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Abstract: The rapid development of Artificial Intelligence (AI) is profoundly influencing the teaching 

models and methods in higher education, particularly demonstrating broad application prospects in the 

field of physics teaching. Traditional university physics teaching faces certain limitations in content 

delivery, experimental teaching, and learning assessment. The introduction of AI technology can 

effectively enhance teaching quality, optimize learning paths, and promote the development of 

personalized education. This paper first analyzes the current situation and challenges of university 

physics teaching and explores the application trends of AI in education and its potential value in 

empowering physics teaching. Then, it systematically discusses the innovative approaches of AI-driven 

university physics teaching from the perspectives of teaching model transformation, interdisciplinary 

integration, and teacher capability enhancement. Finally, the paper proposes corresponding 

optimization strategies for the potential challenges encountered in the application of AI in physics 

teaching and anticipates the future development trends of AI in university physics education. 
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Introduction 

In recent years, the rapid development of artificial intelligence (AI) technology has had a profound 

impact on various fields. In particular, its application in the education sector has become a key driver of 

innovation in teaching models. As an essential part of science and engineering education, university 

physics teaching has traditionally relied on classroom lectures and experimental teaching. However, 

students' learning experiences are often limited by teaching resources, experimental conditions, and 

individual differences. Moreover, traditional methods of assessing physics learning are relatively 

simplistic, making it difficult to accurately analyze students' learning status and provide personalized 

guidance. Therefore, how to leverage AI technology to enhance the interactivity, intelligence, and 

effectiveness of physics teaching has become a key issue in current educational reform. 

1. The Necessity of AI-Driven University Physics Teaching 

1.1 Current Situation and Challenges in University Physics Teaching 

As an essential component of science and engineering education, university physics courses are 

tasked with cultivating students’ scientific thinking, logical reasoning, and experimental skills. However, 

current university physics teaching still faces numerous challenges that affect teaching quality and talent 

cultivation outcomes. The teaching model remains relatively traditional, with classroom lectures still 

being the primary teaching method, which makes it difficult to fully stimulate students' interest in 

learning and their ability to explore independently. Although new teaching models such as blended 

learning and flipped classrooms are gradually being promoted, the lack of intelligent support makes it 

difficult to implement personalized teaching effectively, and it remains challenging to accurately assess 

and optimize students’ learning outcomes. 

Limited experimental teaching resources also hinder comprehensive practical teaching. Physics as a 

discipline emphasizes experimental verification. However, constraints related to equipment availability, 



experimental conditions, and course scheduling make it difficult to conduct certain experiments, 

especially those involving high-precision measurements or hazardous procedures. In addition, traditional 

experimental teaching primarily relies on manual recording and analysis, which limits the accuracy of 

data processing and the immediacy of feedback, thereby affecting students’ deep understanding of 

experimental phenomena. 

The evaluation methods for teaching are relatively simplistic, making it difficult to comprehensively 

assess students' learning outcomes. Physics course evaluations mainly rely on standardized tests, which 

can measure students’ mastery of knowledge points but fail to effectively reflect their physical reasoning 

and innovative application abilities. Moreover, traditional evaluation models cannot dynamically track 

students’ learning processes, making it difficult for teachers to adjust strategies in real-time to meet the 

needs of students at different learning levels. The abstract and complex nature of physics also causes 

some students to develop a fear of learning, further affecting their learning performance. [1] 

1.2 Application Trends of Artificial Intelligence in Education 

The rapid development of AI technology is driving the education sector toward greater intelligence, 

personalization, and data-driven approaches. The rise of intelligent education systems has made learning 

more flexible. AI-based adaptive learning platforms can analyze students' learning trajectories in real-

time, accurately identify knowledge gaps, and push targeted learning resources to help students 

efficiently master knowledge in an environment that matches their cognitive level. 

Virtual laboratories and intelligent experimental analysis systems are improving the effectiveness of 

practical teaching. AI, combined with virtual reality (VR) and augmented reality (AR) technologies, 

allows students to conduct experiments in immersive environments, breaking the limitations of 

traditional experimental teaching in terms of equipment, space, and safety. Intelligent experimental 

systems can collect experimental data in real-time and provide instant feedback, helping students 

understand experimental phenomena more intuitively and improving the efficiency and accuracy of data 

processing. 

