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 The integration of virtual reality (VR) technology into education represents  

a promising innovation, particularly in enhancing the effectiveness of 

physics teaching. Traditional physics instruction often lacks interactive and 

immersive elements, which can limit students’ understanding of complex 

physical phenomena. This study addresses the challenge of improving 

comprehension of body acceleration by incorporating VR-based laboratory 

simulations. A quasi-experimental design was implemented, involving 222 

university students randomly assigned to control and experimental groups. 

The experimental group conducted virtual experiments using VR simulations 

developed with Blender and Unity software, while the control group 

engaged in traditional lab activities. Data were collected through pre- and 

post-tests and analyzed using independent t-tests and G*Power software to 

assess statistical significance. The results revealed a notable improvement in 

learning outcomes for students exposed to VR-enhanced instruction, 

demonstrating increased engagement, deeper conceptual understanding, and 

improved ability to connect theoretical knowledge with practical application. 

This study confirms that VR technology is a powerful tool for modernizing 

science, technology, engineering, and mathematics (STEM) education and 

holds significant potential for improving cognitive outcomes and student 

motivation in scientific learning environments. 
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1. INTRODUCTION 

As society advances and the economy grows, there is a rising interest in acquiring knowledge, 

prompting a shift from conventional teaching approaches toward the integration of contemporary 

technologies. Among these, virtual reality (VR) has emerged as a prominent innovation in modern 

information technology, experiencing rapid development in recent years [1]. VR is a technology that 

completely integrates the user into a computer environment, which gives the user the opportunity to interact 

through special devices (glasses, gloves, and motion tracking devices) [2]. VR based learning is one of the 

most important trends in the modern education system. This technology makes the learning process more fun, 

effective and interactive. VR radically changes the content of teaching methods, not limited to the creation of 

new tools. In their research, An et al. [3] found that VR technology has great potential for an effective and 

innovative learning process. They note that with the help of VR technology, students can easily understand 

complex topics by visualizing them, and are also motivated to actively participate in the learning process. 

https://creativecommons.org/licenses/by-sa/4.0/
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Marougkas et al. [4] show that the use of VR in education can radically change the learning process. 

VR technology increases the educational motivation of students and allows them to combine theoretical 

knowledge with practical knowledge. Kuna et al. [5] emphasize the importance of using VR technology for 

educational purposes. VR technology proves to make the learning process more efficient by providing 

students with experiences that are not possible in the real world. VR technology occupies an important place 

as the future of education and makes it possible to modernize the learning process. This research confirms the 

importance of VR technology in improving the learning process, including increasing student motivation, 

practical application of theoretical knowledge, and interpretation of complex topics. VR is considered as an 

important technology for the future of the education system [6]. VR technology improves the learning 

process in physics lessons, helping to increase student interest and make it easier to interpret complex topics. 

This technology promotes the development of students’ creative abilities and contributes to a deeper 

understanding of physical phenomena. 

By creating immersive, interactive environments, VR has the potential to bridge the gap between 

theoretical knowledge and practical application, fostering deeper understanding and engagement [7]. 

Asencios-Trujillo et al. [8] study how modern technologies can be integrated to provide new quality in 

physical education. Scientists are using VR technology for the computer game market to correctly and 

accurately simulate physical experiments. With the help of this technology, students were able to create their 

own experience and study it [8]. In their study, Debs [9] examined ways to use VR technology in teaching 

physics lessons. The use of VR technology in physics lessons has shown that students can actively participate 

in classes, combine theoretical knowledge with practical skills, and that this technology contributes to 

improving the quality of knowledge by reproducing physics lessons. Saputro and Setyawan [10] have shown 

that VR technology is effective for improving cognitive outcomes in teaching the solar system. With the help 

of VR technology, students have a deeper understanding of complex astronomical concepts and better 

assimilate materials. In addition, VR technology has increased the interest of students and stimulated their 

active participation in the educational process. The results of the study prove that VR technology has a great 

future in teaching physics [10]. 

