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ABSTRACT 

 

 

 

DESIGNING A PEDAGOGY-DRIVEN AI VALIDATION FRAMEWORK FOR 

INTRODUCTORY PYTHON COURSES 

 

 

By 

 

Kelly Kirsten Audrey 

Dr. Ir. Heru Purnomo Ipung, M.Eng, Advisor 

Dr. Eka Budiarto, ST, M.Sc, Co-Advisor 

 

 

SWISS GERMAN UNIVERSITY 

 

 

 

The rapid integration of generative AI into programming education has weakened the 

link between syntactic correctness and genuine understanding, as novices submit 

Python code using constructs far beyond their curriculum stage, an abstraction leap. 

This research develops a pedagogy-driven AI validation framework, a proof-of-concept 

web application named PyGatekeeper, that preserves conceptual learning while 

permitting responsible AI use. It integrates three pillars: a curriculum ontology mapping 

38 Python Abstract Syntax Tree (AST) constructs onto a 16-week course; a 

deterministic AST gatekeeper detecting out-of-scope constructs; and a Retrieval-

Augmented Generation (RAG) engine generating textbook-grounded Socratic 

questions via Hypothetical Document Embedding and cross-encoder re-ranking. Across 

three evaluation indicators, the AST gatekeeper reached perfect accuracy (1.00) on 41 

submissions; the RAG pipeline met three of four RAGAS targets (faithfulness 0.980); 

and a live validation with six students and three expert raters showed substantial 

agreement between the answer-evaluation module and human experts (mean Cohen’s 

κ = 0.730), confirming the framework’s technical feasibility and reliability. 

 

Keywords: Pedagogy-driven AI validation, Abstract Syntax Tree, Curriculum 

Ontology, Retrieval-Augmented Generation, Socratic questioning 
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