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ARTICLE INFO ABSTRACT
Keywords The proliferation of human—Al collaborative teaching has profoundly reshaped
human—AlI collaborative learners’ cognitive processes and states of autonomy. However, existing studies

teaching; cognitive autonomy; have mostly focused on model discussions at the technological application
evolutionary pathways; boundary level, with little systematic examination of the dynamic evolution patterns of
conditions; distributed cognition learners’ cognitive autonomy during human—AlI collaboration or its boundary
system conditions. Grounded in distributed cognition theory, self-determination
theory, and cognitive load theory, this study adopts a mixed-methods research
design, integrating longitudinal tracking, dialogue analysis, and quasi-
experimental methods, to reveal the phased evolutionary pathways of learners’




cognitive autonomy in human—Al collaborative teaching, and to identify its key
turning mechanisms and boundary conditions. The findings indicate that
learners’ cognitive autonomy undergoes a four-stage evolution in human—Al
collaborative teaching: “cognitive dependence stage—cognitive negotiation
stage—cognitive synergy stage—cognitive autonomy stage.” Three key turning
mechanisms are identified: triggering of cognitive conflict, strategy transfer and
internalization, and satisfaction versus frustration of autonomy needs. The
direction and pace of this evolution are determined by the interplay of three-
dimensional boundary conditions: technological dimensions (Al autonomy
level, explainability), learner dimensions (prior knowledge, metacognitive
ability), and instructional dimensions (teacher intervention, task design). This
research provides both theoretical foundations and practical guidance for
cultivating learners’ cognitive autonomy in intelligent educational
environments.
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