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ORGANIZATION AND CONDUCT OF PHYSICAL EXPERIMENTS:
FEATURES OF VR TECHNOLOGY APPLICATION

Abstract

Today, it is important to organize and conduct physics experiments at a high modern level. Practices based
on phenomena and laws from physics include not only theoretical knowledge, but also practical skills.
However, the need for expensive equipment that requires time and safety measures when performing
traditional laboratory work in the field of physics causes difficulties. It also limits the possibility for students
to comprehensively study physical patterns during practice. The use of VR (virtual reality) technology in the
organization and conduct of physical experiments will eliminate these problems and make a significant
contribution to achieving learning outcomes. VR technology creates conditions for students to conduct
experiments without hazardous materials and complex equipment. This, in turn, makes the activities in the
educational process more optimal and safe. In this sense, the main idea and purpose of this study is to determine
the features of the use of VR technology in teaching physics, effectiveness in achieving learning outcomes.
The study examined examples of teaching some complex physics topics and determined the impact of VR on
the assimilation of the topic, the possibility of improving the learning outcomes of laboratory classes. In the
course of implementing the research objective, research methods were used: meta-analysis, questionnaires,
mathematical and statistical analysis, etc. The results of the study showed the methodological features of the
use of VR technology in physical experiments and the effectiveness in improving learning outcomes with ease
of mastering the topic. In addition, at the end of the pedagogical study, the students expressed a desire to
increase their interest and motivation in learning using VR technology.

Keywords: physical experience, virtual reality, learner, VR technologies, educational process, conducting
experiments.
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OU3UKAJBIK TOKIPUBEJEPAI YUBIMJIACTBIPY JKOHE OTKI3Y:

VR TEXHOJIOTUACBIH KOJAAHY JAbIH EPEKIIEJIIKTEPI

Anoamna

Byriari Tanma ¢usuka mnoHI OoOMbIHINA ToxipuOenepai 3amaH TajgaOblHA call JKOFaphbl JCHIeIe
YHBIMIACTBIPY JKOHE OTKI3y MaHBI3IbI OOk TaObuTaabl. PU3KMKa aH KyObIIbICTAp MEH 3aHIAapFa HET13/1e)ITeH
TOKIpOUenep TeOPHSIIBIK OUTIMJII FaHA KAMThIMAMIbI, IPAKTHKAIIBIK, AFABLIAP/IbI J1a YINTACTHIPAbL. Anaiia,
¢u3nKa canachlHJIAFBl JIOCTYPJI 3epTXaHANBIK JKYMBICTApbl ICKE achlpyja KbIMOArT KaOabIKTap/blH
KaXETTIIr, YaKbITThI KOHE KayilCi3AiK MapajapblH Tajlal eTeTiHAIr KUBIHABIKTap Tyasipaasl. CoHmai-axk,
TOXiprOe GapbIChIHAA (PU3UKAIBIK 3aHABUIBIKTApb! OLTIM amyIbUIapblH XKaH-KaKTbl 3epTTeY MYMKIHIITiH
mekreiai. VR (BUpTyanibl IIBIHABIK) TEXHOJOTHSCHIH (U3UKAIBIK TOKIpOHenepai YHBIMAACTHIPY MEH
OTKi3yle KolJaHy Oyl meyTeynaepai >KOHbI, OKy HOTHKEJIEpiHe KOJI XKETKi3yAe eeyni yiec Kocaapl. VR
TEXHOJIOTHSICHl OiTiM anylmbuIapAblH KayinTi MaTepHajlapchi3, Kypleni aOAbIKTapchl3 Taxipubenepmi
KYprizyiHe karai sxacaiipl. byl o3 ke3erinyie oKy yaepiciHler ic-opeKeTTep 1l OHTaNIIbI opi Kayilci3 eTe.
Ocbl TypreITaH OYJ1 3epTTEY/AiH HETi3ri HIesicbl MEH MakcaThl VR TEXHOJOTHSCHIH (DU3MKaHBI OKBITYIA
KOJIIaHY/IBIH €PEKIIETIKTEPiH, OKY HOTKEIISPIHE KOJI KETKi3yIerl THIMIUIITiH alKbpIHAAY OOJIBI TaObLIA bL.
3eprreye Gu3nKaHbIH KeiOip KypIei TaKbIPBITapbIH OKBITY MBICAIIAPHI KAPACTHIPBHUIBI dKOHE TAKBIPBITITHI
MeHrepyeri VR acepi, 3epTxaHajblk cabaKkTapIblH OKY HOTHIKEIEPIH dKaKcapTy MYMKIHAIKTEPl alKbIHIAJIbI.
3epTTeyaiH MaKcaTblH iCKe achlpy OapbICBIHAA MeETa-aHallu3, cayajlHaMa, MaTeMaTHKaJIbIK-CTaTHCTUKAIIBIK
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Tajmay JkoHe T.0. 3epTTey oJicTepi KONMAHBULABL 3epTTey HoTmkenepi VR TexHonorusacelH (usmuka
ToXipOMenepinae KONIaHYIABIH SIICTEMENIK epeKIIeTNIKTepiH JKOHE TAaKBIPBINITHI JKEHIT MEHTepil, OKYy
HOTHKEJICPIH XKaKChIPTYIaFbl THIMALTITIH KepceTTi. COHBIMEH KaTap, MeAaroruKaibIK 3epTTey COHbIHA O171iM
anymbsuiap VR TEXHONOTHACHIH KOJJaHY apKbUIbl, OKyFa JIETE€H KBI3BIFYIIBUIBIFEI MEH MOTHUBAIUSIIAPHIH
KYIIenTe arranaapbiH OUTIipIi.