The use of VR technology in teaching physics at universities is becoming an increasingly effective 

and innovative area of modern educational methods. VR technology allows to visualize physical phenomena, 

develop students’ research abilities and explore complex topics more deeply. This method complements 

traditional approaches to learning and provides a new level of learning. This research aims to use VR 

technology in physics education to answer the following research questions: 

− How does the use of VR technology affect the level of knowledge of students in the interpretation of body 

acceleration? 

− How does learning through VR technology change the efficiency of knowledge acquisition compared to 

traditional methods? 

− Does the use of VR technology increase students’ interest in physics lessons? 

The primary purpose of this research is to enhance students’ comprehension of physics concepts 

through immersive learning experiences. Specifically, the study aims to improve the effectiveness of teaching 

methodologies by integrating VR technology into the learning process. By demonstrating the physical 

experiment of determining body acceleration in a virtual environment, students are given the opportunity to 

visualize and interact with abstract concepts, leading to deeper understanding and increased engagement. 

 

 

2. METHOD 

The strategy and approaches to research differ in the degree of novelty and are implemented  

in accordance with the set goals, objectives, and scientific hypotheses. In the course of the research,  

a meta-analysis method was used using scientific literature data to determine the impact of using VR 

technology on the level of knowledge of students in physics lessons. Its influence has been comprehensively 

examined through a systematic analysis of the problem of using VR technologies in physics lessons.  

The models were developed using VR technology to understand the acceleration of the body in a virtual 

environment and its relationship to the laws of physics. Control tasks were obtained in order to assess the 

attitude of students to the use of VR technology, interest and cognitive activity in the educational process. 

The data obtained were calculated using G*Power software, and the correctness of the hypotheses was 

considered. In order to verify the reliability and statistical significance of the collected data, the method of 

mathematical and statistical analysis was applied. 

The collection of primary information in determining scientific research problems and determining 

tasks that need to be solved is carried out on the basis of scientifically based methods. Preliminary selection 

works “Mendeley.com” is based on the analysis of highly rated articles from the database. The analysis of 

scientific sources for the keywords “virtual reality”, “teaching physics”, “acceleration”, “physical experiments”, 
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“education” takes into account publications over the past 10 years. The content of the selected articles was 

systematically analyzed, methodological and practical aspects were considered, assessing the impact of using 

VR technologies on the level of students. Quantitative and qualitative methods, methods of pedagogical control 

are aimed at studying the interest and cognitive activity of students in the educational process. These methods 

make it possible to comprehensively evaluate the results of teaching physics students using VR technologies. 

Method of modeling allows the use of VR technology to modeling the physical experience to determine the 

acceleration of the body. Meta-analysis method combines the results of scientific work and allows to draw 

general conclusions. The meta-analysis method is implemented by the comprehensive meta-analysis 4.0 

program. It performs calculations based on two parameters using software. The first represents a standardized 

average difference in effect size, and the second represents a standardized error. First of all, the size of the 

effect of the standardized mean difference is determined, which is expressed in (1): 
 

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑𝑖𝑧𝑒𝑑 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =
𝑋1̅̅ ̅̅ −𝑋2̅̅ ̅̅

𝑆
 (1) 

 

Where, S is the most necessary parameter in determining the mean of the total standard deviation. It follows 

from the standard deviation of the two results shown in (2): 
 

𝑆 = √
(𝑛1−1)𝑆1

2+(𝑛2−1)𝑆2
2

𝑛1+𝑛2−2
  (2) 

 

A standardized error is drawn through the GraphPad site. In the comprehensive meta-analysis 4.0 

program, necessary data are introduced and the results of meta-analysis are obtained. To increase the interval 

of prognosis used Microsoft Office Excel 2010. The method of mathematical and statistical analysis allowed 

us to process the data obtained during the pedagogical experiment, to assess the level of development of 

students’ interests. The mathematical and statistical analysis was based on the test results. A total of 222 

students took part in the pedagogical experiment. The pedagogical experiment was conducted with students 

enrolled in the educational programs under the Department of Physics at Khoja Akhmet Yassawi 

International Kazakh-Turkish University and Sarsen Amanzholov East Kazakhstan University. Quantitative 

data were collected quasi-experimentally using a pre-experimental and post-experimental survey of two 

groups. General information about the students is presented in Table 1. 

