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Multi-Source Data Fusion-Driven Intelligent Intervention for
Programming Course Engagement
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Hunan University of Information Technology, Changsha 410151

Abstract— Aiming at the prevalent issues of '"data siloing" and '"instructional misalignment'"in programming
courses,an intelligent intervention system based on the Outcome-Based Education(OBE)framework,named OBE-GAI
(Outcome-Based Education-Generative Artificial Intelligence Triangular Coupling Model),was constructed. By
integrating five-dimensional heterogeneous data such as learning behavior,code evolution,and physiological signals, a
global perception network under the federated learning architecture was established.The Participati-on Contribution
Index was innovatively designed,incorporating 12 dynamic indicators including code quality,cr-e-ativity,and emotional
engagement.A generative Al engine with educational ethical constraints (GenAI-Tutor) was developed to enable
dynamic scaffolding generation and real-time cognitive warning.Empirical results de-monstrate that the system
improves debugging efficiency by >35% (p<0.01),reduces the OBE goal achievementdeviation rate to <15%,and
increases collaborative participation by 26 percentage points,providing a replicabledigital paradigm for high-level ability
cultivation in the era of artificial intelligence.

Keywords—Multi-source data fusion;Generative AI;Cross-modal analysis;OBE edu-cation;Intelligent intervention;
Programming course
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