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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: The potential of virtual reality (VR) in medical
education in Kazakhstan proved substantial, offering innovative
learning methods and creating secure, interactive training
environments that facilitated the acquisition of both theoretical
knowledge and practical skills.

Materials and methods: This study aimed to evaluate the
application and effectiveness of virtual reality in medical
education through a survey conducted with 53 students and 20
teachers. To assess the perceptions and satisfaction with VR
in medical education, a survey was conducted utilizing a scale
from 1 to 10.

Results: Findings from the survey revealed that students
perceived significant advantages in using virtual reality to
grasp complex medical concepts and hone clinical skills. They
appreciated the opportunity to apply theoretical knowledge in
practice, the availability of high-quality content across various
disciplines, and the safe learning conditions provided.

Conclusion: Teachers recognized virtual reality as a valuable
educational tool but highlighted some challenges, including
insufficient training and limited access to equipment. Addressing
these obstacles is crucial for the successful integration of
virtual reality into training programs, thereby unlocking its full
potential and enhancing educational outcomes.

Key words. Virtual reality, medical education, educational
technologies, teachers, students, innovations in education.

Introduction.

Traditional medical training has historically relied on direct
interaction between academics and students, focusing on
theoretical instruction and practical training in clinical settings.
However, traditional methods present significant limitations,
such as limited training hours, difficulty in providing extensive
hands-on experience, and challenges in teaching complex
concepts. These constraints, combined with limited access
to real clinical situations and the high costs of training, have
prompted the exploration of new technologies. The integration
of technologies such as VR offers a solution to these issues,
allowing students to gain practical experience without
compromising patient safety and providing more flexible and
accessible training opportunities [1].

Recently, there has been a growing trend toward integrating
advanced technologies, particularly VR, into medical education.
More educators are recognizing the importance of leveraging
these new tools to enhance the learning experience [2].

Virtual reality (VR) and augmented reality (AR) represent
significant technological innovations that create immersive
learning environments. VR enables complete immersion in
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a simulated reality through devices like headsets and gloves,
while AR overlays virtual objects onto the real world, fostering
interactive learning experiences. These technologies started
being implemented in education towards the end of the 20th
century and their usage has significantly expanded with
technological advancements.

Previously reliant on in-person sessions, recent efforts have
emphasized integrating technology into medical education.
Over the past two years, Guanjie et al. conducted a meta-
analysis highlighting the rapid advancement of VR in this field.
Their study demonstrated that VR significantly enhances the
assimilation of medical knowledge, with students trained via VR
outperforming those using traditional methods in examinations
[3]. In Kazakhstan, for instance, systems like ClassVR from
Oxford enable students to learn like through engaging 3D
models, while Oxford Medical Simulation provides realistic
surgical scenarios to enhance decision-making skills in a safe
environment [4]. The involvement of an instructor during VR
sessions increases student engagement and satisfaction with the
learning process [5].

Augmented reality further enhances virtual reality by
integrating virtual objects within real-world environments,
allowing interaction between the virtual and the physical.
These technologies also aid in studying anatomical models and
integrating MRI and CT imaging [6]. Ongoing studies continue
to highlight the significance of VR and AR in surgical training
and various other areas of medical education [7-9].

After examining the use of virtual reality across Europe [10],
America [11], and Asia [12], it is evident that this technology
has significant potential for improving medical education in
Kazakhstan. VR and AR present clear advantages in health
education, equipping future doctors with essential skills while
minimizing risks to patients [13]. The goal of this article is to
explore the transformative potential of VR in medical education,
particularly within the context of Kazakhstan, and assess its
impact on training future medical professionals.

VR for Modern Medical Education and Training.

Integrating VR into medical education revolutionizes healthcare
training by offering immersive, risk-free environments for
skill development [14]. For instance, surgeons can practice
procedures, make mistakes, and refine techniques without
jeopardizing patient safety. This technology enables learners to
approach real operations as rehearsed scenarios, significantly
enhancing confidence and proficiency while safeguarding
patients. Modern VR systems support anatomical visualization
[15,16] and decision-making within secure environments [14].

VR also advances distance learning through virtual training
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sessions, promoting international collaboration in medical
education [17]. These technologies have the potential to
revolutionize how healthcare practitioners acquire skills,
improving learning outcomes and access to quality education
[18]. VR simulations enhance decision-making, hand-eye
coordination, and performance, while fostering teamwork and
communication skills through collaborative exercises [14].

