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How Do Natural Language Processing Tools Facilitate Professional Competency
Development? A Quasi—-Experimental Study on Generative AI-Empowered ''Medicine—
Engineering Integration' Courses in Higher Vocational Education
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Abstract: Pharmaceutical equipment courses require integrating mechanical precision with strict pharmaceutical
compliance. However, bridging these two domains in competency cultivation is often hampered by disconnected
instruction and training scenarios lacking authentic occupational consequences. Grounded in cognitive load and situated
learning theories, this quasi-experimental study (N = 58) investigates the intervention mechanisms and empirical
effects of generative natural language processing (NLP) tools (e.g., large language models) on professional competency
development within a solid dosage equipment course. The study constructs a three-dimensional intervention pathway:
concretizing GMP compliance awareness, contextualizing safety and ethical bottom-line thinking, and cultivating
professional responsibility. Generative NLP tools are embedded throughout a human-AlI collaborative training sequence
involving cross-referencing, root-cause tracing, and pedagogical conversion of Al hallucinations. Empirical results
indicate the experimental group significantly outperformed the control group in enterprise blind-review compliance
scores (p < 0.01), safety violation rates (p < 0.01), and team role-rotation efficiency (d = 1.04). However, no significant
difference was observed in highly proceduralized work-order protocol execution (p = 0.16). The findings confirm that,
under rigorous instructional design, generative NLP tools effectively serve as interdisciplinary cognitive scaffolds,
translating abstract industry regulations into actionable bottom-line thinking; yet, their capacity for long-term behavioral
transformation remains constrained by short intervention cycles.
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