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Abstract: The article mainly explores the application and challenges of general relativity in high school 
physics education, and proposes corresponding coping strategies. The article first analyzes the 
exploration of the application of general relativity in high school physics courses, including the design 
of course content, instructional methods and strategies, and the exploration of instructional resources 
and technological applications. Subsequently, the article delved into the challenges faced in teaching 
general relativity. In response to these challenges, the article proposes strategies to enhance teachers' 
professional development, optimize curriculum design and instructional resources, improve assessment 
and incentive mechanisms, and strengthen science popularization and social participation. By 
implementing these strategies, the instructional quality of general relativity in high school physics 
education can be improved, students' learning interest and exploration desire can be stimulated, and 
their scientific literacy and innovation ability can be cultivated. In the hope that this study can provide 
new ideas and methods for improving the quality of high school physics teaching, cultivating students' 
scientific literacy and exploratory spirit. 
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1. Introduction 

Physics education in senior high school is an important part of basic education of natural science [1]. 
It not only carries the task of imparting knowledge and cultivating skills, but also shoulders the important 
mission of stimulating students' curiosity to explore the unknown world and cultivating scientific 
thinking and innovation ability [2]. At this stage, students begin to build a more systematic and in-depth 
understanding of the physical world, laying a solid foundation for subsequent professional study and 
lifelong development. General relativity is one of the two pillars of modern physics [3]. Since its birth, 
it has profoundly changed our understanding of the universe with its revolutionary ideas, revealing the 
essence of time and space, the true meaning of gravity, and even the large-scale structure and evolution 
law of the universe. Whether and how such a profound and cutting-edge theory can be introduced into 
senior high school physics education is a question worth pondering [4]. The purpose of this study is to 
explore the application value of general relativity in senior high school physics education, and analyze 
the main challenges that may be encountered in the actual teaching process, in order to provide useful 
reference for educational reform and practice. 

General relativity is a theoretical framework developed by Einstein on the basis of special relativity, 
which completely subverts Newton's view of time and space in classical mechanics [5]. Its core is to put 
forward the concept of "space-time bending", that is, the existence of matter will bend the space-time 
around it, and the object moves along the shortest path in the curved space-time, which is manifested as 
the gravitational phenomenon we feel every day [6]. General relativity also predicted the existence of 
gravitational waves, that is, the propagation of space-time bending, which was directly observed by LIGO 
experiments in 2015, further verifying the correctness of the theory [7]. In the history of science, general 
relativity not only promoted the leap of theoretical physics, but also profoundly influenced philosophy, 
mathematics and even the whole cultural field, showing the infinite charm and far-reaching significance 
of scientific exploration. 

Integrating the general theory of relativity into physics education in senior high schools requires solid 
pedagogical theoretical support. Constructivism emphasizes that learning is a process of actively 
constructing knowledge, and students should constantly construct their own understanding through 
interaction with the environment [8]. Under the guidance of this theory, the teaching of general relativity 
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can be designed as a series of exploratory activities, so that students can gradually understand abstract 
concepts such as space-time bending and gravitational waves in solving practical problems. Cognitive 
development theory points out that teenagers' cognitive ability is developing rapidly, especially the 
enhancement of abstract logical thinking and hypothetical deduction ability, which provides the 
possibility for learning general relativity [9]. Educators can timely introduce the relevant contents of 
general relativity according to students' cognitive development stage, and help students overcome 
cognitive barriers and realize effective internalization of knowledge through appropriate metaphors, 
models and experiments. Therefore, constructivism, cognitive development theory and other educational 
theories not only provide theoretical support for the integration of general relativity in senior high school 
physics teaching, but also point out the direction for teaching practice. 

2. Exploration on the application of general relativity in senior high school physics curriculum 

2.1 Course content design 

Integrating the basic concepts and principles of general relativity into the physics curriculum system 
of senior high school requires careful planning to ensure the appropriateness and acceptability of the 
content [10]. In the chapter of "Force and Motion", teachers can introduce the concept of space-time 
bending by comparing the differences between Newton's gravity theory and general relativity in 
describing planetary motion, so that students can initially perceive the new perspective of gravity. In the 
"Astrophysics" section, teachers can elaborate on how general relativity explains phenomena such as 
black holes and gravitational waves, and how these discoveries have changed our understanding of the 
universe. In order to reduce the difficulty of understanding, analogy can be used in teaching to help 
students feel intuitively; At the same time, we design hierarchical learning tasks, from the understanding 
of basic concepts to the discussion of advanced questions, and gradually guide students into the 
wonderful world of general relativity. 

