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Aim: to evaluate the effectiveness of educational technology using virtual reality in abdominal surgery.

Materials and methods. The study was conducted using the domestic virtual reality platform “Sechenov” and ab-
dominal surgery simulators. When launching the software modules “Operation — Cholecystectomy” and “Opera-
tion — Gastric Resection”, an anatomical model of a human body with detailed internal organs of the abdominal cav-
ity appears next to the user, and it has an anchor point in the center of the location. The tasks are completed through
the assessment of the results of the survey of students using the Likert system, as well as several open clarifying
questions. Based on the results of the analysis, two groups were formed: those students who had no experience
working with virtual systems and students who had previous experience working in virtual reality simulators, including
cases of rehabilitation after injuries.

Results. When analyzing the ergonomics of simulator control depending on the experience of using virtual reali-
ty outside of educational purposes, it was not possible to establish statistically significant differences (p = 0.393).
However, depending on the experience of using virtual simulators for educational purposes, statistically significant
differences were established (p = 0.014). When comparing data on satisfaction with participation in training depend-
ing on the experience of using virtual reality outside of educational purposes, no significant differences were found
(p = 0.875). When analyzing the educational value of the teaching methodology depending on previous experience
using virtual simulators, statistically significant differences were found (p = 0.023).

Conclusions. The virtual reality simulator in abdominal surgery provides the opportunity to add new educational
scenarios; reduces the fear of mistakes in students; not only allows for training in manipulations but also serves
as a teaching aid on the clinical anatomy of the stomach and hepatobiliary complex.
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OnbIT CUMYNAUNOHHOIo o6pasoBan;| C NpuMeHeHnemMm BMpTyaﬂbHOVI

nnatdopmbl «Ce4yeHOB» B XUPYPrumn Xenyao4Ho-KNLWEeYHOro Tpakrta
10.J1. Bacunbe*, O.B. KbiTbko, M.A. KuHkynbkuHa, B.A. Bonenb, T.M. JlnteuHoBsa, K.B. MBawwkuH, E.O. BaxpyluvHa,
E.N. BopoHoga, E.B. Pebposa, E.H. KbiTbko, C.A. Tperybos, A.[l. KawTaHos, E.A. CoH, K.A. XKanaapos, H.[. iBaHoBa,

[.C. NNeoHog, X.M.C. dapaywe, A.B. MupoHues, C.C. OblabIK1H
®rA0yYy BO «[llepsbivi MockoBCkuii rocydapCTBeHHbIV MeanunHckni yausepcuteT um. .M. CeveHoBa» MuHucTepcTea
3apaBooxpaHeHusi Poccurickon deaepaumnmn (CevyeHoBckuii YHnBepcuteT), MockBa, Poccuiickas Penepaumsi

Llenb uccnepoBaHus: oLieHKa 9 GEeKTUBHOCTY 06pa3oBaTefibHOM TEXHOIOMMM C NPUMEHEHNEM BUPTYasIbHOM pe-
anbHOCTM B aBA0MUHANBHO XUPYPIruu.

Matepuanbl U MeToabl. ViccnenoBaHve NPOBEAEHO C MCMONb30BaHNEM OTEYECTBEHHOW NaTdhOPMbl BUPTYasb-
HOW peanbHOCTN «CevYeHOoB» U CUMYNATOPOB abaoMuHaNbHOW xupyprun. Mpu 3anycke nNporpamMMHbIX Modynen
«Onepaumsa — XoneuuctaktoMus» n «Onepaumsa — Pesekuus xenyaka» paaoM ¢ nosib3oBatesieM NosBiaeTca aHa-
TOMMYecKas MOAENb YeNoBeKa C pa3MeLLieHNeM AeTaIM3MPOBaHHbLIX BHYTPEHHMX OPraHoB OPIOLLHOM NOIOCTU, KO-
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TOopas UMEET SKOPHYIO TOYKY B LIeHTpe Nokauuun. BeinonHeHre 3agay peann3oBaHo Yepes OLEHKY Pe3ynbTaToB aH-
KETUPOBaHUS obydaloLmxcs no cucteme Likert, a Takke HECKONBbKMX OTKPbITbIX YTOYHSOLLMX BONPOCOB. Mo ntoram
aHanusa 6bIM chOopMUPOBaHbI ABE FPYMMbl: 00yYaloOLWMECS, Y KOTOPbIX HE ObINO OnbiTa PaboThl C BUPTYaNbHbIMU
cuctemamu, 1 obyvaroLmecs, UMEBLLME PaHee OnbIT paboTbl B CUMYNSTOPaxX BUPTYyasibHOW peasibHOCTU, B TOM YNC-

Ne ons peabunmtaumm nocne NoJly4eHHbIX TPaBM.

