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Abstract 

Artificial Intelligence (AI) has brought transformative changes to education, particularly in the field 
of physics, where complex concepts often pose significant challenges for students. This narrative 
review explores the role of AI in physics education by analyzing various tools and methods currently 
applied in learning environments, including intelligent tutoring systems, adaptive learning 
platforms, and interactive simulations. The study aims to assess the benefits and limitations of these 
technologies, as well as their potential to enhance learning outcomes through personalized, 
adaptive, and interactive experiences. Utilizing the SCOPUS database, a wide-ranging literature 
search was conducted with relevant keywords to capture studies that contribute to understanding 
AI’s impact on physics education. Results indicate that AI-driven tools significantly improve student 
engagement, accessibility, and understanding of abstract concepts by offering tailored learning 
pathways, real-time feedback, and immersive simulations. Additionally, AI provides alternative 
access to learning for students from diverse backgrounds, fostering inclusivity in physics education. 
However, challenges such as dependency on AI, ethical issues related to data security, and the 
potential digital divide are noted as barriers to effective implementation. To address these issues, 
the review recommends a balanced approach where AI complements traditional teaching methods, 
ensuring that it enhances rather than replaces human instruction. This review highlights the 
transformative potential of AI in physics education, advocating for further research to develop 
structured, ethical, and inclusive integration strategies that maximize the educational benefits of AI 
while addressing its limitations.  
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INTRODUCTION 
The advent of Artificial Intelligence (AI) in education has marked a 

transformative era, significantly influencing the way subjects such as physics are 
taught and learned. AI’s capabilities in personalizing educational experiences, 
enhancing engagement, and facilitating more effective learning have led to its 
growing adoption across educational platforms. In physics education, specifically, 
AI technologies like intelligent tutoring systems, adaptive learning platforms, and 
virtual simulations are gaining prominence. These AI-driven tools offer tailored 
learning experiences that adapt to the individual needs and learning speeds of 
students, thus improving comprehension and retention. As Mahligawati (2023) 
discussed, the integration of AI in physics has introduced a range of intelligent tools 
that elevate the learning experience by offering personalized, interactive content, 
which ultimately engages students more deeply with the subject matter. 

AI has also contributed to shifting the focus in physics education from rote 
memorization to an experiential and problem-solving-based approach. Traditional 
methods of teaching physics have often struggled to convey abstract concepts 
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effectively, but AI-powered tools provide dynamic simulations that bring these 
concepts to life. Jing (2023) highlighted the role of AI-enabled virtual simulations in 
enhancing traditional resources, thereby facilitating a more interactive, engaging, 
and informative environment. This shift not only aids students in visualizing complex 
physics concepts but also encourages critical thinking and application-based 
learning. With AI’s ability to present information in varied and immersive ways, 
students can develop a more comprehensive and practical understanding of 
physics principles, thus aligning with modern educational goals. 

Furthermore, the adaptive nature of AI systems allows for personalized 
feedback, a critical factor in effective learning. Mustofa (2024) noted that AI has the 
potential to provide immediate, targeted feedback that helps students understand 
their mistakes and learn more efficiently. This feedback is essential in physics, where 
problem-solving is integral to mastering the subject. However, Mustofa also 
emphasized the need for further research on integrating AI effectively into physics 
curricula, acknowledging that while AI holds great promise, its practical application 
in educational contexts requires a well-designed approach. By customizing 
feedback based on individual performance, AI tools can address diverse learning 
needs, offering support to students who may struggle with certain topics while 
challenging those ready to advance. 

The combination of AI and virtual simulations in physics education has not only 
enriched content delivery but also altered traditional teaching models. Lee and Lee 
(2021) argued that AI, among other emerging technologies, has the potential to 
significantly transform conventional educational structures, fostering a shift towards 
more technology-centered teaching methodologies. This transformation extends to 
how students engage with physics content. Through AI-driven simulations, students 
can experiment with and observe the outcomes of various physics principles in a 
controlled virtual environment, allowing them to engage with the material in a way 
that would be challenging in a conventional classroom setting. Such technologies 
promote active learning and may even alter students' perceptions of physics, 
making it more accessible and less intimidating. 

In addition, AI’s role in physics education extends beyond instruction to 
include assessment and student engagement. According to Dong (2023), AI-
enhanced tools can streamline assessment processes, enabling teachers to 
evaluate students more efficiently while also accommodating various learning 
styles. By adapting to each student's pace and needs, AI-driven educational systems 
can reduce gaps in understanding and ensure more balanced academic 
development. Liu et al. (2021) further supported this by demonstrating that AI 
systems designed for educational purposes could optimize curriculum delivery, 
which is particularly valuable in subjects like physics where complex topics require 
individualized instruction. This adaptability is instrumental in fostering a supportive 
learning environment in which each student can achieve their full potential. 

Recent advancements have also positioned AI as a virtual tutor, supplementing 
traditional teaching methods in ways previously unattainable. Ding (2023) explored 
students’ perceptions of AI tools like ChatGPT as aids in solving physics problems, 
noting a general trust in AI as a supportive resource despite occasional concerns 
about accuracy. This trust reflects the growing acceptance of AI as an integral part 
of the educational journey, as students increasingly rely on AI tools to assist in 
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understanding complex topics. The collaborative environment fostered by AI’s 
presence in classrooms can help create a more inclusive and engaging educational 
experience where students feel empowered to explore and ask questions without 
fear of judgment. Thus, as AI continues to evolve, its potential to shape the future of 
physics education and improve academic outcomes is becoming more apparent. 

