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Abstract

Generative artificial intelligence, especially large language models, provides new technical condi-
tions for personalized guidance, debugging support, and process-oriented assessment in program-
ming courses of vocational colleges, while introducing risks such as answer dependence and weak-
ened learner agency. To address insufficient individualized feedback, result-oriented automated
assessment, and the difficulty of identifying real learning processes, this study first reviews feed-
back research in programming education, tracing its evolution from intelligent tutoring systems
and automated assessment to generative Al, and argues that large language models bring a qualita-
tive change in feedback capability: feedback generation shifts from predefined rules and templates
to context-aware generation, and feedback forms shift from structured messages to natural-lan-
guage explanation, whereas controlling feedback intensity and preventing answer dependence still
depend on instructional design. An exploratory analysis of the open ProgFeed classroom dataset
then shows that feedback forms have limited influence on whether students continue submitting or
modify code; natural-language explanatory feedback is associated with greater score improvement
and higher problem-resolution probability; and final outcomes converge after multiple submis-
sions. Based on these findings and the characteristics of vocational learners, the study proposes a
teacher-led human-AlI collaborative teaching model consisting of teacher rule design, constrained
LLM feedback, student revision, automated testing, teacher diagnosis, and learning reflection, to-
gether with a five-level tiered feedback mechanism. It is argued that generative Al should be posi-
tioned as a formative learning scaffold rather than an answer-generation tool, and that assessment
should shift from final results to process evidence.
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Table 1. Post-failure revision outcomes under different feedback conditions
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Figure 1. Teacher-led human-AlI collaborative teaching model
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Table 2. Five-level tiered feedback mechanism and its pedagogical purposes
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