Intelligent evaluation systems and big data analysis technologies are transforming teaching 

assessment methods. AI-based evaluation systems can automatically analyze students' problem-solving 

approaches, reducing the burden on teachers while offering personalized learning suggestions. AI-driven 

data mining technologies enable teaching management systems to dynamically track students’ learning 

progress, providing teachers with precise decision-making support for teaching strategies. 

The application of educational robots and intelligent voice assistants is enhancing classroom 

interaction, allowing students to receive instant answers and personalized guidance, thereby improving 

the immediacy and interactivity of classroom learning. As AI technology continues to advance, its 

application scenarios in the education sector will further expand, providing stronger technical support for 

teaching model innovation. [2] 

1.3 The Potential Value of AI in University Physics Teaching 

The introduction of AI technology is profoundly changing the methods of university physics teaching, 

particularly showing significant potential in precise teaching, experimental optimization, and classroom 

interaction. Intelligent learning systems can analyze students' learning behavior to implement 

personalized teaching, adjusting the teaching content according to students’ cognitive characteristics to 

enhance the relevance and effectiveness of knowledge delivery. AI-based recommendation systems 

match students with appropriate learning materials, helping them progressively master physics 

knowledge at an appropriate level of difficulty and improving their learning experience. 

The application of intelligent experimental technology enhances the depth and breadth of physics 

experimental teaching. Virtual laboratories compensate for the limitations of traditional experimental 

resources, enabling students to conduct complex experiments in a digital environment. Intelligent data 

analysis systems monitor the experimental process in real-time and present visualized data to help 

students better understand experimental phenomena and improve their practical skills. At the same time, 

intelligent experimental equipment increases data accuracy, making experimental teaching more efficient 

and scientifically rigorous. [3] 

AI-driven intelligent teaching management systems have optimized the teaching process for 

instructors. Evaluation systems that automatically analyze students' learning performance help teachers 

accurately track students' progress and provide data-driven personalized teaching strategies. Furthermore, 



the application of AI in lesson planning and resource management reduces teachers' repetitive work, 

allowing them to focus more on teaching innovation and research, driving teaching models toward greater 

intelligence and personalization. 

The deep integration of AI technology will drive the transformation of university physics teaching 

models. Intelligent platforms support adaptive learning and intelligent tutoring, improving teaching 

flexibility and efficiency. The integration of physics education with fields such as computer science and 

data science expands the application boundaries of physics education, providing a broader platform for 

cultivating innovative talent. 

2. Innovative Pathways for AI-Driven University Physics Teaching 

2.1 AI Promotes the Transformation of Physics Teaching Models 

The widespread application of artificial intelligence (AI) technology is driving a profound 

transformation of university physics teaching models, shifting from traditional knowledge-based 

instruction to intelligent, personalized, and interactive teaching approaches. AI-based adaptive learning 

systems can accurately analyze students' learning behavior, construct personalized learning pathways, 

and provide differentiated teaching resources for students with different cognitive levels, thereby 

improving learning outcomes. Intelligent recommendation algorithms can push appropriate physics 

learning materials based on students’ learning progress, enabling targeted teaching. 

The combination of virtual reality (VR) and augmented reality (AR) technologies makes physics 

teaching more intuitive and immersive. AI-driven virtual laboratories can simulate complex physical 

experiments, overcoming the limitations of equipment, space, and safety in traditional experimental 

teaching, allowing students to explore physical phenomena in a digital environment. Furthermore, AI can 

monitor experimental data in real time, provide intelligent analysis and instant feedback, helping students 

develop a deeper understanding of the experimental process and enhancing their practical and data 

analysis skills. [4] 

The application of intelligent classroom interaction systems has enhanced the interactivity of teaching. 

AI voice assistants, intelligent Q&A systems, and real-time data analysis tools can assist teachers in 

monitoring classroom learning situations in real time, identifying students’ learning difficulties, and 

providing targeted guidance through intelligent feedback systems. AI-based intelligent assessment 

systems can analyze students’ problem-solving processes in real time, offering automated scoring and 

personalized feedback, which improves the efficiency and accuracy of assessments. The introduction of 

intelligent teaching models has not only enhanced the flexibility and efficiency of classroom teaching 

but also fostered deeper interaction between teachers and students, providing strong support for the 

innovative development of physics teaching. 