The integration of Artificial Intelligence (AI) in physics education, while 
promising, presents several challenges that limit its effective implementation. One 
key issue is the lack of research on structured methods to seamlessly incorporate AI 
into the physics curriculum. Mustofa (2024) highlighted the gap in understanding 
how to optimally embed AI tools in teaching frameworks to achieve meaningful 
educational improvements, suggesting the need for clearer integration strategies 
that balance traditional pedagogy with technological advancements. 

Additionally, concerns over the reliability and accuracy of AI systems in 
educational settings pose further challenges. While AI tools like ChatGPT offer 
support for problem-solving, Ding (2023) noted that students sometimes question 
the accuracy of these tools, potentially undermining their trust in AI as a learning 
resource. This lack of confidence may hinder the full adoption of AI in educational 
contexts, where consistency and accuracy are essential. Moreover, while AI-driven 
simulations and adaptive platforms promise personalized learning, as noted by Liu 
et al. (2021), the extent to which these systems can cater to diverse student needs 
and learning styles remains underexplored. These issues underscore the need for 
targeted research to enhance the reliability, adaptability, and structured integration 
of AI in physics education. 

The objective of this study is to conduct a narrative review of current literature 
on the role of Artificial Intelligence (AI) in transforming physics education. 
Specifically, it aims to (1) analyze existing AI tools applied in physics learning 
environments, (2) identify the benefits and limitations of these technologies, and (3) 
explore how AI can enhance learning outcomes through personalized, adaptive, 
and interactive educational experiences. 

METHOD 
This study adopts a Narrative Literature Review (NLR) approach to examine the 

role of artificial intelligence (AI) in transforming physics education. The NLR 
approach was selected for its descriptive and flexible nature, allowing the authors 
to provide a comprehensive overview and synthesis of key themes and trends within 
this topic area. Unlike a Systematic Literature Review, NLR does not adhere to strict 
search protocols, enabling a more flexible selection of studies based on the 
relevance of the research to the topic, as determined by the authors. 

Data sources and database selection 
The literature reviewed in this study was sourced from the SCOPUS database 

(https://www.scopus.com), chosen for its broad coverage of academic research and 
high-quality publications across various fields, including education and technology. 
SCOPUS is recognized for its extensive indexing of peer-reviewed literature, which 
ensures access to credible and relevant sources on emerging technological 
influences in education. The search was conducted on all available years up to and 
including November 12, 2024. By choosing this wide temporal range, we aimed to 
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capture the evolution of AI applications in physics education over time, thus 
providing a historical and contemporary perspective. 

Keywords and search strategy 
The primary search term used was “Artificial Intelligence in Physics Education,” 

which encompasses a broad area of interest within educational technology. To 
capture a comprehensive set of literature, a Boolean search string was utilized: 
("Artificial Intelligence" OR "Machine Learning" OR "AI") AND ("Physics Education" 
OR "Physics Teaching" OR "Physics Learning"). This Boolean configuration was 
designed to maximize the retrieval of literature that focuses on the use of AI in the 
context of physics education. Using both broad and specific terms within the search 
string allowed us to include literature on various facets of AI, including Machine 
Learning, and different educational applications, such as teaching, learning, and 
curriculum integration in physics. 

Literature selection process 
In keeping with the NLR methodology, the literature selection process was 

conducted with flexibility, focusing primarily on studies that were judged to be 
relevant and valuable for understanding AI's role in physics education. Selection 
criteria were based on the relevance to the central themes and the contributions 
that each study offered to the understanding of AI's impact on the field. While there 
were no strict inclusion or exclusion criteria, studies that specifically addressed how 
AI is used to support, enhance, or transform physics teaching and learning were 
prioritized. This flexible approach to literature selection allowed us to examine a 
broad spectrum of research, reflecting various aspects of AI and its impact on 
physics education. 

Analysis and synthesis process 
The selected literature was analyzed and synthesized using a descriptive 

approach, aimed at identifying key themes, trends, and perspectives within the field 
of AI-enhanced physics education. Each study was reviewed for its contributions to 
the understanding of how AI can transform or support different aspects of physics 
education, such as student learning outcomes, instructional methods, or 
assessment practices. To provide a clearer picture of the evolving role of AI in this 
educational domain, we visualized our findings in alignment with the study’s 
objectives. 

The synthesis process focused on identifying recurring themes and major 
trends across studies, including how AI is being applied to enhance learning 
engagement, personalize instruction, automate assessment, and support 
collaborative learning environments in physics education. This descriptive analysis 
enabled us to explore how AI contributes to various instructional approaches and 
learning outcomes. The studies were grouped based on their thematic focus, such 
as AI for student assessment, personalized learning in physics, or AI-enabled 
simulations and modeling in teaching complex physics concepts. Through this 
thematic grouping, we aimed to provide an organized and comprehensive 
overview of how AI technologies are shaping physics education. 
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Limitations of the methodology 
As a Narrative Literature Review, this study is subject to certain limitations in 

terms of subjectivity and scope of literature selection, given that the inclusion of 
studies was primarily determined by the authors’ judgement on relevance. Unlike a 
Systematic Review, which relies on strict selection and evaluation criteria, the NLR 
approach allows for more freedom in literature choice, which can lead to a narrower 
or potentially biased selection. However, this method was deemed suitable for the 
current study, as it provides a broad overview and organizes general perspectives 
on the role of AI in transforming physics education. The NLR approach thus offers a 
useful framework for exploring trends and synthesizing a diverse range of findings 
without being restricted by rigid selection protocols. 

