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How Can Pedagogical Agents Provide More Effective Support? —Exploration of
Brain Mechanisms and Optimization Strategies Based on EEG Signals

WANG Xue, SUN Minglin, YANG Jie, DENG Li
(Faculty of Education, Tianjin Normal University, Tianjin 300387)

[Abstract] Pedagogical agents (PAs) can serve as virtual teachers, offering various nurturing functions
in the Digital Intelligence Space (DIS), significantly influencing learners” cognitive and affective
development. Based on the cognitive—affective theory of learning with media (CATLM), this study provides
learners with different types of cognitive and affective support through PAs, and explores the impact of the
support on learning and its brain mechanism with the help of EEG signals, so as to provide a scientific
basis for the optimal design of PAs. It has been found that the combination of problematic metacognitive
prompts and positive emotional design of the PA is the most effective support for enhancing learners”
metacognitive levels, emotional states, learning outcomes, and brain cognitive processes comprehensively.
Specifically, the more active the Alpha, Beta, and Gamma waves are in the frontal regions of the brain, the
higher the learner’s metacognitive level is, but it also creates an increased cognitive load, leading to poor
learning outcomes. Finally, three recommendations are proposed for designing PAs and conducting related
research: reasonably setting up problematic metacognitive prompts to foster the development of learners”
higher—order thinking ability; integrating these prompts with positive emotional design to promote learners”
comprehensive cognitive and emotional development; and leveraging EEG signals to reveal brain
mechanisms and provide the underlying logic for the optimization of PAs to provide a reference for
pedagogical exploration and practice in the Digital Intelligence Space.
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