their decisions, which helps them improve their
clinical skills and decision-making [13].

SimX. Virtual reality for clinical simulations, which allows
students to train on virtual patients in a fully interactive
environment. The tool supports multidisciplinary collaboration
between doctors and other healthcare professionals (figure 3):

v COMPANY v  RESOURCES v 8 Get Started

VR Medical Training Your Students Need
from The Top-Tier Institutions that You

Trust.

SimX partners with top institutions to create high-fidelity simulated patient encounters for all providers that are designed by real medical experts.

Schedule a Demo

Figure 3. SimX website interface

Features of this tool include support for multiplayer
VR for team participation, allowing multiple users to work
simultaneously on solving clinical cases as a team. It also provides
the ability to customize individual clinical cases to meet specific
training needs. Realistic simulations recreate patient care, which
helps to develop practical skills and decision-making abilities in
conditions as close as possible to real clinical situations [15].

Lecturio Medical Education. The platform offers clinical
cases with interactive simulations and educational materials
in pharmacology, medicine and related disciplines. Includes
interactive clinical case simulations to deepen knowledge.

Cureus

Partof SPRINGERNATURE

Specialties Resources Channels Partnerships Newsroom About Us

Features of this tool include an extensive database of
pharmacology learning materials, which allows students to
study theoretical aspects in depth. The tool also offers interactive
clinical simulations that facilitate the practical application of
knowledge in realistic settings. In addition, users have access to
knowledge tests to help them assess their learning and prepare
for exams [8].

Cases Database (Cureus). This is an online platform that offers
access to a database of clinical cases published by doctors from
around the world. Higher education students can use these cases
for analysis and simulations (figure 4):

SUBMIT RESEARCH SIGN IN JOIN NOW

Competitions

Q  Search articles

2

Most searched:

Publication Metrics

@ 1.4

Average time to

Article Publications

20K

Stay Curious

See what everyone else is reading! Sign up below to
receive popular articles delivered to your inbox
every two weeks.

Enter vour email address

Figure 4. Cureus website interface
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This tool has the following features: it offers a large database
with numerous clinical scenarios, which allows students to gaina
variety of experience in solving medical problems. The tool also
supports integration into the educational process through the
use of clinical tasks, which facilitates its inclusion in curricula. In
addition, it provides free access to the database of clinical cases,

OpenLabyrinth

virtual scenarios and education research

ABOUT

SUPPORT FORUMS FREE TRIAL

making it accessible to a wide range of users [4].

OpenLabyrinth. This is a tool for creating and conducting
clinical scenarios. It allows teachers to create and edit training
clinical cases for students, where they can participate in
simulations of various medical decisions (figure 5):

OLab3 demo server update

Leave a reply

Search

RECENT POSTS

We think the dust has settled. You can continue to use this URL to access our OLab3 demo

server:

https://demo.openlabyrinth.ca/

Olab3 demo server update

Demo server has moved
OlLab3 service changes pending
ACFP CMN project

Figure 5. OpenLabyrinth website interface

The features of this tool include the ability to create unique
clinical scenarios, which allows you to adapt the learning process
to the specific needs of higher education students. Users can
customize the scenarios in such a way as to reproduce real
clinical situations with varying degrees of complexity, which
increases the practical value of training. Additionally, support

for multimedia content such as images, videos, and animations
provides a deeper immersion in the learning process and
improves the perception of information [11].

Simulab. A simulation tool for conducting interactive clinical
cases. The platform focuses on practical skills and scenarios with
real clinical problems (figure 6):

NEW AND IMPROVED - REALISTIC EPISIOTOMY & PERINEAL REPAIR Perineal Repair Trainer

SIMULAB

ALMOST HUMAN

f O V¥ in

Home Products Procedures Resources Support About Q Q m

AIRWAYMAN™

Simulab's Complete Airway Management
Trainer

Figure 6. Simulab website interface
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This tool has the following features: it supports the
development of practical skills through simulations, which
allows higher education students to practice in real clinical
situations. It offers a set of realistic clinical scenarios that bring
the learning process as close as possible to the conditions of real
medical practice [14].

After the lesson, students receive an individual assignment
to develop a personalized pharmacotherapy regimen for
a complicated clinical case (for example, a patient with
polymorbidity) and justify the choice based on pharmacological
studies.

The assessment should be based on the following criteria:
creativity and validity of the personalized approach to therapy;
ability to analyze and synthesize information; quality of
teamwork and activity in presenting solutions.

This interactive class is aimed at developing creative thinking,
personalizing treatment approaches and deepening knowledge
of pharmacology, which will allow higher education students
to prepare for real clinical situations in their future practice.

Conclusions. The development of creative thinking of future
doctorsis anintegral part of their professional training, especially
in the context of studying pharmacology. In the current
conditions of rapid development of medical technologies and
pharmaceutical science, the importance of doctors' creative

abilities is growing. The use of interactive methods, teamwork,
innovative technologies and stimulation of motivation of higher
education students are key approaches to developing their
creative thinking. This affects not only their ability to make non-
standard decisions in their future professional activities, but also
the overall level of their medical competence.

Prospects for further exploration. Prospects for further
research in the context of the development of creative thinking
of future doctors in the process of pharmacological training are
to deepen the study and practical implementation of interactive
teaching methods and technologies. One of the directions is to
further study the effectiveness of problem-based learning, which
promotes the development of analytical and critical thinking.
In addition, it is promising to expand the use of innovative
technologies, such as virtual simulations and multimedia
programs, which enable students to develop creative thinking
and generate new therapeutic approaches. It is important
to study the impact of teamwork and stimulation of intrinsic
motivation on the level of development of students' creative
potential. Further research could also focus on optimizing
individualized approaches to pharmacotherapy through
simulations of real clinical cases. This will allow for a more effec-
tive integration of theoretical knowledge with practice, which
is key to preparing future doctors for real clinical challenges.
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