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INTERACTIVE TECHNOLOGIES IN TEACHING PATHOLOGICAL
ANATOMY: IMPACT ON THE QUALITY OF MEDICAL STUDENT
TRAINING

Abstract. The paper investigates the impact of interactive technologies on the
quality of medical students' training in pathological anatomy. The article is devoted
to modern approaches to teaching, which contribute not only to better mastering of
the educational material, but also to the formation of professional competencies
necessary for future clinical practice. The main attention is focused on assessing the
effectiveness of innovative educational methods in comparison with traditional
forms of training. The study considers the implementation of such methods as
simulation classes, virtual laboratories, interactive electronic platforms, case
methods and group discussions. It is noted that the interactive approach not only
develops students' ability to think critically, but also contributes to an in-depth
analysis of morphological changes in tissues and organs based on real clinical
examples. Particular attention is paid to the adaptation of educational materials to
modern educational needs, which includes the creation of multimedia content,
modular programs and testing in digital format. The aim of the study is to identify
ways to increase the effectiveness of the educational process by integrating
innovative technologies into the traditional training system. The paper analyzes the
results of a survey of medical students conducted to assess the impact of interactive
methods on their motivation, perception of the material, and confidence in applying
the acquired knowledge in practice. The results obtained indicate that interactive
approaches increase students' interest in learning, improve communication skills,
and develop the ability to make reasoned decisions. The authors proposed new
strategies for integrating innovative technologies, such as combining lectures with
practical classes in a virtual environment, using simulations to practice complex
pathological cases, and using distance platforms to consolidate knowledge. The
study confirms the feasibility of using interactive methods in medical education
aimed at improving the professional level of graduates. The data obtained may be
useful for developing and improving educational programs in pathological anatomy,
as well as other fundamental disciplines taught in medical institutions of higher
education.
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IHTEPAKTHUBHI TEXHOJIOT'Ti Y HABUAHHI TATOJIOT TYHOI
AHATOMII: BILIUB HA SIKICTh HIATOTOBKH CTYIEHTIB-
MEJIMKIB