Pe3ynbtaTbl. [1Ipy aHann3e 9proHOMUKN yNpaBneHUs CUMyNSTOPOM B 3aBUCUMMOCTU OT OMbITa UCMOIb30BaHUS
BUPTYaNbHOM PEaNbHOCTY BHE YHEOHBIX LIENIEN HE ObINO BbIIBNIEHO CTAaTUCTUYECKM 3HAYNMbIX pas3nuunii (p = 0,393).
OpHako ObIM 06HAPYXEHbI CTATUCTUYECKM 3HAYUMBbIE pasdnuyus (p = 0,014) B 3aBUCMMOCTM OT OMbiTa NPUMEHE-
HWUS1 BUPTYaJIbHbIX CUMYJIAITOPOB B Y4EOHbIX LIENsX. [py conocTaBneHnmn AaHHbIX 06 yA0BNETBOPEHHOCTU OT y4acTus
B 00y4YeHMM B 3aBUCMMOCTM OT OMbITa UCMONb30BaHNS BUPTYaNbHON PEaNbHOCTU BHE YYEOHbIX Liefieil 3Ha4YMMbIX
pasnnuunii He BoisiBNeHo (p = 0,875). Mpn aHann3e obpa3oBaTesibHOW LLEHHOCTU METOAMKN NpenogaBaHns B 3aBU-
CUMOCTW OT NPEAbIAYLLENO OMbITa MPUMEHEHMS BUPTYasibHbIX CUMYNSITOPOB OblY BbISIBNIEHLI CTATUCTUYECKN 3HAYM-

Mble pa3nuuuns (p = 0,023).

BbiBoAbl. CMYNATOp BUPTYasibHOW peanbHOCTM B abA0OMUHANBHOM XMPYPrum NpeaoCcTaBASeET BO3MOXHOCTb [0-
6aBneHns HOBbIX 06Pa30BaTESIbHbIX CLIEHAPUEB; CHMXAET CTpax OLWMOKA Yy CTYAEHTOB; a TakKe OH HE TOJIbKO Mo-
3BONSET 00YUYNTb MAHUNYASLMSAM, HO U CIY>XUT 00yYaloLmmM NocobmeM No KIMHNYECKO aHaTOMMK Xenyaka v rena-

TOOUNMAPHOro KOMMJeKca.

KnioueBbie cnoBa: abgoMuvHanbHas XMpyprus, CUMynaTop, BUpTyanbHas cpena, obpasoBaHue, MeAVLIMHA, 3Pro-

HOMUKa, MOTUBaALUA

KoHdnukT MHTEepecoB: aBTopbl 3asBASIOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.

Ans umtnpoBanusa: Bacunbes t0.J1., KbiTbko O.B., KunkynbkuHa M.A., Bonenb B.A., JintenHosa T.M., MBawkuH K.B., BaxpyLum-
Ha E.O., BopoHoBa E.N., Pebpoea E.B., KbiTbko E.H., Tpery6oe C.A., KawTaHoB A.[l., CoH E.A., Xangapos K.A., MiBaHoBa H.[,.,
Neonos [.C., Oapaywe X.M.C., MupoHues A.B., ObiapikuH C.C. OnbIT CUMYNSLUMOHHONO 06pa3oBaHusi C MPMMEHEHVEM BUPTYaslb-
Hol nnatdopmbl «Ce4yeHOB» B XMPYPIrUm XENYA0UYHO-KULLIEYHOrO TpakTa. POCCUNCKNIA XypHan raCTPO3HTEPONIOrMN, renatonormm,
kononpokTonoruu. 2025;35(1):15-30. https://doi.org/10.22416/1382-4376-2025-35-1-15-30

Since the mid-20th century, technology has de-
veloped rapidly, which has led to an increased need
for qualified specialists in various fields of science.
In response to this, educational requirements have
changed. The modern approach to learning involves
an interdisciplinary and comprehensive approach to
solving problems. Learning is project-based, and
courses have a practical focus [1].

Virtual reality has become an integral part of
the educational process, and the COVID-19 pan-
demic has accelerated its development. Future
doctors, especially those who have chosen the sur-
gical direction of training, have the opportunity
to immerse themselves in an interactive environ-
ment where they can develop their skills and even
perform virtual surgeries [2, 3].

