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Cognitive Friction: Why the Intervention of Artificial
Intelligence in Learning May Not Necessarily
Promote Cognitive Development

Y| Kaiyu

(Institute of Teacher Development, China National Academy of Educational Sciences, Beijing
100088, China)

Abstract: Artificial intelligence (Al) is becoming deeply embedded in teaching and learning.
However, a growing body of empirical research suggests that Al intervention does not necessarily lead
to synchronous improvement in learners’ cognitive development; instead, it may contribute to a
deterioration of thinking. Al has produced a paradox in learning: the acceleration of learning cycles
coexists with the stagnation of cognitive development. Starting from the mechanism of thinking
generation, this study aims to explain why Al may not necessarily promote cognitive development and
proposes the concept of “cognitive friction” as an explanatory framework. Cognitive development can
essentially be characterized as a thinking process in which learners actively engage in cognitive
processing, including information perception, predictive hypothesis formation, information processing,
feedback reconstruction, and organized output, thereby promoting the updating of the brain’s world
model. Excessive Al intervention may generate substitution effects in these key stages and dissolve the
necessary conditions for cognitive development. This study defines cognitive friction as the meaningful
resistance individuals experience when actively engage in cognitive processing to achieve a new
cognitive equilibrium in response to differences between their prior world model and external cognitive
objects. Cognitive friction is characterized by interactivity, agency, struggle, and adjustability. Based on
this definition, the study constructs a functional model of cognitive friction intensity jointly shaped by the
Tech-coefficient, cognitive foundation, motivation, and cognitive deviation angle. Through educational
design, cognitive friction can be regulated and addressed by embedding educational logic into
technology, consolidating learners’ foundational knowledge, stimulating individual motivation, and
adhering to the principle that human thinking precedes Al use. In this way, cognitive friction can be
maintained within a reasonable range that learners can tolerate, process, and transform, thereby

promoting their cognitive development.

Key words: cognitive friction; cognitive development; artificial intelligence; Human-Al

collaboration; thinking
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