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The Cognitive Mirror: How Does GenAl Foster Learners’
Cognitive Development?

DONG Yan', ZHANG Weiyu', WANG Yu? & JIANG Ting®

(1. Faculty of Education, Beijing Normal University, Beijing 100875, China; 2. School of
Education, Shanghai Jiao Tong University, Shanghai 200240, China; 3. College of Business and
Economics, The Australian National University, Canberra ACT 2600, Australia)

Abstract: Generative artificial intelligence (GenAl) may promote learners’ cognitive development,

but it may also lead to cognitive offloading. The collaborative calibration of learners’ internal cognitive

models and systems’ external learner models constitutes a key process through which GenAl supports

cognitive development. Drawing on learner modeling and knowledge tracing, this study integrates

active inference theory and open learner models to propose an analytical framework termed “Cognitive

Mirror.” The framework follows a cyclical process of “cognitive externalization—state representation—

mirror feedback—internal feedback—re-externalization.”

Learners externalize their cognitive states

through questioning, explanation, reasoning, and revision. Based on this interaction evidence, the

system constructs a provisional representation of the learner’s current state and translates it into mirror

feedback that is visible, comprehensible, and negotiable. Learners then use this feedback to identify

discrepancies between their current understanding and task requirements and to adjust their internal

cognitive models. Their subsequent responses provide new evidence for the system to recalibrate its

state representations and feedback strategies, thereby enabling the continuous updating of both models.

The framework offers a theoretical basis for feedback design and human-AI collaborative teaching in

GenAl-supported learning.

Key words: generative artificial intelligence; GenAl; cognitive mirror; cognitive development;

learner modeling; human—AI collaboration
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