2.2 Teaching methods and strategies 

Facing the complex mathematical and physical concepts of general relativity, it is very important to 
adopt diversified instructional methods. Case study can help students understand the application of 
general relativity intuitively by analyzing real or simulated cosmic events, such as gravitational lens 
effect and black hole merger. 

Simulation experiment is to use computer programs or physical models to simulate space-time 
bending, gravitational waves and other phenomena, so that students can deepen their understanding in 
hands-on operation. Discussion learning encourages students to discuss the basic principle, scientific 
significance and future prospect of general relativity, and promotes thinking collision and critical 
thinking. Schools can also invite physicists or experts in related fields to give lectures, share research 
frontiers, broaden students' scientific horizons and stimulate their interest in learning. 

2.3 Instructional resources and technology application 

The development of modern educational technology provides abundant resources and means for the 
teaching of general relativity. Multimedia instructional resources can vividly show the abstract concepts 
of general relativity and make the learning process more intuitive and interesting. Virtual reality 
technology makes students feel as if they are in a curved space-time and experience the phenomena 
predicted by general relativity, such as the distortion of space-time near black holes and the propagation 
of gravitational waves, which greatly enhances the immersion and participation in learning. Online 
course platform provides flexible learning time and space for teachers and students. Students can learn 
deeply at their own pace, and participate in learning communities around the world to exchange 
experiences with learners from different backgrounds. 

The application of these technologies not only enriches the instructional methods, but also provides 
students with more diverse and deeper learning experiences, which is helpful to overcome the difficulties 
in the teaching of general relativity and improve the teaching effect. 

3. Challenges and causes analysis 

The challenge of general relativity in high school teaching involves many aspects: it needs to match 
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students' cognitive level to simplify highly abstract mathematical and physical concepts; Enhance 
teachers' professional knowledge and deepen understanding through training; Develop instructional 
resources and establish scientific assessment mechanism to enrich instructional methods and stimulate 
learning. 

Table 1: Matching strategy between knowledge difficulty and students' cognitive level 

Strategy Description Goal Implementation Methods 
Identify Students' Cognitive 

Level 
Determine the development 
level of students' logical and 

abstract thinking 

Through tests, questionnaires, 
or daily teaching observations 

Analyze Core Concepts of 
Generalized Relativity 

Extract key points suitable for 
high school students to 

understand 

Teachers deeply study 
Generalized Relativity and 
select appropriate content 

Moderate Simplification and 
Reconstruction of Content 

Maintain the essence of the 
theory while simplifying 

complex concepts 

Use real-life examples and 
intuitive models to explain 

complex concepts 
Progressive Teaching Design Gradually guide students to 

deeper understanding 
Design hierarchical teaching 

activities with increasing 
difficulty 

Emphasize Practice and 
Application 

Deepen understanding through 
practical activities 

Organize experiments, projects, 
or inquiry activities to let 

students personally experience 
the application of Generalized 

Relativity 

Table 2: Teachers, resources and assessment challenges in the implementation of general relativity 
teaching 

Challenge Description Coping Strategy 
Insufficient Teacher Professional 

Knowledge 
Enhance teachers' professional literacy 

Scarcity of Instructional resources Develop high-quality instructional resources 
Inadequate Evaluation Mechanism Establish a scientific and reasonable assessment 

system 
Low Social and Cultural Acceptance Strengthen science popularization and raise public 

awareness 
Parents' Reservations About "Advanced" 

Subjects 
Demonstrate the practicality and potential value of 

Generalized Relativity 
Lack of Communication Among Teachers Establish a teacher communication platform 
Table 1 and Table 2 respectively analyze and discuss the challenges of "matching knowledge 

difficulty with students' cognitive level" and "teachers' professional knowledge and training needs, 
instructional resources and assessment mechanism, and social and cultural acceptance" in order to help 
educators better implement the teaching of general relativity. 

4. Coping strategies 

4.1 Improve teachers' professional development 

In view of the lack of professional knowledge of physics teachers in senior high schools in the field 
of general relativity, a systematic professional development plan should be implemented. This includes 
holding seminars and workshops regularly, inviting experts in the field to give in-depth explanations and 
practical demonstrations to help teachers deeply understand the basic principles and instructional 
methods of general relativity. Schools should encourage teachers to participate in online courses and 
professional training, and improve their personal theoretical literacy and teaching skills. Schools and 
educational institutions can also establish mutual learning platforms for teachers, promote experience 
exchange and resource sharing, and form a good atmosphere for continuous learning and growth. 