Potential contributions and significance 
This NLR contributes to the existing body of knowledge by mapping out key 

areas where AI is influencing physics education. By examining studies that cover a 
wide range of applications—from AI-driven tutoring systems to machine learning 
algorithms that predict student performance—this review synthesizes findings that 
can inform educators, policymakers, and researchers interested in the intersections 
of AI and physics education. Additionally, this study highlights gaps in the current 
research, suggesting areas for future investigation, such as long-term impacts of AI-
enhanced learning tools on students’ conceptual understanding and engagement 
with physics. The narrative approach allows for a contextual understanding of these 
gaps, offering insights into the potential and challenges of integrating AI into 
physics classrooms. 

Through this narrative synthesis, we intend to not only identify existing 
contributions of AI to physics education but also to provide a lens through which 
future research can be directed. This review underscores the importance of 
understanding both the opportunities and limitations of AI in education, particularly 
in domains such as physics that require abstract reasoning and complex problem-
solving skills. In doing so, we hope to inform the development of more effective and 
equitable AI-based educational tools that are tailored to the needs of physics 
students and educators alike. 

Overall, this methodology provides a flexible yet systematic approach to 
exploring the role of AI in transforming physics education. By synthesizing findings 
from various studies, this review offers a comprehensive view of how AI 
technologies are shaping teaching and learning experiences in physics, and it sets 
a foundation for future research and practical advancements in this dynamic field. 

RESULTS AND DISCUSSION 
The search results from the SCOPUS database, as presented in Figure 1, 

illustrate the distribution of documents retrieved using the keywords “Artificial 
Intelligence in Physics Education” with the Boolean string [("Artificial Intelligence" 
OR "Machine Learning" OR "AI") AND ("Physics Education" OR "Physics Teaching" 
OR "Physics Learning")]. A total of 152 documents were found from 1996 to 2024. 
The trend in publications, shown in Figure 1(a), indicates a significant increase in 
research interest, particularly in the last few years, with a steep rise starting around 
2020. This surge reflects the growing attention to integrating AI into educational 
contexts, specifically in the field of physics education.  
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(b) (c) 

Figure 1. Document distribution: (a) by year, (b) by type, and (c) by subject area 

In terms of document types, Figure 1(b) reveals that conference papers make 
up the largest portion of publications at 51.3%, followed by articles at 34.9%. This 
high percentage of conference papers suggests that AI in physics education is a 
rapidly evolving field, with researchers eager to present preliminary findings and 
new developments in academic conferences. The presence of reviews and book 
chapters, although smaller in proportion, indicates an increasing interest in 
summarizing and consolidating knowledge in this area, which is a positive sign for 
establishing a more robust theoretical foundation for future research. 

Regarding subject areas, Figure 1(c) shows that the majority of the documents 
fall under “Physics and Astronomy” (24.1%) and “Computer Science” (20.6%), 
followed by “Social Sciences” (15.2%) and “Engineering” (11.3%). The prominence 
of physics and computer science aligns with the interdisciplinary nature of AI in 
physics education, where computational techniques are applied to enhance 
educational methodologies in physics. The involvement of social sciences 
highlights the educational and psychological dimensions being explored, reflecting 
a holistic approach to understanding the impact of AI technologies in teaching and 
learning environments. 

Analysis of AI tools in physics education 
In recent years, artificial intelligence (AI) has seen growing implementation in 

physics education, offering tools that enhance learning engagement, accessibility, 
and comprehension. AI's role in this domain has expanded significantly, with 
various tools, including knowledge-based systems, interactive simulations, 
language models, and machine learning algorithms. This section delves into key AI 
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tools in physics education, highlighting how they are applied, their functionalities, 
and their educational benefits. 

Knowledge-based systems and recommendation engines 
Knowledge-based systems, often grounded in the concept of knowledge 

graphs, are increasingly utilized in educational contexts. These systems help 
structure and interrelate complex information, thereby enhancing the learning 
process by organizing concepts in a manner accessible to students. Yongxian, 
Guozhu, and Ling (2020) introduced an AI-powered evaluation and 
recommendation system based on knowledge graphs that tailors educational 
resources for high school physics learning. This system provides students with 
specific resources depending on their level of understanding and previous 
performance, promoting a more personalized approach to learning (Yongxian et 
al., 2020). By drawing connections between topics and assessing students' 
knowledge gaps, such systems encourage a more interactive and self-directed 
learning experience. 

In addition to knowledge-based systems, recommendation engines using 
machine learning algorithms also play a crucial role in guiding students through 
physics content. These engines analyze students' responses, adapting future 
recommendations based on their progress, which aligns well with the goal of 
individualized education (Sánchez-Guzmán & Mora, 2010). Such adaptive learning 
technologies not only keep students engaged but also provide timely feedback that 
reinforces understanding and retention of complex physics principles. 

Interactive simulations and virtual labs 
Interactive simulations represent another transformative AI application in 

physics education, allowing students to engage with content experientially. Virtual 
laboratories enable students to experiment with physics concepts without the 
constraints of physical lab environments, making physics more accessible and 
interactive. Swandi et al. (2020) explored the effectiveness of TEALSim (Technology-
Enabled Active Learning Simulation) in modern physics education, revealing that it 
facilitated better engagement and understanding of complex subjects like quantum 
mechanics and wave-particle duality (Swandi et al., 2020). These virtual labs often 
incorporate visual and hands-on elements that make abstract physics theories more 
concrete. 

Virtual labs provide a safe and accessible environment where students can 
manipulate variables and observe outcomes, building an intuitive grasp of scientific 
phenomena. The study by Menchafou, Aaboud, and Chekour (2024) on virtual labs 
in Moroccan secondary schools highlighted how virtual experiments improve 
physics learning outcomes, particularly in resource-constrained settings. By offering 
immersive learning experiences, interactive simulations and virtual labs reduce 
barriers to understanding complex physics principles (Menchafou et al., 2024). 