Tyiiin ce3nep: dm3ukanbk Toxipuoe, VR TexHomorus, BUpTyanasl mbeHABK, 3D Moxen, oKy yzepici,
O1TiM amyIibl.
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OPI'AHU3ALUA U TPOBEAEHUE ®U3NYECKHUX OIIBITOB: OCOBEHHOCTH
INPUMEHEHHNS TEXHOJIOI'UHU VR

Annomayus

Ha ceromusmHuii neHb BaKHBIM SIBIISICTCS OPraHM3alis M INPOBEICHHE SKCIEPUMEHTOB IO (hU3MKE Ha
BBICOKOM COBPEMEHHOM ypoBHE. [IpakTHKH, OCHOBaHHbIC HA SIBICHUSIX W 3aKOHAX M3 (PM3HUKH, BKIOYAIOT HE
TOJILKO TEOpETHYECKHE 3HAHHS, HO M TMpaKTHYecKhe HaBbIKU. OIHAKO HEOOXOIUMOCTH TOPOTOCTOSIIETO
000pyaoBaHMs, TPEOYIOIIEro BpeMEHH! 1 Mep 0€30I1aCHOCTH IPH BHIITOJHEHUH TPaJAULIHOHHBIX Ja00PaTOPHBIX
pabor B obmacTH (U3UKH BBI3BIBAET TPYAHOCTH. Takke OrpaHMYMBACT BO3MOKHOCTH BCECTOPOHHEIO
W3yUYeHHSI 00YyJaIOMIMMUCS (PUINUECKUX 3aKOHOMEPHOCTEH B X0/1€ MPaKkTUKHU. [Ipumenenne Texnomorun VR
(BUpTyasIbHON peajbHOCTH) B OPTaHU3ALMU U NIPOBEACHUH (PU3MUYECKHUX OINBITOB YCTPAHUT 3TH MPOOJIEMBI U
BHECET CYIIECTBEHHBIN BKJIA] B IOCTHKEHHUE Pe3yNbTaToB o0ydeHus. TexHnomoruss VR co3maer ycrioBus s
MpoBeneHNsI 00yJYaroIUMHUCs YKCIIEPUMEHTOB 0€3 OMACHBIX MaTepUaloB, CIOKHOT0 000opyaoBaHUs. ITO, B
CBOIO Ouepeab, AeaeT AEATEIbHOCTh B yuyeOHOM mpouecce Oojee OonTUMaiIbHOM W OezomacHod. B stom
CMBICIIE OCHOBHOM WHIeed W LeNbI0 JAaHHOTO MCCICAOBAHMA SIBISICTCSA OINpelesieHHEe OCOOCHHOCTEH
npuMeHeHus: TexHonoruu VR B o0yuenun ¢usuke, 3hHEKTUBHOCTH B JOCTHKCHUH PE3YJILTATOB 00yUYCHUSI.
B wuccrnenoBaHuM paccMaTpHBaNIHCh TPUMEPHl MPENOJaBaHUS HEKOTOPBIX CIOXKHBIX TeM (U3UKH U
OIIpeneNsUINCh BIAMSIHUE VR Ha ycBOeHHE TEMbl, BO3MOMKHOCTH YIYYIICHHS pE3yJIbTaTOB OOyueHHS
nabopaTopHbIX 3aHATHH. B Xoze peanw3anuu menw WCCIIEAOBaHHMS OBUIM HCIIONB30BAHBI METOBI
WCCIIEIOBAHMA: METaaHaJIn3, AaHKeTHPOBAaHWE, MAaTeMaTHKO-CTaTUCTMYECKMH aHamu3 u JAp. Pe3ympraTs
WCCIICIOBAHUS TIOKA3aJld METOAOJIOTHUYECKHE OCOOEHHOCTH NPHMEHEHMs1 TexHojormu VR B Qusnueckux
9KCHEpUMEHTaX U 3PQPEKTUBHOCTh B YIYUIICHUU PE3YNbTAaTOB 00y4deHHsI ¢ OOJEerdeHHEeM OCBOCHHS TEMBI.
Kpome Toro, B KOHIIE TIEJarorHUeCKOro UCCIeI0OBaHus 00YJaloNecs: BEIPa3UIIv JKeJIaHue YCHITUTh HHTEpEC
W MOTHBALIMIO K 00YYEHHIO ¢ TIOMOLIBIO TeXHOoJoruu VR.

KaoueBbie caoBa: ¢dusmuecknii ombiT, VR-TexHONOTHWs, BUpTyalbHas pealbHOCTh, 3D-monens,