AR complements VR by combining virtual elements with
real settings, enhancing engagement and facilitating hands-on
learning [19]. While VR and AR offer on their own, a balanced
approach is necessary for their integration into conventional
training frameworks [20]. Both theoretical and practical
experiences are essential for students, as repeated practice
enhances competence. VR motivates students and fosters skill
development, making it a valuable addition to curricula [21].

Educational reforms require advanced training standards
for medical professionals, especially in specialized fields like
medical physics. The intersection of medical education with
artificial intelligence further advances teaching methodologies,
emphasizing the need for quality clinical data [22].

In summary, the use of VR and AR technologies in medical
education can represent a significant development in training
methodologies, enhancing the educational experience for
future healthcare professionals while addressing the inherent
limitations of traditional practices.

VR and AR are making significant strides in medical education
by providing cutting-edge tools for immersive simulations
[23]. These technologies allow students to explore anatomical
structures and procedures in a hands-on manner, deepening
their understanding of complex medical concepts. Notable
institutions like King’s College London and the University of
Oxford have successfully incorporated VR into their curricula
to help students navigate intricate subjects more effectively [2].
Furthermore, VR and AR facilitate distance learning, enabling
remote access to training and minimizing preparation time for
clinical practice. This flexibility enhances accessibility, allowing
learners to pursue their education without being constrained by
physical locations or rigid schedules.

However, the integration of VR and AR also presents several
challenges. High-end equipment and software requirements can
impede widespread adoption, and there are significant barriers
related to accessibility, both in terms of the necessary devices
and the skills needed to use them [5]. Additionally, extended
use of VR can result in physical discomfort such as eye strain
or dizziness, and may lead to social isolation, which can
hinder the development of essential communication skills [24].
Ethical considerations regarding data privacy and the effects of
long-term engagement with immersive environments further
complicate the educational use of these technologies. Moreover,
the financial burden of acquiring VR and AR equipment can
be a substantial hurdle, particularly for institutions with limited
budgets.

Despite these challenges, the ongoing advancements in
technology play a vital role in shaping medical education's
future [25]. Incorporating VR and AR into training programs
is essential for improving the quality of education for emerging
healthcare professionals.
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Therefore, while the potential benefits of VR and AR in
medical education are considerable, their implementation
must be approached thoughtfully. A balanced perspective that
acknowledges both the advantages and the limitations of these
technologies is crucial for maximizing their effectiveness in
medical training and progressing education in an increasingly
digital landscape.

Medical Education in Kazakhstan.

Incorporating VR into Kazakhstan's medical education
system offers immense potential to revolutionize traditional
teaching practices. VR provides immersive, three-dimensional
simulations replicating complex medical scenarios, allowing
students to hone their skills and perform procedures in a secure,
controlled environment. However, VR adoption has been slower
than expected, hindered by challenges such as inadequate
resources, restricted access to technology, and skepticism
among some faculty regarding its effectiveness.

Traditional medical education in Kazakhstan primarily
emphasizes direct interactions between students and instructors,
alongside hands-on clinical practice. While valuable, this
approach faces limitations, including restricted training hours,
concerns about patient safety, and difficulty replicating rare
medical conditions. Consequently, there is growing enthusiasm
for integrating VR into curricula to provide students with a
broader spectrum of practical learning opportunities.

Some medical institutions in Kazakhstan are beginning to
implement VR simulators for training. These technologies are
particularly effective for simulating surgeries, diagnostic tasks,
and emergencies, improving cognitive, motor, and decision-
making competencies. This gradual shift underscores the
necessity to modernize medical education and prepare future
healthcare professionals with advanced, globally competitive
expertise.

This study examines the potential of VR to advance medical
education by evaluating its influence on student learning
outcomes and teaching efficacy. By bridging the gap between
theoretical instruction and practical application, VR enables
students and educators to engage with complex scenarios. The
research uniquely addresses the challenges and prospects of
VR integration in Kazakhstan, where advanced educational
technologies are still in their early stages. This initiative aims
to elevate the system to international standards, contributing to
a more innovative and effective healthcare sector. The purpose
of this is to analyse the perception of VR among educators and
students in the educational process with an emphasis on its
advantages and limitations.

In the study of the perception of VR in medical education in
Kazakhstan, a consensus scale was utilized to assess collective
agreement among participants on key aspects of VR in education.
This method effectively measures the level of agreement
between students and teachers regarding the effectiveness and
potential of VR within the educational process.

Materials and Methods.

