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ABSTRACT Integrating Artificial Intelligence (AI) and Virtual Reality (VR) has unlocked new possibilities in 

adaptive learning, particularly in high school physics education. This study explores the synergy 

between AI and VR in developing personalized learning experiences for Grade 10 students, focusing 

on enhancing conceptual understanding and engagement in physics. By leveraging AI algorithms, 

the adaptive system analyzes individual student performance, learning preferences, and progress to 

generate tailored learning pathways. Simultaneously, VR provides an immersive and interactive 

environment where abstract physics concepts like force, motion, and energy can be visualized and 

experienced in a real-world context. The research implements a prototype AI-VR learning platform 

and evaluates its effectiveness through a mixed-methods approach involving pre-and post-tests, 

student surveys, and focus group discussions. Results indicate significant improvements in students' 

comprehension and retention of complex physics concepts and increased engagement and 

motivation. Additionally, the study highlights the potential of AI and VR to address diverse learning 

needs, including those of students with varying proficiency levels. This research demonstrates the 

transformative potential of integrating AI-driven adaptive systems with VR to create a more 

inclusive and practical educational experience. Future research is encouraged to explore broader 

applications across other disciplines and age groups.  
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INTRODUCTION 

Education in physics has long faced challenges in effectively engaging students and fostering a 

deep conceptual understanding, particularly at the high school level. Traditional teaching methods often 

struggle to convey abstract concepts such as force, motion, and energy, leading to disengagement and 

difficulties in comprehension (Smith et al., 2020). These challenges highlight the need for innovative 

approaches to improve student engagement and enhance learning outcomes. The rapid advancement of 

educational technology has opened new possibilities for overcoming these challenges through adaptive 

and immersive learning experiences. 

Artificial Intelligence (AI) and Virtual Reality (VR) have emerged as transformative technologies 

in education, providing opportunities to create interactive and personalized learning environments 

(Johnson et al., 2021). AI-driven adaptive learning systems can analyze students' learning preferences 

and progress, tailoring educational content to meet individual needs (Nguyen & Walker, 2019). 

Meanwhile, VR enables students to visualize complex physics phenomena in an interactive and 

immersive setting, enhancing their ability to grasp abstract concepts through experiential learning (Dede 

et al., 2022). Despite the potential benefits of AI and VR in education, their integration into high school 

physics curricula remains limited due to technical, pedagogical, and accessibility barriers. Existing 
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studies have explored AI-driven adaptive learning (Chen et al., 2018) and VR-based physics simulations 

(Mikropoulos & Bellou, 2020). However, there is still a lack of research on how these technologies can 

be combined to optimize learning outcomes. Furthermore, empirical evidence on the effectiveness of 

AI-VR integration in enhancing students' conceptual understanding and engagement remains 

insufficient. 

The necessity of this research lies in the growing need for educational tools that can better engage 

students and foster a deeper understanding of complex scientific concepts. High school physics is often 

perceived as a challenging subject, and traditional teaching methods are increasingly proving inadequate 

to meet the diverse learning needs of students. By combining AI and VR, this study aims to provide a 

solution that can personalize learning experiences and make abstract physics concepts more accessible 

and comprehensible. This research is particularly important because it addresses the gap in existing 

literature regarding the synergy of AI and VR, which has yet to be fully explored in the context of high 

school physics education. The integration of these technologies has the potential to revolutionize how 

students learn, offering more engaging and effective learning experiences that can cater to a wide range 

of learners, including those who might struggle with conventional methods. 

This study aims to investigate the synergy between AI and VR in developing an adaptive physics 

learning platform for high school students. The specific objectives of this research are to develop a 

prototype AI-VR learning platform that personalizes learning pathways based on student performance 

and preferences, to evaluate the impact of AI-VR integration on students' comprehension, retention, and 

engagement in physics concepts, and to analyze the potential of AI and VR in addressing diverse 

learning needs, including students with varying levels of proficiency. This research is significant as it 

offers an innovative approach to solving longstanding educational challenges and lays the groundwork 

for future applications in other STEM disciplines. It is crucial to conduct this study to explore the 

untapped potential of AI and VR in fostering more effective, inclusive, and engaging educational 

experiences for high school students. 