o0pa30BaTesIbHBIN MPOIIECC, 00YUIAFOIIUICS.

Main provisions

The idea of the prospective study is to increase the possibility for students to comprehensively
study physical patterns in the process of practice based on VR (virtual reality) technology. During the
study, examples of teaching some complex physics topics were considered and the influence of VR
on the assimilation of the topic, the possibilities of improving the learning outcomes of laboratory
classes were revealed. The study used methods of meta-analysis, questionnaires, mathematical and
statistical analysis. The results of the study showed the methodological features of the use of VR
technology in physical experiments and the effectiveness in improving learning outcomes with ease
of mastering the topic.

Introduction
It is known that the conduct of traditional laboratory classes in teaching subjects in the field of
physics presents a number of difficulties. Indicators of these difficulties are the inability of students
to demonstrate the theoretical knowledge gained in lecture classes in the course of practical work,
time constraints in laboratory classes, and lack of access to the equipment necessary for performing
many physics experiments. Currently, several studies are being conducted to identify new
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technologies to overcome these difficulties. The fact that the pace of technology is changing faster
than ever makes it necessary to develop skills related to these technologies early in the student.

In recent years, the widespread use of virtual reality in the field of Education has opened up new
opportunities for organizing and conducting physical experiments. Working in an immersive
environment based on virtual reality technologies is carried out using specially developed software
tools. The importance of virtual reality (VR) technology in teaching physics can be explained by the
ability of students to make virtual trips using traditional methods. VR technology allows you to
comprehensively demonstrate, study, analyze experiences based on physical phenomena and laws,
entering the world of virtual reality.