AI-based language models for personalized tutoring 
Language models like ChatGPT have started to shape physics education by 

offering real-time tutoring support and explanations tailored to students' needs. 
These AI-driven models can answer specific questions, provide step-by-step 
solutions, and clarify physics concepts in multiple ways, adapting their explanations 
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based on student feedback. Liang et al. (2023) examined the potential of ChatGPT 
in physics education, finding that it effectively serves as a supplementary resource 
for students studying independently. ChatGPT’s ability to simulate a conversation 
with students helps to bridge the gap between traditional instruction and self-paced 
learning (Liang et al., 2023). 

The adaptability of language models allows them to address individual 
student needs by offering explanations at varying levels of complexity. For instance, 
Wang et al. (2023) highlighted the ability of AI tutors to adjust their teaching 
strategies based on students’ performance and preferences, making learning more 
effective and accessible (Wang et al., 2023). This adaptive functionality is invaluable 
for students who may otherwise lack access to individualized instruction, such as 
those in remote areas or in classrooms with high student-to-teacher ratios. 

Machine learning algorithms for assessment and feedback 
AI-based assessment tools, particularly those that incorporate machine 

learning, have shown significant promise in providing timely feedback on students' 
understanding of physics concepts. These tools utilize algorithms to analyze student 
responses and provide detailed feedback, helping both students and educators 
understand areas needing improvement. Kurniawan et al. (2024) introduced an AI-
driven automatic scoring system for assessing physics essay tests, which evaluates 
student responses in real-time, allowing instructors to focus on personalized 
teaching strategies rather than repetitive grading tasks (Kurniawan et al., 2024). By 
automating parts of the assessment process, these AI systems not only reduce 
workload for educators but also enable frequent and timely feedback, which is 
critical for effective learning. 

Additionally, AI tools like intelligent agents have been integrated into learning 
environments to monitor students’ progress, adapting the difficulty of tasks based 
on their performance. Sánchez-Guzmán and Mora (2010) explored the use of 
intelligent agents in physics education, demonstrating how these tools can 
customize content delivery and make recommendations that cater to students’ 
unique learning paths (Sánchez-Guzmán & Mora, 2010). These agents not only 
support student learning through customized instruction but also foster self-
regulated learning by encouraging students to engage with challenging material. 

Symbolic regression models for problem solving 
Symbolic regression models represent a cutting-edge approach in AI 

applications within physics education. These models utilize machine learning 
algorithms to derive symbolic expressions that describe the relationships between 
variables in complex physics problems. Zhu et al. (2024) developed a personalized 
learning tool for physics undergraduates using symbolic regression, which aids 
students in modeling equations and understanding the underlying mathematics of 
physics phenomena. By supporting students in solving and manipulating equations, 
these models help demystify some of the more challenging aspects of physics 
problem-solving (Zhu et al., 2024). 

The use of symbolic regression and machine learning in physics education not 
only enhances students' computational skills but also fosters a deeper 
understanding of theoretical models. By training students to interact with AI-driven 
modeling tools, educators can bridge the gap between theoretical physics and 
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practical application, enabling students to apply their knowledge in various 
scientific contexts. 

Intelligent virtual tutors and chatbots 
AI-driven chatbots and virtual tutors have also gained traction in the 

educational sector, particularly as tools for supporting self-directed learning. 
Chatbots, designed to answer students' questions and provide explanations on 
demand, are particularly beneficial in physics education where students may 
struggle with complex theoretical material. Duy et al. (2024) investigated the use of 
chatbots for self-study in physics, finding that they significantly improved students’ 
understanding by providing instant feedback and guidance (Duy et al., 2024). By 
simulating conversational interactions, these chatbots foster an interactive learning 
experience that can adapt to students' unique needs and challenges. 

These virtual tutors help reduce the sense of isolation that students often feel 
during self-study by mimicking human interaction, thus increasing engagement. 
The constant availability of chatbots also empowers students to learn at their own 
pace, consulting the tutor as often as necessary without feeling rushed or limited by 
classroom constraints. Such tools are particularly valuable for students with diverse 
learning paces, as they provide flexible and immediate access to assistance. 

AI tools in physics education demonstrate considerable potential for 
enhancing student engagement, accessibility, and learning outcomes. Knowledge-
based systems, interactive simulations, language models, and machine learning 
algorithms provide robust support for educators and students alike. Each of these 
tools offers unique benefits, from personalized content recommendations to real-
time feedback and problem-solving support, thus broadening the scope of physics 
education. However, successful integration of AI requires attention to instructional 
design to ensure these tools complement rather than replace traditional teaching 
methods. Future research should focus on optimizing these AI applications to 
maximize their educational value across diverse learning environments. Through 
continued development, AI tools in physics education could pave the way for a 
more inclusive, interactive, and effective learning experience in the sciences. 

Benefits of AI in physics education 
Enhanced engagement and learning interactivity 

One of the most prominent benefits of AI in physics education is its ability to 
engage students actively and create interactive learning experiences. AI-driven 
tools, such as simulations and virtual labs, immerse students in scenarios that allow 
for hands-on exploration of complex physics concepts. For instance, TEALSim, an 
active learning simulation, has been shown to improve comprehension in modern 
physics through interactive content that presents abstract theories in a more 
tangible format (Swandi et al., 2020). This approach aligns with findings that 
interactive learning tools, supported by AI, encourage deeper understanding as 
students experiment with variables and visualize real-time results, thus shifting from 
passive to active learning methods. 