Study Participants:

The study was conducted among teachers and students of the
Higher School of Medicine of NJSC "Kokshetau University



named after Sh. Ualikhanov", including international students
and English-speaking teachers from April 20 to June 10, 2025.
The method of targeted sampling was used to select respondents
with experience in using virtual reality.

The study was conducted among two groups: 53 medical
faculty students and 20 instructors. Participants were selected
using purposive sampling, taking into account their experience
with VR technologies in educational settings. All participants
voluntarily agreed to take part in the study and signed informed
consent forms. None of the participants had contraindications to VR
use, such as severe motion sickness or other medical limitations.

Ethical Approval:

From October 16, 2024 to December 16, 2025, as part of the
Bolashak program, the author completed a research internship
at King's College London, where a questionnaire was developed
and official ethical approval of the study was obtained (Ne
42426). The permit was extended to the questionnaire in the
period from April 15 to June 15, 2025. The empirical part of the
study was carried out in Kazakhstan.

The study was conducted among teachers and students of the
Higher School of Medicine of NAO "Kokshetau University
named after Sh. Ualikhanov", including international students
and English-speaking teachers. The method of targeted sampling
was used to select respondents with experience in using virtual
reality.

Participation in the study was voluntary, anonymous and in
accordance with the ethical standards of King's College London
and the international principles of human research.

Inclusion and Exclusion Criteria:

Participants with at least one month of experience using VR
and regular engagement with VR-based activities were included
in the study. Individuals without prior VR experience or those
with medical contraindications were excluded. Susceptibility
to motion sickness was preliminarily assessed using a short
questionnaire.

Data Collection Procedure:

To evaluate the perception and satisfaction with VR use,
participants were provided with interactive sessions, after which
they completed questionnaires rating their experience on a scale
from 1 to 10, allowing quantitative assessment of satisfaction
levels. The surveys were administered via the online platform
Google Forms. The duration of VR interaction ranged from 15
to 30 minutes.

Instruments and VR Simulation Platform:

The technological component of the study was based on the
use of the Oculus Quest 2 headset, a standalone virtual reality
system that provides high mobility, ease of deployment, and
broad accessibility for educational settings. This device offers
adequate computing performance, hand-tracking capabilities,
and ergonomic controller design, making it suitable for
immersive clinical simulation and interactive learning tasks.
The software used in the study included a set of validated
educational VR applications. These comprised Anatomy VR,
which provides detailed 3D visualizations of human anatomical
structures, and specialized clinical procedure simulators such
as Surgical Simulator and Medical Procedure VR. Together,
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these programs allowed participants to practice diagnostic
steps, procedural techniques, and communication with
virtual patients in a controlled and replicable environment.
The content was selected to ensure maximal realism and
representativeness of medical scenarios, while the visual
resolution, interactivity, and user interface aligned with
international standards for modern VR-based medical training.
The practical phase of the study was conducted in a dedicated
VR simulation room at the Higher School of Medicine, equipped
with the AcademiX VR platform. This system integrates
large-screen visualization, patient-scenario modules, and VR
headsets, enabling simultaneous observation and performance
of clinical simulations. Participants engaged with virtual patient
cases, interpreted clinical parameters, and executed simulated
medical procedures, which allowed for the standardized

i

Figure 1. Faculty member interacting with the AcademiX VR patient-
simulation module during a clinical scenario.

.

Figure 2. Medical students engaging with the AcademiX VR platform
during simulated clinical exercises.



Figure 3. Student completing an individual VR clinical scenario using
the Oculus Quest 2 headset.

assessment of their experience and level of engagement.
To illustrate the operational environment and provide
transparency of the implementation process, Figures 1-3 present
examples of how VR technology was used by faculty members
and students during the study.

This image demonstrates how teaching staff performed VR-
based diagnostic and procedural tasks as part of the study protocol.
The figure illustrates group participation in VR training sessions,
including real-time observation of scenarios displayed on the
simulation screen.

This image shows the immersive nature of the individual VR
experience and reflects the setting in which data collection was
conducted.

Data Analysis:

Statistical analysis was performed using SPSS software
(version 26). To assess the significance of differences between
groups, a two-tailed nonparametric Mann—Whitney test was
applied, as the data distribution was unpredictable and the
number of observations was limited. The level of statistical
significance was set at p < 0.05.

Spearman’s correlation analysis was used to evaluate
relationships between variables. For comparisons of mean
scores on the rating scale, median values and interquartile ranges
were analyzed. To determine the reliability of the findings, 95%
confidence intervals were calculated.