The work of researchers on the use of VR technology in chemistry and physics laboratories shows
that the results of training had a significant positive effect. In the chemistry laboratory, the
performance of tasks using VR technology increased by 92.63%, in the Physics Laboratory-by
93.38%. Scientists have proven that VR technology is easy to use in laboratories and improves
practical skills [1]. VR technologies create the conditions for making physical experiences more
interactive and visually interesting. Students in the educational process can control experiments with
their own hands and monitor the results in real time, changing various parameters. Scientific research
shows that VR technology can improve the quality of learning and increase the motivation of
students [2]. T. Li paid special attention to the advantages and design principles of VR technology in
order to deepen students ' knowledge and improve the efficiency of the educational process [3].
Therefore, we are convinced that the use of VR virtual reality technology in order to increase the
motivation of students using interactive and visual elements in teaching physics has a significant
potential. In improving the process of teaching physics, augmented reality (XR) technologies, Virtual
Reality (VR) and augmented reality (AR) technologies have given students confidence that they will
increase learning motivation [4]. The smartphone-based model of virtual reality (VR) technology
provided a free tool for creating visualizations for STEM courses, allowing students to easily create
VR visualizations across multiple platforms without the need to learn a complete VR development
system [5]. In addition, there are studies that have shown the need to develop VR-based learning, that
is, the attitude of participants to The conducted survey among students to this conclusion [6]. Thus,
it can be concluded that the development of educational resources using innovative technologies on
the way to learning physical knowledge plays an important role in developing students ' interest in
learning. Among the works that can serve as the basis for the use of the virtual environment in the
educational process, E. Shudaifat, N. Alsalhi were able to find out the level of participants by dividing
them into experimental and control groups. The experimental group, trained in a virtual environment,
found that there was a statistical difference compared to the control group, showed a positive result
[7]. H. Guleryuz conducted a study with the view that the introduction of new technologies in the
educational process will make learning more sustainable and effective. As a result, a study that lasted
8 weeks showed that 3D technology gives positive results in the educational process [8].

As one of the most important principles of using VR technology in organizing physical
experiments, one can cite the ability to make laboratory classes more interesting and increase their
methodological significance. S. Chou showed the importance of teaching students of the fourth grade
of primary school using interactive technologies in the direction of improving learning outcomes
through research [9]. In his article, H. Alsouat noted that VR technology gives good results in the
educational process, in the gaming industry, and also has a positive effect on improving digital
literacy [10]. In order to increase the level of education of students in the educational process, M.
Kumalasari, M. Trieno conducted a study of students in 11 classes, as a result of which they found
that the lower-level group was able to increase the level of education by 33%, the middle-level group
by 60%, and the upper-level group by 7%. He argued that the virtual world of physics helps students
to create physical experiments on their own [11]. The use of VR technology requires conducting
research aimed at increasing the interest of students, these studies are used in the organization and
conduct of physical practices in the educational system or in the STEM field. These studies show the
benefits of VR, which allows you to visualize physical processes in a virtual environment, which in
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turn contributes to the development of the educational system. This work focuses on the use of VR
technology in teaching physics to answer the scientific questions of the following study:

- Are there any significant differences in the motivation of students using VR technology to master
theoretical knowledge in physics?

- What is the role of VR technology in the development of practical skills of students?

- What are the advantages of using VR technology in creating physical experiments over traditional
methods?

The purpose and main idea of this study is to determine the solution to the above problems, to
demonstrate the advantages of using VR technology in organizing and conducting physical
experiments.

Research methodology

In the course of the study, the selection of scientific papers was selected according to
predetermined criteria. The search was carried out using the keywords" physical education”," virtual
reality”," 3D model " and the publications of the last 5 years were taken into account. To increase the
statistical significance of the results, we used meta-analysis — a method of combining the results of
several scientific papers to formulate general conclusions. Each method is aimed at solving specific
research questions and contributes to the conduct of research on a systematic and scientific basis.
Depending on the goals and objectives of the study, methods of metaanalysis, survey, as well as
mathematical and statistical analysis were used. The reliability and accuracy of the data obtained
ensures the scientific validity of theoretical conclusions, the logical structure of the study and the
results of testing in the experimental environment. In 2024, a study was conducted at the Khoja Ahmet
Yassawi International Kazakh-Turkish University. The total number of participants was 80 students
(Bachelor, Master, PhD). The participation of participants in a one-time survey made it possible to
find out the benefits of using VR technology in the organization and conduct of physical experiments.
62 students in the specialty 6B01510-Physics, 16 students in the specialty 6b05348-Physics, 2
participants in the specialty 6B05310-physics made a choice according to their point of view. The
questionnaire includes 14 main questions related to the topic and 2 additional questions related to the
direction of study. The questionnaire is designed to identify the features of the use of VR technology
in the educational process. Scientific assumptions were studied to determine the statistical
significance of the survey results. The content of scientific forecasts is as follows:

