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Abstract

To address the persistent challenges of knowledge redundancy and thinking fragmentation in clin-
ical courses for biotechnology undergraduates, this study, guided by the “knowledge-thinking dou-
ble helix” theoretical framework, focused on evaluating the pedagogical effectiveness of a three-
dimensional virtual simulation system through a two-semester quasi-experimental design. The ex-
perimental group (n = 32) received standardized operation training using “digital liver” and “digital
lung” models reconstructed from CT/MRI data, while the control group (n = 30) followed conven-
tional classroom lectures and animal-based experiments. Results indicated that the experimental
group demonstrated a 23.6% reduction in puncture operation time (t = 4.82, p < 0.001), a 41.2%
decrease in error rates (y2=8.67,p = 0.003), and an 18.4% improvement in final examination scores
(t=3.91,p <0.001). Student satisfaction ratings were significantly higher in the experimental group
(4.52 + 0.31) compared to the control group (3.78 * 0.45) (t = 7.64, p < 0.001). This study confirms
that the virtual simulation system effectively enhances clinical operation skills and knowledge in-
tegration capabilities among biotechnology students, providing quantifiable empirical evidence for
integrated clinical course teaching.
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