AHoTanist. Y poOOTI OCHIP)KEHO BIIMB IHTEPAKTUBHUX TEXHOJOrIA Ha
SIKICTh TIJITOTOBKH CTYJACHTIB-MEIMKIB Y MEKaX BUBUCHHS MATOJIOTTYHOI aHATOMI].
CrarTs npucBsY€Ha CyYaCHUM IIJIX0JIaM JI0 BUKJIAQJaHHs, K1 CIOPUSIIOTh HE JIUIIE
KpalioMy 3aCBOEHHIO HABUYAJIBHOTO Marepiainy, a i (opMyBaHHIO MpodeciiiHuX
KOMIIETEHIII, HEOOXITHUX JJI1 MaHOyTHRO1 KJIiHIYHOI nmpakTuku. OCHOBHA yBara
30CcepeKeHa Ha OIliHII e(EeKTUBHOCTI IHHOBAIIMHUX OCBITHIX METOMIB Y
MOPIBHSHHI 3 TpaAuIiiHUMU (opMamMu HaBYaHHS. Y JOCHIPKEHHI PO3IJISTHYTO
BIIPOBA/PKCHHSI TAKMX METOJIB, SIK CUMYJIAIINHI 3aHATTS, BIpTyalbHI Jaboparopii,
IHTEPaKTUBHI €JIEKTPOHHI IJIaTPOPMH, KEHC-METOIM Ta TpPyHoBl JUCKYCII.
3a3HaueHo, 110 1IHTEPAKTUBHUM MiAX1Jl HE JIMIIIE PO3BUBAE 3/IaTHICTh CTYJICHTIB /10
KPUTHYHOTO MHUCJICHHS, a i CTIpUsi€ MOrIMOIEHOMY aHali3y MOP(OIOTIYHUX 3MiH Y
TKaHWHAX 1 OpraHax Ha OCHOBI peaJIbHUX KJIIHIYHUX MpuKiIaaiB. OcoOnuBy yBary
NPUIIJICHO ajanTailii HaB4aJIbHUX MaTepialiB JI0 CydyaCHHX MOTpeOd OCBITH, IO
BKJIFOYA€ CTBOPEHHS MYJIbTUMEIHHOTO KOHTCHTY, MOIYJIbHUX IIPOTPaM i TECTYBaHb
y mudpoBomy dopmati. MeTOO MPOBEIEHOTO JOCIIIKEHHS € BUABJICHHS IUISAXIB
NiABHUINCHHS €(GEeKTUBHOCTI HABYAJIBHOTO TMPOIECY 3a paxyHOK iHTerpari
IHHOBAI[IMHUX TEXHOJIOTIA y TpaauIliiiHy CHUCTEMYy TIArOTOBKU. Y poOOTI
IIPOAHAI30BAHO PE3yJIbTATU AHKETYBAHHS CTYJCHTIB-MEIUKIB, MPOBEICHOTO IS
OIIIHKM BIUIMBY I1HTCPAKTUBHUX METOJIB Ha IXHIO MOTHBAIlIO, CIPHAHATTS
MaTepially Ta BIEBHEHICTh y 3aCTOCYBaHHI OTPUMAaHHMX 3HAaHb Ha MPAKTHIIL.
OtpuMaHi pe3yiabTaTH CBIIYaTh, IO IHTEPAKTUBHI MIIXOAH TiIBUINYIOTH 1IHTEpEC
CTYJICHTIB 70 HaBYaHHS, MOKPAIIyIOTh KOMYHIKATUBHI HaBUYKHA Ta PO3BUBAIOTH
3/1aTHICTh O apTyMEHTOBAHOTO MPUUHATTS PilIeHb. ABTOPHU 3alPOIOHYBAIH HOBI
CTparerii 1HTerpauii 1HHOBAalIMHUX TEXHOJIOT1H, Takl K KOMOIHYyBaHHs JIEKIIH 13
MPAKTHYHUMU 3aHATTAMHU Y BipTyaJIbHOMY CEPEAOBHII, BUKOPUCTAHHS CUMYJISITIN
JUISL  BIJIMPALIOBaHHS CKJIQJHUX [aTOJOTIYHMX BHUMOAAKIB 1 3aCTOCYBaHHS
JUCTaHIIMHUX TUIaThopM JUIs 3aKkpillJieHHs 3HaHb. lIpoBeneHe oCHimKEHHS
MITBEP/KYE JOIIIBHICTh BUKOPHUCTAHHS I1HTEPAKTHUBHUX METOMIB Y MEIUYHIN
OCBITI, CIPSIMOBAHUX Ha MiABUIIECHHS MPOdeCiitHOTO PiBHS BUITYCKHUKIB. OTprMaH1
JlaH1 MOXYTh OYTH KOPUCHUMHU ISl PO3POOKH Ta BIOCKOHAJIICHHS OCBITHIX ITPOTpaM
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3 MaTOJIOTIYHOI aHaTOMii, a TaKOX I1HIUX (QyHAAMEHTAIbHUX AUCIHUILIIH, IO
BHKJIQJIAIOTHCS Y MEIMYHUX 3aKjIagaX BHIIOT OCBITH.

Kuaro4doBi cjioBa: marosoriuHa aHaToMisl, IHTEpaKTUBHI TEXHOJIOT11, MEIUYHA
OCBITa, SKICTh IMATOTOBKHU CTYACHTIB, IHHOBAIIHI METOIM HAaBYaHHS.

Statement of the problem. Modern medical education is in a transformation
phase, which is associated with new requirements for the level of training of
graduates, who must be able to quickly adapt to the constantly changing conditions
of clinical practice. At the same time, high-quality training of medical students is
impossible without a deep understanding of fundamental disciplines, such as
pathological anatomy. This is one of the key disciplines that provides the formation
of basic knowledge about the morphological foundations of diseases necessary for
diagnosis and treatment. However, traditional teaching methods, based mainly on
the lecture format and standard practical classes, often turn out to be insufficiently
effective in the conditions of modern educational and professional challenges.
Among the main problems that arise in the process of teaching pathological
anatomy, one can single out insufficient active participation of students in the
educational process, a low level of interactivity of classes and limited opportunities
for applying knowledge in practice. The traditional form of training often boils down
to passive perception of material, which negatively affects the level of knowledge
acquisition and the development of professional competencies. In particular,
students have limited experience in analyzing clinical cases, discussing complex
pathological processes, and modeling real-life situations, which complicates their
preparation for future practical activities.

Another important problem is the lack of effective approaches to the use of
modern digital technologies in teaching pathological anatomy. Despite the
availability of numerous tools for interactive learning, such as virtual laboratories,
simulation programs, and electronic learning platforms, their application in the
educational process is still limited. This is explained both by the insufficient
technical training of teachers and the lack of clear strategies for integrating such
tools into traditional forms of education.

The problem is also exacerbated by the increase in the number of students in
groups, which limits the possibility of individual work with each of them. In this
context, interactive technologies become a promising tool that allows you to increase
the efficiency of the educational process, provide an individual approach to each
student, and contribute to the formation of deeper knowledge and skills.