One of the main advantages of virtual reality
in training future surgeons is the ability to create
realistic environments where users can practice
their manual skills without harming animals or
real patients [4]. Any virtual manual process cre-
ated with the help of special programs can be re-
produced and used an unlimited number of times
without significant expenditure of time and money
[5]. While virtual surgical simulations do not re-
place real-life procedures, they provide detailed
preparation for actual surgical interventions [6].

This approach to education is also highly
cost-effective. In virtual reality, you can create a
variety of situational tasks of varying complexity,

especially for such a complex part of the body as
the abdominal cavity. It is also possible to upload
explanatory photos and videos for self-training.
And finally, at the adaptation and training stage,
there is no need to spend expensive phantom parts
[7, 8]. This thesis is supported by the results of
the study by G. Ntakakis et al. (2023), which
emphasizes that the benefit lies in the minimal
material and technical costs [9].

Simulation-based education (SBE) serves as an
effective preparatory tool, promoting the develop-
ment of dissection skills and enhancing knowledge
of clinical anatomy [10].

Students and teachers are presented with broad
horizons for creative use of augmented and virtual
reality, which in turn contributes to improving
the quality of education. However, as experience
accumulates in the practical use of virtual reality
in the educational process, a number of questions
arise [3].

The literature review for the query “VR educa-
tion, surgery” in the PubMed database covers the
period from 1993 to 2024 and includes 1302 sourc-
es (Fig. 1).

If we narrow the query to the topic of vir-
tual technologies in abdominal surgery, we find
36 sources covering the period from 1998 to 2024.

In one of the first studies devoted to virtu-
al reality in abdominal surgery, M. Bro-Nielsen
et al. (1998) demonstrated the effectiveness
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Figure 1. The time frame covering the field of virtual education in surgery
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Figure 2. Time coverage of virtual education topics in abdominal surgery
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of combining different types of reality, in which
physical feedback dependent on the density of
simulated tissues is combined with a highly realis-
tic virtual model [11]. Today, this training strat-
egy is reflected in simulators that vary in level
of realism and complexity, suitable for training
entry-level specialists (Fig. 2).

It is obvious that literary sources were dis-
tributed unevenly in different years. Perhaps this
is due to the peculiarities of the introduction of
technologies into the educational process. Recent
studies confirm that the use of immersive virtual

reality as a tool in Abdominal Surgery training
programs increases student motivation, reduces
the time required to master the real technique,
and provides economic benefits due to savings on
pre-training simulators [12]. This is supported by
a study conducted by G. Sankaranarayanan et al.
(2021). In their work, they examined how effec-
tively VR technologies can be used for colorectal
surgery training [13].

The aim of the study: to evaluate the effec-
tiveness of educational technology using virtual
reality in abdominal surgery.
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Null hypothesis

The educational strategy involving virtual re-
ality surgical simulators for the integrated topic
of ’Abdominal Surgery,” without haptic feedback,
is beneficial for learners, and the ergonomic prin-
ciples of simulator operation depend on prior ex-
perience.

Materials and methods

To determine the sample size, it is necessary to
take into account the total number of second-year
students of the N.V. Sklifosovsky Institute of
Clinical Medicine at Sechenov University, which
is 2,000 people. The sample should include 322 re-
spondents. The calculation was made using the
formula:

SS=Z . 262(1—2),
where: Ss — the required sample size; Z — the
Z-factor (1.96 for a 95% confidence interval); p —
the percentage of respondents or responses of in-
terest, in decimal form (0.5 by default); C — the
confidence interval (5 %).

The study was conducted using the domestic
virtual reality platform “Sechenov” and abdominal
surgery simulators. A special feature of these sim-
ulators is their operation without tactile feedback.
The student’s task is to consistently and correctly
perform the stages of the operation using surgical
instruments. Successful completion of each stage
opens access to the next educational module.

The software modules  “Operation
Cholecystectomy” and “Operation — Gastrectomy”
are based on the core environment of the training
platform “AR/VR University”, which represents
a conceptual medical office of the future. When
these modules are launched, an anatomical model
of a human with detailed internal organs of the
abdominal cavity appears next to the user, which
has an anchor point in the center of the location.
The model is placed horizontally and is located on
the surface of the operating table [14, 15]. The
programs operate in two modes: demonstration
and practical.

