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[Abstract] Against the backdrop of the digital transformation of higher education, organic chemistry lab
oratory teaching faces several prominent challenges, including the fragmentation of the "teaching—learning—
assessment" process, the absence of comprehensive competency assessment throughout the entire learning j
ourney, the fragmented development of safety literacy, and the limitations imposed on high—risk experime
ntal practices. Guided by the "Three—Whole Education" philosophy and leveraging Al and virtual simulati
on technologies, this paper proposes a closed—loop teaching reform framework for organic chemistry labor
atory courses that integrates safety literacy and competency assessment. This framework involves embedding
a safety literacy development module into the teaching process and reconfiguring teaching resources; utiliz
ing virtual simulations and Al—powered learning companions to facilitate personalized, blended virtual-real
—world training during the learning phase; and establishing a dynamic, intelligent assessment mechanism th
at covers multiple dimensions—including operational protocols, safe behavior, and innovative thinking—dur
ing the evaluation phase. Together, these components form a teaching closed—loop encompassing "resource
reconfiguration — blended virtual-real—world learning — intelligent assessment — iterative optimization." Th
is approach aims to address the pain points inherent in traditional laboratory teaching methods and foste
r the synergistic enhancement of students' professional practical skills, innovative capabilities, and safety a
wareness, thereby providing a theoretical reference and practical model for the digital transformation of
science and engineering laboratory courses in local higher education institutions.
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