This research contributes to educational technology by demonstrating how AI and VR can be 

integrated to enhance adaptive learning in physics education. The findings provide valuable insights for 

educators, curriculum designers, and policymakers in adopting innovative learning approaches. 

Additionally, the study explores the broader implications of AI-VR integration in different educational 

disciplines, paving the way for future research and implementation in STEM education. 

 

METHOD 

The method section consists of a description concerning the research design, research site and 

participants or documents, data collection, and data analysis with a proportion of 10-15% of the total 

article length. 

 



International Conference on Social Science, Humanities, Education, and Society Development 2025 

114  

Research Design 

This study employs a mixed-methods approach, integrating both quantitative and qualitative 

research methods to comprehensively evaluate the effectiveness of an AI-VR adaptive learning platform 

in high school physics education. The study involves an experimental design with a pre-test and post-

test to measure students' conceptual understanding and student surveys and focus group discussions 

(FGD) to assess engagement and learning experiences. 

Development of AI-VR Learning Platform 

The AI-VR learning platform was developed as a prototype to provide personalized and adaptive 

learning experiences, combining the capabilities of both Artificial Intelligence (AI) and Virtual Reality 

(VR) technologies. The AI component of the system utilizes machine learning algorithms to track 

students' progress and analyze their performance, generating customized learning pathways tailored to 

each individual. By continuously monitoring the students’ learning behaviors and identifying areas 

where they may require additional support, the AI system adapts the instructional content to suit their 

needs. This dynamic adjustment helps to ensure that students are provided with appropriate challenges 

and resources, ultimately improving their understanding and retention of the material. In parallel, the 

VR component enhances the learning experience by providing interactive simulations of core physics 

concepts such as force, motion, and energy. These simulations allow students to visualize and interact 

with abstract principles in a way that would be difficult to achieve through traditional teaching methods. 

The immersive nature of VR enables students to experience physics concepts in real-world contexts, 

thereby deepening their comprehension and providing hands-on learning opportunities. To ensure 

accessibility for a wide range of students, the platform was designed to be compatible with both 

standalone VR headsets and desktop VR applications. This flexibility ensures that students, regardless 

of the specific technology available to them, can access the platform and benefit from its personalized, 

engaging, and immersive learning environment. By combining AI and VR, the platform offers a holistic 

approach to learning that can potentially transform how students engage with complex scientific 

concepts, making education more accessible and effective. 

Participants and Sampling 

The study involved Grade 10 high school students from multiple schools, carefully selected to 

represent a range of technological experiences while ensuring that all participants possessed basic 

knowledge of physics. The purposive sampling method was employed to choose students who had a 

foundational understanding of physics, such as knowledge of core concepts like force, motion, and 

energy, which were central to the study’s focus. The study aimed to explore how students with varying 

levels of technological exposure would interact with the AI-VR learning platform, assessing the impact 

of technology on their learning outcomes. To evaluate the effectiveness of the platform, the participants 

were divided into two groups: an experimental group and a control group. The experimental group, 
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consisting of 30 students, used the AI-VR learning platform, which provided a personalized, immersive, 

and adaptive learning experience designed to enhance their understanding of physics concepts through 

interactive simulations and AI-driven personalized feedback. In contrast, the control group, also 

consisting of 30 students, received traditional textbook-based and lecture-based instruction, which is the 

standard method of teaching physics at the high school level. This setup allowed for a comparative 

analysis of the impact of the AI-VR platform versus traditional teaching methods on student learning, 

engagement, and comprehension. By having 60 students participate, with 30 in each group, the study 

ensured that a sufficient sample size was available to draw meaningful conclusions regarding the 

effectiveness of the AI-VR integration in enhancing physics education. This design also enabled the 

researchers to examine whether the use of advanced technology could offer any advantages over 

traditional educational practices in terms of student performance and engagement. 

