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Figure 1

An “Interaction — Mechanism - Understanding” framework for learning the concept of definite integrals in higher

vocational education with the support of generative artificial intelligence
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Design-Based Research on Generative Artificial Intelligence
Empowering Mathematical Concept Understanding
— Taking Definite Integral Content as an Example

Zhang Hongjie! Jiang Dan?

1. Chongqing Industry & Trade Polytechnic College, Chongqing;
2. Yajiang Middle School, Chongqing

Abstract: A pervasive problem in concept teaching in higher vocational mathematics is that students can “compute
but not understand”. Although generative artificial intelligence (GenAlI) can provide dialogic support and immediate
feedback, the uncertainty of its outputs and the risk of learner dependence shift the key issue of classroom application
to “how to use it in a controllable way”. Taking the learning of the definite integral concept in higher vocational
mathematics as the carrier, this study adopts a design-based research method to carry out three rounds of iteration in
real classrooms, and continuously refine a controllable integration scheme comprising “teacher-guided collaboration
— task packages — dialogue scaffolds — classroom norms”. Guided by the logic of “interaction — mechanism -
understanding”, the study constructed a minimal evidence chain centered on a conceptual understanding test and
process data from classroom interactions. Operational indicators were specified for interaction quality, conceptual
processing, and risk governance, and key process mechanisms were examined, including representational
transformation, verification via units or counterexamples, error-source diagnosis, and metacognitive monitoring. The
results indicate that, under governance mechanisms such as task constraints, verification requirements, process-evidence
recording, and teacher gatekeeping, classroom discourse is more likely to shift from answer checking to explanation and
verification. Representational transformation and verification behaviors occur steadily, thereby promoting the meaning
construction, boundary discrimination, and transfer application of the definite integral concept, while reducing adverse
outcomes such as computational errors, task noncompliance, and overreliance on GenAl The study further summarizes
the instructional design principles of generative artificial intelligence for conceptual content in higher vocational
mathematics, providing an operational framework and practical reference for controllable classroom integration and
governance.

Key words: Generative artificial intelligence; Higher vocational mathematics; Definite integral; Conceptual

understanding; Design-based research
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