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Abstract: The advent of the human-machine symbiosis era has reshaped the ecology of teaching and learning in universities. Superficial and
fragmented traditional learning modes can no longer meet the demands for cultivating high-order talents. Promoting college students’ deep learn-
ing has become a core issue in the digital-intelligent educational reform of higher education. To clarify the inherent laws of learning transforma-
tion empowered by intelligent technologies, this paper adopts the theoretical perspective of human-machine symbiosis and defines the core con-
notation of college students’ deep learning. From two dimensions including the external driving mechanism of technological empowerment and
students’ endogenous cognitive driving mechanism, it systematically interprets the dual operation logic of deep learning. It also analyzes practi-
cal problems existing in current human-machine symbiotic educational scenarios, such as students’ superficial learning, imbalanced human-ma-
chine adaptation, insufficient cognitive construction and disjointed educational mechanisms. Based on the collaborative empowerment logic of
dual mechanisms, optimization paths are proposed from four aspects: scenario construction, cognitive guidance, mechanism coordination and
educational guarantee, so as to build a deep-learning educational system featuring human-machine collaboration, internal-external linkage and
integration of knowledge and practice. This research aims to enrich the theoretical system of university deep learning in the digital-intelligent
era, and provide practical references for universities to cultivate students’ higher-order thinking, innovative ability and lifelong-learning literacy
relying on the human-machine symbiotic ecology.

Keywords: Human-machine symbiosis; College students; Deep learning; Dual mechanisms; Educational optimization; Digital-intelligent educa-
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