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Abstract

To address the challenges in embedded course practical teaching—such as high costs of hardware experimental devices, limited
scalability, and insufficient realism in simulation software—the study analyzes the roles, limitations, and advantages of hardware
devices and simulation software based on embedded system pedagogy. It establishes a tiered experimental platform and designs
a three-phase system (simulation-prototype-deployment). The approach incorporates fault introduction and virtual debugging
techniques, supported by a comprehensive competency assessment model. This integrated virtual-physical teaching methodology
enriches the theoretical framework and practical approaches for embedded courses, effectively resolving traditional teaching
limitations while enhancing instructional outcomes and students’ engineering competencies. The research provides actionable insights
for advancing embedded course innovation.
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