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Abstract

Against the dual backdrop of advancing educational digitalization and the transformation of the
rare earth and critical mineral industries, cultivating interdisciplinary engineering talent with a
solid foundation in physics, digital literacy, practical engineering competence, and innovation ca-
pability has become an important mission for industry-oriented universities. As a fundamental
practical course in science and engineering education, on the basis of existing course development
the University Physics Laboratory needs to further integrate specialty programs, digital and intelli-
gent technologies, and engineering practice. Building on a national first-class undergraduate course,
this paper develops a University Physics Laboratory teaching system for rare earths and critical
minerals based on an integrated five-dimensional framework of demand orientation, student-cen-
tered learning, digital-intelligence integration, virtual-physical collaboration, and continuous im-
provement. Real-world problems are used to restructure tiered experimental content; Al-enabled
support connects the entire teaching process; virtual-physical open-ended projects promote inde-
pendent inquiry; the translation of research outcomes enriches innovative laboratory resources;
and human-AI collaborative assessment supports continuous teaching improvement. By formulat-
ing a systematic reform pathway, this paper provides a replicable and scalable approach to the dis-
cipline-specific and digital transformation of University Physics Laboratory teaching in industry-
oriented universities, contributing to the cultivation of interdisciplinary engineering talent with a
strong sense of national responsibility, practical competence, and an innovative spirit.
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Figure 1. Al-assisted experimental teaching chain: pre-lab guidance
— virtual simulation — hands-on experimentation — data analysis —
assessment
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Figure 2. Human-AlI collaborative loop for practical competency
assessment and continuous improvement
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