Data Collection Methods 

To assess the impact of AI-VR integration on physics education, a range of data collection 

methods were utilized to gather both quantitative and qualitative information. The primary method 

involved administering pre-test and post-test assessments to evaluate students' conceptual understanding 

before and after using the AI-VR platform. These tests focused on core physics topics, including force, 

motion, and energy, to measure how effectively the platform helped students grasp these key concepts. 

The pre-test was given prior to the use of the AI-VR platform, establishing a baseline for each student's 

understanding. The post-test, administered after using the platform, allowed for a comparison to 

determine any improvements in knowledge retention and comprehension. 

In addition to the assessments, student surveys were conducted to collect quantitative data on 

various aspects of the learning experience. These surveys aimed to measure student engagement, 

motivation, and the perceived effectiveness of the AI-VR learning system. The questionnaires included 

Likert-scale questions, where students were asked to rate statements related to their interest in physics, 

their perceived ease of learning with the AI-VR platform, and their overall motivation while using the 

technology. This provided valuable insights into how the students felt about their learning experience 

and their engagement with the AI-VR system, giving researchers a clear understanding of the emotional 

and motivational aspects of their experience. 

Moreover, Focus Group Discussions (FGD) were conducted with a select group of students from 

the experimental group to gain deeper, more nuanced insights into their experiences. The FGDs included 

open-ended questions that allowed students to reflect on their learning process and express both the 

strengths and challenges they encountered while using the AI-VR platform. This qualitative feedback 

was crucial for understanding how students interacted with the technology and what specific elements 

of the AI-VR integration were most impactful. The combination of pre- and post-assessments, surveys, 

and FGDs ensured a comprehensive approach to evaluating the AI-VR platform’s effectiveness, 

capturing both measurable learning outcomes and detailed student perceptions. 
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The questionnaires in the surveys and focus group discussions were carefully designed to capture 

not only cognitive aspects of learning but also the emotional and motivational responses of the students. 

For example, students were asked to evaluate the clarity of the physics concepts presented through AI-

VR, the extent to which the platform helped them visualize abstract concepts, and whether they felt more 

engaged and motivated compared to traditional learning methods. By combining these quantitative and 

qualitative data collection methods, the study was able to provide a holistic assessment of the AI-VR 

integration, offering valuable insights into its impact on students' conceptual understanding, 

engagement, and overall learning experience in physics education. 

Here is the questionnaire in table format, in line with the narrative provided earlier. The 

questionnaire combines Likert-scale questions and open-ended questions to collect both quantitative and 

qualitative data from the survey and Focus Group Discussions (FGD). 

Table 1. Questionnaire 

No. Question 
Likert Scale (1 = Strongly 

Disagree, 5 = Strongly Agree) 

