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Abstract: Against the backdrop of deepening basic education reform, secondary school physics
instruction faces practical challenges including difficulties in understanding abstract concepts,
limited experimental resources, and cognitive overload. Guided by constructivist learning theory
and cognitive load theory, this study developed an interactive pulley system mechanical energy
conservation simulation program using Al programming technology. Through a three-dimensional
cognitive scaffolding design featuring dynamic visualization, parameter interaction, and real-time
feedback, the program effectively reduces cognitive load during learning. Empirical research
demonstrates that this virtual simulation solution, by creating a "digital embodiment" learning
environment, significantly enhances students' ability to construct meaning in physics concepts and
scientific inquiry literacy. It provides a reusable technical pathway for implementing core
competencies in physics education.
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