Ho1: From the point of view of the survey participants, there is no advantage in using VR
technology in teaching physics.

Ho2: Physical experiments conducted using VR technology significantly increase students '
experience skills and interest in the subject compared to traditional methods.

In processing the data from the survey, we used the t test (one sample t test), which is the most
effective test for determining whether there is a statistical difference in only one survey. we can
determine its value using the Formula (1).

S @
X - arithmetic mean value, (2) we define by the expression.

ixi 2)

Uo - the hypothetical average value. Based on the hypothesis, the accepted mean is the value.
S — standard deviation.

X =

3|
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Standard deviation is a statistical parameter that shows how much the values obtained in the result
deviate from the average value. In determining the standard deviation (2), the mean value was
determined according to the formula. Then determine the difference of each value from the average
and calculate the square of each difference. Determine the sum of the found squares and divide it by
the number of elements. Find the square root of the last result. The general conclusion of these
operations is shown in Formula (3).

5% = ! Zn:(x - X)?
=no1 W ) 3)
=1
n —sample size.

Results of the study
As a result of 10 articles taken as a basis, the meta-analysis data are shown in Table 1.

Table 1. Collected scientific sources by the method of meta-analysis.

Study hame Std diff in means Std Err
1 2 3
Shudayfat et.al (2021) 1,608 0,149
Hasan Giileryiiz (2023) 1,967 1,536
Chin-Cheng Chou (2016) 0,783 2,66
Hamad H. (2022) 0,803 0,191
Phoong et.al. (2020) 3,302 3,476
Elfakki et.al (2016) 7,09 1,394
Kumalasari et.al (2018) 1,13 1,685
Bhakti et.al (2023) 1,509 0,181
Widodo et.al (2022) 0,221 0,332
Astksoy and Islek (2017) 3,539 4,24

The results obtained in Comprehensive Meta-Analysis 4.0. we can get a conclusion by entering it
into the program. The first conclusion was determined by the plot of the pit. The funnel drawing is a
graphical tool for detecting deviations in meta - analysis. Conclusion of the drawing of the pit in US
(Figure 1).

Funnel Plot of Precision by Std diff in means

Precision (1/Std Err)

00

Std diff in means

Figure 1. Pit drawing according to the analysis of the scientific literature
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For the synthesis and interpretation of the results of scientific research, the Forest plot (forest plot)
is the basis tool. The results of 10 articles taken as a basis were shown graphically (Figure 2).

Model | Study name Statistics for each study Std diff in means and 95% CI
SO yoance | Lowerlmt | Upperlimt | ZVabe | pVaue | 100 050 0m 050 100
Shudapfat 0,149 0,022 1316 1,900 10,792 0,000
Hazan 1536 2,359 -1.044 4578 1.281 0,200
Chir-Cheng 2,5B0 7078 -4.431 5,997 0,234 0,768
Hamad H. 019 0.036 0.429 1,177 4,204 0.000
Phoong 3478 12,083 -3511 10,115 0,950 0,342
Elfakkiet.al 1,354 1,543 4,358 9,822 5,086 0,000
Kumalasar 1,685 2,839 2,173 4433 0,671 0,502
Bhakti et.al 0181 0,033 1,154 1,864 8,337 0,000
widodo 0332 0110 -0.430 072 0.EEE 0,506
AgPkzoy 4,240 17,978 -4,771 11,849 0,835 0,404
Random 0.3m 0.037 0,770 1,991 4433 0.000 —
Pred Int -0,244 3,003 I

