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Abstract

Aiming at the predicament that students’ misconceptions are stubborn and traditional teaching is
difficult to touch on cognitive reconstruction in high school physics conceptual teaching, this paper
proposes an instructional design idea of using generative Al to build a “cognitive opponent”-type
agent. Based on Piaget’s equilibration mechanism, Vygotsky’s zone of proximal development theory
and Socratic questioning, a three-stage cognitive path model of “scaffolding construction — cogni-
tive conflict triggering — conceptual accommodation and consolidation” is constructed, and the hu-
man-machine collaborative boundary of teacher-led, Al cognitive opponent and student-subject is
clarified. Taking the teaching of “Newton’'s First Law” as an example, the “Aristotelian Al opponent”
agent is developed using the four-question design method, presenting the complete instructional
design, dialogue guiding structure and classroom implementation fragments. Through the SOLO hi-
erarchical analysis of student dialogues, the cognitive leap path of conceptual change is revealed.
Classroom observations and descriptive data preliminarily indicate that this design may help trig-
ger productive cognitive disequilibrium and encourage students to actively construct scientific con-
cepts in refutation and argumentation, providing a transferable design paradigm for Al-empowered
physics concept teaching.
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Table 1. Four Al variants of Socratic questioning
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Table 2. Theoretical integration of the three-stage model
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Table 3. Seven dimensions of the ideal assistant profile
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Table 4. Dialogue guidance structure corresponding to the three-stage model
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Table 5. Analysis of students’ dialogue performance based on the SOLO taxonomy
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