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Abstract

Against the background that the General High School Physics Curriculum Standards (Revised in 2020)
issued by the Ministry of Education emphasizes diversified teaching and the cultivation of students'
problem-solving abilities, this study focuses on the electromagnetism module of high school physics. Its
core purpose is to explore the effect of the combination of number and shape method on improving
students' physics problem-solving abilities, define the connotations and correlations between the
combination of number and shape method and physics problem-solving abilities, understand the current
situation of students' abilities, and observe the implementation effect of this method through teaching
design and experimental research.

This study adopts a comprehensive method combining quantitative and qualitative research. Through
the literature research method, it sorts out the basic theories such as the combination of number and shape
theory, relevant research on physics problem-solving abilities, and Piaget's cognitive development theory.
Questionnaires were distributed to 200 senior two students in No. 9 Middle School of S City, and
interviews were conducted with physics teachers to clarify the difficulties existing in students' physics
problem-solving and the application of the combination of number and shape. Taking two parallel classes
of senior two in this school as the research objects, an experimental class and a control class were set up.
The experimental class carried out teaching based on the combination of number and shape method, while
the control class adopted conventional teaching. The teaching effects were analyzed through the
comparison of pretests and post-tests. Meanwhile, combined with textbook analysis and learning situation
analysis, specific teaching designs integrating the combination of number and shape method were designed
for three core contents of electromagnetism: Image Analysis of Electric Field Intensity and Electric
Potential, Electric Potential Energy, Potential Difference, Application of U-I Image in Closed Circuit, and
Trajectory Analysis of Charged Particles in Composite Field.

The study found that there is a significant positive correlation between high school physics and
mathematics scores. The Pearson correlation coefficients of the unified examination scores of senior one
students in No. 9 Middle School of S City in the first and second semesters are 0.546 and 0.608
respectively. After the special teaching of the combination of number and shape, the average post-test score
of the experimental class (65.90 points) is significantly higher than that of the control class (58.53 points),
and the score gaps in the core dimensions such as representing physics problems and solving physics
problems are particularly prominent, with a Cohen's d value of 0.59. Students have a good performance in
the ability to understand physics problems (converted score: 84.00 points), but their transfer application
ability is relatively weak (converted score: 58.25 points), and the experimental class has a more obvious
improvement in these weak dimensions.

This study confirms that the combination of number and shape method can effectively meet the
requirements of the curriculum standards. Through the four major teaching principles such as equivalence
and simplicity, and the five major teaching strategies such as equivalent conversion between physical
quantities and images and difficulty reduction in process analysis, it can significantly reduce the
abstraction of electromagnetism knowledge and improve students' abilities of problem representation,
logical reasoning and knowledge transfer. The teaching design of the combination of number and shape in
the electromagnetism module has practical feasibility, which provides a feasible practical path and
theoretical reference for improving students' core literacy and implementing the goal of moral education in
high school physics teaching.

Key words: Combination Of Number And Shape; High School Physics Teaching; Problem-Solving Ability
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