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Brain networks of affective mentalizing revealed by the tear
effect
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XN DOEE
Summary of thesis contents

Social cognition includes psychological processes by which we can make
inferences about other people. Affective mentalizing is defined as the process of
inferring others’ affective state (i.e., “I understand how you feel”). Previous
neuroimaging and lesion studies have identified a distributed set of brain regions
that are involved in affective mentalizing. Especially, the medial prefrontal cortex
(mPFC), the precuneus/posterior cingulate cortex (PCC), and the temporo-parietal
junction (TPJ) are considered the core network for mentalizing. However, the relative
contributions of these nodes to affective mentalizing remain poorly understood.

One approach to clarifying the roles of these nodes is to examine which regions
are involved in integrating multiple social signals (e.g., facial expressions and bodily
gestures). The integration means a process where social signals are combined to infer
the most likely affective state. In the field of multisensory research, if signals of two
sensory modalities are integrated in a brain region, such region should not only be
activated by each sensory modality, but also show a supra-additive effect, indicated
by greater activation than the sum of the individual sensory signals. Likewise, I can
expect that, if a region is involved in integrating social signals, such region should
show a supra-additive effect of these social signals. The goal of this thesis is to
investigate which nodes of the core network of affective mentalizing are involved in
the integration of the two social signals: emotional tears and facial expressions. For
this purpose, I conducted a functional magnetic resonance imaging (fMRI) experiment
wherein brain activity of humans is non-invasively measured.

Sixty-one healthy female subjects participated in the experiment and rated the
sadness of observed others during fMRI scanning. I adopted a two-factor
within-subjects factorial design, with two levels of facial expressions (sad and neutral)
and three levels of tears (faces with tears, with circles and without tears). Thus, the
subject observed six different types of faces: those portraying sad facial expressions
with tears, with tear-like circles, and without tears; and those portraying neutral
facial expressions with tears, with tear-like circles, and without tears. After the
standard preprocessing of fMRI data, I utilized the general linear model to estimate
brain activity for each type of faces and evaluated the main effects and the
interactions within each subject. The supra-additive effect was evaluated as one of
the interaction effects. These results from the subjects were summarized to obtain
population inferences.

The subjects rated sad facial expressions with tears as sadder than the other
types of faces. In the fMRI analysis, the mPFC and PCC showed greater activation

when viewing faces with tears than without tears (the main effect of tears), greater
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activation when viewing sad face than neutral face (the main effect of facial
expressions) and greater activation during the observation of sad facial expressions
with tears than the sum of the effects from individual social signals (tears and sad
facial expressions) (the super-additive effect). In contrast to the mPFC and PCC,
neither the main effect of sad facial expressions nor the supra-additive effect was
found in the TPJ; this region showed only the main effects of tears.

The behavioral results indicate that information on tears and sad facial
expressions are combined to infer others’ sadness, which is the indicator of the
integration. The results of the fMRI analysis indicate that the mPFC and PCC are
involved in integrating tears and sad facial expressions. In contrast to the mPFC and
PCC, the TPJ was only sensitive to the presence of objects on a face such as tears.
These results indicate that the TPJ is engaged in processing tears, but not in the
integration of tears and facial expressions.

In conclusion, the mPFC and PCC showed the supra-additive effect of tears
and facial expressions in an affective mentalizing task. This result indicates that
these midline structures of the cerebral cortex are critical for integrating these social
signals, highlighting different roles from the TPdJ, the other core node of the

mentalizing.
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Summary of the results of the doctoral thesis screening
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