In order to determine the statistical significance of the result obtained from the test task, we have 

considered scientific forecasts: the use of VR technology in teaching physics does not significantly affect the 

level of knowledge of students when studying the topic “determining body acceleration” (H01); the use of VR 

technology in teaching physics increases the level of knowledge of students in mastering the topic 

“determining body acceleration”, which is manifested by significant positive changes in the results of their 

understanding of theoretical knowledge and acquisition of practical skills (H02). Using the survey results,  

the effectiveness of the dependent variable between the control and experimental groups was evaluated using 

the T-test. Based on the data after the experiment, an independent sample t-test was used to compare the 

dependent variables of the two groups. 
 

 

Table 1. General information about students 
Group Number Percentage (%) Total 

Experimental 110 49 222 (100%) 

Control 112 51 

Gender Female (135) Control 68 61 222 (100%) 
Experiment 67 

Male (87) Control 42 39 

Experiment 45 

 

 

3. RESULTS 

A comprehensive meta-analysis of scientific sources was conducted to examine how VR 

technologies influence students’ learning outcomes in the educational process. This analysis allowed the 

identification of key patterns and trends in the integration of VR tools in various learning environments.  

The collected data reflect the synthesis of findings from numerous empirical studies conducted over the last 

decade. These studies, referenced from [11]–[41], form the foundation of the meta-analytical framework.  

The results of this analytical work are systematically summarized and presented in Table 2, providing 

quantitative insights into the effectiveness of VR-based educational interventions. Overall, the meta-analysis 

highlights the growing relevance of VR technologies in enhancing students’ academic performance. 



Int J Eval & Res Educ  ISSN: 2252-8822  

 

Impact of VR technology in physics teaching on students’ knowledge: a study … (Bakitzhan Kurbanbekov) 

5041 

Table 2. Scientific sources collected by the method of meta-analysis 
Study Std diff means Std error 

Lee and Kim [11] -2.19 0.095 
Akman and Çakır [12] 0 0.25 

Chang et al. [13] 4.082 1.306 

Demitriadou et al. [14] 0.654 0.21 
Fokides and Chachlaki [15] 0.657 0.143 

Cao and Jian [16] 0.52 0.115 

Ghazali et al. [17] 0.572 0.268 
Innocenti et al. [18] 2.452 0.441 

Kim and Ke [19] 0.289 0.175 

Liou et al. [20] 0.626 0.279 
Liu et al. [21] 0.912 0.222 

Rincker and Misner [22] -0.34 0.096 

Sarioğlu and Girgin [23] 1.156 0.216 
Weng et al. [24] 1.931 0.271 

Kustandi et al. [25] 1.42 6.215 

Godula et al. [26] 0.189 0.078 

Mäkinen et al. [27] 0.433 0.272 

Romano et al. [28] 0.234 0.11 

Gunn et al. [29] 0.938 0.131 
Cheon et al. [30] 0.083 8.202 

Shudayfat and Alsalhi [31] 1.608 0.149 
Güleryüz [32] 1.967 1.536 

Chou [33] 0.783 2.66 

Phoong et al. [34] 3.302 3.476 
Elfakki and Sghaier [35] 7.09 1.394 

Man et al. [36] 1.13 1.685 

Bhakti et al. [37] 1.509 0.181 
Widodo et al. [38] 0.221 0.332 

Asıksoy and Islek [39] 3.539 4.24 

Jiao et al. [40] 1.803 1.181 
Wardian et al. [41] 0.005 0.066 

 

 

The conclusions were drawn by including the results obtained in the comprehensive meta-analysis 

4.0 program. The program analyzed all the quantitative data of the study and allowed to determine the 

reliability and statistical significance of the results. The funnel plot was used to visualize the results of the 

meta-analysis. This method is a graphical tool for identifying differences between publications or studies in 

meta-analysis, as shown in Figure 1. 

The forest plot was used as the main tool for the synthesis and interpretation of scientific research 

results. This method allows to visualize comparative research results and assess their overall impact. In the 

course of the research, the results of 35 fundamental articles were graphically presented. Each article 

assessed the impact of using VR technology on the level of knowledge of students, as seen in Figure 2. 