It is important to note that the original dataset did not specify
which statistical tests were applied, which complicates the
interpretation of p-values. Therefore, to ensure analytical
accuracy, the Mann—Whitney test was chosen as the most
appropriate method, given the small sample size and lack of
assumptions regarding normality.

Limitations of the Study.
This study has several limitations that should be taken into
account when interpreting its findings. First, the limited number
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of participants (53 students and 20 instructors) reduces the
overall statistical power and may affect the generalizability of
the results. Second, the use of self-reported questionnaires and
survey methods may introduce subjectivity and socially desirable
responses, potentially distorting participants’ true perceptions.
Third, the study was conducted within a single educational
institution in Kazakhstan, which restricts the applicability of
its conclusions to other educational or cultural contexts without
further investigation. Moreover, the short duration of the study
did not allow for assessment of the long-term effectiveness of
integrating VR technologies into the educational process. Finally,
certain factors—such as instructors’ technical preparedness and
the level of technological infrastructure—may have influenced
the perception of VR; these variables warrant more in-depth and
structured analysis in future research.

Results.

Data analysis showed that most participants positively evaluate
the use of VR in medical education. The main indicators
obtained in the course of the study are presented in Table 1.

According to Table 2, the average score for the impact of VR
on understanding complex concepts was 8.5 + 1.2 out of 10,

9-10 34.2%

34.2%

Scores

(o] 5 10 25
Number of participants

Figure 4. Histogram of Satisfaction Ratings for the Use of VR (n = 20).

Table 1. Characteristics of Study Participants (n = 73).

Parameter Value

Age, years 20-25 (mean 22.3 + 1.4)
o 0,

Gender Men — 40 (55%)

Women — 33 (45%)

Students — 53 (73%)

Teachers — 20 (27%)

0-2 years — 68%, >2 years — 32%
Mean score 8.2 out of 10

Level of Education

Experience with VR, years
Satisfaction Level

Table 2. Assessment of VR Impact on Understanding Complex
Concepts (n =73).

Rating Median Percentage of
Question (from 1 to 10) responses > 8
To what extent does
VR enhance the 85+12 9 70%
understanding of
complex concepts?
To what extent does
VR assist in practical 83+14 8 68%
training?
Overall satisfaction with o
the use of VR 82+13 8 65%




with 70% of respondents rating it as 8 or higher. This indicates
a high level of satisfaction and effectiveness of VR in mastering
complex topics. Additionally, 68% of instructors noted that VR
contributes to practical training, and 65% expressed overall
satisfaction with the use of this technology (see Table 2).

Positive evaluations indicate that 85% of instructors incorporate
VR into the educational process, with 45% describing their
experience as “excellent” and another 45% as “good.” The
most common area of VR application was medical disciplines
(65%), confirming its significance in the field of education.
Figure 4 illustrates the distribution of instructors’ satisfaction
levels on a ten-point scale, demonstrating the predominance
of high scores, which indicates a positive assessment of
VR technologies. The survey results further confirm that
VR integration enhances learning motivation and student
engagement, with 90% of instructors reporting substantial
improvements in students’ learning activity and practical skill
development after using virtual educational tools.

Statistical ~ analysis revealed significant correlation
relationships: there was a positive correlation between the
level of satisfaction with VR and its perception as an effective
educational tool (r = 0.45, p = 0.04), confirming the importance
of user perception and experience in achieving educational
outcomes (Table 3).

Table 3. Comparison of VR perceptions by teachers and students.

Teachers Teachers

Scale (Me [IQR])  (Me[IQR])  Pvalue
Efficiency 6 [5-8] 8 [7-9] 0.02*
Usefulness 7 [6-8] 8 [7-9] 0.04*
Engagement 6 [5-7] 8 [6-9] 0.01*

*Students generally rated VR higher than teachers (p<0.05).

Overall, the study results indicate a high perceived value of
virtual reality in Kazakhstani medical education; however,
limitations related to the sample size and the subjective nature
of the data must be taken into account, underscoring the need
for further research to validate these findings.

Discussion.

Virtual simulation (VS) as a new interactive pedagogical
strategy has been receiving increasing attention in undergraduate
medical education. With the rapid advancement of modern
computer-simulation technologies, an expanding range of
innovative VS-based teaching approaches continues to emerge,
supporting medical education in various formats. To outline
current trends in VS-based medical teaching and learning,
this review provides a global analysis of 92 recently published
studies on the use of VS in undergraduate medical training. The
findings indicate that 98% of the included articles originated
from Europe, North America, and Asia, suggesting a potential
imbalance in access to digital medical education. More than half
(52%) of the studies reported the application of immersive VR.
Inrecent years, VS has been widely integrated into the training of
surgical procedures, emergency and pediatric emergency care,
basic medical sciences instruction, radiotherapy and imaging
education, training in puncture or catheterization techniques,
interdisciplinary medical education, and other forms of case-
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based clinical training [26].