To ensure stable operation, a Learning
Management System (LMS) was developed, per-
forming the following functions:

1. Integration with the “AR/VR University”
platform;

2. Protection against unauthorized access and
copying;

3. Providing students with personalized learning
pathways on the “AR/VR University” platform;

4. Facilitating data exchange between the LMS
and the “Electronic Dean’s Office” subsystem;

5. Maintaining individual statistics of success-
es and challenges during simulation-based training
sessions.

This technology represents the third stage of
a multi-step educational trajectory implement-
ed by the Department of Operative Surgery and
Topographic Anatomy of the N.V. Sklifosovsky
Institute of Clinical Medicine at Sechenov
University. The program is aimed at practical
training of students and includes several stag-
es: Stage 1 — theoretical training according to
the module; Stage 2 — getting to know safety
rules and mastering basic manual skills, as well as
working with tools; Stage 3 — classes on virtual
simulators; Stage 4 — practical classes on biolog-
ical and anatomical material.

As part of the abdominal surgery training, stu-
dents have the opportunity to use two simulators:
one for performing gastrectomy and one for per-
forming cholecystectomy (Fig. 3).

To solve the problems, a survey was conduct-
ed among the students using the Likert system,
and several additional questions were also asked.
Based on the results of the data analysis, two
groups were identified:

1) students who had not previously encoun-
tered virtual systems;

2) students who already had experience work-
ing with virtual reality simulators, including for
rehabilitation after injuries.

The following questions were posed anony-
mously:

1. Please indicate your gender.

2. Please indicate your age.

3. How many hours per week do you spend on
non-academic computer activities?

4. Do you have any health limitations that
might prevent you from using virtual simulators?

An important condition for participation was
the consent of the students, the absence of claus-
trophobia, visual impairment, vestibular appara-
tus and cardiovascular system. Before each use,
each virtual helmet was hygienically treated. The
students also used disposable face masks.

Next, questions were asked using the Likert
scale, in which the respondent assessed his expe-
rience in the field of using virtual reality tools
using the following parameters and categories:

1. Ergonomics of simulator control:

Categories:

- experience in using virtual medical simulators;

- experience using virtual reality outside of ed-
ucational purposes.

2. Satisfaction with participation in training:

Categories:

- experience in using virtual medical simulators;
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Figure 3. Group training in cholecystectomy on the simulator in the demonstration mode

Pucyuorc 3. rpyHHOBOE 06yquHe XOJIEMUCTIKTOMUN Ha CUMYJIATOPE B JIEMOHCTPAIIMOHHOM DEXXUME

- experience using virtual reality outside of educa-
tional purposes.

3. Educational value of teaching methods:

Categories:

- no experience using virtual reality for education-
al purposes;

- user experience — VR class at the Department
of Operative Surgery and Topographic Anatomy.

4. Usefulness of the teaching methodology in
terms of acquiring knowledge in the future:

Categories:

- no experience using virtual reality for education-
al purposes;

- user experience — VR class at the Department
of Operative Surgery and Topographic Anatomy.

5. Age:

Categories:

- usefulness of the teaching methodology in terms
of acquiring knowledge in the future;

- educational value of teaching methods.

The following response options were offered: “very
poorly”, “poorly”, “neutral”, “well”, and “very well”.

The results of the study were processed in IBM
SPSS Statistics 26 [rus] (“SPSS: An IBM Company”,
USA) and Microsoft Excel 2016 (Microsoft Corp.,
USA). Quantitative variables were assessed for
conformity to a normal distribution using the
Kolmogorov — Smirnov test. For variables that did
not follow a normal distribution, the data were de-
scribed using the median (Me) and the interquartile
range (Q1; Q3). Categorical data were presented

as absolute values and percentages. Comparisons
between two groups for quantitative variables that
did not follow a normal distribution were performed
using the Mann — Whitney U test. Comparisons
among three or more groups for non-normally dis-
tributed quantitative variables were conducted us-
ing the Kruskal — Wallis test, with post-hoc com-
parisons carried out using Dunn’s test with Holm’s
correction. A predictive model characterizing the
dependence of a quantitative variable on various fac-
tors was developed using linear regression analysis.
To evaluate the diagnostic significance of quantita-
tive variables in predicting a specific outcome, ROC
curve analysis was applied. The cut-off value for a
quantitative variable was determined at the point of
the highest Youden index. Differences were consid-
ered statistically significant at p < 0.05.

Results

In fact, the comparison was carried out in two
categories, where some of the students had not
previously encountered working on virtual simu-
lators, while others had similar experience as part
of classes in the virtual reality laboratory orga-
nized at the Department of Operative Surgery and
Topographic Anatomy of the N.V. Sklifosovsky
Institute of Clinical Medicine of Sechenov
University.