Therefore, there is an urgent need to develop and implement new approaches
to teaching pathological anatomy that would meet modern requirements for medical
education. The integration of interactive technologies into the educational process
has the potential to solve many of the above problems, but requires systematic
analysis, justification and adaptation to the specifics of this discipline.
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Analysis of recent research and publications. In recent years, the role of
interactive technologies in teaching pathological anatomy has noticeably increased,
allowing to change the approach to teaching and make the learning process more
flexible and accessible. The scientific literature already widely covers examples of
the use of such technologies to facilitate the assimilation of complex material and
improve the level of student training. One of the first such approaches was the use
of virtual laboratories, which allows students to access materials without having to
be in a classroom or laboratory. Marchevsky and his colleagues demonstrate the
effectiveness of web technologies for self-study through the creation of so-called
“virtual pathology laboratories”. Such initiatives not only change the traditional
learning environment, but also help students better learn the material through
interactive research [1]. The use of new technologies to improve the process of
teaching pathology is not limited to virtual laboratories. Khoo points to successful
examples of the implementation of innovative approaches to teaching pathology, in
particular by integrating various technological tools that significantly increase the
level of student involvement in the process. Such approaches allow for greater
emphasis on individualized learning, which is an important aspect in the training of
future medical professionals [2].

The use of virtual pathology in the context of distance learning has become
equally important. The role of digital platforms and their importance for learning is
growing. Virtual slides and digital images allow for the creation of educational
materials that are accessible to students at any time and in any place. Interactive
resources, such as electronic textbooks, have already become a familiar element of
the educational process and are actively used in practice. Digital pathology
technologies greatly facilitate the learning process, making it more accessible,
convenient and diverse [3].

Another significant step in the development of interactive learning is the use
of wiki tools. Using a collaborative platform not only improves communication
between students and teachers, but also contributes to a deeper understanding of the
material through joint editing and discussion of educational topics. Wikis help
students create shared resources, which allows them to better understand complex
concepts in genetics and computer science, and also promotes the development of
critical thinking [4].

The introduction of digital resources has become an important step in the
modernization of pathology education. Hassell and colleagues describe how virtual
pathology has changed approaches to learning, noting that this process has already
become an important part of educational practice in many medical schools. The
transition to virtual resources allows students to work with modern tools that bring
them as close as possible to real-world practice [5].

The use of screencasts and interactive slides for teaching pathology is also an
interesting topic, which has become popular among teachers. In particular, it has
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been found that the use of screencasts with embedded slides significantly increases
the effectiveness of learning, ensuring better integration of theoretical and practical
knowledge [6]. This allows students not only to view the slides, but also to interact
with them, which provides a deeper understanding of the topic.

The use of virtual microscopy in the learning process is an important step in
the development of digital technologies in pathology. Hamilton et al. emphasize that
virtual microscopy is a tool that allows students to perform in-depth analysis of
pathological specimens without the need for physical microscopes. This approach
significantly saves time and resources, allowing students to focus on learning
theoretical aspects and practical skills [7]. According to the studies of Dee and
Meyerholz, virtual microscopy opens up new opportunities for learning, which is
especially important in conditions of limited access to traditional laboratories. They
indicate that this technology allows students to work with large volumes of material
and increases the efficiency of the educational process, and also allows for online
learning [8]. An important aspect of modern digital education is the integration of
spatial and visual dimensions into the learning process, which allows to significantly
improve the understanding of complex anatomical and pathological concepts. For
example, Wan and colleagues describe how the integration of visual-spatial aspects
into digital pathology contributes to better assimilation of the material by students.
This allows for an effective combination of anatomical structure with pathological
changes, which gives students the opportunity to interpret pathological specimens
with greater accuracy [9]. The use of digital tools for interactive study of structures
and their changes significantly simplifies the learning process, as students are able
to better navigate the three-dimensional structures and relationships of organs and
tissues. In addition, an approach is relevant in which interactive technologies are
used for a blended form of learning, which combines traditional methods and the
latest digital resources. The importance of integrated online systems for teaching
pathology is explored, with two examples of how such systems can be used to create
modular courses where each student can integrate theoretical knowledge with
practical skills using digital tools. They also emphasize the importance of a feedback
system that helps teachers assess student progress and adjust the learning process [10].

