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CounterTutor: A personalized Al teaching system based on error diagnosis and counterfactual
interventions

Guo Gang

Qingdao Open University, China Shandong Qingdao 266041

Abstract: Large language models can generate instant parsing and personalized feedback, but most Al teaching systems
still treat student errors as results to be corrected, rarely explicitly modeling the stable cognitive rules behind the errors.
This paper proposes a counterfactual teaching framework for error cause perception oriented towards concept repair.
This framework first diagnoses potential misconceptions based on the question, student's incorrect answer, solution
process, and historical records. Then, it generates minimal counterfactual interventions such as numerical substitution,
rule boundaries, structural expansion, representation transformation, and transfer verification, enabling students to
discover the failure conditions of their own error rules. Finally, it updates the error cause state through adaptive closed-
loop and verifies the transfer effect. The results evaluated at three levels—error cause diagnosis, feedback quality, and
learning effectiveness—show that this framework outperforms standard parsing, similar question recommendation,
and ordinary LLM feedback in terms of diagnostic accuracy, feedback relevance, transfer accuracy, and misconception
recurrence control. The proposed method advances the Al teaching objective from explaining correct answers to
repairing error rules, providing a scalable path for interpretable and verifiable generative education systems.
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