Figure 2. Forest plot (forest plot) reflection of the results of scientific works in the form of a graph

Let us dwell on the main conclusion of the analysis. The analysis is based on ten studies. The
average impact was considered with a confidence interval of 95% from 0.770 to 1.991. The Z-value
evaluates the null hypothesis, which checks whether the average effect value is zero. With a Z-value
of 4.433 and a significance level of 0.05, with a value of p < 0.001, we conclude that the magnitude
of the average effect is significantly different from zero, which refutes the null hypothesis.

The results of such a meta-analysis show that the use of virtual materials in physical experiments
has a positive effect [12-16]. In this way, we can continue our research with confidence. In connection
with these studies and combining the results of scientific research on the research topic, meta-analysis
has revealed the relevance of our topic. The analysis of 10 articles provides accurate information and
useful recommendations regarding the use of VR technology in physical experiments and in the
educational process. Most of the works studied were based on quantitative methods, in which
researchers used questionnaires, experiments, tests and control work to collect data. The results of
the analysis showed that the use of VR technology in the organization and conduct of physical
experiments has advantages.

Thus, the use of VR technology in teaching physics offers many opportunities and advantages:

- Improve the visualization and understanding of educational material;

- Increase the intellectual interest of students;

- Increase the level of security and reduce costs;

- Convenience of conducting laboratory work.

In particular, the widespread use of VR technology in the educational process has a great impact
on the quality of education and increasing students ' interest in science. VR technology is a reality
created using 3D images and computers. It is used either through large screens or through VR glasses
mounted on the head. VR glasses (Figure 3) are distinguished by the fact that they give the impression
of being in the real world. VR glasses can allow the user to interact in a realistic way in the virtual
world and allow them to improve practical knowledge in different areas.

We have experimentally examined the possibilities of VR glasses in the interpretation of physical
phenomena and laws in the course of training. The use of VR glasses provides students with new
opportunities in the study of physics when explaining the working principles of various devices, such
as ballistic pistols, barometers, Transformers, internal combustion engines and jet engines. The most
effective way to explain the principle of operation of any physical equipment is to break it down into
components. Using VR technologies, it is possible to create a 3D model of any device, which students
can divide into parts and reconstruct, which significantly improves the understanding and assimilation
of the material.
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Z;]'

Figure 3. VR glasses in the Physics Laboratory

For example, you might consider using VR glasses with the IXR Labs program installed. This
program shows the working order of the transformer, which helps to better understand the working
principle of physical equipment (Figure 4).

Figure 4. Transformer composition. IXR Labs program.

Each theme consists of three parts called Separate Parts, X-ray View, Show Working. In the
Separate Parts section, the unit is arranged divided into parts. Each of them is transmitted in Test and
audio formats with information about the function of this particle when touched by a beam from the
VR helmet controller. In the X-ray View section, the external body of the unit is transparent, the
internal mechanisms and the ongoing phenomena, the principle of operation of the unit are clearly
visible. VR technology has reached a high level due to fierce competition in the gaming industry.
However, in the field of educational content, competition is much lower, which leads to many
disadvantages. For example, in the program mentioned earlier, limited interactive interaction can be
observed, although each student wants to have the opportunity to literally "catch" the objects they are
studying. Therefore, the development of VR technologies aimed at education, especially in the
preparation of future physics teachers, and providing students with the opportunity to independently
interact with teaching aids, should be considered as one of the main tasks of modern physical
education. Let's consider the results of the survey based on the research topic. The results of the t test
for one questionnaire in order to determine the features of the use of VR technology in teaching
physics are shown below. 80 students took part in the survey. The average value of their accepted
result for each question was determined using the formula (M) (2).

