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Abstract—To address the issue of traditional Python data analysis courses emphasizing '"code reproduction over
conceptual thinking," a three-mechanism collaborative teaching reform scheme termed "LLM Support + Integrated
Real-World Projects + Flipped Classroom' was developed. The curriculum established three progressive learning
objectives: "understanding, mastering, and innovating." Centered around completing real corporate projects, large
language models were integrated as a cognitive partner system throughout the entire process—including pre-class self-
study, in-class collaboration, and post-class practice. In the implementation of the teaching reform, a two-hour
specialized session on "Al Literacy and Collaboration Strategies" was introduced to standardize the use of LLMs. A
“gradual scaffolding removal” strategy was adopted: extensive use of LLMs for code generation was permitted in the
early stage; students were guided from "asking for code" to "questioning the logic" in the middle stage; and core
analytical modules were completed independently in the later stage. Compared with the control class before the reform,
the experimental class showed a 49% increase in the full completion rate of major project of final assignment, a 30.2%
increase in the excellence rate, and a significant improvement in the depth of data analysis. Students' project
implementation skills and higher-order thinking abilities were also notably enhanced.

Keywords—data analysis with Python; Teaching reform; Large language models (LLMs); Human-Al collaboration;
Project-based learning
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