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Abstract

The General Senior High School Physics Curriculum Standards (2017 Edition, Revised in
2025)identifies scientific inquiry as a key component of core physics competencies, explicitly requiring
students to develop abilities such as identifying physical problems from observation and experimentation,
formulating hypotheses, designing experimental protocols, acquiring and processing information, and
drawing conclusions and providing explanations based on evidence. As the core link of scientific inquiry,
experimental design is not only a crucial step in transforming scientific problems into actionable research
plans, but also epitomizes students' ability to comprehensively apply physics knowledge and scientific
thinking. In current high school physics laboratory instruction, the phenomenon of students mechanically
following prescribed steps remains common, with limited opportunities for systematic and creative
independent experimental design. Consequently, experimental design competence has become a relatively
weak aspect of students’ scientific inquiry abilities. With its five interconnected phases—Engagement,
Exploration, Explanation, Elaboration, and Evaluation—the 5E instructional model offers a systematic
pedagogical framework for cultivating students’ physics experimental design competence.

Through a literature review, this study systematically synthesizes domestic and international research
on the 5E instructional model and experimental design competence, and defines the core concepts. Based
on the assessment framework developed by Professor Zhang Junpeng, physics experimental design
competence is further specified into three sub-competencies: the ability to identify variables, the ability to
select experimental apparatus, materials, and methods, and the ability to design experimental procedures.
Using a questionnaire survey and teacher interviews, the current state of physics experimental design
competence among first-year high school students at a high school in Shihezi City was investigated. The
questionnaire survey revealed that the students’ overall experimental design competence was below
average. Teacher interviews indicated that while teachers generally recognized the students’ deficiencies,
various factors hindered the systematic cultivation of this competence.

Based on the issues identified in the current situation survey, this study developed an instructional
procedure grounded in the S5E model to cultivate high school students’ physics experimental design
competence, proposed corresponding teaching strategies, and integrated these strategies into the five phases
of the 5E model. Two typical inquiry-based experiments, “Exploring the Characteristics of Projectile

Motion” and “Exploring the Relationship of Centripetal Force,” were selected for instructional case design.



Using a quasi-experimental method, two first-year classes from a high school in Shihezi City were selected.
Following a homogeneity analysis, the experimental class was taught using the SE model, while the control
class received conventional instruction over one and a half months teaching intervention. The findings
indicate: (1) The SE instructional model positively enhances high school students’ physics experimental
design competence; (2) The 5E teaching model demonstrates varying degrees of improvement in students'
sub-capabilities related to physics experiment design; (3) The SE model enhances students’ initiative and
rigor in engaging in experimental design activities.

This study confirms the effectiveness of the SE instructional model in cultivating high school students’
physics experimental design competence, provides teachers with an operational teaching procedure, and
offers practical evidence for competency-based physics teaching reform.

Key words: 5E teaching model; physics experimental design ability; high school physics

teaching
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