In recent years, anatomy educators worldwide have
increasingly adopted advanced technologies to enhance student
engagement and improve the learning experience. Prior to
the COVID-19 pandemic, the integration of information
and communication technologies in anatomy education was
largely a matter of choice rather than necessity. However,
the pandemic fundamentally shifted this paradigm: what had
previously been optional rapidly became essential. Although
the current epidemiological situation has stabilized—with
low infection rates and high vaccination coverage—and most
medical universities have resumed traditional face-to-face
teaching, the availability of donor bodies remains critically low.
This persistent shortage continues to constrain conventional
anatomical training and, in many respects, brings the educational
environment “back to where it started,” reinforcing the need for
sustainable technological solutions in anatomy teaching [27,28].

During the COVID-19 pandemic, emergency medicine (EM)
educators were forced to employ innovative methods to ensure
educational continuity. This study examined the adequacy of
360-degree video (360 video) technology in EM teaching
in the context of: (a) student attitudes toward 360 video; (b)
student performance on the mandatory end-of-course EM exam
compared to student assessment results from the previous
academic year [29].

Virtual reality technologies provide superior visualization
of three-dimensional anatomical structures compared with
traditional media, as they offer stereoscopic vision, a user-
centered perspective, wide viewing angles, and interactive
functionality [30-32]. Within such a shared, collaborative VR
environment, students and instructors—regardless of their
geographic location—can jointly manipulate anatomical models
to support the learning objectives of the course and explore
applications such as simulated surgical procedures.

In anatomical education, three-dimensional (3D) visualization
technology enables active and stereoscopic exploration of
anatomical structures and can be readily integrated into medical
curricula alongside traditional 3D-based teaching methods [33].

The results of this study indicate that the use of VR in medical
education in Kazakhstan is perceived positively by both
students and instructors. Participants noted that VR significantly
enhances the comprehension of complex medical concepts
and the development of practical skills, which is particularly
important for training future medical professionals, as traditional
teaching methods are sometimes limited in their ability to model
rare or high-risk situations.

Despite these limitations, the findings demonstrate that VR
is a promising tool for enhancing the effectiveness of medical
education in Kazakhstan. For successful integration of VR into
the curriculum, it is essential to provide professional training
for instructors, increase investment in technical infrastructure,
and develop a strategy for gradually scaling the use of this
technology. In the future, addressing these issues will help
unlock the full potential of VR and significantly improve the
quality of medical training.

Conclusion.
This study demonstrated the positive contribution of virtual



reality to medical education in Kazakhstan. Both instructors
and students reported increased motivation, higher engagement,
and improved acquisition of practical skills when using VR
technologies. At the same time, several important limitations
were identified, including insufficient instructor training,
restricted technical infrastructure, and the subjective nature
of performance evaluations, all of which warrant further
investigation. The finding that 22% of participants experienced
VR-induced discomfort underscores the need to develop
strategies aimed at minimizing adverse effects and enhancing
the effectiveness of immersive learning. Additionally, the
limited sample size and short study duration highlight the
necessity for broader and longitudinal research, as well as
initiatives to improve the accessibility and affordability of
VR technologies within Kazakhstani medical institutions.
Beyond these immediate findings, the study provides
a significant scientific and practical contribution to the
development of medical education in Kazakhstan. It
demonstrates the real potential of virtual reality as an innovative
pedagogical tool and outlines the barriers and needs of both
instructors and students, offering strategic directions for the
modernization of educational programs. First, the results
justify the need for systematic integration of VR technologies
into medical training, emphasizing their effectiveness in
enhancing student engagement, visualizing complex clinical
processes, and enabling safe practice of procedural skills.
Second, the study identifies critical areas requiring institutional
attention—technical infrastructure, faculty development,
and organizational support—thereby forming the basis for
future national guidelines on VR implementation in medical
education. Third, the findings establish a foundation for
subsequent comparative research assessing the impact of
VR on learning outcomes, clinical competence, student
confidence, and the overall quality of simulation-based training.
Taken together, this research serves as a starting point for
the long-term digital transformation of medical education
in Kazakhstan. It opens opportunities for the development
of innovative learning modules, expansion of international
collaborations, and the advancement of scientific projects in
immersive educational technologies, ultimately contributing to
the creation of a more effective, modern, and evidence-based
medical training system.
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Pesrome

