Neutral Faces, Negative Reads: Limbic–Cortical Integration Shapes Efficiency in Children
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Objective: How children interpret ambiguous social cues (e.g., neutral faces) is crucial for socio-emotional development [1]. Although limbic–cortical coupling has been viewed as an adaptive mechanism supporting emotion recognition [2,3], the limbic system also contributes to negative affect and emotional reactivity [4], suggesting that such coupling may not reflect uniformly efficient processing across all children. This study examined whether limbic–cortical connectivity relates to neutral-face recognition efficiency (BIS), and whether these associations are selectively amplified among children who show a negative bias toward neutral faces.

Methods: 102 right-handed children (59 boys; age Mean [SD] = 9.33 [1.51]) completed a facial-emotion recognition task using stimuli from the Korean Children’s Emotional Face Database (KCEFD). Neutral-emotion recognition was assessed using a balanced integrated score (BIS), calculated as  to account for accuracy–speed trade-offs. Resting-state fMRI was analyzed under the Yeo 7-network parcellation, focusing on between-network connectivity among the limbic–frontoparietal (LN–FPN), limbic–default mode (LN–DMN), and limbic–visual (LN–VN) networks identified in prior studies. Linear and logistic models, controlling for age, sex, and TIV, tested within- and between-group effects, with subgroup analyses conducted separately for the accurate and negative-bias groups (FDR, q< 0.05). The negative-bias group included participants who misclassified neutral faces as negative emotions (anger, sadness, disgust, or afraid).

Results: Higher BIS for neutral-emotion recognition was related to stronger LN–FPN (β = 1.15, q = 0.009) and LN–DMN (β = 1.13, q = 0.018), while the LN–VN was marginally significant (q = 0.10). Although overall group differences were not significant (β = 0.99-1.26, q > 0.1), subgroup analyses showed that these positive associations were pronounced in the negative-bias group (LN–DMN: β = 2.00, q = 0.003; LN–FPN: β = 2.08, q < 0.001; LN–VN: β = 2.02, q = 0.006), but not in the accurate group. Stronger limbic–cortical coupling, particularly with frontoparietal and default-mode networks, was associated with higher BIS especially among children showing a negative bias toward neutral faces.

Conclusions: While stronger limbic–cortical coupling was generally associated with higher recognition efficiency, consistent with prior findings, this relationship was concentrated in children who read neutral cues negatively. This pattern may reflect compensatory recruitment: when ambiguity is appraised with a negative tilt, frontoparietal control systems engage more strongly with limbic circuits to regulate heightened affective arousal [5,6], while default-mode coupling supports increased self-referential and evaluative processing [7]. Thus, sustaining performance under negative bias may require additional top-down effort, indicating that limbic–cortical integration can serve compensatory rather than purely adaptive functions depending on children’s interpretive tendencies.
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