 

 

 
 

Figure 1. Funnel diagram for the analysis of scientific literature 
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Figure 2. Representation of the results of scientific works in the form of graphs 

 

 

3.1.  Review 

The analysis is based on 35 studies. The effect size index is the standardized difference (d) between 

the means. The random-effects model was used for the analysis. It is considered that this model was 

randomly selected from a set of potential studies that were presented in the research analysis. The results 

obtained using this model are used to derive an entire similar set of studies. The average impact rate is 0.727, 

with a confidence interval of 95% from 0.374 to 1.080. This indicator means that the average impact size of  

a similar set of studies can be at any point in this interval. The Z-statistic checks the null hypothesis  

(the assumption that the average effect size is zero). Z has a value of 4.037, and p<0.001. Since 0.050 is 

accepted as the Alpha criterion, the null hypothesis is rejected. Thus, it is concluded that the average effect 

size is not exactly zero in a set of populations similar to the studies in this analysis. 

 

3.2.  Q-test for heterogeneity 

Q-statistics test the null hypothesis (the assumption that all studies in the analysis have the same 

amount of impact). If the effect size is the same in all studies, the value of Q is equal to the degree of 

freedom (the number of studies is minus 1). The value of Q is 1063.700, the degree of freedom is 34, and 

p<0.001. Since 0.100 is accepted as the alpha criterion, the null hypothesis is rejected. Consequently, these 

studies show that the number of true effects varies. 

 

3.3.  The I-square of statistics 

The I-square statistic shows 97%, which means that about 97% of the variance of the observed 

amounts of the effect reflect the variance of the true amounts of the effect, and the remaining 3% indicate  

a selection error. A meta-analysis related to the studies reviewed and combining the results of scientific 

research on the research topic clarified the relevance of our research topic. The 35 articles under review 

provide accurate information and useful recommendations on the use of VR technology in physical 

experiments and in the educational process. Almost all of these studies are based on numerical methods that 

allow an objective assessment of the effectiveness of VR technology. These studies suggest new ways to 

improve the learning process using VR and show that widespread adoption of this technology is promising. 

The use of VR technology has shown that students have not only increased their level of knowledge, but also 

developed their practical skills and abilities to better understand physical phenomena. 

More precisely, the widespread use of VR technology in the educational process will improve the 

quality of education and significantly increase the interest of students in science. VR technology is a virtual 
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environment created using 3D images and computer technology. This environment is used with large screens 

or special VR glasses. VR glasses, as in Figure 3, allow the user to actively interact with the virtual world, 

creating the feeling that he is in the real world. They are widely used to improve practical knowledge and 

skills in various fields and provide a deeper immersion of students in the learning process. 

 

 

  
 

Figure 3. VR glasses in the physics laboratory 

 

 

When organizing laboratory and demonstration works presented in the “updated educational 

program” in the process of teaching physics, problems such as lack of equipment, equipment failure arise 

(such questions can be seen in the questionnaire of students of the specialty of physics and physics teachers). 

Currently, there are many virtual programs and websites for conducting physical experiments. However, 

many virtual experiments do not correspond to real-life experiments. If physical experiments are modeled in 

a VR space and it is possible to perform the task through VR glasses, then the actions taken by the person 

performing the laboratory work to measure physical quantities would be repeated in the virtual world in 

exactly the same way. 

Although VR technology is well developed in the gaming industry, there is very little content for the 

physics learning process. Therefore, the formation of VR competencies of future physics teachers in the 

discipline “computer methods of physics” can be considered as a way to find solutions to the problems. We 

experimentally examined the possibilities of VR glasses in one of the laboratories works in the physics lesson 

“determining body acceleration”. In the laboratory work on the topic “determining body acceleration”, the 

necessary equipment is needed: a tripod, a ball, a tray, a measuring tapem and a stopwatch. To organize this 

physical experience in VR glasses, 2 programs will be required. The first necessary tool is a 3D modeling 

environment necessary to prepare a 3D model of the equipment. The second is a special game engine, which 

is necessary for interactive work in VR glasses with prepared 3D objects. The 3D program “Blender” was 

chosen as the environment for 3D modeling, which we can use for free, and the Unity program was chosen as 

the game engine. Actions taken to organize the mentioned laboratory work with these selected programs in 