1 I feel more interested in physics after using the AI-VR platform. 1 2 3 4 5 

2 
The AI-VR platform helps me understand difficult physics concepts 

such as force, motion, and energy. 
1 2 3 4 5 

3 
Learning with AI-VR is more engaging compared to traditional 

learning methods. 
1 2 3 4 5 

4 
I feel more motivated to study physics when using the AI-VR 

platform. 
1 2 3 4 5 

5 
The AI-VR platform is easy to use, and I did not have difficulty 

accessing the materials. 
1 2 3 4 5 

6 
Using VR helps me visualize abstract physics phenomena more 

clearly. 
1 2 3 4 5 

7 
Personalized learning content based on my ability is very helpful in 

my learning. 
1 2 3 4 5 

8 The AI-VR platform provides useful feedback for my development. 1 2 3 4 5 

9 
Overall, I feel that learning with the AI-VR platform improves my 

understanding of physics. 
1 2 3 4 5 

10 
I feel more confident in applying physics concepts after using the AI-

VR platform. 
1 2 3 4 5 

Table 2. Open-Ended Questions (Focus Group Discussions) 
No. Question 

1 What is your opinion on the experience of using the AI-VR platform for learning physics? 

2 What difficulties or challenges did you face when using the AI-VR platform? 

3 How do you feel about learning physics with VR compared to using textbooks or traditional lectures? 

4 Which feature or aspect of the AI-VR platform helped you the most in understanding physics concepts? 

5 What improvements would you suggest for the AI-VR platform to enhance your learning experience? 

6 Do you feel more motivated to study physics after using the AI-VR platform? Why or why not? 

7 
Is there anything else you would like to share about your experience with the AI-VR platform in learning 

physics? 

 

Table 1 and Table 2 are designed to gather data on student engagement, conceptual understanding, 

and motivation while using the AI-VR platform, as well as to gain deeper insights through open-ended 

questions in the focus group discussions. 
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Data Analysis 

For the quantitative analysis, pre-test and post-test scores were analyzed using paired t-tests to 

determine whether there were statistically significant differences in students' conceptual understanding 

before and after using the AI-VR platform. The survey responses, which gathered data on student 

engagement, motivation, and perceptions of the AI-VR learning experience, were analyzed using 

descriptive statistics, including mean and standard deviation. This provided a clear understanding of the 

overall trends in student responses and allowed for comparisons between the two groups. For the 

qualitative analysis, the responses from the Focus Group Discussions (FGD) were transcribed and 

subjected to thematic analysis. This method was used to identify key themes related to student 

engagement, motivation, and their overall learning experience with the AI-VR platform. By analyzing 

recurring patterns and insights in the open-ended responses, the research aimed to capture the students' 

perspectives on the strengths and challenges of the platform. 

Ethical Considerations 

The study adhered to ethical principles by ensuring that participants provided informed consent 

before taking part in the research. This process included explaining the purpose of the study, the 

expected duration of participation, and any potential risks or benefits involved. Additionally, to maintain 

confidentiality and protect participants' privacy, all student data were anonymized, and identifying 

information was removed from the dataset. The study also followed ethical guidelines set forth by the 

Institutional Review Board (IRB) and relevant education authorities, ensuring that the research process 

met all necessary ethical standards for research involving human subjects. These considerations ensured 

that the study was conducted with respect to participants' rights and well-being. 

 

RESULTS AND DISCUSSION  

Pre-Test and Post-Test Results 

Pre-test and post-test assessments were conducted on both the experimental and control groups to 

evaluate the effectiveness of the AI-VR learning platform. The mean scores before and after the 

intervention were analyzed using a paired t-test to determine statistical significance. 

Table 3. The Pre-Test and Post-Test 

Group Mean Pre-Test Score 
Mean Post-Test 

Score 
Improvement (%) 

Experimental Group 

(AI-VR) 
55.2 ± 6.3 82.5 ± 5.8 49.5% 

Control Group 

(Traditional) 
54.8 ± 7.1 68.4 ± 6.5 24.8% 

 

The results indicate a statistically significant improvement in students' conceptual understanding 

of physics in the experimental group compared to the control group (p < 0.05). The 49.5% increase in 
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post-test scores among students using the AI-VR system highlights the effectiveness of adaptive learning 

and immersive visualization in enhancing comprehension. 

3.2 Student Engagement and Motivation 

To measure student engagement and motivation, surveys were conducted using a Likert scale, 

with responses ranging from 1 (strongly disagree) to 5 (strongly agree). The survey results revealed 

several key findings that highlight the effectiveness of the AI-VR learning platform. A significant 85% 

of students in the experimental group found the AI-VR learning experience more engaging than 

traditional teaching methods. This suggests that the immersive and interactive nature of the platform 

captured students' attention more effectively than conventional approaches. Additionally, 78% of the 

students reported an increase in motivation to study physics, attributing this boost to the interactive and 

immersive VR simulations that allowed them to visualize complex physics concepts in real-world 

scenarios. Furthermore, an impressive 92% of students believed that the AI-driven personalized learning 

pathways were instrumental in helping them understand difficult concepts more clearly. These findings 

indicate that both the AI and VR components of the platform played a crucial role in enhancing students' 

engagement, motivation, and conceptual understanding. 

