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Abstract

Against the backdrop of the digital era’s educational transformation, the phenomenon of frag-
mented learning is pervasive among science and engineering undergraduates, yet there exists a
tension between their demand for systematic knowledge and the fragmented nature of their learn-
ing practices. Drawing on Gibson’s theory of affordances and Hutchins’ distributed cognition theory,
this study innovatively constructs a four-dimensional cognitive ecology analytical model encompass-
ing time, space, cognition, and agency. Employing a mixed-methods approach, the research follows 39
robotics majors at University S for 18 months, combining qualitative and quantitative methods includ-
ing in-depth interviews and the collection of 303 valid survey responses. The findings indicate that, in
the process of fragmented learning: on the time dimension, students demonstrate a contradiction be-
tween perceived efficiency and underlying crises; on the spatial dimension, frequent shifts in learn-
ing environments incur cognitive costs; cognitively, while knowledge integration occurs in a block-
based reorganization, interdisciplinary connections remain limited; and from the perspective of
agency, students exhibit the development of individualized capacities dominated by instrumental
rationality. Overall, the stability of science and engineering students’ cognitive ecology relies on a
dynamic equilibrium among tool affordances, strategy adaptiveness, and environmental support.
Accordingly, the paper proposes a dual-path “Chain-of-Problems and Ability-Tree” instructional re-
form framework, including strategies for curriculum content reorganization, coordinated learning
environments, and enhanced cognitive ability training.
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Figure 1. Cognitive ecosystem mapping of fragmented learning
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Figure 2. A daily cognitive ecosystem map of university students
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