Similarly, intelligent agents that interact with students during learning activities 
provide personalized guidance and immediate feedback, enhancing engagement 
and retention of knowledge. Intelligent tutoring systems, such as those discussed 
by Sánchez-Guzmán and Mora (2010), adapt their interactions based on the 
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student's progress, ensuring that they receive appropriate support throughout their 
learning journey. This personalized interaction promotes continuous engagement, 
as the learning environment adjusts dynamically to meet students’ needs. 

Personalized learning pathways and adaptive feedback 
AI facilitates a high degree of personalization in physics education, catering to 

diverse learning paces and styles. By analyzing individual student performance 
data, AI tools can recommend resources, adjust task difficulty, and personalize 
learning pathways, thus enabling a tailored educational experience. For example, 
adaptive learning platforms can detect when students are struggling with specific 
topics and adjust the content to provide additional support, a practice highlighted 
by Wang et al. (2013) as effective in keeping students engaged and challenged. 

Personalized tutoring systems, such as language models like ChatGPT, also 
provide explanations suited to each student’s level of understanding. Liang et al. 
(2023) found that ChatGPT’s adaptive responses help students navigate complex 
physics problems, offering immediate assistance that is customized to individual 
learning needs. Such AI-driven adaptation not only enhances comprehension but 
also reduces frustration, as students receive support tailored to their unique 
challenges. 

Increased accessibility to physics education 
AI technologies have made physics education more accessible to students 

who may otherwise face barriers due to location, financial constraints, or limited 
resources. Virtual labs, for instance, enable students to conduct experiments 
without the need for costly laboratory setups. Menchafou et al. (2024) report that 
AI-driven virtual labs have democratized access to hands-on learning experiences 
in Moroccan schools, where physical lab infrastructure is limited. This accessibility 
ensures that students from diverse backgrounds can experience practical learning, 
regardless of their institution’s resources. 

Additionally, AI-powered chatbots support self-directed learning, allowing 
students to learn at their own pace and providing assistance outside traditional 
classroom hours. Such tools provide a level of academic support that might 
otherwise be unavailable to students in remote or under-resourced areas. Duy et al. 
(2024) found that chatbots in self-study scenarios help students independently 
acquire physics knowledge, enhancing their learning experience through 
accessible and continuous support. 

Efficient assessment and timely feedback 
AI streamlines the assessment process, offering timely feedback that is crucial 

for effective learning. Automatic grading tools, such as machine learning-based 
scoring systems, assess students’ understanding of physics concepts through essay 
responses, reducing the burden on educators and ensuring consistent feedback. 
Kurniawan et al. (2024) introduced an AI-based automatic scoring system that 
provides feedback on student essays, allowing for rapid evaluation of conceptual 
understanding without extensive manual input from instructors. 

By analyzing student data, AI tools can identify specific areas where a student 
may need improvement and offer targeted feedback. This real-time analysis allows 
for more formative assessment, enabling students to address misunderstandings 
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immediately and promoting a better learning outcome. Such systems are also 
valuable for educators, providing insights into students' progress and helping 
inform instructional adjustments. 

Limitations of AI in physics education 
Dependency on technology and reduced critical thinking 

One major limitation of AI in physics education is the risk of students becoming 
overly reliant on technology, which may hinder the development of critical thinking 
skills. As AI tools provide solutions and feedback, students may depend on these 
tools to solve problems rather than applying their own reasoning. Mahligawati et al. 
(2023) caution that while AI assists in delivering content, it may inadvertently lead 
students to prioritize technological support over self-reliant problem-solving 
strategies.  

Moreover, when students rely on AI to interpret complex physics problems, 
they may miss out on developing essential analytical skills. For example, automatic 
scoring tools and virtual labs simplify problem-solving processes, which might limit 
students' opportunities to engage deeply with challenging concepts. In turn, this 
dependency can create a gap in students' ability to tackle problems without AI 
support, potentially impacting their performance in real-world scenarios where 
such tools may not be available. 

Ethical concerns: Privacy and data security 
The implementation of AI in education introduces ethical concerns, 

particularly regarding data privacy and security. AI-driven systems collect vast 
amounts of data on student behavior, performance, and engagement, raising issues 
about how this data is stored, used, and protected. Duy et al. (2024) emphasize that 
while chatbots and intelligent agents enhance learning, they also require access to 
sensitive student information, which can be vulnerable to misuse or unauthorized 
access. 

Additionally, there are concerns about the fairness of AI algorithms, which may 
unintentionally reflect biases. If AI models are trained on biased data or lack 
diversity in their datasets, they could reinforce existing educational inequalities. 
Ensuring that AI systems in physics education operate ethically requires robust data 
governance policies that address privacy, transparency, and equity. 

Accessibility issues: The digital divide 
Although AI has the potential to increase access to education, it can also 

exacerbate the digital divide. Students in under-resourced schools or remote 
locations may lack access to the devices and internet connectivity required to use 
AI-based learning tools. This lack of access can create disparities in learning 
opportunities, leaving some students without the benefits that AI offers. For 
instance, while virtual labs provide hands-on experiences for students with limited 
physical resources, they still require basic digital infrastructure, which is not 
universally available (Menchafou et al., 2024). 

Further, implementing AI-based tools requires training for educators, which 
may not be feasible in all educational contexts, particularly in regions with limited 
funding for professional development. These limitations suggest that while AI can 
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democratize education in theory, its practical implementation may inadvertently 
widen gaps if equal access is not ensured. 

