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Abstract

The rapid development of information technology and ongoing digital transformation in education
have positioned virtual laboratories and online simulation tools as key innovators in chemical ped-
agogy. Understanding reaction mechanisms constitutes both a central challenge in organic chemis-
try education and a critical foundation for developing students’ chemical reasoning. Yet traditional
lab instruction, limited by physical constraints, resource availability, and the inherent invisibility
of molecular processes, frequently leaves students with only a surface-level grasp of complex mech-
anisms. This approach particularly hampers comprehension of fundamental concepts like electron
transfer dynamics and transition-state transformations. In this context, virtual laboratories offer
transformative solutions for organic chemistry education by enabling dynamic visualization, inter-
active exploration, and safe experimentation. This study focuses on the enabling mechanisms of vir-
tual laboratories in teaching chemical reaction mechanisms. Through a systematic analysis of the
unique advantages of virtual experiment technology—including dynamic molecular-level visualiza-
tion, three-dimensional structural representation, and interactive scenario simulation—it compre-
hensively explores the technology’s multidimensional educational value in enhancing students’
mechanistic cognition, fostering self-directed learning motivation, and cultivating scientific inquiry
skills. The findings provide both theoretical and practical support for innovation in chemistry edu-
cation.
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