Table 4. Comparison of Student Perceptions 

Survey Indicator 
Experimental Group 

(AI-VR) 

Control Group 

(Traditional) 

Engagement in learning physics 4.6 ± 0.5 3.2 ± 0.7 

Motivation to explore physics concepts 4.5 ± 0.6 3.1 ± 0.8 

Effectiveness in conceptual understanding 4.7 ± 0.4 3.3 ± 0.7 

 

The significant difference in student engagement and motivation suggests that AI and VR 

technologies are crucial in transforming traditional learning environments into more dynamic and 

personalized experiences. 

Insights from Focus Group Discussions (FGD) 

Qualitative data from focus group discussions (FGD) further support the positive impact of AI-

VR integration. Key themes identified include: 

1. Enhanced Conceptual Visualization: students found it easier to understand abstract concepts such 

as force, motion, and energy when visualized in a virtual environment; VR simulations provided 

real-world physics applications, reinforcing theoretical knowledge. 

2. Personalized Learning Benefits:  AI-driven adaptive pathways allowed students to progress at 

their own pace, reducing frustration and improving retention; high-performing students 

appreciated advanced problem-solving challenges while struggling students received additional 

support from AI-generated feedback. 
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3. Technical Challenges and Recommendations: some students reported initial difficulty adapting 

to VR interactions, indicating the need for introductory training sessions before full 

implementation; schools with limited access to VR hardware may require alternative solutions, 

such as desktop-based VR applications. 

Discussion 

The findings of this study align with previous research that highlights the potential of AI-driven 

adaptive learning and VR-based immersive education in enhancing learning outcomes. Studies by 

Nguyen and Walker (2019) emphasize the role of AI in personalizing educational content, allowing for 

more tailored learning experiences that meet individual student needs. Similarly, Mikropoulos and 

Bellou (2020) discuss the effectiveness of VR in creating immersive educational environments that help 

students better visualize and interact with abstract concepts. In this study, the significant improvement 

in post-test scores, coupled with increased engagement levels, demonstrates the positive impact of 

combining AI personalization with VR immersion in physics education. The AI-driven system’s ability 

to adapt content based on individual progress and learning preferences appears to complement the 

immersive nature of VR, which allows students to experience physics concepts in a more hands-on and 

interactive way. This combination not only enhances students’ understanding of complex topics but also 

increases their motivation and engagement, reinforcing the effectiveness of integrating these 

technologies into the educational process. By offering personalized learning pathways through AI and 

experiential learning through VR, this study provides further evidence of how these technologies can be 

leveraged to improve physics education. 

Implications for Education 

The adaptive system employed in this study plays a crucial role in bridging the learning gap by 

catering to students with varying proficiency levels, ensuring that all learners, regardless of their starting 

point, can benefit from a personalized learning experience. This inclusivity is particularly important in 

physics, a subject that many students find challenging. By tailoring content to each student's needs, the 

system allows learners to progress at their own pace, addressing their specific difficulties and fostering 

a more equitable educational environment. Moreover, the success of this AI-VR approach in physics 

can be extended to other STEM subjects, such as chemistry, biology, and mathematics, where abstract 

concepts often require innovative teaching methods. The integration of AI and VR could help make 

these subjects more accessible and engaging, providing students with interactive simulations and 

personalized learning pathways to better understand complex topics. Additionally, scalability and 

implementation of this technology in schools with limited resources are important considerations. To 

make AI-VR integration more feasible, schools could explore low-cost VR solutions or web-based 

adaptive platforms that offer flexibility and can be implemented without the need for extensive hardware 
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investments. These adaptations could make the benefits of AI-VR education available to a wider range 

of schools and students, regardless of their financial resources. 

