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Abstract

In response to long-standing issues in Gas Chromatography-Mass Spectrometry (GC-MS) teaching
in the Advanced Instrumental Analysis curriculum—such as “emphasizing operation over application,
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disconnection between theory and industry, and singular skill cultivation”—this paper constructs
a three-dimensional teaching reform framework centered on “Al Empowerment, Virtual Simulation,
and Multi-dimensional Evaluation.” By introducing real-world detection scenarios, restructuring
modular teaching content, innovating process-oriented assessment methods, and aligning with the
technical characteristics of GC-MS, teaching segments that integrate artificial intelligence and vir-
tual simulation were systematically designed. The reform focuses on deeply integrating Al with
teaching, leveraging an online virtual simulation platform to simulate the entire GC-MS workflow
and visualize its principles. This model enables students to thoroughly understand the instrument
principles and master operational procedures without relying on physical equipment, effectively
overcoming the bottlenecks of limited resources and insufficient hands-on opportunities in tradi-
tional teaching. Practice has shown that after the reform, students’ proficiency in the full GC-MS op-
erational process increased by 72%, the accuracy of data interpretation rose from 38% to 81%, and
the time required for students to achieve proficiency was reduced by 60%. This provides a replica-
ble and scalable effective pathway for cultivating analytical testing talents under the “Emerging Engi-
neering Education” framework.
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Figure 1. Schematic of the educational reform process
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Figure 2. Schematic interface of the chromatographic column separation simulation
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Figure 3. GUI for simulating the Electron lonization (EI) process
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Figure 6. Parameter configuration interface for ethanol and methanol separation and analysis experiment
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Figure 7. Results analysis interface for ethanol and methanol separation and detection experiment
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Figure 8. Parameter configuration interface for terpene analysis in essential oils
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Figure 10. Parameter settings interface for the analytical experiment of polycyclic aromatic hydrocarbons (PAH) detection in soil
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Figure 11. Results interface for PAHs detection in soil
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