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Abstract—To address the prevalent issues in traditional undergraduate programming courses, such as abstraction of
core concepts, delayed code debugging feedback, and a disconnect between theoretical learning and practical application,
this study proposes a human-Al collaborative teaching model based on Cognitive Load Theory and facilitated by Trae.
Taking the Data Structures course as a case study, a triadic instructional model was developed. It integrates dynamic
process visualization, real-time corrective feedback, and adaptive closed-loop practice. Meanwhile, a quasi-experimental
design was employed with two parallel classes from the same grade over one semester. The results indicate that the
experimental group utilizing Trae demonstrated significantly higher performance compared to the control group.
Specifically, the failure rate was 24 percentage points lower, while the proportion of students scoring above 80 was 5
percentage points higher.These findings validate the significant efficacy of Trae-assisted programming instruction in
enhancing academic performance. Finally, to mitigate the risk of technological dependency, the study proposes process-
oriented constraints such as requiring students to draft pseudocode before coding. These measures provide empirical
insights for effectively integrating generative Al into higher education STEM curricula.
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