VR glasses: 

i) Making a tripod, tray, and long-length tape model in the Blender 3D program 

ii) Creating a new project for VR glasses in Unity 

iii) Import of ready-made models made in the Blender 3D program into the Unity program 

iv) Placement of 3D models in Unity 

v) Creating a cylinder model in Unity that stops the movement of a ball and a ball by colliding 

vi) Making it possible to hold the ball with hands in the VR space 

vii) We show how to write a script that starts a stopwatch when the ball is lowered, stops it when it hits the 

cylinder and shows the time elapsed during the movement of the ball along the tray. It is better that the 

ways of performing these actions are clear and simple for physics teachers. Creating 3D models is the 

basis for creating content for VR glasses. Therefore, in order to perform the action, we will explain how 

to create simple equipment necessary for physical experiments in Blender 3D. 

− Making a tripod, tray, and long-length tape model in the Blender 3D program 

Open Blender 3D and place a cubic object on the scene. This is achieved by executing the  

add-mesh-cube command. We set the cube size to 3 mm. In the inspectors window, rename the “Cube” 

object to “Naua”, in edit mode, select face select, stretch the upper surface of the Cube by 3 cm along the  

z axis, and also stretch the cubic surface located on the Y axis by 3 cm along the Y axis. We select the upper 

surface of the Cube and stretch it through the extruder by pressing the E button on the keyboard, giving  

a value of 0.03. We repeat this action along the Y axis. The length of the rectangular tray is stretched along 
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the x axis by 1.1 meters. Selecting the surfaces located along the X axis of the Cube, press the E button and 

pull the value 1.1 through the extruder. Without leaving edit mode, press the A button on the keyboard, select 

all the elements of the object, pressing R and X give the value 45. From the “edit mode” mode, use the tab 

button to switch to the “object mode” mode, select the “Naua” object and press the R and Y buttons to give 

the value-30, as shown in Figure 4. 
 

 

  
 

Figure 4. The progress of modeling using Blender 3D 
 

 

Saving the file after modeling all objects. We save the file name as Naua by following the file-save 

commands. To develop a 3D tray model, students learn the basics of creating 3D models in Blender 3D by 

performing these actions, such as obtaining standard objects, modifying them with an extruder and bringing 

them into the desired format, working in “edit mode” and “object mode” modes and rotating objects. In the 

process of creating such models, you can use screwdrivers. Using these methods, this study will show how to 

model a tripod and measuring tape. 

− Creating a new project for VR glasses in Unity 

For the convenience of physics teachers, we use the VR core template to create the Unity VR 

program version 2022-3.44-f1 in Unity Hub. To do this, click new project in Unity Hub, select the VR core 

template and enter the project name project. The VR core template includes ready-made functions and tools 

for modeling virtual experiences and physical phenomena, which greatly simplifies the work of teachers. 

− Importing models prepared in Blender program 3D into Unity program 

To perform this action, first open the assets folder located in the project window of the Unity editor. 

Then, right-click inside the folder to open the context menu and select import new asset. From the file 

selection window, choose the model that was created using Blender 3D. This process is illustrated in  

Figure 5. Once imported, the selected 3D model will appear in the assets section of your Unity project. This 

step will allow to easily integrate models created in Blender 3D into the Unity project. Using imported 

models in VR projects, physical phenomena can be represented more clearly and visually. 
 

 

 
 

Figure 5. The process of importing models prepared in the Blender 3D program into the Unity program 
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− Placing 3D models in the Unity program 

After importing the object into Unity, we navigate to the inspector window to configure its 

placement. Using the position and rotation fields, we manually adjust the object’s location and orientation 

within the scene. This ensures that the model is accurately aligned with the virtual environment. Such 

adjustments are essential for presenting a realistic simulation or effectively demonstrating a physical 

phenomenon. Proper positioning also enhances user interaction and immersion in the virtual experience. 

− Creating a cylinder model in Unity that stops the movement of a ball and a ball by colliding 

To create a new 3D object in Unity, right-click in the hierarchy window to open the context menu. 

From the available options, select 3D object and then choose Sphere. This action will automatically add  

a spherical object to your scene. The new sphere will appear both in the scene view and the Hierarchy panel. 

