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Abstract: Against the backdrop of global digital transformation, the systematic cultivation of K-12 students’ critical
thinking via digital technologies has emerged as a pressing imperative. Grounded in Meaningful Learning Theory
(MLT), this study proposes a novel cultivation pathway within the paradigm of "Cultural Brain—Human-Machine
Collaboration." By constructing a conceptual model of the Cultural Brain, the research integrates cultural
environments, human-machine collaborative actions, and neural mechanisms into a three-tier framework: cultural
empowerment, collaborative facilitation, and cognitive reconstruction. Within Al-supported collaborative learning
activities students hone their critical thinking and value judgment skills through multi-perspective questioning,
reflection, and iterative solution refinement. This research expands the theoretical landscape of critical thinking
development and provides a valuable reference for educational technology applications, instructional design, and
future empirical studies.
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