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Abstract

To address core challenges in Doppler effect instruction-including conceptual abstraction, difficulties
in physical modeling, and the theory-practice disconnect-this study proposes a “Problem-Driven and
Multimodal Collaborative” instructional model. By constructing a hierarchical problem chain (phe-
nomenon perception—theoretical modeling—practical transfer) and integrating multimodal tools
such as dynamic animation simulations, smartphone experiments, lightweight intelligent tools, and
virtual applications, this model concretizes abstract physical concepts. Research demonstrates that
the approach uses authentic scenarios to motivate inquiry, reduces cognitive load through multisen-
sory synergy, and deepens students' progression from observational phenomena to physical model-
ing via tiered problem-chain guidance. Complementary multimodal tools further facilitate knowledge
transfer, effectively resolving conceptual confusion and modeling difficulties. This framework pro-
vides a systematic design paradigm for teaching abstract physical concepts, while exploring light-
weight implementation pathways for digital transformation in education, offering practical signifi-
cance for advancing STEM physics pedagogy reform.
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Figure 1. Diagram of the instructional design framework
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Figure 2. MATLAB simulation diagram of Doppler Effect
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Figure 3. Flowchart for sign convention determination in Doppler shift formula
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