Then, adjust its properties such as position, scale, and material to fit the needs of your simulation or project, 

as displayed in Figure 6. 

After selecting the newly created sphere, we move to the inspector window to adjust its properties. 

Using the position fields, we place the ball in the desired location, specifically next to the tray. To make the 

ball more visible in the virtual environment, we modify the scale fields to set its diameter to approximately  

5 cm. This ensures clarity and realism in the simulation. Following the same method, we create a cylinder 

and position it along the bottom edge of the tray. These steps help accurately represent the physical setup 

within the virtual space, as presented in Figure 7. 
 

 

 
 

Figure 6. The first step to creating a cylinder model 
 

 

 
 

Figure 7. The process of creating a cylinder model 
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− Making it possible to hold the ball with hands in the VR space 

After selecting the sphere, navigate to the inspector window and click the add component button to 

begin assigning interactive properties. From the list that appears, choose the XR Grab Interactable 

component. This component allows the object to be picked up, moved, or manipulated within the VR 

environment. Once added, the sphere becomes responsive to VR controller inputs. As a result, users wearing 

VR glasses can grab and move the ball in real-time, simulating a realistic interaction. This enhances the 

immersive experience and supports hands-on experimentation, as shown in Figure 8. 

As a result of these steps, the user gets the opportunity to hold the ball in the VR space manually 

and move it. The XR Grab Interactable component simplifies interactive interaction with objects in a virtual 

environment and makes the VR experience more realistic. This method makes it possible to widely use 

physical phenomena in modeling and learning processes. 
 

 

 
 

Figure 8. The process of creating the possibility of manually holding the ball in VR space 
 

 

− Writing program code (script) 

By writing a special script that executes the script we need, it becomes possible to perform the 

experience in VR glasses. Writing scripts can be a challenge for physics teachers. But time calculation, which 

is most often used in physical experiments, has the ability to use it in each projection, preparing a script for 

the conditions performed when two bodies collide. Alternatively, you can consider writing a script that 

allows you to interact with 3D objects using artificial intelligence. It is necessary to save the script written by 

artificial intelligence and add the cylinder tag to the cylinder object. To do this, select a tag from the list in 

the Inspector window and create an add tag. We bind the Text Mesh Pro object to the script. We check the 

finished program in VR glasses. After connecting the VR glasses to the computer and pressing the play 

button, the program is played in the VR glasses, as displayed in Figure 9. 
 

 

  
 

Figure 9. The process of creating an experiment “determining the acceleration of a body” in VR glasses 
 

 

In this program, the performer of a physical experiment can hold the ball in his hand and place it at 

some distance from the cylinder along the tray. The Text Mesh Pro object is used as a stopwatch indicator. 

When the balloon is captured, the Text Mesh Pro object shows 0. When the stopwatch turns on when the ball 
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is released, the stopwatch stops when the ball collides with the cylinder, indicating the selected distance for 

the time taken to pass the ball. Students can repeatedly measure the experience and make calculations in 

determining the error made in determining acceleration. VR technology allows to bring the process of 

studying and interpreting body acceleration to a modern, effective and interactive level. By observing the 

acceleration of the body in a virtual environment and changing the parameters, students clearly understand 

the concept of acceleration. The VR lab allows to safely and flexibly conduct real experiments. Students 

combine theoretical knowledge with practical tasks, develop research and analytical skills. 

 

3.4.  Experimental research results 

The aim of the study is to determine the impact of using VR glasses when explaining the topic 

“determining body acceleration” to students. A total of 222 students participated in the study. The students 

were divided into control and experimental groups based on a random sample. First of all, a test task was 

received in order to identify the differences between the two groups without using VR technology. The test 

results between the two groups before practice are shown in Table 3. 

