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Abstract 

 

This paper presents a comprehensive literature review exploring the applications of artificial 

intelligence (AI) in physics education. Through a systematic analysis of academic databases, 

relevant research was synthesized to examine AI's role in concept introduction, personalized 

learning, social interaction, and assessment [1].  The findings highlight the positive impact of AI 

on enhancing conceptual understanding and improving instructional methods [2]. However, the 

review also identifies challenges related to infrastructure, teacher training, data privacy, and ethical 

considerations.  [1] Based on these findings, the paper concludes with recommendations for future 

research and effective AI implementation in physics education, offering valuable insights for 

educators, researchers, and policymakers. 
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INTRODUCTION 

 

The burgeoning field of artificial intelligence (AI) is rapidly reshaping numerous sectors, with 

physics education emerging as a significant area of focus [3]. AI's capacity to emulate human 

intelligence, learn from data, and generate informed decisions positions it as a transformative force 

in education. This technology holds particular promise for personalizing instruction, delivering 

tailored feedback, and fostering interactive learning environments, ultimately aiming to enhance 

student learning outcomes [4]. Defined as the creation of computer systems capable of tasks 

traditionally requiring human cognitive abilities, AI encompasses a range of methodologies, 

including machine learning, natural language processing, and expert systems [5]. This paper 

explores the growing application of these AI techniques within physics education, examining its 

potential to revolutionize teaching and learning. 

 

The integration of artificial intelligence into education, commonly termed AIEd, is rapidly gaining 

traction in both research and practice. In physics education, AI offers unique opportunities to 
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address limitations inherent in traditional teaching methodologies. By employing AI technologies, 

educators can create more engaging and interactive learning experiences, accommodate diverse 

learning styles, and deliver timely, personalized feedback. 

AI encompasses various methodologies, including rule-based systems, neural networks, genetic 

algorithms, and intelligent tutoring systems [6], each with distinct applications in physics 

education. Physics education, critical for cultivating scientific literacy, has historically relied on 

conventional approaches like lectures and textbooks. However, technological advancements have 

spurred interest in innovative methods to enhance student engagement and comprehension. 

Numerous studies have explored AI's efficacy in improving learning outcomes, student 

engagement, and instructional efficiency within physics education [7]. Case studies have provided 

valuable insights into the practical implementation, benefits, and challenges of AI tools and 

systems [8]. Recent research indicates positive impacts, including enhanced conceptual 

understanding, increased student motivation, and improved problem-solving abilities [9]. 

This literature review aims to:  

(1) provide a comprehensive overview of AI applications in physics education; 

(2) examine its diverse applications across various facets of physics learning; and  

(3) Identify the benefits and challenges associated with its implementation. 

 

RESEARCH METHOD 

This study employs a systematic literature review to comprehensively analyze the application of 

artificial intelligence (AI) in physics education. A rigorous search strategy will be implemented 

across reputable academic databases, including IEEE Xplore, ACM Digital Library, 

ScienceDirect, and Google Scholar, utilizing keywords such as 'AI,' 'physics education,' 'intelligent 

tutoring systems,' 'adaptive learning,' and 'personalized learning.' 

To ensure relevance and quality, inclusion criteria will be applied: (a) publication in peer-reviewed 

journals or conference proceedings; (b) focus on AI applications within physics education; (c) 

publication in English; (d) publication within the past five years (or a defined timeframe); and (e) 

provision of substantial and relevant information. The selected literature will undergo systematic 

analysis, categorizing studies by themes, research objectives, methodologies, and key findings to 

identify patterns, trends, and research gaps. 
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The synthesized findings will be organized into a coherent framework, structured around key 

aspects of AI implementation in physics learning, such as concept introduction, individualization, 

social interaction, and assessment. This framework will facilitate a comprehensive understanding 

of AI's diverse applications. 

The synthesized findings and framework will be critically discussed in relation to the research 

objectives, with a thorough examination of the benefits and challenges of AI in physics education. 

The discussion will highlight potential implications and provide recommendations for future 

research and practical implementation. 

The conclusion will summarize key insights, reiterating the benefits and challenges of AI 

integration. It will emphasize the need for continued research and development, and offer specific 

recommendations for educators, researchers, policymakers, and stakeholders seeking to integrate 

AI technologies into physics education, based on identified gaps and opportunities within the 

existing literature. 

