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Abstract

Geotechnical Drilling and Excavation Engineering is a core backbone course of the Geological Engi-
neering major, characterized by strong interdisciplinary nature, prominent engineering practicality,
and high dependence on experimental teaching. Currently, the course faces structural challenges in-
cluding curriculum content lagging behind industry frontiers, significant disparities in students’ dis-
ciplinary foundations restricting teaching depth, practical teaching constrained by equipment, site
and safety conditions, and a unitary teaching evaluation method. This paper systematically reviews
the existing research on Al-empowered teaching reform in geological engineering, and based on a
precise diagnosis of the course’s pain points, proposes a four-dimensional collaborative reform
framework of “knowledge graph reconstructing curriculum content, Al teaching assistant supporting
teaching mode transformation, virtual simulation breaking through practical bottlenecks, and Al-
driven multi-dimensional evaluation mechanism”. Around this framework, the paper elaborates on
the implementation path of knowledge graphs restructuring the teaching content system through a
four-layer “topic - subtopic - knowledge point - attribute” structure while integrating cases from fron-
tier application domains such as continental scientific drilling, ocean drilling, and polar drilling; ana-
lyzes the technical principles of Al agents providing personalized learning support throughout the
“pre-class - in-class - post-class” entire process; demonstrates the competency development value of
virtual simulation technology in constructing a three-level “cognition - operation - design” practical
teaching platform; and explores the driving role of Al-enabled whole-process data collection, multi-
dimensional competency profiling, and real-time feedback and early warning in reforming teaching
evaluation. Meanwhile, Al empowerment requires vigilance against potential risks such as technolog-
ical dependence and algorithmic bias, and should adhere to the value orientation of “student-devel-
opment-centered”. The reform scheme proposed in this paper can provide a reference paradigm for
the digital and intelligent transformation of geological engineering courses.
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Figure 1. Al-empowered innovative teaching model for Geotechnical Drilling and Excavation Engineering
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Figure 2. Drilling technology is expanding into deep-space, deep-sea, deep-earth and polar
frontier application domains [10]-[13]
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