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Abstract

The new round of scientific and technological revolution and industrial transformation has raised
new requirements for engineering talent cultivation, emphasizing intelligence, interdisciplinarity,
and practice orientation. Emerging Engineering Education focuses on future industrial needs and pro-
motes the deep integration of artificial intelligence technologies, professional knowledge, and real
engineering problems. Project-Based Learning, as an effective approach to cultivating students’ abil-
ity to solve complex engineering problems and engage in innovative practice, is highly consistent with
the goals of Emerging Engineering Education. However, current interdisciplinary PBL still faces prob-
lems such as insufficient resource integration, limited practical scenarios, weak personalized guid-
ance, and a single evaluation approach. Therefore, this paper analyzes the internal mechanism of Al-
empowered interdisciplinary PBL in Emerging Engineering Education from the perspectives of policy
logic, technical logic, and knowledge logic. It further proposes a teaching resource system composed
of modular curriculum resources, a dual-mapping digital twin practice platform, and a generative Al-
driven learning scaffold. The study argues that this system can promote industry-education integra-
tion and improve students’ engineering practice ability, innovation capacity, and interdisciplinary
competence. Meanwhile, issues such as ethical security, technological dependence, teachers’ digital
and intelligent literacy, and the digital divide should be carefully addressed. On this basis, this paper
further proposes a technical architecture consisting of five layers: The physical entity and resource
layer, the data acquisition and governance layer, the digital twin modeling and simulation layer, the
decision feedback and safety control layer, and the teaching service and evaluation layer. Taking a
smart transportation project as an example, it illustrates how simulation results can be transformed
into executable parameters, thereby providing reverse guidance for the debugging of physical equip-
ment and engineering validation. Meanwhile, the generative Al learning scaffold is designed as a
traceable system composed of a retrieval-augmented generation knowledge base, learner model, pro-
ject-stage identification mechanism, multi-role intelligent agents, and scaffold fading mechanism.
Theoretically, this study integrates cognitive apprenticeship theory, scaffolding theory, self-regulated
learning theory, cognitive load theory, and distributed cognition theory, establishing an operational
pathway of “authentic tasks-bidirectional representation-human-AI collaboration-reflective regula-
tion-transfer and creation.”
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Figure 1. Framework for constructing an interdisciplinary project-based learning resource system
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