RESULTS AND DISCUSSIONS 

The literature review reveals a significant potential for AI to revolutionize physics education. The 

growing demand for AI algorithms and systems in education is evident [10]. This trend is further 

illustrated in Figure 1, which depicts the increasing number of publications related to 'AI' and 

'Education' indexed in Web of Science and Google Scholar since 2010. Notably, a substantial 70% 

of all indexed papers were published between 2015 and 2024, highlighting the rapid acceleration 

of research in this area. 
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Figure 1. The increasing number of papers published in "AI" and "Education" topics from Web of 

Science and Google scholars 2010-2024. 

AI-driven systems significantly enhance the introduction of complex physics concepts through 

interactive simulations, visualizations, and explanatory models [11], fostering deeper 

understanding and improved problem-solving skills. Personalized learning experiences are 

facilitated by AI's ability to adapt instruction to individual student needs [12]. Dynamic and 

intuitive exploration of complex phenomena is enabled, promoting critical thinking. Intelligent 
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tutoring systems offer customized feedback, remediation, and adaptive challenges, catering to 

diverse learning styles. 

AI also supports collaborative learning and social interaction through online discussions, group 

activities, and peer assessment [13]. Intelligent agents and chat bots provide real-time assistance, 

fostering engagement. AI-based assessment systems automate student evaluation, offering 

immediate feedback and tailored recommendations [14]. These systems analyze responses, track 

progress, and identify areas of difficulty, aiding teachers in monitoring student learning. 

The application of AI in education, particularly physics education, is widespread, encompassing 

intelligent tutoring systems, adaptive learning platforms, and virtual reality simulations [15]. 

The integration of AI into physics education yields numerous benefits, including enhanced 

conceptual understanding, personalized instruction, increased engagement, and efficient 

assessment [16]. However, implementation challenges exist, such as the need for robust technical 

infrastructure, teacher training, data privacy and security, and ethical considerations [17]. To 

mitigate these challenges, strategies such as professional development for teachers, 

implementation of appropriate data privacy policies, collaboration between educators and AI 

developers, and the establishment of ethical guidelines are essential [18]. 

CONCLUSION AND RECOMMENDATIONS 

Conclusion 

This study, through a systematic literature review, examined the transformative potential of 

artificial intelligence (AI) in physics education, exploring its diverse applications, benefits, 

challenges, and future directions [19]. 

The review demonstrates AI's capacity to enhance physics learning through personalized 

instruction via intelligent tutoring systems and adaptive platforms. This individualization promotes 

deeper conceptual understanding and addresses learning barriers. AI also improves student 

evaluation through real-time feedback and automated assessments, enabling targeted educator 

support. Moreover, AI facilitates collaborative learning and social interaction through intelligent 

agents and chat bots.   However, challenges such as technical infrastructure, data privacy, and 

ethical concerns, including algorithm bias, must be addressed for successful AI implementation. 

Overcoming these obstacles requires collaborative efforts among educators, researchers, 

policymakers, and stakeholders. Investing in teacher training and developing ethical AI systems 
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are crucial.   In conclusion, AI offers a promising pathway to revolutionize physics education by creating 

personalized, interactive, and engaging learning environments. Responsible integration, considering 

technical, ethical, and privacy aspects, is essential. Continued research and collaboration are vital to fully 

realize AI's potential in improving physics education for the benefit of students and society.  

Recommendations for Future Research 

Future research in AI for physics education should prioritize several key areas to ensure effective 

and ethical implementation [18]: 

1. Longitudinal Impact Studies: Conduct longitudinal studies to assess the long-term effects 

of AI integration on student academic performance, conceptual understanding, and 

retention, providing insights into the sustainability of AI tools. 

2. Ethical Considerations and Guidelines: Investigate ethical implications, including data 

privacy, transparency, and fairness, and develop guidelines to mitigate bias and ensure 

equitable access for all learners. 

3. Adaptive Learning in Diverse Contexts: Explore the effectiveness of AI-driven adaptive 

learning across diverse age groups, cultural backgrounds, and learning environments to 

promote inclusive and equitable physics education. 

4. Hybrid Teaching Methodologies: Research the effectiveness of blending AI tools with 

traditional face-to-face instruction to optimize learning outcomes and create a holistic 

learning experience. 

