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Practicing and Exploring Project-Based Learning in an
Ultrafast Laser Processing Course
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Abstract

Ultrafast Laser Micro/Nano Processing is a core senior-level course in the Laser Intelligent Manufacturing program, characterized
by strong interdisciplinary integration, high technical barriers, and a clear orientation toward engineering applications. Traditional
teaching approaches have long suffered from issues such as overemphasis on theoretical instruction at the expense of critical thinking,
insufficient student initiative in knowledge acquisition, and rigid assessment methods that fail to foster innovation. To address
these challenges, this study implements a Project-Based Learning (PBL) model at Shenzhen Technology University, anchoring the
curriculum in real-world industrial demands and research-driven tasks. A central conceptual thread—"“thermal effect regulation in
laser processing”—is established to unify course content, while a three-phase instructional framework (Foundational — Integrated
— Innovative) is developed to scaffold student learning. Over two academic cycles (2022—-2024) involving 62 students, the PBL
approach has demonstrated significant outcomes: over 85% of students can independently select appropriate laser systems and design
processing parameters; 70% successfully complete complex microstructure fabrication tasks; three student-developed prototypes (e.g.,
anti-reflective microstructures on sapphire) have been adopted for pilot testing by leading enterprises such as Han’s Laser; and 34%
of graduates secured positions in top-tier laser manufacturing companies—substantially higher than the program average. The reform
effectively bridges the gap between classroom learning and industrial practice, offering a replicable and scalable pedagogical model
for advanced manufacturing courses under the New Engineering Education paradigm.
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