Studies aimed at evaluating different teaching methods have compared three
different pathology teaching methods, including traditional lectures, practical
classes, and the use of digital platforms. The results of the study showed that
interactive digital tools significantly increase the efficiency of material acquisition
and contribute to a deeper understanding of complex pathogenetic processes. The
use of digital platforms helped students to perform tasks more successfully and
acquire practical skills, which in turn had a positive effect on their overall level of
training [11].

Particular attention should be paid to the use of modern online tools for
learning in African countries, where the lack of access to traditional laboratories is
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a significant problem. A positive experience of using a technology-based approach
in Nigeria, where medical students used digital resources to learn pathology, was
established. Thanks to this, they were able to significantly improve their skills in
interpreting pathological specimens, even without having the opportunity to work
with physical microscopes. This approach significantly expands access to quality
medical education in resource-limited countries [12]. Finally, an important role in
the development of pathology education is played by modern digital slides, which
are used not only for teaching, but also for consulting and quality control. Rocha and
colleagues draw attention to the importance of such digital tools for ensuring quality
medical education. They emphasize that the use of digital slides allows for improved
access to educational material, provides higher diagnostic accuracy, and allows
students to work with real pathological specimens without the limitations inherent
in traditional teaching methods [13].

The purpose of the article — to investigate the impact of interactive
technologies on the quality of medical student training within the study of
pathological anatomy.

Presentation of the main material. Due to the need to adapt medical
education to modern requirements, in particular in the context of technological
Innovations, interactive technologies have become an important element of the
educational process. In particular, the study of pathological anatomy - a discipline
that is the basis for understanding various pathological processes in the human body -
requires the use of new, technology-oriented approaches to improve the quality of
training of future medical professionals. Interactive technologies allow you to create
a more dynamic and effective learning environment that meets modern standards of
medical education. One of the main areas in which interactive technologies need to
be implemented is the use of virtual laboratories. Students can perform virtual
autopsies, analyze pathological samples, observe the development of diseases in
interactive 3D models, and also interact with educational programs that simulate real
situations that they may encounter during their professional activities. Virtual
laboratories allow students to work with pathological materials without the need to
use physical specimens, which is especially important in conditions of limited access
to real materials or in cases where traditional teaching methods are not effective
enough. In addition, virtual laboratories allow students to work at a time convenient
for them and at a pace that meets their individual learning needs.

Also, an important element of interactive learning is the use of virtual
microscopy. Virtual microscopes allow students to view histological samples,
conduct their detailed analysis, and compare samples of healthy and pathological
tissues. Virtual microscopes allow you to reproduce different levels of
magnification, which provides a deeper understanding of the structural organization
of tissues and organs. Such training provides high quality training, as it makes it
possible to work with a large number of samples and conduct their analysis without
the limitations characteristic of traditional laboratories.
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Another important interactive technology is the use of digital slides. Digital
slides are images of histological specimens obtained using digital microscopes and
allow teachers and students to interact with virtual specimens, make notes, sign
structures, mark areas of pathology, etc. This allows for the creation of individual
learning trajectories where each student can independently study the material,
complete tasks and receive feedback.

Another direction is the use of mobile applications and programs for studying
pathology. Modern applications can include interactive maps that display various
pathological conditions, as well as video lessons that demonstrate anatomical
structures and their changes in various diseases. The use of mobile applications
contributes to the development of learning mobility, which is especially convenient
for students who are on internships or practical training.

Interactive videos and animated educational programs also play an important
role in teaching pathological anatomy. Animations allow you to visualize complex
processes, for example, the development of a pathological process in organs or
changes at the cellular level, which helps students better understand and remember
important aspects of pathology. Videos can be supplemented with interactive tests
that allow students to test their knowledge in real time, receiving instant feedback.

Equally important is the role of social media and online platforms in
supporting the learning process. The use of resources such as forums, blogs or video
conferencing windows allows students to discuss complex pathology issues
together, share their observations and experiences. Video conferencing platforms
allow for online classes where the teacher can demonstrate the material, conduct
tests and answer students' questions in real time.

An important point in the implementation of interactive technologies is the
need to train teachers, who must be ready for changes in the learning process.
Teachers must not only master new technologies, but also adapt their teaching
methods to digital tools. Since interactive technologies have a wide range of
capabilities, it is important that teachers have a clear idea of how to effectively use
these tools to achieve educational goals.