 

 

Table 3. Results of students before the experiment 
Group (before) n X Sd df t p 

Control group 110 6.125 1.345 220 1.0850 0.2791 

Experimental group 112 6.345 1.657 

n is the number of elements in the sample; X is the arithmetic mean value; Sd is the standard deviation; 

df is the degree of freedom; t is an independent t test; the average difference is important at p≤0.05 
 

 

Compared with the results of the two groups before the study, the statistical data were as:  

t(220)=1.0850, p>0.05. This indicator indicates that before the study there was no significant difference in 

the level of knowledge among students, that is, the null hypothesis was accepted. The null hypothesis 

confirms that the initial position of the two groups is equal. To accept these results as completely reliable, the 

G*Power program was used, as shown in Figure 10. G*Power is an effective software widely used to test 

hypotheses. The T-test was selected for both groups in the power program to analyze the survey results.  

The arithmetic mean and standard deviation of each group were introduced. The program resulted in two 

curves that showed the distribution of groups before and after the experiment. Using the program, it was 

found that the results were not statistically significant. 

 

 

 
 

Figure 10. The result of the critical value of the G*Power program 

 

 

The red curve shown in the figure indicates the null hypothesis, the blue curve indicates the 

equivalent hypothesis. Green vertical line critical value. α is the type І error, β is the type II error.  

The conclusion from this is that the critical value of t is equal to 1.6456. As a result of the study, there was no 

significant difference in the level of knowledge of students according to the initial data of the survey. In this 

case, tcr(1.6456)>ts(1.0850), so the null hypothesis is accepted. We can say that there is no significant 

difference in the results of students using this traditional teaching method. The G*Power program also  

shows a graph summary between the relationship between the amount of power and the amount of impact  

(on 3 levels). The graph is shown in Figure 11. 

The results obtained contributed to a study on the topic “determination of body acceleration” with 

the aim of determining the effect on students using VR technology. The impact of the use of VR technology 

on the results of students on the topic “determination of body acceleration” was determined based on the 

results of the test. The results of students after the experiment are shown in Table 4. 
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Figure 11. Graph between the relationship of power level and effect size 

 

 

Table 4. Results of students after the experiment 
Group (after) n X Sd df t p 

Control group 110 6.985 1.24 220 11.3331 0.0001 

Experimental group 112 8.765 1.097 

n is the number of elements in the sample; X is the arithmetic mean value; Sd is the standard deviation;  

df is the degree of freedom; t is an independent t test; the average difference is important at p≤0.05 

 

 

The statistical significance of the test result on the level of students after the study was:  

t(220)=11.3331. p<0.05 that is, it shows that there is enough evidence to reject the null hypothesis. With the 

help of the G*Power program, we can confidently look at this result. The impact of using VR technology on 

the results of students on the topic “determining body acceleration” was determined based on the test results. 

We tested the hypotheses by including the test results in the program. The result is shown in Figure 12. 

As we have already mentioned, we compare the results of the critical value and the statistical value. 

The critical value of t is equal to 1.78229. As a result of the survey, the statistical value of t is equal to 

11.3331. This means tcr(1.78229)<ts(11.3331). We can show enough evidence to accept the null hypothesis. 

The G*Power program also shows a graph summary between the relationship between the amount of power 

and the amount of impact (on 3 levels). The graph is shown in Figure 13. 

Based on the results obtained, the null hypothesis was refuted. That is, the use of VR technology 

showed that there is a significant development of interest indicators between the experimental group and the 

control group. Summing up, it should be noted that the use of VR technologies in teaching physics has had an 

effective impact on increasing the level of knowledge of students in the process of mastering the topic 

“determining body acceleration” and developing their interest in the subject. With the help of VR 

technologies, students have the opportunity to visually study physical phenomena and assimilate complex 

concepts in an interactive environment. This method increased their active participation in the learning 

process and increased their motivation for physics. 
 

 

 
 

Figure 12. Conclusion of hypotheses using the G*Power program 
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Figure 13. Graph between the relationship of the power level and the amount of impact after the study 

 

 

4. DISCUSSION 

The present study provides clear evidence that the integration of VR technology into physics 

education enhances student engagement, deepens conceptual understanding, and improves academic 

performance. Specifically, the use of a virtual laboratory to study body acceleration allowed students to 

visualize and interact with physical phenomena, making the learning process more immersive and effective. 

Compared to the control group, students in the experimental group who used VR glasses showed 

significantly higher test scores, indicating the positive impact of immersive learning environments. 

