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Abstract

A generative Al-empowered tri-coupled teaching model that integrates “Maker-Project-Competition”
was proposed, addressing the critical challenges in the Robotics Technology and Its Applications
course—namely, the overemphasis on theory at the expense of hands-on practice, fragmentation of
interdisciplinary knowledge, and insufficient cultivation of innovation—this study, grounded in the
educational objectives of Emerging Engineering Education. The “One Core, Three Rings, Three Tiers”
framework was constructed, with student engineering innovation capability as the core, and a
three-level progressive pathway comprising fundamental skills, comprehensive application, and
original breakthrough. This framework bridges the boundaries among maker spaces, enterprise
projects, and competition platforms, thereby forming a dynamic closed loop of “inspiration gener-
ation - practical implementation - iterative validation”. Leveraging collaborative robots, virtual sim-
ulation, and Al-assistant tools, we developed a modular resource repository and established a three-
dimensional evaluation system encompassing process, outcomes, and competition performance.
Through multi-faceted validation via parallel-class controlled experiments-including academic per-
formance analysis, competition achievements, innovation capability scales, and interview data—we
demonstrate that the proposed model significantly enhances students’ engineering practice and in-
terdisciplinary collaboration abilities, which providing a replicable paradigm for analogous curric-
ulum reforms.
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Table 1. Comparison of final comprehensive scores between two groups
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Table 2. Comparison of two sets of extracurricular innovation achievements
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Table 3. Comparison of average scores on the engineering innovation capability scale (Likert 5-point scale)
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