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Abstract

To address the long-standing structural challenges in microcontroller course for higher vocational
education, such as heavy reliance on hardware, delayed feedback of programs, and a lack of inno-
vation in practice projects, this paper adopts the core concept of “integration of virtual and practical
learning, and human-machine collaboration” to construct a three-stage progressive teaching model
comprising “basic understanding-comprehensive application-innovative expansion”. This model is
implemented through a blended approach combining online Al (Artificial Intelligence)-assisted
learning with offline hands-on project work. The reform involved a quasi-experimental study con-
ducted on two parallel classes in the Industrial Robot Technology program at a vocational college.
Compared to the control class, the rate of excellent and good grades on the end-of-term project in
the experimental class increased by 23.3%, and the proportion of students positively endorsing
their self-efficacy rose by 33.2%. Behavioral data from the Al platform showed that students with
learning difficulties asked 2.3 times as many questions per person as high-achieving students, vali-
dating the Al-assisted learning system’s significant compensatory support for students with weaker
foundational knowledge. This paper also discusses issues such as the prevention and control of Al
dependency risks and the development of school-based resources, providing a systematic reference
framework for teaching reforms in higher vocational education courses related to electronic infor-
mation and automation.
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Figure 1. Al-empowered framework of teaching reform for microcontroller course in higher

vocational education: “three-stage progressive, dual-track integration” approach
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Figure 2. The entire teaching process with Al organically integrated
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