Limitations in understanding context and nuance 
While AI excels at processing large data sets and providing automated 

feedback, it often lacks the nuanced understanding that human educators bring to 
a learning environment. AI-driven assessments, for example, may not fully account 
for the context in which a student provides a response or the intent behind their 
answer. As noted by Yeadon and Hardy (2024), while AI can evaluate factual 
correctness, it may struggle with subjective assessments that require interpretation 
of students’ reasoning processes. 

This limitation also extends to language models and chatbots, which may 
misunderstand students’ questions or provide overly simplistic responses that do 
not fully address the complexity of a topic. AI’s inability to interpret subtleties in 
student responses limits its capacity to provide the nuanced feedback often 
necessary for learning complex physics concepts. 

AI holds substantial promise in enhancing physics education by improving 
engagement, personalizing learning, and expanding accessibility. However, the 
integration of AI also poses challenges related to over-dependency, ethical 
concerns, accessibility disparities, and limitations in contextual understanding. 
Addressing these limitations is crucial to realizing the full potential of AI in 
education, ensuring that it serves as a beneficial supplement to, rather than a 
replacement for, traditional educational practices. Balancing AI’s strengths with 
careful consideration of its limitations will be essential for fostering a more effective 
and equitable physics education environment. 

Enhancing learning outcomes with personalized, adaptive, and interactive AI 
The integration of AI into physics education has enabled a transformation in 

learning outcomes through personalized, adaptive, and interactive tools. These AI-
driven applications not only support student engagement but also tailor 
educational experiences to individual learning needs, leading to improved 
comprehension and retention in physics. This section discusses how AI enhances 
learning outcomes by focusing on personalized tutoring, adaptive assessments, 
and interactive learning environments, which together foster deeper learning 
experiences and better accommodate diverse learning styles. 

Personalized tutoring systems 
AI-powered personalized tutoring systems have become instrumental in 

providing tailored instruction to students, offering targeted guidance based on 
individual needs. For instance, AI language models like ChatGPT are increasingly 
used as virtual tutors that respond to students’ questions, providing real-time 
assistance for physics-related queries (Liang et al., 2023). These models adapt their 
explanations based on each student's level of understanding, allowing learners to 
grasp complex physics concepts at their own pace. This personalized approach 
aligns with the theory of self-regulated learning, where students benefit from 
immediate feedback and customized explanations that help bridge gaps in 
understanding. 
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In addition, the use of personalized learning tools such as symbolic regression 
models supports complex problem-solving in physics by providing explanations 
and guiding students through the equation derivation processes (Zhu et al., 2024). 
These models aid students in visualizing and solving physics equations, which is 
particularly useful in disciplines like mechanics and electromagnetism where 
mathematical rigor is paramount. Through such individualized support, AI tools 
help learners achieve mastery of topics by catering to their specific learning needs 
and progression. 

Adaptive learning systems 
AI's ability to analyze real-time data from students’ performance has enabled 

the creation of adaptive learning systems that adjust content and difficulty levels 
dynamically. Adaptive learning platforms monitor students’ progress and 
adaptively present challenges suited to their current level, fostering continuous 
engagement and growth. Wang et al. (2013) highlight the effectiveness of AI in 
creating adaptive environments where students receive appropriate levels of 
difficulty and support, which keeps them motivated and prevents frustration from 
overly challenging content. 

Moreover, adaptive assessment tools that analyze students' responses provide 
educators with insights into each learner's strengths and weaknesses, facilitating 
targeted interventions. Kurniawan et al. (2024) introduced an AI-based assessment 
tool for physics essay responses, which automatically evaluates comprehension and 
provides constructive feedback. By identifying areas of misunderstanding, these 
tools help students and teachers focus on areas needing improvement, thus 
enhancing learning efficiency and supporting a mastery-based approach to physics 
education. 

Interactive learning environments 
Interactive learning environments driven by AI, including virtual labs and 

simulations, provide students with hands-on experiences that deepen their 
understanding of physics principles. For instance, TEALSim, an AI-enabled active 
learning simulation tool, enhances comprehension of modern physics concepts 
such as quantum mechanics by enabling students to interact with simulations that 
visualize complex processes (Swandi et al., 2020). Such tools create immersive 
learning environments where students can manipulate variables, observe 
outcomes, and develop a more intuitive understanding of abstract concepts. 

The role of interactive environments in physics education is further supported 
by virtual laboratories, which make experimental physics accessible to a broader 
range of students. Menchafou et al. (2024) report that AI-driven virtual labs are 
particularly beneficial in settings with limited access to physical lab facilities, as they 
allow students to conduct experiments virtually. This approach not only broadens 
access to practical learning experiences but also helps students develop critical 
thinking skills as they engage with realistic simulations of scientific experiments. 

Enhancing engagement through gamified AI learning tools 
AI-based gamified learning tools introduce elements of game design into 

physics education, making learning more engaging and interactive. Games like 
"Newton's Playground," an educational physics game that leverages AI, adapt their 
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complexity based on the player’s interactions and offer problem-solving tasks 
related to physics principles. This gamified approach to learning physics has been 
shown to increase engagement and motivate students to explore complex concepts 
in a low-stakes environment (Wang, Kim, & Shute, 2013). Gamification elements, 
including achievements, badges, and leaderboards, reinforce positive behaviors 
and allow students to progress at their own pace, which fosters both motivation and 
retention. 

The application of AI in gamification also aligns with cognitive learning 
theories, which posit that active involvement in learning tasks leads to better 
cognitive processing and memory retention. Gamified physics education thus 
addresses the challenge of maintaining student interest in a traditionally 
challenging subject by transforming learning into an engaging, interactive 
experience. 