5. Teacher Professional Development: Investigate the impact of tailored training and 

support programs on teachers' pedagogical skills and confidence in using AI tools for 

successful classroom integration. 

6. User Perception and Acceptance: Examine students' and teachers' perceptions, attitudes, 

and acceptance of AI-driven physics education, focusing on user experience and factors 

influencing technology adoption. 

7. Formative Assessment and Real-Time Feedback: Explore AI's potential for providing 

targeted, constructive feedback during problem-solving activities to enhance learning 

progress and foster self-regulated learning. 

8. Curriculum Integration: Research effective AI integration into physics curriculum 

design, focusing on AI-driven content creation, course organization, and resource 

recommendations to align with curriculum goals and standards. 

 



Journal    

Of the 
Oriental Institute                                                                  ISSN: 0030-5324 

M.S. University of Baroda                                                                                      UGC CARE Group 1 
_____________________________________________________________________________________ 
 

______________________________________________________________________________ 
 
 Vol.74, Issue 2, 2025                                      journaloi.com                                                Page. 460   

REFERENCES 

[1]    https://zenodo.org/records/14744941 

[2]      

https://www.researchgate.net/publication/387784645_The_Role_of_Artificial_Intelligence_AI_i

n_Transforming_Physics_Education_A_Narrative_Review#:~:text=Results%20indicate%20that

%20AI%2Ddriven,abstract%20concepts%20by%20offering%20tailored 

[3]   Xi Wu 2021 J. Phys.: Conf. Ser. 1881 032074 

[4]   Wieman C E 2019 Daedalus 148(4) 47-78. 

[5]   Scherer M U 2015 Harv. JL & Tech. 29 353. 

[6] Kumar U A, Mahendran G and Gobhinath S 2022 Pervasive Computing and Social 

Networking   

       659-  671. 

[7]   Xu W and Ouyang F. 2022 International Journal of STEM Education 9(1). 

[8] Antoniadi A M, Du Y, Guendouz Y, Wei L, Mazo C, Becker B A and Mooney C 2021       

Applied Sciences 11(11) 5. 

[9] Gunawan G, Sahidu H, Harjono A and Suranti N M Y 2017 Jurnal Cakrawala Pendidikan 36(2)  

       167-    179. 

[10] Popenici S A and Kerr S 2017 Research and Practice in Technology Enhanced Learning 12(1) 1-13. 

 [11] Park S, et al. 2019 Sustainability 11(16) 4479. 

[12] Alam A 2021 IEEE 1-12. 

[13] Søndergaard H and Mulder R A 2012 Computer Science Education 22(4) 343-367. 

[14] Chen L, Chen P and Lin Z 2020 IEEE Access 8. 

[15] Ahuja N J, et al. 2022 International Journal of Human–Computer Interaction. 

[16] Bruneau P, et al. 2023 The Potential of ChatGPT to Enhance Physics Education in Vietnamese 

High Schools. 

[17] Alam A 2022 Advanced Comp. and Intelligent Tech.: Proceedings of ICACIT 2022 395. 

[18] C K Y Chan, L H Tsi 2023 arXiv preprint arXiv 2305 01185. 

[19] Kalogiannakis M, et al. 2021 Education Sciences 11(1) 22. 

[20] Prahani B K, Rizki I A, Jatmiko B, Suprapto N and Amelia T Inter. J. Emerging Techno. and 

        Learning 17(8). 

 

 

https://zenodo.org/records/14744941
https://www.researchgate.net/publication/387784645_The_Role_of_Artificial_Intelligence_AI_in_Transforming_Physics_Education_A_Narrative_Review#:~:text=Results%20indicate%20that%20AI%2Ddriven,abstract%20concepts%20by%20offering%20tailored
https://www.researchgate.net/publication/387784645_The_Role_of_Artificial_Intelligence_AI_in_Transforming_Physics_Education_A_Narrative_Review#:~:text=Results%20indicate%20that%20AI%2Ddriven,abstract%20concepts%20by%20offering%20tailored
https://www.researchgate.net/publication/387784645_The_Role_of_Artificial_Intelligence_AI_in_Transforming_Physics_Education_A_Narrative_Review#:~:text=Results%20indicate%20that%20AI%2Ddriven,abstract%20concepts%20by%20offering%20tailored