These findings are consistent with previous studies [42], [43], who emphasized that VR can bridge 

the gap between theory and practice by offering students real-time, interactive experiences. VR is 

increasingly recognized as a potent tool for enhancing physics education [44], offering immersive, and 

interactive learning experiences that can significantly impact students’ understanding of complex concepts 

like acceleration [45]. Traditional physics instruction often relies on abstract equations and textbook 

examples, which can be challenging for students to grasp, especially when dealing with dynamic phenomena 

such as body acceleration. VR provides a 3D digital environment that engages both visual and auditory 

senses, creating a richer psychological and physical experience [46]. Moreover, the use of meta-analysis 

enabled us to validate the consistency and strength of the findings across various related studies. The high 

effect size further supports the claim that VR is not merely an auxiliary tool, but a transformative element in 

science, technology, engineering, and mathematics (STEM) education [47], [48]. 

The substantial improvement in post-test scores among the VR group suggests a stronger conceptual 

linkage between theoretical knowledge and real-world applications. This supports the conclusions drawn by 

Mouttalib et al. [49] who argued that VR is especially effective in subjects that involve dynamic systems.  

In a similar vein, Rasheed et al. [50] reported that VR enhances conceptual comprehension by allowing 

repeated observation of experiments under varying conditions in STEM education. The use of VR 

simulations in the experimental group allowed students to visualize and manipulate physical systems in ways 

that traditional labs often cannot support. This outcome echoes the findings of Roussou and Slater [51], who 

noted that VR’s interactive nature supports a deeper understanding of abstract scientific concepts. Although 

no significant cognitive overload was observed in this study, future research should address how instructional 

pacing and user interface complexity may influence outcomes. 

Expanding the research scope to different physics topics and diverse educational levels would also 

contribute to a broader understanding of VR’s role in STEM education. However, it is essential to 

acknowledge certain limitations [52]. While VR improved understanding and interest, not all students 

adapted equally to the technology. Some participants initially experienced difficulty navigating the VR 

environment, which may affect learning outcomes if not properly supported. Moreover, the implementation 

of VR requires technical infrastructure and training, which may pose a barrier in resource-limited institutions. 

Thus, while the study confirms the benefits of VR in physics education, it also signals the need for 

professional development for teachers and further research into long-term retention of knowledge acquired 

via immersive technologies. Future studies may also explore comparative effectiveness between VR and 

other emerging technologies such as augmented reality (AR) or mixed reality (MR) in physics instruction. 

 

 



                ISSN: 2252-8822 

Int J Eval & Res Educ, Vol. 14, No. 6, December 2025: 5038-5053 

5050 

5. CONCLUSION 

This research comprehensively explored the role of VR technology in enhancing physics education 

through the example of a virtual laboratory focused on determining body acceleration. The study involved  

a quasi-experimental design with control and experimental groups and confirmed that VR simulations 

significantly improve students’ understanding of physical concepts. The visual and interactive nature of VR 

enabled learners to engage more actively with the material, resulting in improved test performance, increased 

interest in the subject, and development of higher-order thinking skills. The meta-analysis of 31 international 

studies further supported the conclusion that VR can be a powerful instructional tool across STEM fields. 

The virtual laboratory developed in this study allowed students to experience real-time, immersive 

simulations of physical experiments, effectively bridging the gap between theoretical learning and practical 

application. Unlike traditional methods, VR enabled learners to repeatedly perform and visualize 

experiments, promoting deeper comprehension and retention of complex content. Students expressed 

enthusiasm and confidence in using VR tools, and the findings showed significant gains in both cognitive and 

practical competencies. These results underscore the educational value of immersive technologies in 

fostering student-centered and experience-based learning. 

For future studies, it is recommended to investigate the long-term impact of VR on learning 

retention, student performance across different physics topics, and its scalability across various educational 

contexts. Additionally, research could focus on optimizing VR-based instruction for diverse learning needs 

and incorporating artificial intelligence to personalize virtual learning environments. Exploring the 

integration of VR into pre-service teacher education programs may also promote more innovative 

pedagogical practices. Overall, the findings of this study offer a strong foundation for broader adoption of 

VR technology in STEM education and highlight its potential to transform traditional learning environments 

into dynamic and interactive spaces. 
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