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Abstract

With the rapid advancement of artificial intelligence (Al), experimental teaching in higher education
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is undergoing a significant transformation. This study focuses on reforming the core course Funda-
mentals of Materials Science Laboratory by developing an Al-powered interactive digital tutor system
that integrates Knowledge Graphs (KG), Large Language Models (LLM), and Intelligent Feedback Mech-
anisms. The system promotes intelligent teaching through semantic knowledge reconstruction, real-
time Q&A, personalized recommendation, and intelligent resource scheduling, thereby enhancing stu-
dents’ engagement, knowledge transfer ability, and operational competence. A dual-model architec-
ture ensures both performance and data security, while an interactive interface enables contextual
understanding and personalized support. Teaching practice demonstrates that the system effectively
addresses challenges such as limited resources and lack of individualized guidance, facilitates the
shiftin teachers’ roles, and drives pedagogical innovation. This work offers both practical insights and
theoretical references for Al-enabled experimental education in universities.
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Figure 1. Framework diagram of Al-powered interactive digital tutor system
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