For the successful implementation of interactive technologies in the teaching
of pathological anatomy, it is also necessary to take into account some organizational
aspects. In particular, it is important to create the necessary technical infrastructure
in educational institutions, as well as provide access to appropriate resources for
students and teachers. This includes providing computer classes with appropriate
software, access to Internet resources, as well as databases with pathological
specimens, digital slides, 3D models of organs and tissues used in the educational
process. In addition, the integration of such technologies should be organized in such
a way as to ensure the continuity of the educational process, since many of these
technologies require the presence of special platforms on which educational
materials are stored. Monitoring and evaluation of their effectiveness play a




Cepil: npase. excnoamika, nedazoezira,
IEKHIRA. (PSR- MAMEMUTHE HARU G bO [ ﬂH |

significant role in the implementation of new technologies. The use of interactive
technologies requires a systematic assessment of student learning outcomes. This
can be done through regular testing and analysis of the achieved results using
software tools that allow tracking the progress of each student. Evaluation of the
effectiveness of interactive technologies should be comprehensive, including
feedback from students and teachers, as well as comparison of learning outcomes
using traditional and interactive methods.

Of particular importance is the creation of integrated courses that combine
different types of interactive technologies and allow students to develop both
theoretical and practical skills in the context of pathological anatomy. Such courses
can combine theoretical lectures using multimedia resources, such as presentations,
animations and interactive tests, with practical classes using virtual laboratories,
where students can study real histological specimens and conduct their analysis. It
Is important that these courses are flexible and allow for individual adjustment of
the learning process according to the pace and level of knowledge of the student.
No less important is the creation of interdisciplinary courses that combine
pathological anatomy with other medical disciplines. For example, the integration
of pathological anatomy with physiology, clinical medicine and other sciences
allows students to gain a more holistic understanding of pathological processes, their
Impact on the body, as well as methods of diagnosis and treatment. For this, modern
software solutions can be used that allow the integration of different types of
educational materials (for example, videos of surgical interventions, animations of
disease development processes, digital slides with histological samples).

One of the main advantages of interactive technologies is their ability to
provide students with flexibility in learning. Students can study the material at a
convenient time and at a convenient pace, which is important for those who combine
study with practical activities or have other responsibilities. Mobility of learning
makes it possible to avoid unnecessary interruptions in the educational process,
which often occur when using traditional teaching methods. Also, such flexibility
allows students to better assimilate the material, since they can return to difficult
topics or undergo additional training.

We should also not forget about the importance of student motivation, which
Is a key factor in the successful implementation of interactive technologies. Given
that medical students are often faced with a large amount of theoretical knowledge,
it is important to make the learning process not only effective, but also interesting in
order to stimulate interest in the discipline. Interactive technologies allow you to
create learning scenarios that include various forms of activities: from participation
in games and simulations to performing real practical tasks. This allows not only to
improve the level of knowledge, but also to develop students' analytical abilities, the
ability to self-study and make decisions in complex clinical situations.

Therefore, interactive technologies in teaching pathological anatomy can
significantly improve the quality of student training, making the learning process
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more flexible, accessible and effective. Thanks to the introduction of modern digital
tools, such as virtual laboratories, microscopy, digital slides and mobile applications,
students can gain a deeper understanding of pathology and effectively apply
knowledge in practice. However, the successful integration of such technologies into
the educational process requires not only technical training, but also constant
evaluation of effectiveness, flexibility of training courses, as well as the creation of
conditions for interaction between students and teachers through the latest platforms.
The introduction of interactive technologies will not only improve the teaching of
pathological anatomy, but will also provide students with the necessary skills for a
successful career in the medical field. Interactive technologies in teaching
pathological anatomy have great potential to improve the quality of medical
education. They make learning more accessible, flexible and effective, and also
enable students to receive high-quality training using modern digital tools. The
successful implementation of such technologies will help prepare qualified medical
professionals who will be able to work effectively with modern medical information
systems and technologies, which is an important aspect in the development of the
medical industry.

Conclusions. The introduction of interactive technologies into the teaching of
pathological anatomy has significant potential to improve the quality of medical
student training. The adaptation of virtual laboratories, digital slides, 3D models and
mobile applications allows combining theoretical knowledge with practical skills,
contributing to a deeper understanding of the material and the development of
students' analytical abilities. Interactive technologies provide flexibility in learning,
which is important for medical university students who combine study with practical
activities. These technologies also provide the opportunity to independently study
histological specimens, analyze them through digital slides and receive feedback
through interactive platforms, which improves students' professional skills. For the
effective integration of new technologies, support is needed, including teacher
training, the creation of integrated courses and continuous assessment of
effectiveness. Feedback from students and teachers will help to improve the
implementation of these technologies in the educational process. In general,
interactive technologies in teaching pathological anatomy contribute to the creation
of a more dynamic and effective learning environment, which increases the level of
student training and forms competent specialists who are able to effectively apply
their knowledge in practical activities.
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