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Abstract

To address the prevalent issue of rote memorization and superficial understanding among students
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in genetics courses at application-oriented undergraduate institutions, this study developed and
implemented an instructional model aimed at fostering deep learning. The model is structured
around the integration of molecular mechanisms and metabolic pathways as its conceptual core. It
employs a phased inquiry-based pedagogy consisting of graphical analysis, collaborative deduction,
and virtual validation, supported by a process-oriented, competency-focused developmental as-
sessment framework. Over a two-year teaching practice, a quasi-experimental design was adopted
to compare learning outcomes. Results indicated that students in the experimental group, who en-
gaged with the new model, achieved significantly higher scores on comprehensive items assessing
genetic mechanism analysis compared to the control group, with an average improvement of 22.5%.
Data from student surveys and follow-up interviews further revealed that more than 90% of partic-
ipants perceived the model as effective in enhancing their conceptual understanding of genetic
principles. This study offers an evidence-based and practicable instructional framework for achiev-
ing deep learning objectives in genetics within constrained curriculum hours, providing a valuable
reference for pedagogical innovation in related courses.
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Table 1. Instructional design of gene interactions based on the “molecular mechanism-metabolic pathway” framework
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