We evaluated the ergonomics of operating a
virtual reality simulator based on prior experience
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using virtual reality for non-academic purposes
(Table 1).

In the analysis of simulator ergonomics based
on prior experience with virtual reality for non-ac-
ademic purposes, no statistically significant differ-
ences were identified (p = 0.393).

An additional analysis was conducted on the
ergonomics of operating the simulator based on
prior experience with virtual simulators for aca-
demic purposes (Fig. 4).

As a result of comparing simulator ergonom-
ics based on prior experience with virtual sim-
ulators for academic purposes, statistically sig-
nificant differences were identified (p = 0.014)
(Fig. 5, 6).

To evaluate the quality of immersive learning,
we also assessed students’ satisfaction with partic-
ipating in virtual reality simulator training. This
evaluation was conducted based on their prior

experience using immersive virtual reality appli-
cations and therapeutic programs (Table 3). When
comparing the obtained data, it was not possible to
identify significant differences (p = 0.875) (Fig. 7).

Medical education is primarily grounded in
practical training and the accumulation of experi-
ence and skills. In this context, analyzing the edu-
cational value of the teaching methodology based
on prior experience with virtual simulators was of
particular interest to us (Table 4).

Based on the data obtained from the analysis of
the educational value of the teaching methodology
in relation to prior experience with virtual sim-
ulators, statistically significant differences were
identified (p = 0.023).

An analysis was also conducted on the useful-
ness of the teaching methodology for acquiring
knowledge in the future, based on prior experi-
ence with virtual simulators (Table 5).

Table 1. Analysis of the ergonomics of the simulator control depending on the experience of using

virtual reality outside of educational purposes

Ta6./mua 1. Ananus 9PTrOHOMHUKMN YIIpaBJIEHUA CUMYJIATOPA B 3aBUCMMOCTU OT OIlbITa UCIIOJIb30BaAHUA

BUPTYAJIbHOI PEaTbHOCTH BHE Y4eOHBIX IieJteil

Number Ergonomics of simulator
Cat . P | control
ategories ot peop'c Ipeonomukxa ynpasaenus
Kamezopuu Koauuecmeo CUMYARMOPON
uesl06eK Me (O1; 03)*
No experience using virtual reality .
Hem onvima ucnonw3o6anus 6upmyanivHol peaibHocmu o 4.00 (3.00; 4.00)
User experience — gaming applications .
Onvim ucnoav306anus — uzposvle NPUIOKEHUS {0 4.00 (3.00; 4.00)
User experience — physiotherapy after injury .
Onwvim ucnow306anus. — JeueOndst (pusKy1mypa nocjie mpasmol 2 4.00 (3.50; 5.00)

Note: * — p = 0.393 (Kruskal — Wallis test).

HIpumeuanue: * — p = 0,393 (kpumepuii Kpackenra — Yoanuca).

Table 2. Analysis of the ergonomics of the simulator control depending on the experience of using

virtual medical simulators

Ta6./luua 2. Anamm3s 9PrOHOMUKU YIIPpaBJIEHUSA CUMYJATOPOM B 3aBUCHUMOCTU OT OIIbITa MCHOJIb30Ba-

HUA BUPTYAJbHDBIX MEAUITMHCKUX CUMYJIATOPOB

Ergonomics of simulator
Number
i control
Categories of people 5
peonomuka ynpas.aenus
Kamezopuu Koauuecmeo
CUMYAAMOPOM
uesl08ex Me (Q1; Q3)*
No experience using virtual reality for educational purposes
Hem onvima ucnonv3oeanus 6upmyanvHol peaibHoCmu 161 3.50 (3.00; 4.00)
8 YUCOHbIX UeNAX
User experience — VR class at the Department of Operative
Surgery and Topographic Anatomy 161 4.00 (3.00; 4.75)
Onwvim ucnoavsosanuss — VR-xkaacc na xagpedpe onepamus- : T
HOU Xupypeuu u monozpaghuueckol anamomuu

Note: * — p = 0.014 (Mann — Whitney test), differences are statistically significant (p < 0.05).
HIpumeuanue: * — p = 0,014 (xpumepwii Manna — Yumnu), pasruwuus noxasamened cmamucmuuecku snawumvt (p < 0,05).
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Figure 4. Work in a virtual operating room during the first stage of gastric resection surgery
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Figure 5. Analysis of the ergonomics of the simulator control depending on the experience of using the virtual medical
simulators