8+10+10+10+8+20+13.3+13.3+13.3+10+8+8+9.6+13.3
14

M = =11.1

t is another quantity required to calculate the test standard deviation. We calculated the value of
the standard deviation (S), as shown in the expression (3).
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§2 = ﬁ((ll.l -8)2+(11.1-10)2 + (11.1 = 10)? + (11.1 — 10)? + (11.1 — 8)?+(11.1 —
20)2 + (11.1 - 13.3)2 + (11.1 — 13.3)? + (11.1 — 13.3)> + (11.1 — 10)? + (11.1 — 8)? +
(11.1-8)2+ (11.1-9.6)*> + (11.1 — 8)? + (11.1 — 13.3)2 = 11.1

S=+v11.1=3.33

We determine the value of the Test (t) by putting the calculated results in the Formula (1). (1) the
hypothetical mean in the expression is equal to 20.

_20-111
t=—333 =1

V14

The main parameter in determining the degree of freedom (df) p value. Its definition varies
depending on the type of survey. Since we only have the results obtained for one survey, the
determination of the degree of freedom (df) is determined by the expression below.

df =n—1=14—1=13

After the parameter required to calculate the entire p value is determined, we calculate the p value
using the SPSS program. In our case, the value of the p value (2) is shown in Table.

Table 2. Data result

n M sD SEM df t p
14 11.1 3.33 0.89 13 10 0.0001

Category

*M is the arithmetic mean; SD is the standard deviation; SEM is the standard error; df is the degree of
freedom; the average difference is important at p <0.05;

From the point of view of students, the statistical significance of the survey result was: t(13)=10.
p <0.05, that is, it shows that there is enough evidence to reject the null hypothesis.

Based on the results obtained, the Ho1 hypothesis was refuted. That is, the results of a survey of
participants showed that the use of VR technology in organizing and conducting physics experiments
has its advantages. In conclusion, it should be noted that the use of VR technology in teaching physics
makes a great contribution to improving the quality of education and awakening their scientific
interest.

Discussion

The results of the current study open up prospects for a deeper application of VR technologies,
especially in aspects of improving the efficiency of laboratory classes, strengthening interactive
elements of the educational process and improving the quality of education in general. Comparison
of these results with data from other scientific studies makes it possible to comprehensively assess
both the advantages and existing limitations of VR technologies, which contributes to their integration
into educational practice in a more grounded way. In experiments using VR technologies on the topics
of force and mass of the mechanics course, it was shown how innovative technologies can be
integrated into the physics teaching process [17]. Traditionally, teachers communicate physical
knowledge to students through textbooks or oral explanations, which often leads to difficulties in
fully understanding physical phenomena. The use of interactive technologies, including VR, allows
you to overcome these difficulties and provides visual and understandable ways of learning the
material [18]. Independent implementation of physical practices contributes to the better assimilation
by students of the basic concepts of mechanics, where the active activity of the student plays an
important role. In this sense, VR technologies significantly increase the effectiveness of the
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educational process, allowing students to recreate and experience physical phenomena themselves
[19]. It is also worth noting a scientific study in which VR was used to create virtual laboratories in
quantum physics, which made it possible to conduct experiments with quantum gates as part of a full-
time training program. The results showed that the use of VR allowed students to gain a deeper
understanding of the concepts of quantum gates.

Thus, in our study, we can conclude that VR technologies significantly expand educational
opportunities, which significantly affect the quality of teaching physics and open up new prospects
for the educational process as a whole.

Conclusion

Modern educational processes require the active introduction of new technologies. These
technologies can significantly improve students ' learning opportunities and increase the effectiveness
and attractiveness of learning. The benefits that new technologies bring to the education system can
contribute to the direct improvement of its quality. This scientific study suggests the use of VR
technology in the creation of physical experiments. In particular, it was shown that VR technology
has a significant impact on the quality of physics teaching and the ability of students to understand.
The benefits of using VR technology, such as increasing motivation for learning, creating a safe and
comfortable experience, are recognized as a new and effective method of using VR technology in
physics. In the future, the widespread use of VR technology in the education system will make a great
contribution to the awakening of scientific interest of students. This research has been/was/is funded
by the Science Committee of the Ministry of Science and Higher Education of the Republic of
Kazakhstan (Grant No.).
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