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Abstract: In the era of data and information, this research proposes a metacognition-driven 3D educational model
to address the insufficient cultivation of cognitive depth and the lag in metacognitive development in tradition-
al learning spaces.This model eliminates the spatial and temporal restrictions of traditional cognition cultivation.
Through the intelligent and embodied reconstruction of learning spaces, it enhances students’ self-awareness and
regulation abilities.Based on the integration of metaverse and XAI-GenAl technologies, the research constructs a
“virtualization - immersion - ubiquity” technology - enabled framework. It also combines metacognitive strategy
training systems and real - time dynamic feedback mechanisms to make the learning process visual and dynamically
adaptive.The application of XAl and GenAl makes learning paths more transparent and knowledge generation more
dynamic. This promotes a shift in educational models towards personalization and autonomy. The research not only
provides theoretical support for Education 4.0 but also offers a practical path for the open, dynamic, and self - adap-
tive evolution of teaching paradigms in higher education.
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