TPAHC®OPMALUA MEJULUHCKOI'O
OBPA3OBAHHSI B KA3AXCTAHE: ITOTEHIMAJI
BUPTYAJIbHOM PEAJIBHOCTH JIJIS1 HOBBILIEHUS
IOOEKTUBHOCTHU OBYUYEHUSA

Map:xkxan  Meip3axanosal, TIymmapa Bepaemesa2,
Kyabscapa PycremoBal, Illenap Kyns0aesal®, IOpmuii
JIncnueinl, Kynasiz Tneydeprenosal

1 Koxwemaycxuii  ynugepcumem umenu L. Yanuxanosa,
Kokwemay, Pecnybnuxa Kazaxcman.
23anaono-Kazaxcmanckuii.  MeOUYUHCKULL  YHUGepcumem
umenu Mapama Ocnanosea, Axmobe, Kazaxcman.
AkTtyanbHocTh. lloTeHnuan BUPTyalbHOW peanbHOCTU
(VR) B memuumackoM oOpaszoBanum Kazaxcrana okazaics
3HAQUUTEIbHBIM: OHa NpeaIaraeT HWHHOBAMOHHBIE METOJIBI
00y4eHHs ¥ co3/1a€T Oe30IacHbIe, THTEPAKTUBHbIE TPEHHHT OBBIE
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cpenbl, CHOCOOCTBYIOIIUE OCBOEHUIO KaK TEOPeTUYECKUX
3HaHUM, TaK ¥ MPAKTUYECKUX HABBIKOB.

Matepuansl U MeToAbl. llenbto JaHHOTO HCCIENOBaHUSL
Oblta oleHKa NpuMeHeHHs W 3(PQEeKTHBHOCTH BUPTYaILHOH
peaJbHOCTH B MEIMIMHCKOM OOy4YeHHMH Ha  OCHOBE
anketupoBaHusi 53 cryneHtoB u 20 mpenopaBateneil. Jlns
OLIEHKU BOCHPHUATHS U YJOBICTBOPEHHOCTH MCHOIB30BAHUEM
VR Ob1a npuMeHeHa mkana ot 1 go 10.

PesyabTaThl. Pe3ynpTaThl ompoca Mmoka3aiaH, UYTO CTYJEHTHI
OTMEYAIOT CYILECTBEHHbIE IMPEUMYIIECTBA HCIONb30BAHUSL
BUPTYaJIbHOM  pEaJbHOCTH Ul MOHUMAHMS  CIOXHBIX
MEIUIMHCKUX KOHLENIMH W  OTpPabdOTKM  KIMHHYECKUX
HaBBIKOB. OHHU BBICOKO OIICHMIM BO3MOXXHOCTb MPUMEHATH
TeOpeTUUEeCKHE 3HAHMs Ha MPAKTUKE, HAINYHE KaueCTBEHHOTO
KOHTEHTa 110 pa3NIWYHBIM JUCHUIUIMHAM | olecriedyeHne
0e30I1acHBIX YCIIOBHH 00ydYeHusI.

3akaouenue. IlpenomaBarenyu NpU3HAIN BHPTYAIbHYIO
peasbHOCTh IIGHHBIM  00pa3oBaTeNbHBIM  HMHCTPYMEHTOM,
OJTHAKO OTMETHJIM psij MpoOjeM, BKIIOYAs HEIO0CTaTOYHYIO
MOJrOTOBKY W OTPaHMYEHHBIH JOCTYyNl K 00OpYIOBAaHUIO.
VYcTpaHeHne OTHX — NPEMSITCTBUIl  ABISETCS  KIIOUEBBIM
YCIOBHEM YCIEUIHON WHTErpaly BUPTYaldbHOI peanbHOCTU
B 00pa3oBaTeNbHble IPOrPaMMBI, YTO TO3BOJIHT PACKPHITH €€
MIOTEHIIMAN U YIIy4IINTh y4eOHbIE Pe3yIbTaThl.

KiroueBnle c1oBa: BUpTyanbHas pealbHOCTh, MEIUIIMTHCKOE
oOpa3oBaHue, 00pa3oBaTeNbHBIE TEXHOIOTUH, ITPENOAaBaTENH,
CTYJICHTBI, HHHOBAIIMU B 00pa30BaHMH.
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