2.2 Application of AI in the Interdisciplinary Integration of Physics 

The application of AI technology has not only driven the transformation of physics teaching models 

but also promoted deep integration between physics and other disciplines such as computer science, data 

science, and engineering, expanding the research and application boundaries of physics. AI technology, 

combined with big data analysis, machine learning, and computational physics, enables the modeling 

and simulation of complex physical phenomena, helping students gain a deeper understanding of 

theoretical knowledge and apply it to real-world problem-solving. 

The integration of physics and computer science has led to the emergence of AI-based intelligent 

computing platforms, enabling students to use deep learning algorithms to simulate physical processes, 

such as complex computational problems in fluid dynamics, quantum computing, and astrophysics. AI-

driven automated reasoning tools can assist students in deriving formulas and solving physical equations, 

improving the efficiency and accuracy of theoretical physics research. AI-based physics simulation 

software can visualize abstract concepts, helping students better understand complex phenomena such as 

the motion of microscopic particles and electromagnetic field distributions, thereby optimizing the 

effectiveness of physics teaching. 

AI has also promoted the expansion of physics applications in engineering and technology. The 

integration of intelligent sensors, the Internet of Things (IoT), and AI enables more accurate data 

collection in physics experiments and optimizes experimental design through big data analysis. Moreover, 

AI-powered intelligent measurement and control systems are widely used in physics experiments and 



engineering practices, making the experimental process more intelligent and automated. The trend of 

interdisciplinary integration has not only enhanced the practical value of physics but also provided a 

broader platform for cultivating versatile talents. 

2.3 AI Enhances Teachers' Teaching Capabilities 

The application of AI technology in university physics teaching has not only improved students' 

learning experience but also provided new pathways for enhancing teachers' teaching capabilities. AI-

powered intelligent teaching platforms can automatically analyze students' learning behavior, generate 

personalized learning reports, and help teachers accurately grasp students' progress and weaknesses, 

thereby optimizing teaching plans and improving teaching effectiveness. Intelligent data analysis tools 

support teachers in designing teaching strategies that meet students’ needs, ensuring that the teaching 

process is more efficient and scientifically grounded. 

AI-driven intelligent lesson planning systems can integrate cutting-edge research, teaching cases, and 

experimental data in the field of physics, providing teachers with efficient teaching resource management 

solutions. Intelligent text analysis tools based on natural language processing (NLP) can help teachers 

quickly organize research materials, optimize the structure of teaching content, and enhance the creativity 

and scientific rigor of teaching design. Automated courseware generation systems can intelligently create 

teaching materials based on the curriculum outline and course objectives, improving the quality of 

content presentation. 

AI technology has also promoted the improvement of teachers' educational research capabilities. 

Teaching data analysis tools based on machine learning can deeply analyze classroom data, identify key 

issues in teaching, and optimize teaching practices. AI-driven intelligent Q&A systems provide teachers 

with real-time teaching suggestions and academic support, enhancing classroom interaction and 

responsiveness. Intelligent teaching assistants can help teachers with repetitive tasks such as grading 

assignments and evaluating exams, allowing them to focus more on teaching research and student 

development, thereby driving the innovative development of physics teaching. [5] 

3. Challenges and Future Development of AI in University Physics Teaching 

3.1 Major Challenges of AI-Driven Physics Teaching 

Although the application of artificial intelligence (AI) in university physics teaching has 

demonstrated significant advantages, it still faces many challenges during actual implementation. First, 

there is an imbalance in teaching resources and technological infrastructure. Some universities lack 

sufficient investment in informatization, resulting in limitations in hardware facilities, software systems, 

and network environments that hinder the broad application of AI technology in teaching. Additionally, 

many AI-assisted teaching platforms are still in the development stage, with issues in algorithm stability, 

data security, and resource compatibility that need further optimization, affecting their effectiveness in 

physics teaching. 

Second, the adaptability of AI technology in teaching practice has not been fully resolved. Most 

current AI systems rely heavily on big data analysis and machine learning algorithms. However, the 

teaching content of physics involves highly abstract theoretical derivations and complex experimental 

operations, which cannot be completely replaced by AI alone. For example, experimental teaching 

requires high accuracy in data, standardized operations, and hands-on student experience. Existing virtual 

experiment systems have not yet fully simulated real experimental environments and cannot meet all the 

requirements of physics teaching. 

