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Abstract

Laboratory safety is a bottom-line undertaking in teaching and research at higher education insti-
tutions. However, laboratory safety education in colleges and universities has long suffered from a
structural deficiency characterized by “emphasis on theory, neglect of hands-on practice, and weak
experiential learning,” making it difficult for students to achieve the unity of knowledge and action
between safety awareness and emergency response capacity. This paper analyzes the deep-seated
dilemmas in traditional teaching of the “Laboratory Safety and Regulations” course. Drawing on the-
oretical models such as Kolb’s experiential learning cycle, situated learning theory, and compe-
tency-based education, it proposes a practical teaching logic framework of “virtual-real integration,
scenario-driven learning, and a closed loop of competencies”, and develops a progressively struc-
tured practical system to promote the course’s transformation from “knowledge transmission” to
“competency development”. On this basis, a four-dimensional radar chart evaluation model for a
“safety competency profile” is constructed. With the support of Al-enabled personalized analysis,
this model effectively enhances students’ safety literacy and emergency response capabilities, provid-
ing a replicable paradigm for laboratory safety education reform in higher education. The practical
teaching reform will significantly enhance students’ safety skills and emergency response capabili-
ties, help build safety safeguards for the relevant laboratory courses in the development of the
“Green Aviation New Energy Materials” micro-major in Materials Chemistry at Civil Aviation Uni-
versity of China, and provide a transferable theoretical framework and practical pathways for la-
boratory safety education in higher education.
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