4.2 Optimize curriculum design and instructional resources 

In order to overcome the difficulties in the teaching of general relativity, it is necessary to carefully 



International Journal of New Developments in Education 
ISSN 2663-8169 Vol. 7, Issue 1: 187-191, DOI: 10.25236/IJNDE.2025.070128 

Published by Francis Academic Press, UK 
-190- 

design and adjust the course content. The course should focus on the core concepts of general relativity, 
pay attention to the connection with students' existing knowledge, and adopt a step-by-step approach to 
deepen gradually. In terms of instructional resources, schools should develop more multimedia materials 
suitable for high school students' understanding level, such as animation, video, interactive simulation 
software, etc., to present complex physical phenomena and principles in an intuitive and vivid way. 
Schools should also establish an online learning platform, integrate high-quality instructional resources, 
provide teachers with rich and varied teaching tools and materials, support them to carry out personalized 
teaching and meet the learning needs of different students. 

4.3 Improve the assessment and incentive mechanism 

Establishing a scientific and reasonable assessment system is the key to ensure the instructional 
quality of general relativity. By improving the assessment and incentive mechanism, we can promote the 
in-depth development of general relativity teaching and cultivate students' scientific literacy and 
innovation ability. Evaluation should focus on the cultivation of students' understanding ability, critical 
thinking and innovation ability, not just the mastery of knowledge. This paper holds that various 
assessment methods such as project-based learning, research report and oral presentation can be used to 
comprehensively examine students' learning achievements. At the same time, establish an incentive 
mechanism, such as setting up awards, providing scholarships or research opportunities, encouraging 
students to actively participate in learning and research activities related to general relativity, and 
stimulating their learning motivation and exploration spirit. 

4.4 Strengthen popular science and social participation 

In order to promote the recognition and support of the society for the education of general relativity, 
we should strengthen the work of popular science and raise the public's understanding of general 
relativity and its importance. The overview and influence of general relativity science popularization 
activities are shown in Table 3. 

Table 3: Overview and influence of popular science activities of general relativity 

Form of 
Popularization 

Activity 

Target Audience Expected Outcomes 

Popular Science 
Lectures 

Students, teachers, 
science enthusiasts 

Enhance listeners' interest and understanding of 
General Relativity, fostering the development of 

scientific thinking. 
Science 

Exhibitions 
General Public (all 

age groups) 
Increase public awareness of General Relativity's 
practical applications, showcasing the charm and 

utility of science. 
Public Science 

Days 
Families, youth 

groups 
Inspire enthusiasm for science among youth, 

enhancing parental support and understanding of 
science education. 

Online Popular 
Science 

Courses/Seminars 

Remote learners, 
working 

professionals 

Broaden learning channels, enabling more people 
to access and learn about General Relativity, 

promoting knowledge sharing. 
Distribution of 

Popular Science 
Books and 
Materials 

Broad Public Enhance the public's self-learning abilities, 
fostering a continuous learning atmosphere. 

Media 
Collaboration and 

Promotion 

Mass media 
audiences 

Expand the social influence of General Relativity, 
enhancing public scientific literacy. 

Teachers can encourage students to participate in scientific research projects, scientific competitions 
and community services, and combine the study of general relativity with practical application to enhance 
the practicality and sociality of learning. Through these activities, we can not only improve students' 
scientific literacy and comprehensive ability, but also promote social understanding and support for the 
education of general relativity and form a good educational ecology. 
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5. Conclusions 

Through discussion, we can deeply realize that the introduction of general relativity into senior high 
school physics education is not only an important supplement to the traditional physics teaching content, 
but also an effective way to cultivate students' scientific literacy and stimulate the spirit of exploration. 
By improving teachers' professional development, optimizing curriculum design and instructional 
resources, improving assessment and incentive mechanism, and strengthening popular science and social 
participation, we can effectively meet the challenges faced in the teaching of general relativity. In order 
to make this cutting-edge scientific theory closer to the cognitive reality of high school students and 
stimulate their learning interest and creativity. 

The integration of general relativity into senior high school physics education is not an overnight 
process, it needs our continuous efforts and exploration. In the future, we expect to see more innovative 
research on the instructional methods of general relativity, such as how to make better use of modern 
scientific and technological means to assist teaching and how to design more attractive teaching activities 
to stimulate students' active learning. 
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