Real-time feedback and automated assessment 
AI enables real-time feedback, which is critical for effective learning. 

Automated assessment tools provide students with immediate evaluations of their 
performance, allowing them to identify and correct mistakes instantly. This 
immediate feedback loop fosters a learning environment where students can 
continuously improve their understanding of physics concepts. Tools such as essay 
evaluation systems analyze student responses in real time and generate feedback, 
helping students refine their understanding without waiting for manual grading 
(Kurniawan et al., 2024). 

Furthermore, intelligent tutoring systems monitor students' problem-solving 
processes and provide hints or corrections when they detect potential errors. These 
systems enhance self-efficacy and encourage persistence by supporting students 
through difficult tasks rather than allowing frustration to set in. This form of real-time 
adaptive support is particularly valuable in physics education, where complex 
concepts often require repeated practice and guidance to master. 

Fostering collaboration through AI-enhanced communication tools 
AI also enhances collaborative learning in physics education by facilitating 

group discussions and enabling interaction across different learning environments. 
For example, AI-driven chatbots can assist students in discussing physics problems 
by offering prompts or guiding questions, fostering collaboration and peer 
learning. Duy et al. (2024) found that chatbots aid in self-study and collaborative 
learning by providing structured support and responding to student inquiries, 
which can be especially useful in online or hybrid learning environments. 

Additionally, AI-enhanced discussion boards and virtual study groups enable 
students to collaborate on problem-solving tasks, share ideas, and learn from each 
other's perspectives. This collaborative approach aligns with social constructivist 
theories, which emphasize learning as a social process where students construct 
knowledge through interaction with peers. AI's role in fostering such collaborative 
environments supports both individual and group learning, making it an effective 
tool in diverse educational settings. 

Language processing AI for enhanced comprehension 
Another significant advantage of AI in personalized physics education is its 

application in natural language processing (NLP) to support language-related 
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comprehension in physics. Tools that leverage NLP can assist students by clarifying 
complex terminology, translating physics jargon into simpler language, and making 
content more accessible. Wulff (2024) highlights the potential of AI-driven NLP tools 
to help students grasp the language-specific nuances of physics, which is often a 
barrier to comprehension for non-native speakers. 

This capability is especially beneficial for students from diverse linguistic 
backgrounds, as it ensures equitable access to physics education. AI-driven 
language support tools enable learners to overcome language barriers and 
understand complex theories in their own terms, thus enhancing inclusivity in 
physics education. 

The integration of personalized, adaptive, and interactive AI in physics 
education significantly enhances learning outcomes by providing individualized 
support, creating engaging learning environments, and enabling continuous 
feedback. These AI-driven tools make physics more accessible, foster engagement 
through gamification, and support collaborative and language-inclusive learning 
experiences. However, successful implementation requires careful consideration of 
each tool’s role in promoting active learning, encouraging critical thinking, and 
providing meaningful feedback. AI's potential to transform physics education offers 
a promising path towards a more inclusive, effective, and interactive learning 
environment. 

CONCLUSION 
The integration of Artificial Intelligence (AI) into physics education has shown 

substantial potential to transform the way physics is taught and learned. AI tools 
such as intelligent tutoring systems, adaptive learning platforms, and interactive 
simulations have proven to be instrumental in creating a more personalized, 
adaptive, and engaging learning environment. These tools not only facilitate a 
deeper understanding of complex physics concepts but also align with 
contemporary educational goals by promoting active learning and critical thinking. 
The narrative review highlights that AI’s ability to tailor content, provide real-time 
feedback, and engage students through interactive experiences significantly 
contributes to improved comprehension and retention in physics education. 

Moreover, AI has played a pivotal role in enhancing accessibility and providing 
diverse learning pathways, especially for students from different backgrounds and 
learning paces. Through knowledge-based systems, virtual labs, and language 
processing tools, AI addresses the unique needs of students, fostering an inclusive 
environment that makes physics more approachable and less intimidating. These 
advancements underscore AI's potential to bridge educational gaps, offering 
equitable learning opportunities to a broader range of students. 

However, the effective implementation of AI in physics education still faces 
several challenges, including concerns over dependency, ethical issues regarding 
data security, and the risk of exacerbating the digital divide. While AI offers 
significant benefits, it is essential to address these limitations to ensure that it 
supplements rather than replaces traditional teaching methodologies. Future 
research should focus on developing robust frameworks for integrating AI into 
physics curricula in ways that enhance educational outcomes without compromising 
students' independent problem-solving abilities. 
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RECOMMENDATION 
For educators, policymakers, and researchers, it is recommended to continue 

exploring innovative AI applications in physics education while simultaneously 
addressing potential limitations, such as dependency and ethical concerns. A 
balanced approach that leverages AI to complement traditional instruction will be 
crucial in realizing AI's potential to foster an inclusive, engaging, and effective 
physics learning environment. 

ACKNOWLEDGEMENT 
The authors would like to express their gratitude to all researchers and 

institutions whose work contributed to this narrative review, as well as to SCOPUS 
for providing access to comprehensive academic resources. 