Furthermore, the acceptance and adaptability of teachers and students have become key factors 

influencing the promotion of AI technology. Some teachers have limited experience with AI technology, 

making it difficult for them to fully utilize intelligent teaching systems to optimize course design and 

classroom management. Students may also face challenges such as insufficient self-directed learning 

skills and over-reliance on intelligent systems, which could hinder their deep understanding of physics 

knowledge and the development of critical thinking. Therefore, how to reasonably introduce AI 

technology while maintaining the advantages of traditional teaching and achieving human-machine 

collaborative teaching has become an important issue in the current reform of university physics 

education. 



3.2 Optimization Strategies for AI-Driven Physics Teaching 

To address the challenges of AI-driven physics teaching, targeted optimization measures are essential. 

Universities should increase investment in AI educational technology infrastructure, ensure platform 

stability and technological compatibility, and create favorable hardware and network conditions for the 

application of intelligent educational technology. By regularly updating and maintaining teaching 

systems, universities can ensure their efficient operation in data processing, feedback mechanisms, and 

system security, thereby resolving potential issues in technological applications. 

AI-based teaching tools should also be customized to fit the characteristics of physics. Physics 

teaching requires not only the transmission of theoretical knowledge but also support for hands-on 

practice and experimental design. Therefore, virtual laboratories and AI-assisted experimental teaching 

platforms should strengthen their connection with real experimental environments, simulate more 

complex experimental scenarios, and allow students to explore and operate deeply in virtual 

environments, compensating for the limitations encountered in real experiments. AI-driven intelligent 

feedback systems can identify students' mistakes and knowledge gaps in real time, helping teachers adjust 

teaching strategies promptly, thereby improving classroom efficiency and students’ learning outcomes. 

Teacher training in AI technology is equally important. To maximize the value of AI tools, teachers’ 

technical literacy must be improved so that they can operate intelligent teaching platforms proficiently, 

optimize course content, and adjust teaching strategies based on student feedback. For students, 

universities should advocate a balanced teaching philosophy that combines intelligent-assisted learning 

with independent exploration. Students should be encouraged to develop independent thinking and 

problem-solving skills while using intelligent systems to prevent over-reliance on technology. Through 

this approach, AI can not only enhance physics learning outcomes but also effectively cultivate students' 

creativity and critical thinking. [6] 

3.3 Future Prospects of AI in University Physics Teaching 

The future development of AI in university physics teaching holds broad prospects. With the 

continuous advancement of AI technology, the intelligentization of teaching models will accelerate 

further. Future physics classrooms will feature more flexible and personalized learning experiences. AI 

systems will dynamically adjust teaching content based on more precise analysis of learning data, 

providing customized learning paths for each student. Meanwhile, the use of intelligent interaction 

systems will make classrooms more interactive, facilitating smoother communication between students 

and teachers and making the teaching process more efficient. 

In the field of experimental teaching, AI will deeply integrate virtual and real experimental 

environments, helping students conduct high-quality experiment simulations and data analysis. Through 

AI technology, virtual laboratories will no longer be limited to demonstrating simple physics experiments. 

In the future, they will simulate complex experimental processes and physical phenomena, allowing 

students to gain more diverse and in-depth experimental experiences in a virtual environment. AI-driven 

physics simulation systems will provide important tools for cutting-edge research in the field, enabling 

students to conduct research and exploration across a broader range of academic areas. 

AI will also play a greater role in teacher development. As technology matures, intelligent teaching 

assistants will help teachers with tasks such as grading assignments, course design, and teaching 

management, reducing teachers' workload and allowing them to focus more on academic research and 

teaching innovation. Moreover, AI’s deep learning capabilities will further drive the updating and 

optimization of teaching content, enabling teachers to continuously explore new teaching methods and 

theoretical frameworks in the field of physics education. 

Conclusion 

This paper explores the current application of artificial intelligence (AI) in university physics teaching 

and provides an in-depth analysis of the innovative pathways for AI-driven teaching model 

transformation, interdisciplinary integration, and teacher capability enhancement. The study 

demonstrates that AI holds significant value in personalized learning, intelligent experimental teaching, 

and teaching data analysis, effectively improving teaching efficiency and learning quality. At the same 

time, this paper identifies the challenges faced in the application of AI in physics teaching, such as 

technological adaptability, data security, and teacher adaptability, and proposes corresponding 



optimization strategies. Through continuous technological optimization and educational reform, artificial 

intelligence is expected to play an increasingly important role in university physics teaching, driving 

higher education toward a more intelligent, personalized, and efficient development stage. 
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