Pucyuorc 5. Anamms 9PrOHOMUKU YIIPpABJIEHUA CUMYJIATOPOM B 3aBUCHUMOCTU OT OIIbITa MCIOJb30BaHUA BUPTYaJIbHbIX
MEIMIIMHCKUX CUMYJIATOPOB
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Figure 6. Ergonomics of a nonlinear virtual simulator in the “Sechenov” educational system
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Table 3. Analysis of satisfaction from participation in training depending on the experience of using

virtual reality outside of educational purposes

Ta6auua 3. Ananu3 yJIOBJIETBOPEHHOCTU OT y4acTusi B 0OOy4YeHHS B 3aBUCUMOCTHU OT OIIBITA UCIIOJIb-
30BaHUsI BUPTYATbHON PEabHOCTH BHE YUEOHBIX TieJieit

Number Satisfaction with
Categories of people participation in training
Kamezopuu Koauuecmeo yaoeﬂemeopenéwcmb
wes06ex om yuacmus 6 ooyuenuu
Me (O1; 03)*
No experience using virtual reality .
Hem onvima ucnonv3o06anusi 6upmyaivrol peaivHoCmu Lel 4.00 (4.00; 4.00)
User experience — gaming applications .
Onvim ucnosb308aHUS — UZPOBHLE NPUTOKEHUS. 142 4.00 (4.00; 5.00)
User experience — physiotherapy after injury .
Onwim ucnow306anust — JeueGHAs (PU3KYILMYPa Nocae mpagmol e 4.00 (3.50; 5.00)

Note: * — p = 0.875 (Kruskal — Wallis test).

Hpumeuanue: * — p = 0,875 (xpumepuii Kpackeara — Yoanuca).

As a result of analyzing the usefulness of the
teaching methodology for acquiring knowledge in
the future based on prior experience with virtual
simulators, significant differences were identified
(p = 0.031).

A correlation analysis was conducted to assess
the relationship between the age of students and
the usefulness of the teaching methodology for ac-
quiring knowledge in the future (Table 6).

When assessing the relationship between the
usefulness of the teaching methodology for acquir-
ing knowledge in the future and age, no significant

correlation was found. The observed relationship
between the usefulness of the teaching method-
ology for acquiring knowledge in the future and
age is described by the equation of simple linear
regression:
Y =0.047 x X + 3.161,

where: Y — usefulness of the teaching methodolo-
gy for acquiring knowledge in the future; X — age.

An increase in age by 1 unit is expected to re-
sult in an increase in the usefulness of the teaching
methodology for acquiring knowledge in the future
by 0.047. The model explains 0.3 % of the observed
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Experience in using virtual reality outside of educational purposes:
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Figure 7. Analysis of satisfaction from participation in training depending on the experience of using virtual reality

outside of educational purposes

Pucynox 7. AHann3 yJOBIETBOPEHHOCTH OT Y4acTHsi B 0GYy4Y€HUs] B 3aBUCUMOCTH OT OIIbITA NCIOJIb30BAHUS BUPTYAIbHON

peabHOCT! BHE yUeOHbBIX IieJieit

Table 4. Analysis of the educational value of the teaching methodology depending on the experience

of using a virtual medical simulator

Tab6auua 4. Ananus o6pa3oBaTeJbHON EHHOCTH METOAUKH HPEINOAABaHUs B 3aBHCUMOCTH OT OIIbITA
WCIIOJIb30BaHNS BUPTYAJIbHOIO MEJUIIMHCKOTO CUMYJISATOPA

Educational value of teaching
Number methods
Categories of people Oépazosameavhasn
Kamezopuu Koauuecmeo uennocmy memoouxu
ues08eK npenodaganusi
Me (0O1; 03)*

No experience using virtual reality for educational purposes

Hem onvima ucnonv3oeanus eupmyanivHol peaibHOCmu 161 4.00 (3.00; 4.75)

8 YUCOHDIX UeNaxX

User experience — VR class at the Department of Operative

Surgery and Topographic Anatomy 161 4.00 (4.00: 5.00)

Onwvim ucnoavzosanus — VR-xaacc Ha xagedpe onepamue- : T

HOU Xupypeuu u monozpaghuueckol anamomuu

Note: * — p = 0.023 (Mann — Whitney test). differences are statistically significant (p < 0.05).

variance in the usefulness of the teaching method-
ology for acquiring knowledge in the future.

