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Abstract
Bioseparation Engineering, a core course in bioengineering programs, features a complex and
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abstract knowledge system, and traditional pedagogy has long grappled with the dual challenges of
limited teaching efficacy and suboptimal learning outcomes. To address persistent issues including
low student motivation, minimal classroom engagement, monotonous instructional methods, and
inflexible assessment mechanisms, this study adopts “protein chromatographic purification” as a
representative teaching module to develop a Generative Artificial Intelligence (Generative Al)-
driven integrated “Teaching-Learning-Assessment” instructional framework. Specifically: in the
teaching dimension, Al generates virtual simulations, dynamic knowledge graphs, personalized les-
son plans, and industry-relevant cases; in the learning dimension, an intelligent learning companion
offers real-time, adaptive pathway recommendations, and curated frontier resources; in the assess-
ment dimension, the system enables intelligent homework evaluation, learning behavior analytics,
and closed-loop formative feedback. Empirical teaching results demonstrated significant improve-
ments in students’ conceptual mastery of separation principles, technical application competence,
classroom participation, and higher-order thinking skills. Furthermore, ideological, and political ed-
ucation was seamlessly embedded within Al-generated content-contextualized through biopharma-
ceutical “bottleneck” technology breakthroughs and green separation innovations-to foster students’
commitment to serving the nation through science and technology and strengthen engineering ethics
awareness. The model realizes the organic integration of knowledge transmission, capability devel-
opment, and value cultivation.
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