REFERENCES 
Ding, L. (2023). Students’ perceptions of using ChatGPT in a physics class as a virtual 

tutor. International Journal of Educational Technology in Higher Education, 
20(1). https://doi.org/10.1186/s41239-023-00434-1 

Dong, Z. (2023). Research on the current situation and countermeasures of 
cultivating talents in recreational sports under the perspective of artificial 
intelligence. Applied Mathematics and Nonlinear Sciences, 9(1). 
https://doi.org/10.2478/amns.2023.2.00161 

Duy, H. T., Ngoc, C. T., & Hai, N. T. (2024). Building and using chatbots in the process 
of self-studying physics to improve the quality of learners' knowledge. 
Humanities and Social Sciences Letters, 12(4), 1165–1185. 
https://doi.org/10.18488/61.v12i4.3859 

Jing, Y. (2023). The role of integrating artificial intelligence and virtual simulation 
technologies in physics teaching. Advances in Education Humanities and 
Social Science Research, 6(1), 572. 
https://doi.org/10.56028/aehssr.6.1.572.2023 

Kurniawan, W., Riantoni, C., Lestari, N., & Ropawandi, D. (2024). A hybrid automatic 
scoring system: Artificial intelligence-based evaluation of physics concept 
comprehension essay test. International Journal of Information and Education 
Technology, 14(6), 876–882. https://doi.org/10.18178/ijiet.2024.14.6.2113 

Lee, H., & Lee, J. (2021). Applying artificial intelligence in physical education and 
future perspectives. Sustainability, 13(1), 351. 
https://doi.org/10.3390/su13010351 

Liang, Y., Zou, D., Xie, H., & Wang, F. L. (2023). Exploring the potential of using 
ChatGPT in physics education. Smart Learning Environments, 10(1), Article 52. 
https://doi.org/10.1186/s40561-023-00273-7 

Liu, T., Wilczyńska, D., Lipowski, M., & Zhen, Z. (2021). Optimization of a sports 
activity development model using artificial intelligence under new curriculum 
reform. International Journal of Environmental Research and Public Health, 
18(17), 9049. https://doi.org/10.3390/ijerph18179049 

Mahligawati, F. (2023). Artificial intelligence in physics education: a comprehensive 
literature review. Journal of Physics: Conference Series, 2596(1), 012080. 
https://doi.org/10.1088/1742-6596/2596/1/012080 

Mahligawati, F., Allanas, E., Butarbutar, M. H., & Nordin, N. A. N. (2023). Artificial 
intelligence in physics education: A comprehensive literature review. Journal 

https://doi.org/10.1186/s41239-023-00434-1
https://doi.org/10.2478/amns.2023.2.00161
https://doi.org/10.18488/61.v12i4.3859
https://doi.org/10.56028/aehssr.6.1.572.2023
https://doi.org/10.18178/ijiet.2024.14.6.2113
https://doi.org/10.3390/su13010351
https://doi.org/10.1186/s40561-023-00273-7
https://doi.org/10.3390/ijerph18179049
https://doi.org/10.1088/1742-6596/2596/1/012080


Verawati & Nisrina The Role of Artificial Intelligence ….. 

 

Lensa: Jurnal Kependidikan Fisika | December 2024, Vol. 12, No. 2 228 

 

of Physics: Conference Series, 2596(1), Article 012080. 
https://doi.org/10.1088/1742-6596/2596/1/012080 

Menchafou, Y., Aaboud, M., & Chekour, M. (2024). Effectiveness of virtual labs for 
physics learning in Moroccan secondary schools. International Journal of 
Interactive Mobile Technologies, 18(15), 129–143. 
https://doi.org/10.3991/ijim.v18i15.48447 

Mustofa, H. (2024). Utilizing AI for physics problem solving: a literature review and 
ChatGPT experience. Lensa Jurnal Kependidikan Fisika, 12(1), 78. 
https://doi.org/10.33394/j-lkf.v12i1.11748 

Sánchez-Guzmán, D., & Mora, C. (2010). Intelligent agents in physics education. AIP 
Conference Proceedings, 1263, 227–229. https://doi.org/10.1063/1.3479875 

Swandi, A., Amin, B. D., Viridi, S., & Eljabbar, F. D. (2020). Harnessing technology-
enabled active learning simulations (TEALSim) on modern physics concepts. 
Journal of Physics: Conference Series, 1521(2), Article 022004. 
https://doi.org/10.1088/1742-6596/1521/2/022004 

Wang, L., Kim, Y. J., & Shute, V. (2013). "Gaming the system" in Newton's 
playground. CEUR Workshop Proceedings, 1009, 85–88. Retrieved from 
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84924989754 

Wulff, P. (2024). Physics language and language use in physics—What do we know 
and how AI might enhance language-related research and instruction. 
European Journal of Physics, 45(2), Article 023001. 
https://doi.org/10.1088/1361-6404/ad0f9c 

Yongxian, W., Guozhu, J., & Ling, L. (2020). Design of evaluation and 
recommendation system for high school physics learning based on 
knowledge graph. Proceedings of the 2020 International Conference on 
Modern Education and Information Management (ICMEIM), 824–827. 
https://doi.org/10.1109/ICMEIM51375.2020.00183 

Zhu, Y., Khoo, Z.-Y., Choong Low, J. S., & Bressan, S. (2024). A personalized learning 
tool for physics undergraduate students built on a large language model for 
symbolic regression. Proceedings of the 2024 IEEE Conference on Artificial 
Intelligence (CAI), 38–43. https://doi.org/10.1109/CAI59869.2024.00017 

https://doi.org/10.1088/1742-6596/2596/1/012080
https://doi.org/10.3991/ijim.v18i15.48447
https://doi.org/10.33394/j-lkf.v12i1.11748
https://doi.org/10.1063/1.3479875
https://doi.org/10.1088/1742-6596/1521/2/022004
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84924989754
https://doi.org/10.1088/1361-6404/ad0f9c
https://doi.org/10.1109/ICMEIM51375.2020.00183
https://doi.org/10.1109/CAI59869.2024.00017

