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This study was conducted in the required junior-year course Applied Optics Laboratory in the Department of
Semiconductor and Optoelectronic Engineering at a university of science and technology. It addresses persistent
instructional challenges in optoelectronic engineering education, including low student learning motivation, a
pronounced gap between theory and practice, and limited hands-on opportunities caused by the high cost and risk
associated with optical laboratory equipment. To respond to these issues, an innovative teaching model integrating
virtual reality (VR), artificial intelligence (Al), and a flipped classroom approach was designed and implemented. An
action research framework combined with a quasi-experimental design was adopted. Students were assigned to an
experimental group and a control group to compare the effects of a VR- and Al-assisted flipped learning model with
those of traditional lecture-based and verification-oriented laboratory instruction on learning attitudes and practical
performance. The instructional design was centered on the Flip Class digital platform. Prior to class, students
engaged with micro-lecture videos, Al-based diagnostic quizzes, and an intelligent tutoring chatbot to establish
prerequisite knowledge. During class, VR-based optical simulations were integrated with hands-on experiments to
enhance students’ operational proficiency and conceptual understanding of complex and high-risk experiments,
such as optical alignment, interference, and imaging systems. After class, Al-supported learning analytics and
personalized feedback mechanisms were employed to provide adaptive support for students with diverse learning
backgrounds. In addition, STEAM-oriented project-based learning activities were incorporated to cultivate students’
abilities in interdisciplinary integration, problem solving, and innovative application. Data sources included learning
attitude questionnaires, knowledge and practical performance assessments, digital learning log data, and students’
qualitative reflections. Through pre- and post-test analyses and between-group comparisons, this study aims to
comprehensively evaluate the effectiveness of the proposed instructional model. The findings are expected to
demonstrate that the integration of VR, Al, and flipped learning can enhance student engagement, hands-on
competence, and integrative application skills, and to establish a replicable teaching model for optoelectronic
laboratory courses aligned with the goals of new engineering education and industry-oriented talent cultivation.
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