A correlation analysis was conducted to assess
the relationship between age and expectations
regarding the teaching methodology (Table 7).

When assessing the relationship between the
educational value of the teaching methodology
and age, no significant correlation was found.
The observed relationship between the educa-
tional value of the teaching methodology and age

is described by the equation of simple linear re-
gression:

Y =0.036 x X + 3.313,
where: Y — educational value of the teaching
methodology; X — age.

An increase in age by 1 unit is expected to re-
sult in an increase in the educational value of the
teaching methodology by 0.036. The model ex-
plains 0.2 % of the observed variance in the edu-
cational value of the teaching methodology.
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Table 5. Analysis of the usefulness of the teaching methodology in terms of acquiring knowledge
in the future. depending on previous experience in using virtual medical simulators

Tab6auua 5. Anaaus TONE3HOCTH METOANKY TPEMOIABAHUS C TOYKU 3PEHUsI OBJIAIeHNS 3HAHUS B Oy-
JYIIEM B 3aBUCUMOCTH OT TIPE/IBIYIIETO OIbITA UCTIOJb30BaHUsI BUPTYAJbHBIX MEIUIIMHCKIX CUMYJISITOPOB

The usefulness of the teaching
Number methodology in terms of future
. e —. knowledge acquisition
Kamezonuu Konuwecmeo | 11071€310CMD MemoouKu npenooasanus
p wenoGeK C mouku 3penus 061ad0eHust SHAHUAMU
6 6yodywem
Me (O1; O3)*
No experience using virtual reality for
Zcrlucatlonal purposes 5 161 4.00 (3.00: 5.00)
em onvima UCNoIb308AHUSL GUPMYATLHOU
PEANLHOCIU 6 YUeOHBIX UeISLX
User experience — VR class at the Department
of Operative Surgery and Topographic Anatomy
Onwvim ucnovzosanus — VR-xaacc na xagpe- 161 4.00 (4.00; 5.00)
dpe onepamueHol Xupypezuu u monozpaguue-
CKOU anamomuu

Note: * — p = 0.031 (Mann — Whitney test). differences are statistically significant (p < 0.05).

ITpumeuanue: *

— p = 0.031 (xpumeputi Manna — Yumnu). pasruwuus noxasameneti cmamucmuvecku suawumol (p < 0.05).

4,00 - 4,04 4,00

knowledge in the future

2,00 .

1,00

Usefulness of the teaching methodology in terms of acquiring

Expericnee in using virtual medical simulators
3.00 ' no experience using virtual reality for educational purposes

user experience — VR class at the Depariment of Operative Surgery
and Topographic Anatomy

Figure 8. Analysis of the usefulness of the teaching methodology in terms of acquiring knowledge in the future,
depending on previous experience in using virtual medical simulators

Pucynox 8. AHaIN3 TOME3HOCTH METOAUKN TPETIOIAaBAHNS ¢ TOUKH 3PEHNS OBIAJIEHUST 3HAHUSAMA B OyIyIIeM B 3aBUCHU-
MOCTH OT TIPEJIBIIYIIETO OMbITA UCTIOIb30BAHUS BUPTYATHHBIX MEAUITUNHCKIX CUMYJISITOPOB

Discussion

This study examined how virtual reality expe-
riences impact immersion learning outcomes. The
integration of technology into education opens
up new and more effective learning opportunities.
Research shows that virtual reality can improve
knowledge of anatomy and spatial perception.

The first surgical simulators began to appear in
the late 20th century. The main ideas at that time
were the assumption that the surgeon of the future
would be able to study anatomy in a new way and re-
peatedly practice surgical procedures until they were
flawless before performing surgery on real patients
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Table 6. Results of the correlation analysis of the relationship between age and the usefulness
of teaching methods in terms of acquiring knowledge in the future

Tabauua 6. Pe3yibrarthl KOPPEJISAIMOHHOTO aHAII3a B3aNMOCBSI3U BO3PACTa M TMOJE3HOCTH METOIIKH
MPENO/IaBaHsl C TOUYKU 3PEHUST OBJIAJCHUST 3HAHUSAMU B Gy /IyIIeM

Parameter

Characteristics of the correlation relationship
Xapaxmepucmurxa KOppeasyuoHHOl c8a3u

IToxazameaw

Chaddock’s tightness of correlation scale

Bospacm — Ilonesnocms memoouxu
npenooasanus ¢ MmouUKU 3penus
o6adenus 3nanuamu 6 6yoywem

p Tecnoma céasu no wxane Yeddoka p
Age — Usefulness of the teaching
method in terms of future acquisition
off lenopliadze 0.057 No correlation / Hem ces3u 0.503