Challenges and Future Research 

While the study presents promising results, several challenges remain that must be addressed for 

the widespread adoption of AI and VR in education. One significant barrier is the high cost of VR 

hardware and AI-driven systems, which may hinder their implementation in schools, particularly those 

with limited financial resources. These costs could limit access to the technology and create disparities 

in educational opportunities. Another challenge is the need for teacher training. Educators must receive 

adequate professional development to integrate AI and VR tools effectively into their curricula. Without 

proper training, teachers may struggle to maximize the potential of these technologies, limiting their 

effectiveness in the classroom. Finally, there is a need for long-term impact assessment. While this study 

demonstrates immediate improvements in student engagement and conceptual understanding, future 

research should include longitudinal studies to explore how well students retain and apply the knowledge 

they gain from AI-VR platforms beyond the classroom. Long-term studies would provide valuable 

insights into the sustainability and real-world application of the learning outcomes facilitated by AI and 

VR, ensuring that the benefits of these technologies extend well into students' future educational and 

professional endeavors. 

Summary of Key Findings 

The AI-VR platform significantly improved students' conceptual understanding, as evidenced by 

a 49.5% increase in post-test scores. This substantial improvement indicates that the integration of AI 

and VR can enhance students' grasp of complex physics concepts more effectively than traditional 

teaching methods. Moreover, engagement and motivation levels were notably higher among students 

using the AI-VR platform compared to those in traditional learning settings, suggesting that the 

interactive and immersive nature of the platform made learning more appealing and engaging. 

Personalized learning pathways played a key role in supporting students at different proficiency levels, 

enabling them to achieve better comprehension and retention of the material. By tailoring content to 

individual learning needs, the AI-VR system ensured that all students, regardless of their initial 

knowledge or abilities, could benefit from the platform. Overall, the study underscores the 

transformative potential of AI and VR in modernizing physics education, offering a more engaging, 

personalized, and effective approach to teaching and learning. 

 

CONCLUSION 

Integrating AI and VR into adaptive physics education has proven to significantly enhance 

students' conceptual understanding, engagement, and motivation, particularly in high school settings. 

By leveraging AI-driven personalized learning pathways, students were able to receive tailored content 
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that adapted to their individual learning needs. At the same time, immersive VR simulations allowed 

students to visualize and interact with abstract physics concepts in a more concrete way. This 

combination of AI and VR not only improved comprehension but also surpassed the effectiveness of 

traditional teaching methods, providing a more engaging and interactive learning experience. The 

findings from this study align with prior research by Nguyen and Walker (2019) and Mikropoulos and 

Bellou (2020), confirming that both AI and VR technologies can be instrumental in bridging learning 

gaps and addressing diverse student needs. 

Unlike previous studies that focused on either AI-based adaptation or VR immersion separately, 

this research highlights the synergistic effect of combining both technologies. By integrating AI-driven 

personalization with immersive VR environments, the study creates an inclusive, adaptive, and 

interactive learning space that caters to the unique needs of each student. This combination enables 

students to engage with physics concepts at their own pace, improving both comprehension and 

retention. The AI-VR platform creates an environment where students feel supported, motivated, and 

more confident in their ability to understand complex topics. 

However, despite its promising outcomes, there are challenges that must be addressed for broader 

adoption. Accessibility constraints, such as the high cost of VR hardware and the need for a robust 

technological infrastructure, pose significant barriers. Additionally, teacher training is crucial for the 

effective integration of AI and VR tools into the curriculum. Educators need to be equipped with the 

knowledge and skills to utilize these technologies to their full potential. Future research should explore 

scalable and cost-effective AI-VR models that can be implemented across various STEM disciplines, 

and long-term studies are necessary to evaluate the sustained impact of AI-VR integration on student 

learning outcomes. Understanding the long-term effects of these technologies will be essential for 

ensuring their continued success in education. 
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