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From speculation to construction: Practice and theoretical innovation in AlI-empowered inquiry-based project-

based learning in thermology

Wenyuan Wang", Hongjuan Meng

College of Physics and Electronic Engineering, Northwest Normal University, Lanzhou, Gansu

[ Abstract] As a core compulsory course for physics majors, Thermology carries a complete knowledge system
from macroscopic thermodynamics to microscopic statistical physics. However, traditional teaching models make it
difficult for students to personally experience the thinking process full of confusion, debate, and reconstruction in

EENT3

theoretical construction, resulting in insufficient deep logical understanding of concepts such as “entropy, ” “most probable
distribution, ” and “reversibility.” This study proposes a “theoretical inquiry-based project-based learning” pathway with
artificial intelligence as a cognitive partner, and constructs the “Dialogue-Construction-Transcendence” (DCT) theoretical
inquiry cycle model. In the Dialogue stage, Socratic questioning is employed to create cognitive conflict; in the
Construction stage, logical verification and visualization assist theoretical argumentation; in the Transcendence stage, role
reversal facilitates premise critique and knowledge internalization. Grounded in the three theoretical pillars of distributed
cognition, conceptual change, and exploratory talk, the model is equipped with a four-dimensional argumentation quality
rubric and a mandatory Al-free construction system, promoting students' deep reflection and premise critique of core
thermology theories. This paper systematically elaborates the theoretical foundation, structural logic, and instructional
design principles of the DCT model, and provides an operable teaching implementation plan, prompt templates, and

evaluation system, offering a preliminary conceptual framework for cultivating higher-order thinking with Al in theory-
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intensive disciplines. The DCT model proposed in this paper is still at the theoretical construction stage and will be verified

through pilot studies in subsequent research.

[ Keywords] Artificial intelligence; Thermology; Theoretical inquiry-based project-based learning; Dialogue-

construction-transcendence model
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