Table 7. Results of the correlation analysis of the relationship between age and the educational

value of teaching methods

Ta6.7mua 7. PeSy.JIbTaTbI KOPPEJIAIMOHHOI'O aHaJIn3a B3aMOCBA3U BO3pacTa 1 06paSOBaTeﬂbHOﬁ eH-

HOCTH METOAUKMU IIpenogaBaHusA

Parameter

Characteristics of the correlation relationship
Xapaxmepucmuxa KOppeaauuoHHOl C8A3U

IToxazameaw

Chaddock’s tightness of correlation scale
Tecnoma cesasu no wxane Yedooxa

Age — Educational value of teaching
methods

Bospacm — Ob6pazosamenvras
UeHHOCMb MeModuKY Npenodasanus

0.029

No correlation / Hem cesa3u 0.730

[16, 17]. Our studies have largely confirmed this
statement, especially given the current difficulties
with access to anatomical material traditionally used
for surgical training [18]: difficulties in accessing
cadavers and their shortage for the broad education-
al process force us to look for alternative solutions.
One of these solutions was the use of virtual systems.
They offer the principle of zero costs and multiple
attempts, which is especially relevant given the un-
certain outcome of the first attempt at independent
work with real anatomical material.

We can draw some parallels with the past,
when during the COVID-19 pandemic, students
did not have access to cadavers. Since the 17th
century, this was the main way to study anatomy
[19]. Unfortunately, the pandemic has led to two
inevitable consequences: potential problems in the
education system and students’ uncertainty about
the future of their professions [20]. However, our
study showed that the transition from an extra-
curricular format to an educational process in a
virtual reality environment does not cause stress
for students. This may be due to the universal
rules of interaction within the simulator, as well
as the general order of control and response to
non-gravitational feedback in the form of manipu-
lator vibrations or audio signals.

Our study of simulator ergonomics showed that
regardless of previous experience using VR outside
of educational purposes, students found the environ-
ment equally comfortable. This is consistent with
earlier work [21] that used virtual reality as a com-
munication tool. The illusion of absence of interme-
diaries and a sense of community, as well as familiar
navigation, increase engagement in the process.

H.G. Kenngott et al. (2024) conducted a study
of a surgical simulator for the treatment of hepa-
tobiliary pathology. They noted that the majority
of users (89.9 %) highly rated the ease of use of
this simulator. They saw particularly high poten-
tial in teaching students (87.3 %) and residents
(84.6 %) [22]. These results confirm our point of
view that such a teaching method may be useful
for future specialization.

Overall, a review of literature evaluating the
effectiveness of surgical simulators for abdom-
inal surgery training suggests that our findings
are substantiated. The results show that the use
of simulators promotes faster engagement in the
educational process and helps to avoid stress asso-
ciated with the need to adapt to new working con-
ditions [23, 24]. In addition, simulation training
promotes a more successful transition to performing
real operations [25].
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One of the key benefits of training in gastroen-
terology and abdominal surgery is the opportunity to
study ’endoscopically’, which creates the participa-
tion effect. In the virtual environment, changes can
be observed in accordance with the movement of in-
struments during diagnostic and surgical procedures.
These observations can be supplemented by lecture
material or comments from the teacher.

However, in addition to the obvious advantages,
it is also necessary to note some limitations associ-
ated with the introduction of technology into mass
education. Some students may experience health
problems when using virtual reality: nausea, dizzi-
ness and pain in the cervical region. In addition, the
graphic and visual models must be carefully detailed
to ensure that they are accurate and realistic. It is
also necessary to ensure that virtual and physical
reality are accurately combined. It is also worth not-
ing that there is an insufficient amount of research
and testing from the point of view of evidence-based
medicine, which does not allow us to draw final
conclusions about the safety and effectiveness of the
technology for widespread use in education.

In the modern world, technological innovations
have changed the approach to medical education,
posing new challenges. The inclusion of research
skills in the educational process contributes to the
qualitative transformation of medical education and
the training of specialists who are able to compete
in the labor market and are in demand in a rapidly
developing world [26].

It is also worth mentioning the difficulties that
virtual reality laboratory organizers face when imple-
menting such technologies. Educational institutions
are faced with the need to provide a material base for
such laboratories: create virtual classrooms, purchase
and configure virtual reality equipment, and train sci-
entific and pedagogical staff [27].
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