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Abstract

The rapid advancement of artificial intelligence (Al) is driving comprehensive transformation in
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higher education, revolutionizing teaching philosophies, instructional organization, and pedagogi-
cal models. This paper develops an Al-enabled instructional framework for undergraduate engineer-
ing education that spans three interconnected phases: pre-class, in-class, and post-class. Within this
framework, we systematically examine innovative applications of Al technology across key educa-
tional dimensions—including resource generation, classroom implementation, learning support,
and evaluation. Our findings demonstrate that Al significantly enhances resource development ef-
ficiency and content presentation during pre-class preparation; improves classroom interaction
and learning experience through virtual-real integration and intelligent analytics during instruc-
tion; and facilitates continuous learning through intelligent diagnostics and personalized recom-
mendations after class. Furthermore, through case studies of representative engineering courses,
we validate the effectiveness of Al tools in automated assignment grading, experimental simulation,
and learning feedback analysis. The study also identifies persistent challenges in deep implemen-
tation, particularly insufficient Al literacy among educators and data security concerns. Corre-
sponding strategic recommendations are proposed to address these issues. This research provides
valuable practical insights for Al-enabled reform in engineering education and offers reference for
broader higher education innovation.
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Figure 1. Pre-class development process
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Figure 2. Implementation process of in-class teaching
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